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13C AND 1H NMR SPECTROSCOPIC CHARACTERIZATION 

OF THE TITANIUM(IV) ALKYLPEROXO COMPLEXES 

Ti(OOtBu)0 (OiPr)4.0 , where n = 1, 2, 3, 4 

D. E. Babushkin8
, A. P. Soboleva, E. P. Talsib 

PPI-la 

a Novosibirsk State University, Natural Sciences Department, Novosibirsk 630090 

bBoreskov Institute of Catalysis, Pr. Akademika Lavrentieva 5, Novosibirsk 630090, RUSSIA 

It is agreed that titanium(IV) alkylperoxo complexes are the key intermediates of the 

catalytic systems based on titanium compounds and organic hydroperoxides. However, the 

examples of the spectroscopic or X-ray crystallographic characterization of the titanium(IV) 

alkylperoxo complexes are very restricted1
-
3.ln this work we report first 

13
C and 

1
H NMR 

spectroscopic detection and characterization of the titanium(IV) alkylperoxo complexes 

Ti(OOt8u)n(OiPr)4_n, where n = 1, 2, 3, 4 in the reaction of Ti(OiPr)4 with tBuOOH in CH2Cl2. 
13C and 1H NMR monitoring of the interaction of Ti(OiPr)4 with tBuOOH in CH2Cl2 

(CDCl3) at -70 - -30°C unambiguously showed that with the increasing of tBuOOH 

concentration (from 1 : 1 to 10: 1 with respect to Ti(OiPr)4) the alkoxo ligands of Ti(OiPr)4 

were successively replaced by alkylperoxo ones to form alkylperoxo complexes 

Ti(OOtBu)n(OiPr)4_n, where n = 1, 2, 3, 4 (Table 1,13C NMR spectra were recorded at -30°C in 

CH2Cl2 ,
1H NMR spectra at -40°C in CDC'3). The structure of the alkylperoxo complexes was 

determined based on the relative intensities of the 13C resonances of the quaternary carbon 

atoms of the OOtBu ligands and ternary carbon atoms of the OiPr ligands of 

Ti(OOtBu)n(OiPr)4_n, where n = 1, 2, 3, 4. The relative intensities of these resonances (NOE 

corr~cted) for Ti(OOtBu)(OiPrh, Ti(OOtBuh(OiPr)i, Ti(OOtBuh(OiPr) and Ti(OOtBu)4 were 

1 :3, 2:2, 3:1 and 4:0, respectively. With the gradual increase of tBuOOH concentration, the 

intensities of the resonances of the OOtBu and OiPr groups of the particular complex 

Ti(OOtBu)n(OiPr)4-n successively reached their maximum and then decreased for n = 1, 2, 3. 

In the case of n = 4, the maximum intensity of the corresponding resonance of the OOtBu 

groups was observed at the highest concentration of tBuOOH. Note that only one 13C NMR 

resonance was observed for quaternary carbon atoms of the OOtBu ligands and for ternary 

carbon atoms of the OiPr ligands of Ti(OOtBu)n(OiPrkn, for each value of n = 1, 2, 3, 4. This 

fact evidences in favor of the fast exchange (even at -70°C) between possible structural 

isomers of the particular titanium(IV) alkylperoxo complex. The difference in chemical shifts 

for quaternary carbon atom of the tBu group in tBuOOH and in Ti(OOtBu)n(OiPr)4_n is 6.9-7.5 

ppm. The corresponding difference for primary carbon atom of the tBu group is 0.25-0.75 

ppm. The difference in 13C chemical shifts for ternary carbon atom of the iPr group in iPrOH 
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and in Ti(OOtBu)n(OiPr)4_n is 14-15 ppm (Table 1). To define the mode of the coordination of 

OOtBu groups to titanium we have compared the above differences with those for the 

specially prepared alkoxo complexes Ti(OtBu)n(OiPrkn, where n = 1, 2, 3, 4 (Table 2). It is 

seen that the corresponding differences for a-carbon atom of OiPr and OtBu groups are 

11.2-12.2 ppm, and those for 13-carbon atom of OtBu group are 1.04-1.09 ppm. Based on 

these data, it is natural to conclude that T] 2 coordination of OOtBu groups is preferable for all 

titanium(IV) alkylperoxo complexes found. 

The presented results are the first example of the detection of the titanium 

alkylperoxo complexes with ohe, two, three and four alkylperoxo ligands. 

Acknowledgment This study was supported by INTAS grant# 94-15-15. 
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Table 1. 13C and 1H NMR chemical shifts for Ti(OOtBu)n(OiPr)4_" 

n C*(CH3h C*H(CH3)i C(Ctl_3)J C!:!(CH3)2 CH(Ctl_3)2 C(C*H3h CH(C*H3h 

0 - 76.59 - 4.491 1.270 - 26.73 

1 86.93 77.51 1.444 4.564 1.276 26.26 26.52 

2 87.42 78.18 1.450 4.656 1.269 26.41 26.01 

3 87.21 78.95 1.421 4.724 1.286 26.63 25.89 

4 87.04 - 1.426 - - 26.80 -

Table 2. 13C and 1H NMR chemical shifts for Ti(OtBu)n(OiPr)4_n 

n C*(CH3h C*H(CH3h C (C!:!3h C!:!(CH3)i CH(C!:!3h C(C*H3h CH(C*H3)i 

0 - 76.59 - 4.491 1.253 - 26.73 

1 81.28 76.36 1.316 4.488 1.248 32.35 26.71 

2 80.98 76.14 1.313 4.484 1.248 32.35 26.71 

3 80.68 75.85 1.308 4.476 1.243 32.35 26.71 

4 80.33 - 1.298 - - 32.35 -
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XPS, TPD AND TPRS STUDY OF Cs-O OVERLA YERS ON SIL VER 

V.I.Bukhtiyarov, I.P.Prosvirin 

Boreskov Institute of Catalysis, prosp. Ak.Lavrentieva, 5, Novosibirsk, 630090, Russia 

e-mail: vib@catalysis. nsk. su 

E.A.Podgomov 

Novosibirsk State University, Novosibirsk, Russia 

Metallic silver is well-known to be the unique catalyst for ethylene epoxidation, 

with cesium being the most common promoter of such catalysts. To explain the 

promotional behavior of cesium, physical methods of surface analysis such as X-ray 

photoelectron spectroscopy (XPS), temperature programmed desorption (TPD), low 

energy electron diffraction (LEED) etc. have been commonly applied. However, 

commercial catalysts which represent silver particles supported on a- alumina are 

"inconvenient" samples for the surface science investigations. For example, dielectric 

properties of AhO3 cause charging problems for electron-based analysis. Therefore, 

most of the experimental data have been obtained using bulk silver: single crystals or 

foils. Discrepancy of the nature of bulk and dispersed metals known as the "material 

gap" problem hinders the application of these vast data to real catalysts. To solve the 

"material gap" problem we have used the following approach: 

1. Comparison of XPS and TPD characteristics of Cs-O complexes on supported 

catalysts and Ag( 111) single crystal with the aim to find those of them which are 

common for both types of the samples. 

2. Design of a proper combination of Cs addition and oxygen adsorption in order to 

provide individual preparation of each of such Cs-O complexes. 

3. Investigation of their structure and influence on adsorptive and catalytic properties 

of silver by physical methods. 

Following this approach, we have revealed two different Cs-O complexes which are 

realized for both types of the silver samples: one of them is characterized by a Cs3d512 . 

core level spectrum with binding energy of 724.2 eV (I type), BE(Cs3d512) of the second 

one is equal to 725 .0 eV (II type). 

A detailed study of the I type Cs-O complexes has shown that: 
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I. According to the spectroscopic data (Ols and Cs3ds12 spectra) this complex can be 

• determined as cesium oxide, CsxOy. 

2. The comparison of the Cs3d512 and O 1 s intensities with taking into account the 

factor of XPS atomic sensitivity indicates that its stochiometry is close to Cs2O2. 

3. The influence of the cesium oxide on silver catalytic properties consists in blocking 

the regular sites at the silver surface from the formation of ionically adsorbed 

oxygen which, as shown by us previously, is active only in total oxidation of 

ethylene. 

Experimental techniques, XPS, ADXPS (angular dependent XPS), TPD, TPRS 

(temperature programmed reaction spectroscopy) results and their comparison with the 

literature data are discussed. 

The data referred to the Cs~O complexes of the II type will be present later. 
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THE STRUCTURAL SENSITIVITY IN OXYGEN ADSORPTION AT SILVER SURFACES 

V.I. Bukhtiyarov, S.A. Leontiev and I.P. Prosvirin 

Boreskov Institute of Catalysis, prosp Ak.Lavrentieva, 5, Novosibirsk, 630090, Russia 

e-mail: vib@catalysis.nsk.su 

It is well-known that adsorption of 0 2 molecule on metals proceeds via a number of 

transient species before chemisorbed oxygen atoms are formed: 

Oi(g) ➔ O2(s) ➔ o~·- (s) ➔ 2O6-(s) ➔ 2O2-(a) . 

The last stage of the scheme: the transformation of transient atomic oxygen, O6-(s), to the most 

stable oxide-like one, O2-(a), has usually been associated with the reconstruction of metal surfaces. 

The reconstruction facilitates highly endothermic process of electron transfer, 0- + e ➔ 0 2
- (820 kJ) 

due to involving substantial Madelung interaction in a solid. Thus, the atomically chemisorbed 

oxygen species have different location with respect to uppermost layer of a metal. The transient 

oxygen has on-top location, while oxide-like species are incorporated into the . uppermost metal 

layer. So, a number ofresearchers used other names ·for these atomic oxygen species, O6-(s) and 0 2
· 

(a) - unreconstructed and reconstructed, respectively. 

This scheme, which is commonly recognized for most of metals, has never been discussed 

for silver. The absence of direct experimental data is most likely to be explained by high mobility of 

silver atoms that provides easy reconstruction of clean silver surface to the structure of surface 

oxide with the formation of 0 2
•. Obviously, the attempts to find 0°·, and hence, to confirm the total 

scheme of adsorbed oxygen transformation should be concentrated on low temperature experiments. 

The use of single crystals with different silver structures - Ag(l 11) and Ag(l I 0), and various 

temperatures of adsorption from 300K to 470K allow us to prove the existence of unreconstructed 

atomic oxygen for oxygen adsorbed at silver. It has been shown that on closely packed Ag(l 11) 

plane at room temperature oxygen atoms adsorb in on-top position with its transformation into 

surface silver oxide at T > 420K. This conclusion is based both on the decrease in Ols core level 

binding energy by 1.6 eV and on ·the change in the depth concentration profile of oxygen with 

raising the temperature. In the case of the more opened Ag( 110) plane, oxide-like oxygen is 

registered over the whole range of temperatures studied. These results are discussed in the context 

of various coordination of atomically chemisorbed oxygen by silver atoms. 
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REACTION ZONE WIDTH DURING PROPAGATION OF THE CO 

OXIDATION WA VE OVER Pt(lO0) 

N.l. E[remova1 V.L Savchenko 

Boreskov Institute of Catalysis, 
Russian Academy of Sciences, Siberian Branch, 

630090, Novosibirsk, Russia 
E-mail: root@catalysis.nsk.su 

Professor Ertl et al. have shown [ 1] that the oscillation mechanism for the rate of the 

CO oxidation over Pt(IO0) is determined by the phase transition (lxl)-(hex). The 

oscillations investigsted by the PEEM method (resolution ~ I µ) have shown the 

reaction waves propagation over the platinum monocrystals [2]. The detailed data on 

the distribution of the adsorbed particles in the reaction zone and on the zone width 

were obtained by Gorodetskii et al . (3] by the FEM method (resolution 20 A) over the 

platinum tip (100). As the wave moves, the reaction zone between the CO.d, and Oad, 

layers is shown to attain 50 A and the reaction rate is maximum near the boundary of 

the Oads layer. 

It was of special interest to elucidate which surface processes affect the reaction zone 

width. The present work concerns the study of the effect of the CO ads diffusion on the 

reaction zone width in the wave propagation along the Pt( 100) surface. The simulation 

was performed by the Monte-Carlo method according to the following reaction 

scheme: 

I) CO adsorption: CO+hex➔CO+lxl➔CO-lxl. 

2) 02 adsorption: 0 2+ lxl➔2O- lxl. 

3) COads desorption: CO - Ixl➔lxl + CO; CO - hex ➔ hex+ CO. 

4) Reaction: 0 - lxl + CO - lxl ➔ 2(lxl); 0 - lxl + CO - hex ➔ lxl + hex. 

5) Structural conversions: lxl ➔ hex; CO - hex➔CO - lxl. 

6) CO.d, diffusion: the diffusion is determined by the number of the recurrences of the 

inner diffusion cycle (Nd) during one of the Monte-Carlo steps. The calculated 

probabilities of stages (1-5) are close to the data in [ 4], Nd varied from Oto I 00. 

In the initial conditions one part of the Pt(100) surface was covered with CO(lxl), and 

the other was covered with O(lxl), the boundary between them was a straight line 
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parallel to the axis X. In the 02 excess in the reaction mixture the «oxygen wave» is 

moved, as the reaction proceeds, to the C0.<1s layer. The empty sites ( lxl) formed 

during the reaction pass into (hex) with a 0.01 probability and were transformed back 

into CO(lxl) after the CO adsorption. The qualitative pattern of the «oxygen wave» 

propagation agrees with the data in [4] but in our case the wave is more «smeared» 

and its width is ~ 30-50 atomic rows. As the «wave CO.d,» moves during the 

reaction with the Oad, layer, in the CO excess in the reaction mixture a better defined 

boundary is observed. When the C0.<1s adsorption is localized, i.e. Nd=O, the reaction 

zone width is only 2-3 atomic raws but the boundary is rough. On the "switch-on" of 

the C0.<1s diffusion (Nd=l0-100) the reaction zone width increases, while the reaction 

boundary, as the reaction wave propagates, remains the initial straight line (with slight 

fluctuations). This permitted us to obtain the distribution curves for the particle 

concentration and the reaction rate by summarizing the raw atoms along the reaction 

boundary. Figure I presents the concentration profiles for the high CO.d, diffusion 

(Nd=l00). One can see that the reaction zone width is~ 20 atomic raws ( ~ 50 A), 

which agrees with experimental date [3]. 

0("1X1) 

_ (hex) 

Fig 1. 

This work was suported by the Russian Fund of Fundamental Investigations, grant 96-

03-34002 and INTAS, grant 93-0964. 
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SURFACE EXPLOSION, ISLANDS, PHASE TRANSITIONS, ACTIVE CENTRES IN 

CO+NO/Pt(l 00) REACTION STUDIED BY HREELS AND TDS 

V.V. Gorodetskii, M.Yu. Smirnov, D.Yu. Zemlyanov and E.I. Vovk 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk 630090, Russian Federation 

· E-mail: gorodesk@catalysis.nsk.su 

NO+CO reaction mechanism on Pt attracts considerable interest from both practical and 

theoretical points of view, especially in connection with new experimental data, allowing to 

throw the light onto a nature of sustained kinetic oscillations, surface waves. Under heating 

Pt(100) single crystal with the NO,d. and CO,d, layers up to T ~ 400 K reaction products, CO2 

and N2, are known to evolve as extremely narrow desorption peaks (FWHM ~2-5 K) - so 

called "surface explosion". Availability of two stationary states, hysteresis, the rate oscillations 

observed in the NO+CO reaction on Pt(l 00) are associated with the reversible phase transition 

Pt(I00)lxl <=> hex. It was shown that the Pt(100) surface in the unreconstructed lxl phase 

exhibits a high catalytic activity in the NO+CO, C0+02, NO+H2 reactions, since NO, 02, H2 

molecules dissociate easily on this surface. 

The surface of supported platinum crystallites with a size of 100-300 A is mainly formed 

by the most dense (111), (100), (110) faces which differ dramatically in the adsorption 

properties, in particular, in the probability of NO dissociation being a rate determining step of 

the NO+CO reaction. Therefore, the search of methods of detection of surface structures 

active in the dissociative adsorption is necessary to build up the effective platinum catalyst. It is 

known that the developed adsorption methods (for example, the method based on the H2+0ads 

titration reaction) allow to determine only a total platinum surface in supported catalysts. 

The purpose of this study consists in application of TPRS and HREELS methods for : (i) 

elucidation of the coordination of NO and CO molecules in mixed adsorption layers on the 

Pt( l 00)-1 x 1 and hex surfaces; (ii) finding out of the mechanism of the NO.d, +CO ad, reaction; 

(iii) development of a new method for the measurement of concentration of the centres which 

are active in the NO,d, molecules dissociation. 

We have studied a reaction ability of NO,d, and CO,d, molecules on the Pt(I00)-hex and 

lxl surfaces by HREELS and TPRS methods. It has been found that at 300 K under 

consecutive filling of the Pt(l00)-lxl surface titration reactions CO+NO,d, and NO+CO,d, 
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occur with evolution of the N2 and CO2 products as isothermal desorption peaks. On the 

reconstructed Pt(l00)-hex surface at 300 K these reactions were not observed. Stable islands 

of lxl phase, covered with a mixture of the NO.ds and CO,ds molecules, form under 

consecutive filling of the hex surface. The reaction in the NO1x1+CO1x1fhex islands is initiated 

under heating up to 400 K and proceeds autocatalytically as a "surface explosion" that 

manifests itself in the extremely narrow desorption peaks of N2, CO2 and N2O. The chemical 

differences observed in the properties of the hex and lxl surfaces allow to conclude that the 

NO.ds layer titration with carbon monoxide or vice versa at 300 K displays a struetural 

sensitivity. The absence of reaction in the mixed adlayers ofNOads and CO.d, on Pt(I00)-hex is 

associated with impossibility of NO to dissociate in the islands of the lxl phase at 300 K 

It has been shown that the NOad• dissociation on the Ix I surface requires an adjacent 

vacant adsorption site. A clean-off reaction between CO.d, and o.d, results in the CO2g .. 

formation; then a recombination of two Nad, atoms leading to the N2 evolution · occurs 

accompanied by the release of the vacant adsites, necessary for the dissociation of further 

NO,d, molecules and for the CO adsorption. The reaction mechanism is described as follows 

co 

NO 

+ * <=> co.d. 

+ * <=> NOads 

NOads + * ➔ N.d, 

Conclusion 

+ O,ds 

+ 2 * 
co.d, + o.d, ➔ CO2 + 

NOads + 

2 * 

2 * 

The unreconstructed Pt(I00)-lxl surface shows a high activity m the NO.d,+CO.d, 

reaction at 300 K accompanied by N2 a!1d CO2 evolution. The reconstructed Pt(I00)-hex 

surface appears to be inactive under the same conditions The CO+NOads and NO+COads 

titration reactions display the structural sensitivity and, apparently, can be used as a test for the 

presence of centres with 1 x 1 structure being active in the NO dissociation. The N2 and CO2 

peak intensities measured during isothermal desorption experiment can be used for the 

determination of the active sites concentration 

Acknowledgement. This work was supported in part by the RFBR Grant# 96-03-33211 and 

the INTAS (Project# 93-0964). 
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EFFECT OF ACOUSTIC EXCITATION ON CATALYTIC REACTION RATES OVER THIN 
FILM SINGLE CRYSTALS 
S. Kelling. T. Mitrelias, Yuji Matsumoto, V. P. Ostanin, D. A King, Department of Chemistry, 
University of Cambridge, Lensfield Road, Cambridge CB2 JEW, UK 

1. Introduction , 

A experimental system has been designed to study in detail the mechanisms by which very low 
frequency, low energy acoustic vibrations can influence microscopic processes at a crystal surface, 
involving the excitation of high frequency optical vibrational modes within the adsorbed layer. The 
experiments are carried out in a purpose built ultra high vacuum (uhv) chamber using thin film single 
crystals as catalyst. Surface Acoustic Waves (SA Ws) (Rayleigh waves) are generated using a uhv 
compatible excitation system based on an InterDigital Transducer (IDT) device and can be studied 
accurately by means of an ultrahigh amplitude and frequency resolution acoustic spectrometer. A 
remarkable eight-fold increase of the rate of carbon monoxide oxidation has been observed when the 
IDT is used with a Pt {110} crystal. In addition, chemical oscillations in the CO2 production rate are 
found to be initiated by acoustic excitation outside the normal existence range for these oscillations. 

So far, there have been very few studies on the effects of acoustic waves on systems involving the gas
solid interface. The catalytic activities of palladium and copper thin films deposited onto the surface of 
lithium niobate piezoelectric InterDigital Transducers (IDTs) for ethanol oxidation have been reported 
by Inoue and co-workers to increase two or three fold when excited by acoustic waves during the 
catalytic reaction [l]. In another study, -using an Edge Bonded Transducer (EBT) with a Pt{l00} 
crystal, Brezhnev et al [2] demonstrated the influence of acoustic excitation on the rate of the CO + 0 2 

oscillatory reaction. Sharp peaks were found superimposed on the oscillating work function curve and 
were related to resonant features that simultaneously appeared in the response signal of the acoustic 
wave spectrum during the frequency scan. Moreover, these authors reported complex acoustic spectra 
which appeared to show surface sensitivity. 

2. Experimental 

The uhv chamber has a base pressure of 10·10 mbar and is equipped with the usual analytical facilities, 
i.e. an argon ion gun, a LEED optics system and a quadrupole mass spectrometer. A stainless steel 
reactor chamber has been especially constructed to carry out experiments under high pressure 
conditions. The reactor equipped with an ionisation gauge, has a base pressure of Sx 10·8 Torr and is 
attached to the gas line of the uhv system pumped by a diffusion pump. It is connected to the main 
chamber via a leak valve, and analysis of the gases are made using the mass spectrometer. 

A poled 128° Y-cut LiNbO3 single crystal capable of generating Rayleigh waves is used as the substrate 
in the IDT excitation system. A pair of IDT electrodes consisting of a series of uniform metal electrodes 
in the form of two inter-spaced combs were fabricated on both ends of the crystal. The centre SAW 
frequency is around 19.5 MHz. A Pt{l 10} single crystal, 5000 A thick, is bonded directly onto the 
piezoelectric surface, in the propagation path between the electrodes for SAW generation and 
detection. The estimated RF power introduced to the sample during the experiments with the IDT 
system is of the order of I Watt. 
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3. Current Work 

~- , f:Jlect of a~oustic exc~tation on the C0+_0 2 rate 

Using the IDT excitation systerri in the reactor, a phenomenal eight-fold increase in the rate of the 
catalytic carbon monoxide oxidation reaction over Pt { 110} has been found, when the chemical system 
is excited with Rayleigh waves. This increase is certainly not attributable to artefacts, such as 
electromagnetic interference, since special measures to eliminate the latter have been taken and control 
experiments to measure it have been performed. The observed increase in reaction rate cannot be 
associated with a pure thermal effect arising from sample heating while applying the RF power. The 
acoustic excitation does not always result in an efficient increase in the reaction rate. A sample left in 
the reaction mixture at_ elevated temperatures for several hours responds more quickly to SAW 
excitation than a sample left in vacuum. Furthermore, we found that a temperature rise of more than 20 
degrees produced only a two-fold increase in reaction rate. Finally, as will be described below, when the 
sample temperature is controlled to within ±0.2 K the acoustic wave induced enhancement in the rate is 
still observed. 

3. Effect of acoustic excitation on the oscillatory regime of CO oxidation 

Following repeated cycles of acoustic-wave-induced enhancement of the rate of CO2 production, the 
CO2 pressure began to oscillate, after the system had been left at constant temperature and 0 2 and CO 
partial pressures, with no further acoustic excitation. The oscillations were quite periodic with 500 secs 
periods. Under steady state conditions with the temperature of the catalyst stable at 54 7 K Here, a 
four-fold increase of the CO2 pressure is observed when the SAW excitation is switched · on, with 
continuous scans from 18.8 to 19.8-MHz and a scan duration of75 secs. The temperature rose by 0.2 K 
but was quickly stabilised to the original value. The reaction rate continued at the same increased level 
for as long as the SAW was on. The system switched into the oscillatory regime a..~er 40 minutes of 
acoustic excitation. 

3. Further experiments in progress 

As with our unique instrumentation we can provide clear evidence for the dramatic influence of acoustic 
excitation on catalytic reactions, we now proceed to a further investigation of the mechanism underlying 
this process. In addition to frequency and power dependence measurements we are performing IR and 
LEED studies in combination with narrowband acoustic excitation using Pt and Ni single crystals as 
catalysts. We intend to explore the use of acoustic excitation as a potentially efficient route to control 
the rate and the selectivity of heterogeneous catalytic processes. 

References 
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EFFECT OF THE VISUAL LIGHT ILLUMINATION ON PENTANE 

REACTIONS OVER SULFATED ZIRCONIA 

Vladimir I. Kim, Alexander F. Bedilo and Alexander M. Volodin 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 

Sulfated zirconia has attracted considerable attention of researchers as a 

potential catalyst for skeletal isomerization of small alkanes. Electron acceptor 

(oxidizing) sites are among those claimed responsible for its unique activity [l]. 

Sulfated zirconia has been reported to possess ve:ry strong acceptor sites capable 

of ionizing benzene (Ip=9.25 eV) to radical cations [2]. Irradiation with visual or near 

UV light proved to be an efficient way of their generation on strongly acidic catalysts 

[3]. In this paper we report the results of the first study on the effect of such irradiation 

on pentane isomerization and cracking over sulfated zirconia. 

The catalyst was prepared by impregnation of hydrous zirconia with sulfuric 

acid followed by drying and calcination at 550°C. Pentane was purified from olefins 

and aromatic compounds. Reactions were conducted in sealed glass reactors at room 

temperature under argon or oxygen. The samples were irradiated with a 

monochromated mercu:ry lamp light. 

In the dark, n-pentane isomerized to iso-pentane with a 98-99% selectivity. Iso

butane and isomeric hexanes were also detected in almost equal molar ratios. Change 

of argon atmosphere to oxygen had no apparent effect on the activity or selectivity. 

Illumination in Ar also did not alter them. 

Illumination in the oxygen atmosphere resulted in a substantial increase in the 

amount of iso-butane (Figure I). We observed its two-fold increase after 2 hours under 

yellow light (579 run). !so-butane selectivity under 365 run light was 6 times higher 

than in the dark. The induction effect observed suggests successive isomerization and 

cracking. The illumination had little effect on the isomerization activity in the whole 

spectral range. 

The results obtained suggest that the process involves both acid and acceptor 

sites coexisting on the sulfated zirconia surface. The isomerization reaction, most 

likely, takes place on acid sites and follows an ionic mechanism. Contra:ry, cracking is 

likely to involve acceptor sites. Oxygen is known to strengthen the acceptor sites [ 4] 
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and shift absorption of electron donor-acceptor complexes between the substrate and 

surface sites to longer wavelengths [5] . The visual light illumination results in the 

formation of unstable radical cations that initiate cracking. 
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The effect reported here is a unique example when a photoreaction of a small 

alkane could be initiated with visual light. 

This work was supported in part by Russian Basic Research Foundation (Grant 

94-03-08690). 
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Radical particles have been rep01ted to form during fullerene adsorptian on HY 

zeolites from different organic solvents [I]. In the present work we have studied 

photostimulated processes with fullerenes acting as spectral sensitizers. These 

reactions resulted in the formation of radical particles with ESR spectra typical for 

surface polycondensed structures. The reactions were observed in aromatic solvents 

(benzene, toluene, mesitylene) but not in CCl--1 or hexane and similar results were 

obtained on y-Al 2O3 and HY zeolites. 

In the dark fullerene (-85% C 6o and 15% C10) adsorption from saturated solution 

in all the solvents studied resulted in weak ESR spectra with gav =2.003 and ~H =2.0 G 

(Spectrum A). Most likely, they belong to fullerene radical cations formed on surface 

acceptor sites [I]. In aromatic solvents, illumination with visual light (t. = 5 78 nm) led 

to a significant increase of their concentration and fonnation of new radical paiticles 

(Spectrum B). Their ESR parameters (gav = 2:004 and ~H ~11 G) are typical for 

polycondensed structures stabilized on oxide surfaces. After the illumination 

concentration of the radical cations decreased with time while that of the new pa1ticles 

slightly increased (Spectrum C). 

ESR spectmm of polycondensed strnctures observed after toluene adsorption on 

fluorinated alumina in the dark is presented for comparison (Spectrum D). Smface 

acceptor sites of this catalyst are much stronger and able to initiate toluene 

polymerization. 

The following regularities were observed : 

I . No polymerization radicals were observed in the dark even at 80..,...90° C. 
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2. Such radicals were not registered in pure solvents (without fullerenes) in the 

dark or under illumination (A :2: 365 nm). 

3. Photoinduced reactions were observed only in aromatic solvents. In CCI., and 

hexane only fullerene radical cations (Spectrum A) were registered. 
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The results obtained make it possible to conclude that stabilized surface radicals 

(g.iv = 2.004 and ~H ~ 1 I G) (Spectra 8, C) result from the polycondensation of 

aromatic molecules which takes place on surface sites involving fullerene molecules. 

Excited fullerene molecules are likely to initiate the polycondensation. 
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Today a thorough knowledge of the structure of the V 20s-Cs2S201 system is 

necessary due to its importance as an active component of the modem environmental 

friendly industrial catalysts for S02 oxidation. In order to understand more completely the 

behavior of the real catalysts in catalytic processes the details of the dynamics of V20s

Cs2S207 system on the atomic scale are required. For the elucidation of the structure of 

molten state at elevated temperatures it is possible to study glasses, formed during quenching 

of the melts. 

Solid-state and high-temperature NMR became a powerful tool for the 

characterization of glassy and crystalline materials as well as their melts [l, 2]. NMR is 

highly sensitive to the local environment of the nuclei and therefore is very well suited for 

the structural analysis of glasses and dynamic processes taking place during glass-crystal 

transition. The latter includes the alkali cations and anions diffusion, the restricted molecular 

reorientation, the cooperative motions of the networks, the exchange due to the bond 

breaking-formation processes. 

Here we present detailed NMR studies of the glass-crystal transition in V 205-Cs2S201 

melt-quenched glasses. 

Melt-quenched glassy V 20s-4Cs2S201 demonstrates an axial anisotropic and 

broadened 51 V NMR line attributed to V-atoms in distorted octahedral oxygen environment 

with one short V=O bond. The 133Cs NMR spectrum of the same sample shows a broad line 

that does not narrow under magic angle spinning (MAS) conditions. These results suggest 

the continuous random network formation in the glassy sample which consists of the 

vanadium-sulfate (pyrosulfate) fragments with Cs-cations occupying some of positions 

between them. 
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Increasing of the temperature of the melt-quenched glass one can determine the 

temperature of the beginning of its relaxation to the equilibrium. We associate this 

temperature with a glass transition temperature T 8. At this temperature the viscosity of the 

glasses is rather low and they pass into meta-stable supercooled melt. 

A progressive increase of the temperature up to 220°C is accompanied by the 

narrowing of the line both in stY and 133es NMR spectra till the minimal value of the line 

width is achieved at 220°C. This temperature is the glass transition temperature, T 8, for 

esN=4 composition. At first, both spectra are isotropic due to high mobility of Cs-cations 

as well as due to the rapid motion of the· fragments of ani~n network. These processes result 

in the fast crystallization of the sample. During the crystallization at T 8 the line width of 
133Cs NMR increases and in the crystalline sample spectrum comprises a superposition of 

two anisotropic lines as expected for equilibrium mixture of Cs2S2O1 and Cs4(YO)2(SQ4)4 

[3]. The stY NMR spectra of this sample also indicate the formation of the regular 

Cs4(YOh(SO4)4 phase. 

The further increase of the temperature leads to the narrowing of the 133es NMR 

line. At 500°C (which is above the melting point of the sample [3]) a narrow isotropic 133Cs 

NMR line typical for liquids with low viscosity is detected. The s1 Y NMR spectrum at this 

temperature is also isotropic indicating high mobility of anion framework of the melt. 
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Since the first discovery of a correlation between reconstruction and kinetic oscillations 

in CO oxidation over Pt(I00) by Ertl e.a. [l], this surface has become one of the most exten

sively studied oscillatory systems in heterogeneous catalysis. The mechanism giving rise to os

cillatory behaviour in the CO+O2 reaction on a Pt(l00) is attributed to a hex ➔ (lxl) phase 

transition induced by adsorbed CO. Critical CO coverage 0co ~ 0.08 with local concentration 

of CO ads ~ 0. 5 ML within islands transforms the hex structure into the 1 x 1 surface. The lifting 

of the hex reconstruction is accompanied by an increase in the oxygen sticking coefficient from 

~ 10·3 (hex) to~ 10·1 (lxl), thus inducing a transition from a catalytically inactive state into an 

active state with high sticking coefficient for oxygen. The growth of (lxl)-CO islands on an 

extended Pt(l 00) plane was recently studied by Hopkinson e.a. [2]. It was found that the rate 

of the hex ➔(lxl) transition followed strongly nonlinear power law 0 1, 1 - (0coY, with n ~ 4. 

Later the mathematical description of oscillatory behaviour of CO oxidation on Pt(I00) had 

been proposed [3) using this new experimental findings. This nonlinearity is of key importance 

for the reported Monte Carlo model of oscillating CO+O2/Pt(I 00) reaction as well 

The catalyst surface was represented by a square NxN lattice with periodic boundary 

conditions. Each lattice cell corresponds to the platinum active site *, both *hex and * ixi, which 

can mutually transform under appropriate conditions. In particular, when a square of four 

neighbour cells is fully covered by COads, all these cells can be (with corresporiding probability) 

transformed into the (lxl) state (fourth order process). The reverse phase transition (lxl) ➔ 

hex obeys the linear law: * 1x1 ➔ *hex• These processes are included in the total list of elemen

tary stages used for the simulation of the spatio-temporal behaviour of the system under study 

(when *1x1 as well as *hex can participate in the given stage, the indices are omitted): 

1) CO+*➔ COaas, 

2) CO aas ➔ CO+* , 

3) 4CO.,as ➔ 4CO~~, 

(CO adsorption on both *1x1 , and *hex sites) 

(CO desorption conserving the type of the site) 

(phase transition hex ➔ 1 x I) 
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4) coad,· +* ➔*+Coad,' (CO ads diffusion over all the sites of the lattice) 

(oxygen adsorption on *1x1 sites) 

6) o~:: + coad, ➔ CO2+*1,1 +*' (surface reaction conserving the type of the sites) 

( reverse phase transition ( 1 x I) ➔ hex) 
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Using these assumptions the model evolution was simulated with the standard Monte 

Carlo algorithm, that had been explored in our previous modeling of oscillatory behaviour of 

catalytic reactions due to the influence of the «subsurface» oxygen [ 4]. The distinctive feature 

of th_e present model is the availability of the strong nonlinear stage 3 (hex ➔ ( 1 x I) phase tran

sition of surface reconstruction). The parameters of the elementary processes 1)-7) were partly 

taken from the available literature. The model reproduces the self-oscillations of the reaction 

rate under the conditions very close to the experimental observations. The oscillations are ac

companied with the autowave behaviour of surface phases and adsorbate coverages. The de

pendencies of oscillation features versus reaction parameters had been studied. The figures 

below show an example of reaction dynamics simulation: the left one displays the temporal be

havior of the reaction rate, the right one - the simulated limit cycle projection on the plane 

(0cox01,1) 
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Introduction: It has been generally established that the redox mechanism takes place in the 

oxidation reactions on V oxide catalysts. What oxygen species of V oxide such as V-O-V and 

V=O are responsible for catalytic oxidation has been discussed(!). In this work, the oxide ions 

of V2O5 and f3-VOPO4 catalysts were exchanged with 180 tracer via n-butane or but-1-ene 
oxidations. The Raman spectra of partly exchanged V oxides were measured and preferential 
shifts of the bands were compared. The correlation between the Raman,bands and the stretching 
modes reported previously on these oxides(2-4) was applied to the estimation of oxygen species 

and anion vacancies. 
Methods: Using a closed circulation system, the oxide ions ofV2Os and f3-VOPO4 catalysts 

were partly exchanged with 180 by reoxidation with 1802(98%) after reduction with n-butane or 

but-1-ene and by a catalytic oxidation with n-butane or but-1-ene and 1802 ~t around 723-793K. 

The product selectivities to butenes or butadiene were ca.60% and to CO+CO2 ca.40% for both 

catalysts. The Raman spectra data were stored on a computer and used for band-shape analysis. 

Results and discussion: V2Os;The oxygen ions of V2Os were exchanged sufficiently using 
1802 at 873K in order to get final shift position of the bands of V2O5. The bands at 998, 703, and 

530 cm-1 are shifted to 964, 685, 523 cm-1, respectively. According to Abella et al.(3) and Beattie 
et al.,(2), the band at 998 cm-1 corresponds to V-OA(l. 58A) bond, i.e., terminal oxygen. The 
band at 703 cm-1 corresponds to V-Oc{ 1.88A) bond, i.e., edge sharing oxygen ions between two 
octahedra. The 530 cm-1 band corresponds to V-Os(l.78A) by Abella et al., which is corner 

sharing oxygen, but it is not used here for band-shape analysis since its shift was very small. 
Fig . I shows the spectra of exchanged V2Os catalyst which were reduced by n-butane 

710-790K and reoxidized by 1802. The band at 703 cm-1 shifts to low frequencies and shows line 
broadening. A new band appears at 964 cm-1 shifted from 998 cm-1. With the band at around 700 
cm-1, the band-shape analysis was carried out using 703 and 685 cm-1. The intensity ratio of998 
and 964 cm-1 was also determined by the analysis. The fractions of 685 cm-1 band ranges from 
27 to 56% as the average 180 exchange¾ ranges from 4 to 17%, which obtained from 180 
content in products. While the fractions at 964cm-1 ranges from 9 to 29%. The fractions at 685 
cm-1 are 2-3 times larger than those at 964 cm-1, suggesting that oxygen insertion take place at the 
V-Oc(l.88A) position rather than the V-OA(l.58A) position. In the exchange by the catalytic 
oxidation, similar results were obtained. 

f3-VOPO4; The model of f3-VOPO4 structure is shown in Fig.2. According to the previous 
reports,(5) the VO6 octahedra are linked by comer sharing oxygen ofV=O. Two kinds of P-Ob-V 
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are linked within the VO6 chains while P-Oa-V are bonded across the two VO6 chains as shown 
in Fig.2 . Lashier et al.,(4) have proposed that the bands at 1076 cm·1 corresponds to P-O3-V 
vibration, 1002 to V=O, and 992 and 900 to two P-Ob-Vs 

Fig.3 shows the spectra of P-VOPO4 catalystswhich were exchanged with 180 via reduction by 
but-1-ene and reoxidation by 1802. According to the band-shape analysis, the results show that 
the band intensity at 992 cm·1 decreases with the increase in a new shifted band intensity at 965 
cm·1. The same tendency is found between the 900 Q a 
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for oxidation reactions. Fig.2 Structure model of ~-VOPO4 
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Fig.3 Raman spectra of ~-VOPO4 exchanged with 180. A) 5% oxygen exchanged, B)14%. 

a: observed spectra, b: separated peaks. 
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It is reliably stated now that most of all catalytic reactions cannot be correctly described in the 

frames of Langmuir kinetics. Despite of plentiful experimental evidences of flexibility of the 

catalytic surfaces to the variation of adlayer composition and external conditions, there are 

almost no theoretical studies of adsorption and catalytic processes on 'real' rough surfaces 

with dynamically changing morphology. In our study we consider the monomolecular and 

dissociative adsorption of gaseous species with subsequent reaction on such 'living' surfaces by 

means of imitating modeling (statistical lattice model using the Monte Carlo technique). 

To model the surface we used a solid-on-solid (SOS) model. The model crystal of the catalyst 

is formed by cubic unit cells interacting with their neighbors through lateral faces with 

attraction energy J mm . The morphology of the surface at every instant can be specified by the 

set of integers { hii} - the heights of columns (i,j) above the square lattice N xN with periodic 

boundary conditions. The surface morphology is changed by the topmost atom transfer 

(diffusion) from any column onto the neighbour one in accordance with the standard 

Metropolis algorithm. As a result of this procedure the surface becomes rough due to the 

thermal excitation 

To simulate the adsorption and reaction processes the surface was preliminary roughened up to 

the achievement of the equilibrium state at each temperature value. Adsorption of a gas species 

A (or B2) proceeds on one (or two) free topmost surface sites lying on the same level. Aft~r the 

successful adsorption attempt the adsorbed molecule B2 dissociates immediately and Bad,, as 

well as Aad,, can diffuse on the surface; the desorption can happen only for two neighbouring 

Bac1, lying on the same level. After each adsorption/desorption attempt several acts of diffusion 

of the substrate and adsorbate atoms were made in order to achieve the equilibrium state. The 

probabilities of the adsorption attempts are determined by the adsorption rate coefficients and 

by the ratio of adsorbing gas pressures. The probabilities of desorption are temperature 

dependent. An adsorbed molecule interacts (with energy J ma, in general case different for Aad, 

and Bad,) with the nearest neighbour substrate atoms. Therefore, probabilities of adsorption, 
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desorption and diffusion are determined by the nearest environment of adsorbed particle . We 

did not consider the transfer of the substrate atom on the adsorbed particle, thus the formation 

of a subsurface layer of adsorbate is forbidden . The surface reaction between Aadr and Bud, 

proceeds immediately when these species appear in the nearest neighbourhood due to 

adsorption or diffusion 

A series of isotherms for adsorption processes was simulated at different temperatures and 

values of lateral interactions between adsorbate and substrate. The theoretical estimations show 

that the isotherms for dissociative adsorption will be the same as for monomolecular adsorption 

to within the substitution p ➔ fp . The most interesting peculiarity of these isotherms is that 

they converge to the Langmuir isotherm not solely at high temperatures, when the 

dimensionless energies of interaction adsorbate-substrate are low, but at low temperatures as 

well, when these energies are high enough (here the dimensionless energies are (E / kT)) 

The largest deviation from the Langmuir isotherm is observed at intermediate temperature 

values (excluding the case of high adsorbate-substrate attractive interactions at low 

temperatures). The reason for the low temperature isotherm convergence to the Langmuir 

isotherm follows from the fact that the surface of the SOS-model at low temperatures is flat, 

i e , adsorbate-substrate interactions are negligible. However when the adsorbate-substrate 

bond is strong and even stronger than the substrate-substrate one ( J ma > J mm), one should 

expect the adsorbate-induced reconstruction of the substrate surface even at low temperatures. 

In particular, in the case of dissociative adsorption the metastable state is formed, consisting of 

diagonally ordered point defects on the surface. As stated by simulations, the relaxation of this 

state to the equilibrium one at low temperatures, unlike high temperatures, is enormously slow. 

The reaction A + B2 proceeding via Langmuir-Hinshelwood mechanism was simulated under 

various conditions different temperatures and reagent concentrations, with and without 

diffusion, different surface roughness degrees and diverse ratios between J mm and J ma for 

each reagent. In most cases the kinetic characteristics of the reaction .on the rough surfaces 

differs markedly from the ones on the smooth surfaces and most of all from the predictions of 

the ideal surface layer hypothesis (Langmuir kinetics). In particular, due to the restricted 

mobility of adsorbates the reaction rate on the rough surface is considerably lower in 

comparison with the reaction on the smooth surface. 
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Molecular 0£ radical anions are well known to form on oxide surfaces as a 

result of electron transfer from preadsorbed organic molecules [I]. In our group 

photostimulated electron transfer reactions on oxide surfaces were shown to proceed in 

several cases parallel to thermal ones [2]. Often such reaction can be initiated by 

absorption of visual light by surface complexes. 

In the present work photoinduced formation of Oz- anion-radicals on ZrOz 

surface in the presence of organic solvents was studied. Three different zirconium 

dioxide samples were used. The first one was tetragonal and had 180 m2/g surface 

area. The second one was monoclinic with the surface area only 2 rri2/g. The third 

sample contained a mixture of the two crystal phases with the surface area 60 m2/g. 

The samples were preactivated at 573 ..,.. 973 K in air and filled with an organic 

solvent at room temperature. Kinetics of the 02- accumulation with or without 

illumination and its dependence on the solvent and preactivation conditions was 

studied. 

Typical ESR spectra observed during toluene adsorption on Z r02 are shown in 

Figure. Spectrum 1 was recorded in 24 h after the adsorption without any illumination, 

Spectrum 2 after additional 1 hour irradiation with monochromatic light (A= 436 nm), 

Spectrum 3 after additional 10 minute irradiation with unfiltered mercury lamp light. 

The following regularities were found: 

1. In all the cases both thermal and photoinduced reactions were observed. 

Increase of the activation temperature resulted in a decrease in the activation energy of 

thermal reactions and red shift of the photoreaction red edge. 

2. Total radical concentrations depended only on the properties of the catalyst 

and were independent of the radical generation procedure. On samples activated at 973 

K, the maximum radical concentration was achieved in several minutes after the 

adsorption. If the activation temperature was 673 K, thermal processes were very slow . 
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Illumination increased the concentration of the radicals up to the value close to that 

observed at higher activation temperatures. 
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On the basis of the above results, the following reaction mechanism can be 

proposed. Thermal or photoexcitation of electron donor acceptor complexes between 

surface active sites and adsorbed molecules results in the charge separation and 

stabilization of 02- radical anions. The activation energy of thermal reactions and the 

photoreaction red edge are determined by the strength of the surface active sites. The 

latter increases with the activation temperature as a result of the formation of 

coordinately unsaturated sites due to the surface dehydroxylation. It is important that 

all the reactions discussed here can proceed under irradiation with visual light. 

The research described in this publication was supported in part by Russian 

Basic Research Foundation, Grant 94-03-08690. 
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The present study of the kinetics of gas adsorption on the surfaces of solids is 

based on the classic Langmuir works where the concept of the model of ideal adsorbed 

layer (biography and energy homogeneity) was formulated . However, the developing 

modern physical methods of surface study permitted obtaining a great number of data 

reflecting how surface defects, lateral interactions in adsorbed layer and phase 

conversions in adsorbed layer (clusters, domains, structures, islands) affect the kinetics 

of gas chemisorption. The effect of island processes on the above kinetics and 

heterogeneous catalytic reactions is most poorly studied. To investigate these processes, 

topochemical models designed for the "gas - solid" reactions are usually used. However, 

this allows only a formal process description, since there is no possibility to reveal the 

causes of the adsorption island formation and adsorption structure growth with time. 

Another approach is based on using the modern data on the dynamics of the gas - solid 

surface interaction for simulation of surface processes. These data show that 

chemisorption on metals may proceed by two main mechanisms. The "direct" mechanism 

consists in a gas molecule impact against a free adsorption site, resulting in the formation 

of activated complex. Then the molecule overcomes the activation barrier and is 

chemisorbed at this site. The "indirect" mechanism is realized when the molecule strikes 

against the surface and passes into a weakly bound precursor state, in which it may 

migrate over the surface and be chemisorbed. Using these assumptions, Becker [1,2) 

proposed the model of gas chemisorption as a combination of "direct" and "indirect" 

chemisorption, which permitted explaining the island behavior of chemisorption. The 

adsorption islands are initiated through "direct" chemisorption, and the "indirect" one is 

responsible for the islands growth. 

To study the dynamics of the occurrence, growth and overlapping of island 

adsorption structures, chemisorption was simulated by the model including "direct" and 

"indirect" adsorption, using the Monte-Carlo method . "Direct" adsorption led to the 

occurrence of the adsorption island centres. In the case of "indirect" adsorption the 

molecules were captured into the external precursor and migrated over the adsorbed 

molecules to the average distance X=(2Dt) 112 , where D is the coefficient of surface 
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diffusion, and t is the average life time of the particles in precursor. If before desorption 

the molecules reached free adsorption sites, they were chemisorbed. This led to the 

growth of adsorption islands. The calculations were performed for a square 200x200 

lattice, using the Monte-Carlo method. 

For the probabilities of "direct" (Sdir) and "indirect" (Sindir) chemisorption, equal 

to 10·5 and 10·2, respectively, at the initial adsorption stage (0 <0.01) "direct" 

chemisorption dominates. In this case the individual particles are chemisorbed on the 

surface, thus initiating the adsorption islands. As these islands appear, the more rapid 

"indirect" adsorption begins to dominate, which leads to the rapid growth of adsorption 

islands and adsorption acceleration. At a definite degree of surface coverage with 

adsorbate, the islands merge into a continuous film, the portion of free surface decreases, 

and adsorption is retarded. The coverage - time curve has a topochemical behavior: first 

the adsorption rate is low (island initiation), then adsorption is accelerated (island 

growth) and finally retarded, which is caused by the islands overlapping. The 

dependence of the efficient coefficient of sticking has a maximum, which is typical for the 

island processes. Variation in the ratio of "direct" and "indirect" chemisorption 

mechanisms (Sdir/Sindir) leads to essential changes in the behavior of the growth of surface 

adsorption structures. At a very low possibility of "direct" adsorption (Sdir= 10·6) and 

Sindir= 10·2 the adsorption islands are very slowly initiated, their concentration is low, so 

they grow to a large size. When the contribution of "direct" adsorption increases 

(Sdir=I0-5, 10·4, 10·3, 10·2, Sindir=l0·2), the rate of the island initiation grows, their 

concentration rises, and before sticking the islands grow to a smaller size. The coverage -

time dependence is gradually transformed from a S-shaped curve to a monotonic one. 

Using this model for the analysis of the experimental kinetic dependencies on gas 

adsorption on metals allows one to ascertain the nature of adsorption mechanism, 

elucidate the contribution of main adsorption routes, determine the parameters of 

elementary stages and the dynamics of surface structures growth . 

Acknowledgement. This work was supported by the Russian Foundation for Basic 
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In heterogeneous catalysis the energy of the bond between 

reacting molecules and catalyst plays an important role. Therefore the 

dependence of reaction rate on it has a volcano - shaped behavior [ 1, 2]. The 

general expression describing such a dependence was deduced by Boreskov 

(2]. For the reactions: I.A➔ Aads; II.Aads+B(gas)➔ P; the reaction rates are

R1 =k1exp(a1q/RT)PA; R2 =k2exp[-(1-a2)q/RT]0APB, where q is the 

adsorption heat, the activation energies corresponding to these q are 

determined by the Brensted- Polany equation (a1,a2). In the steady state 

q0 pt=RT/(1 +a1 -a2)ln(a1)/(l-a2) and 0A = a1/(l +a1 -a2) at q0 pt· The rate 

variation R/Rmax is determined as: 

AR/Rmax= (1 + (t -a2))/a1/{exp[±(1-a2)Aq/RT] + (l -a2)la1 exp(±a1Aq/RT]} (1) 

The surface of real multicomponent catalysts consists of domains of 

different nature. Let us suppose that the superadditive activity is caused by 

the diffusion (spillover) of adsorbed particles between various surface domains. 

Let a catalyst surface consist of 2 - type domains s 1 and s2 with 

adsorption heats q 1 =qopt-Aq and q2 = qopt +Aq. Since the rate

determining reaction stages at isolated domains s 1 and s2 are different, the 

steady state concentrations of adparticles (01 and 0 2) are mutually not 

equilibrated. Starting from Boreskov equations ( 1), we can obtain the 

following equations for the steady state condition: 

a = c01 + b02, , where 

a= at( s exp[a1Aq/RT]+ (1-s)exp[-a1Aq/RT]; 

b = s (a1exp[a1Aq/RT] + (l -a2)exp[-(l -a2) Aq/RT]; 

c = (l -s}[(l -a.2) exp[(l -a2)/RT] + a1,exp[-a1Aq/RT]; 

(2) 

Let us assume that Edif are low and/ or reaction temperature is high, 

and the equilibrium distribution of Aads between the domains is established. 

Then 0 1 =kct02/(1 -82+k082), where kct=exp(-2Aq/RT) (3) 
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Solution of equations (2) and (3) gives: 

02= [kd(a-c)- (a-b)-( kd(a-c)-(ab)]2-4ab(l -kd)ll2]/2b(l -kd) (4) 

0 1 =a/c-(b(a-c)-b(a+b)+ [ kd(a-c)-(a+b)]-4ab(1-kd)]/2bc(l-kd) 

~if/Rmax= (1 +a,-a2)/cxi{s02exp(- (l-cx2).6q/RT] + (1-s)01exp[(l -a2).6q/RT]} (5) 

In (3) the calculations for simple case a 1 + a 2 = 1 and s 1 = s2 = 0.5 are 

given. Here the general rate variation depending on [±Llq/RT] is considered 

for the isolated domains (Riso1/Rmax, eq. (1)) and the domains between which 

diffusion occurs (Rdif /Rmax, eqs. 4, 5) for any a 1, a 2 and domain fractions s 1 

and s2 (s1 +s2= 1). A series of calculations for Riso1/Rmax• Rdif/Rmax and a 1, 

a 2 depending on (Mq/RT] are performed for various a 1, a 2 and s1 =s2=0.5. 

For a 1 >ai the reaction rate is shown to grow if the diffusion is taken 

account, i.e. Rdif/Rmax > Riso1/Rmax· This is explained by the diffusion of 

adsorbed particles from the domains with a higher bond energy (s2) to those 

with a lower energy (s1) where the adparticles are more reactive. For a 2 >a1 

the reverse "flowing" of particles occurs, and the Rdif/Rmax is somewhat 

lower than Riso1/Rmax· 

The calculations of Rdif/Rmax and Riso1/Rmax depending on the s2 

portion at a 1 >a2 show that the Rdif/Rmax = f (s2) dependence has a dome -

shaped behavior, i.e. the introduction of s2 domains onto the surface of s1 

domains (and vice versa) leads to the reaction rate increase. 

Thus, the kinetic reaction conjugation at s1 and s2 domains via ad

particles diffusion results in the significant rate growth when a 1 >a2. This well 

agrees with the "remote control" mecl}anism proposed by Delman et al. [4). 
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According to concepts advanced by G. K Boreskov in his fundamental works the 

elucidation of a nature of intermediate chemical interaction of reactant molecules with a 

surface of the catalyst, the detection of catalytic reaction intermediates is the main problem of 

the theoretical heterogeneous catalysis [ 1]. A rate-determining step of NO reduction by 

hydrogen on platinum is a dissociation of nitric oxide molecule resulting in a layer of active 

Nads and O,ds atoms. The rate of NO dissociation is determined by platinum surface structure 

(i) on Pt(l 11) surface NO does not dissociate; (ii) on unreconstructed Pt(lO0)-lxl surface the 

di~sociation proceeds rather easily even at 300 K; (iii) reconstructed Pt(lO0)-hex surface is 

not active in the NO dissociation, but molecular adsorption of nitric oxide is accompanied by a 

back reconstruction of the surface into an active 1 x 1 structural phase. A chemical nature of 

surface intermediates of the low-temperature NO+H2 reaction was studied on three different 

platinum surfaces: Pt(l 11), Pt(l00)-lxl and Pt(l0O)-hex. The experiments were carried out 

by high resolution electron energy loss spectroscopy (HREELS, a resolution of 50-80 CM.
1
) 

and temperature programmed reaction spectroscopy (TPRS). 

Pt(ll l ). NO adsorption on (I 1 1) surface occurs in bridge and on-top molecular states. 

The reaction of the bridge NO.d, with hydrogen at T ~ 300-350 K was shown to result in 

formation of HNOads particles bonded to the surface through nitrogen and oxygen atoms. It 

was established that HNO.d, serves as an intermediate of the reaction: its interaction with 

hydrogen produces N,d, which further attaches subsequently three hydrogen atoms resulting in 

NH3ads-

Pt(IOO)-lxl. At the initial stage, NO adsorption proceeds on the (100) surface at 3 00 K 

with dissociation. Then NO occupies molecular N01x1 state. NO.d, layer in the reaction with 

hydrogen at 300 K produces N2 and H20. We succeeded in finding out NH2ads particle in the 

reaction of an H.d, layer with nitric oxide. Analysis of loss intensities in the corresponding 

HR.EEL spectrum allowed to conclude that the NH2.d, particle is bonded to two platinum 
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atoms through nitrogen atom, and the molecule plane is close to normal with respect to the 

surface plane. NH2ad, particle appeared to be a reaction intermediate which gives rise to 

ammonia: the evolution of NH3 into the gas phase with simultaneous NH2.d, disappearance 

occurs under heating ofNH2.d, and Had, coadsorption layer up to 350 K. 

Pt(I00)-hex. The NO adsorption on the Pt (100)-hex surface at 300 K, similar to the 

Pt(l 11) surface, proceeds without dissociation. The adsorption is accompanied by the back 

surface reconstruction, hex ➔ Ix l, leading to the formation of the islands of unreconstructed 

phase saturated with molecular NO. Two molecular states of NO.d, were determined by 

HREELS technique: the NO 1x 1 state located in the islands of the l x 1 phase, and NO def state 

associated with the population of structural defects caused by the hex ➔ 1 x 1 reconstruction. 

Kinetic peculiarities of the NO.d, layer titration with hydrogen were considered in detail in 

Refs. [2,3]. The reaction was shown to be characterized by an induction period during which 

only the NOdef state is consumed. The formation and disappearance of NHads particles, 

presumably adsorbed on the structural defects, are observed during the induction period . The 

analysis of loss intensities in the corresponding HREEL spectrum proves that the axis ofNHads 

molecule is inclined to the surface plane. 

Conclusion. For the low-temperature NO+H2 reaction on platinum there are the effects 

of the structure of the catalyst surface on: 

(i) N-O bond breaking {a direct NO.d, dissociation on the Pt(l00)-lxl surface and via the 

HNO.d, intermediate formation on the Pt( 1 11) surface}; 

(ii) chemical nature of stable reaction intermediates { HNO.d,, N.d, on the Pt( 11 l) surface, 

NH2ads on the Pt(I00)-lxl surface and NH.d, on the Pt(IO0)-hex surface}. 
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The method of paramagnetic complexes of probe molecules is 

successfully applied for investigation of acidic properties of oxide catalysts, 

for example Ah03 [I]. Stable nitroxides are very informative probes. Under 

their adsorption on oxide surfaces donor-acceptor complexes with Lewis 

acid sites (LASs) may be produced. These complexes can be investigated by 

means of EPR. The theoretical analysis of such complexes is useful for the 

understanding of their structure [2]. 

In accordance with experimentally found similarities between magnetic 

resonance parameters of donor-acceptor complexes of nitroxides with AlCh 

in unpolar solvents, and with surface LASs of alumina the latter were 

modeled by covalent cluster Al{OH)3. This method has been widely 

approbated in non-empirical and semi-empirical quantum-chemical 

calculations of chemisorbed molecular forms. 

All quantum-chemical calculations were made in accordance with 

unrestricted method of Hartree-Fock (UHF): non-empirical_ ones were done 

by means of ST0-3G, ST0-6G, 3-210 and 6-310 while semi-empirical 

calculations were made by means of the valence approximations MNDO, 

AMl and PM3. To select the method of analysis the H2NO :·Al(OH)3 

complex has been studied. Three types of calculations have been carried out. 

The first type corresponded to the full optimization of both radical and 

cluster. The geometry of the cluster was fixed in the another type of 

calculation. The third type differedfrom the second one by mobile Al atom 

in the simulated surface complex. 

Our analysis has revealed that the MNDO method is better than non

empirical methods in the calculation of the bond distance N-0, energy of 
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complexing, spin densities and the constant aN;so, The best results have been 

obtained using the second type of calculations. 

To pass on real investigated objects some imidazoline and 

imidazolidine nitroxides (I-IV) have been calculated. 

~ 
I. 
0 

~x 
I• 
0 

11: X = CH3 Ill: X = C5H5 

IV: X = n-CsH17 

These radicals have two possible ways of coordination with LASs on 

the alumina surface. The energy of complexing can be used as the measure of 

the advantage of the formation of the complex type. Our calculations have 

revealed that the radical I formed the complex through the oxygen but the 

radical II formed the complex through the nitrogen, what is in accordance 

with the experiment. The experimentally observed superposition of the 

spectra in the case of the radicals III and IV can be explained by similar 

calculated energies of complexing by two concurrent ways. 

Thus, with the help of the quantum-chemical analysis we have 

confirmed experimental data on the structure of the adsorption centers and 

the orientation of the complex-bonded molecules. 
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Nickel- or cobalt- molybdenum sulfide catalysts are extensively used in the 

hydrodesulfurization (HOS) process. Especially the role and the chemical (electronic) 

state of the cobalt and nickel atoms in the sulfide catalysts is a subject of numerous 

experimental and theoretical investigations. The most of the investi_gators claim that 

the increasing of catalytic HOS activity is purely a promotion effect, while by our 

opinion [1 ], the promoter atoms are themselves the catalysts. That is the reason of 

our attention to calculation of the detail electronic structure of Ni in the Ni/M0S2 

catalysts. 

We have performed ab initio calculations of the Ni(S2C2H2)2 {Ni(BOT)} as a 

molecular model of active centers (AC) in HOS catalysts. It was shown that in the 

square-plane coordination Ni has d8 electron configuration corresponding to the 

formal oxidation state Ni(II) [2]. In this state Ni is not active for adsorption of donor 

molecule as H2S (3]. Accounting for the tendency of Ni(BOT) complex to form stable 

dimer structures with a Ni atom transferred from a plane of the complex, one can 

assume that there are the structures for which the unusual oxidation state of Ni(IV) 

with the electron configuration d6 can occur. Our calculations of the H2S:Ni(BOT) 

molecular adduct confirm such an assumption (3]. The possibility of Ni(IV) existence 

in the Ni/MoS2 system may be proposed basing on the XPS data [1] giving the 

excess of positive charge on Ni in Ni/MoS2 compared to NiS. 

We have performed the ab initio calculations for the NiM02S10H10 cluster with 

d8 electron configuration of Ni(II) and with d6 electron configuration of Ni(IV) Also, 

we have carried out calculations of electronic properties for adsorbed H2S complex 

on NiM02S,oH10- All calculations were carried out with use of the LANL 1 effective 

core potential for inner shells of Ni, Mo and S atoms and basis set single-~ (MB) or 

double- (;; (DZ) for valence· shells provided with the Gaussian 92 package . The 
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electronic correlation was taken into account using the Moller-Plesset perturbation 

theory at the second order (MP2). Geometry-optimized calculations for H2S molecule 

and its adsorption complex were carried out at the MP2 level with the split-valence 3-

21 G basis set for H atoms and LANL 1 DZ for S atom: 

(i) According to the total MP2 energy values, the dB -state of Ni in the cluster 

represents the most stable adsorbed complex of H2S molecule. The 

corresponding MP2 energy value for the isolated NiM02S10H10 cluster with the 

same dB - state of Ni and MP2 energy for the free molecule H2S give minor 

bonding interaction ( Eads = 36 kJ/mol ). 

(ii) Computed MP2 total energies for cluster and adsorption complex with Ni(IV), 

(iii) d6 electron configuration are lower than for divalent Ni(II) ( ~E= 6.4 eV). 

Adsorption energy of H2S molecule for Ni{IV), d6 
- state (Eads=82.6 kJ/mol) is 

greater than for Ni(II), d8 
- st'ate (Eads=36.0 kJ/mol) . Calculated equilibrium bond 

distances Ni - SH2 are 2.60 A and 2.77 A for Ni(IV) and Ni(II) - respectively. By 

this means, adsorption energy appears to increase with increases in the formal 

oxidation state of Ni in the cluster. 

A possible explanation in increase of the Ni oxidation state in the sulfide 

catalysts seems to be as follows. We believe that under the catalyst preparation and 

sulfurization under hydrogen atmosphere conditions the reaction of the oxidative 

addition of the hydrogen molecule occurs. This reaction of oxidative addition of H2 to 

the square-planar complex was discovered over 30 years ago. It is well known that 

the square-planar complexes with dB electron configuration have a strong tendency 

to the oxidative hydrogen addition resulted in the transition metal atom with 

d6 electron configuration. Based on these investi!ations we conclude that the high 

oxidation state of Ni into the active centers of the HOS catalysts resulted from the 

oxidative addition of H2 under conditions of catalyst preparations (4]. 
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Dehydrocyclization of alkanes is one of the principal stages of reforming and the 

biggest source for production of benzene, toluene and xylenes. N-hexane was used as a model 

for investigation of alkane dehydrocyclization. 

We have synthesized two types of Pt-Re/Al2O3 catalysts with different content of 

metals: based on monodisperse colloidal Pt sol ( d= IO A) and H2PtCIG with HReO4 addition. 

Quantum-chemical calculations were carried out by EHM/ AP method ( extended 

Huckel method with Anderson's potential). Standard parametrization was used for atomic 

valence orbitals. 

The electron microscopy analysis of samples was made on EM-125 microscope by 

replica method with extraction. Mainly fine-dispersed particles with d=10-12A are present on 

the surface of catalysts based on Pt sol, whereas d=20-35A particles occur seldom. The 

particles do not yield a microdiffraction pattern. Catalysts prepared from H2PtC16 and HReO4 

consist of uniform and compact particles of 20-25.A size almost uniformly distributed on the 

support surface. • 
The dehydrocyclization of n-hexane was carried out in a flow reactor with a stationary 

catalyst at normal pressure. The optimal conditions of the process and the maximum yield of 

arenes were found out by variation of the volume rate from 2,4 to 12 h-1 and the reaction 

temperature from 773 to 923K 

In the presence of0,35%Pt-0,35%Re/AhO3 catalyst prepared on the base of Pt sol the 

hexane conversion varied within 34-100%. The yield of benzene changed from 18 to 82%mas. 

at 3,6 h- 1 rate of raw material feed and variation of temperature from 823 to 923K A 

maximum conversion of n-hexane was observed at 923K 
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A decrease in Pt content from 0,3 5 to 0, 15% led to n-hexane conversion of 96-93% 

(T=923K) and the benzene yield dropped from 82 to 66%. The reaction of n-hexane 

conversion on 0,35%Pt -O,35%Re/A]zO3 prepared from H2PtCl6 and HReO4 proceeded with 

decrease in benzene yield (70-65%) at 873-923K. 

A significant amount of polycyclic hydrocarbons (naphthalene, antracene etc.) was 

found in liquid products of the reaction by IR-spectroscopy and chromatomass-spectoscopy. 

The dehydrocycliszation reaction is a complex process the basic stage of which are the 

oriented adsorption and dehydrogenation of alkane molecule, cyclization and desoprtion of 

formed. arenes and hydrogen from the catalyst. Each of the stages was studied individually by 

quantum-chemical method. To understand the catalyst surface structure the energy of metal

metal bonds in two septa-atomic Pt-Re clusters was estimated. For diatomic clusters the 

energy of metal-metal bonds increases in the row: Pt-Pt < Pt-Re < Re-Re. In mixed bimetallic 

clusters the Pt-Pt bond gets weaker whereas the Re-Re bond in low-spin complexes becomes 

stronger. 

Hence it follows that on joint precipitation of metals from acids the surface of Pt-Re 

clusters will be enriched with platinum. The formation of rhenium structures on platinum 

cluster can be expected in the case of synthesis of the catalyst from Pt sol. Since the Re-Re 

bond is more stable than the Pt-Re bond rhenium would form small islands on Pt surface The 

analysis of molecular orbitals of the adsorbed . complexes shows rhenium centres to possess 

high affinity to hydrogen atoms. The migration of hydrogen on the rhenium cluster surface is 

hindered and requires significant activation energy The state of atomic hydrogen on the 

platinum centre depends strongly on the surface structure, however in each case hydrogen 

keeps high mobility on platinum 

Quantum-chemical calculations make it possible to conclude that during the reaction 

rhenium centres are completely filled with hydrogen adsorbed. That is why the elementary 

act of interaction with an organic molecule involves only one rhenium atom from which 

hydrogen migrates onto platinum. On the contrary platinum centres of bimetallic catalysts 

easily desorb hydrogen and are actually accessible for interaction with hydrocarbon molecule. 

The result of this process can be the alkane dehydrogenation on Pt and appearance of highly 

active organic radicals able to form C-C bond with the chain growth or cycle closure. 
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Introduction 

Chemical activity of metal oxides in the catalytic processes could be 

described by the existence of low-coordinated acid-base pair of centersin 

various structural defects of an oxide surface, i.e. steps, edges, corners, 

kinks, etc. This is also the case of ZnO, which is an n-type semiconductor of 

wurtzite type structure and hasa catalytic activity in olefin hydrogenation, 

CO oxidation, synthesis-gas conversion to methanol and higher branched or 

linear alcohols, decomposition of methanol, formaldehyde and formic acid, 

etc. In the present study results are reported on cluster quantum-chemical 

calculations by a modified MINDO/3 method for the interaction of formic 

acid with a nonpolar (1010) and carbon monoxide with a polar (0001) 

surface of zinc oxide. Based on these calculational results two channels of 

HCOOH dissociative adsorption, the nature of molecular adsorption of 

formic acids and carbon monoxide were discussed. 

Method of calculation and surface model 

luster quantum-chemical calculations were performed within the 

framework of the modified MINDO/3 method [I]. Zinc oxide modelled by a 

four-layer molecular cluster of Zn16O16, which allows us to analyse the 

participation of low-coordinated acid-base centers (Zn2+~c and O2-Lc ions) in 

the adsorptive interaction. The influence of the cluster size on the energetics 

of dissociative adsorption of HCOOH was examined via using similar four-
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layer molecular clusters of ZnnOn at the experimental bulk structure 

geometry, where n = 4, 9, 16, 25, 36, 49. 

Results and Discussions 

On a non polar (1010) surface of zinc oxide molecular adsorption of cis- and 

trans-HCOOH proceeds with forming unidentate complex on a 

coordinatively unsaturated Zn2+2c site and a six-member structure on a next

neighbour pair of Zn2+2c-02·2c acid-base centers, respectively. Regular 

(1010) surface of ZnO containing a three-coordinated pair of acid-base 

centers is inactive for a molecular adsorption. Dissociative adsorption of 

HCOOH via forming formate anion and proton leads to a substantial gain 

in energy. In this case, proton is connected to a basic site while a bridge or a 

bidentate structure is energetically more profitable for a formate anion 

compared to unidentate structure. 

Carbon monoxide adsorbs on top position with C-end down on the polar 

(000 l) surface of zinc oxide. Heats of its adsorption amounts 12.1 

kcal/mol. Upon adsorption process CO stretching vibrational mode increases 

by 35 cm·1 compared to that of the free gas phase CO as calculated within 

the harmonic oscillator approach. A slightly charge transfer from an 

adsorbed CO to the surface take place. These findings are in good agreement 

with available experimental data. 
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INVESTIGATION OF THE REACTION OF DIRECT OXIDATION OF 

HYDROGEN SULFIDE BY OPTICAL AND KINETIC METHODS 

Arendarskii D.A., Kuznetsov V.V., lsmagilov Z.R., Khairulin S.R. , Kerzhentsev M .A . 

Boreskov Institute of Catalysis, 630090, Novosibirsk 90, Pr. Akad. Lavrentieva 5. Russia 

Fax: 007 383 239 73 52 

INTRODUCTION 

The problem of hydrogen sulfide utilization and processing is one of the most 

urgent tasks in the creation of environmentally safe processes in gas and oil mining and 

processing. 

In Boreskov Institute of Catalysis a process of the purification of hydrogen sulfide 

containing gases has been developed, based on the reaction of direct selective oxidation 

of H2S on the surface of solid oxide catalysts. Depending on the process condition, H2S 

catalytic oxidation is carried out either in a fluidized bed of spherical catalyst granules 

or in fixed bed of honeycomb monolithic catalysts [1,2]. 

The objective of this work is the investigation of the mechanism of the reaction of 

direct H2S oxidation to sulfur on a number of oxide catalysts by optical and kinetic 

methods. 

EXPERIMENTAL 

The following catalysts were used in experiments: Fe2O3ry-AhQ3, MgCr2OJy-AbO3, 

TiO2-SiO2-AhQ3. 

The kinetics of the reaction of H2S direct oxidation was studied on a flow setup. 

The temperature was varied in the range of l 50-350'C. The initial mixture was 20% H2S 

in nitrogen. The reaction was carried out at stoichiometric H2S/O2 ratio. 

Infrared spectra were recorded on a spectrometer BOMEM MB- I 02 (Canada). CO 

adsorption was studied at - J 96"C, the adsorption and interaction with surface of H 2S 

and SO2 were studied in the temperature range 25-350°C. 

ESDR spectra were registered at room temperature using SPECORD M40 

(Germany) spectrophotometer. 
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RESULTS AND DISCUSSIONS 

The study of the reaction kinetics showed that at residence time less than 0.3 s. 

I 00% selectivity of the reaction to elemental sulfur is achieved on all catalysts studied. 

This is explained by low conversion of formed sulfur to sulfur dioxide upon consecutive 

oxidation. At longer residence time the decrease of the selectivity was observed when 

the temperature was raised to 250-300°C. The highest activity and selectivity in H2S 

direct oxidation is achieved on the catalyst MgCr20Jy-AlzQ3. 

By the IR spectra of adsorbed CO it was shown that all the catalysts have both 

Lewis and Broensted acidic sites on the surface. However the nature, strength and 

number of sites are all particular for each type of catalyst. This leads to difference in 

adsorption and interaction with the surface reactions of H2S and S02 on different 

catalysts. 

Basing on IR spectroscopic study 

dissociative adsorption of H2S on the 

catalyst surface was shown. As 

temperature is raised H2S oxidation 

occurs, this process being most intensive 

on MgCr20Jy-AhQ3 in accordance with 

the kinetic data. 

ESDR study showed that during the 

reaction various types of elemental sulfur: 

S4-Ss are formed on the catalyst surface 

(Fig. I). 
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Fig. I. ESDR spectra of H2S adsorbed on Ti02-

Si02-AbOJ (I) and Fe20J/Ah0J (2) catalysts. 

The investigation performed allows drawing tentative conclusions about reaction 

routes: the reaction can proceed both by sulfur formation upon direct H2S oxidation 

and by formation of S02 with its subsequent interaction with H2S to form sulfur. The 

role of catalyst nature on the predominance of these two routes is discussed. 

REFERENCES 

I. Z.R. Ismagilov, K.I. Zamaraev, S.R. Khairulin et al. U.S.Patent No 4886649 (1989). 

2. Z.R. Ismagilov, M.A. Kerzhentsev, ·s.R. Khairulin et al. Hydrocarbon Technology 

International, Quarterly, Winter (l 994-95), 59. 

50 



FRACTALS: NEW INSIGHT IN HETEROGENEOUS KINETICS 

Yu.l.Aristov 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 

(e-mail: aristov@catalysis.nsk.su) 

PPl-21 

Scientific activity of G.K.Boreskov run, to a great extent, in parallel and in touch 

with the development of reaction kinetics in porous solids with a complex texture 

I 11. Recently new models of porous media and rough surfaces have been offered by 

fractal geometry 12,3J. The models are based on the idea of scaling symmetry and 

consider porous medium as a self-similar structure in · which any smal1 part 

resembles in general features the whole system. 

Application of the fractal models appears to allow good progress in describing the 

kinetics of physical and chemical processes on catalysts and adsorbents. At the 

Boreskov Institute of Catalysis we have studied two groups of such processes. The 

former ones are the processes which depend on the mutual space distribution of 

interacting particles on a rough surface ( electron tunneling and magnetic 

relaxation) . The latter ones are controlled by diffusion to surface throughout a 

complex pore system (dissolution and gasification). 

We derived analytical equations describing dipole-dipole magnetic relaxation 

between magnetic moments uniformly distributed on a fractal surface 141. It was 

done for the mechanisms of spectral and instantaneous diffusion and for low and 

high frequency of spin-flips. Experimental kinetics of electron spin echo of F+ -

centers on MgO surface strongly follows the theoretical equations and allows a 

determination of MgO surface fractal dimension 151. 

Direct electron tunneling from donors to acceptors distributed on a fractal surface 

gives another exiting example of surface kinetics driven by surface structure. Our 

analytical analysis shows a great influence of surface geometry on the kinetic 

peculiarities of electron transfer 16]. Moreover, the fractal approach appears to be 

the most fruitful and sometimes the only way for analytical description of such 

systems. 

Dissolution and gasification of porous solids with hierarchical (fractal) pore system 

examplify the processes controlled by diffusion to surface. As a main tool for 
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theoretical study of these processes was taken a Monte Carlo simulation based on 

deterministic and random fractal models of the disperse solid which undergoes 

annihilation. It was found that the simple assumptions of surface chemical 

homogeneity and hierarchical pore system of the solid make it possible to describe 

the main kinetic peculiarities and the changes in the sample texture during its 

combustion. This approach has given a new insight in describing our experimental 

kinetics of Si burl.it carbon gasification by oxygen [71. 

Similar features have been revealed for dissolution of base-catalyzed SiOz-aerogels 

in NaOH aqueous solutions. The aerogel structure appears to be determined by the 

synthesis conditions and shows a self-similar behaviour over 3-130 nm range f 8 I. 
New effect of the sharp increase of dissolution rate due to threshold disintegration 

of the aerogel fractal structure has been found and is being under study. 
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Catalytic decomposition of methane as a main component of the natural gas is one of the 

promising way of methane conversion to hydrogen. Since this process could be of commercial 

interest given by long-living catalysts, we aimed at development of catalysts of the low 

temperature methane decomposition following the scheme CH4 <=} C + 2H2, with both 

hydrogen and carbon as chemical products. 

Today, it is well established that this reaction at low temperature is accompanied by 

formation of the filamentous carbon. This kind of carbon deposition could be called as self

regenerated process since the metal operates as continuous sink of the surface carbon atoms 

produced by decomposition. To characterize a stability of the catalysts, we have suggested to 

use a carbon capacity, G, i.e., grams of carbon deposited until complete deactivation per gram 

of the catalyst. Using catalysts prepared by different synthesis, we have found that, in general, 

the higher metal loading, the higher carbon capacity. Therefore, in order to produce the high 

loaded metal catalysts, coprecipitated techniques were developed. 

Generally accepted model of the filament growth points out that the surface carbon atoms, 

produced by methane decomposition on the metal surf ace, diffuse through the metal particle 

and precipitate on the "back-side" of the metal particle. Our detailed study of the structure and 

evolution of the Ni-based catalysts showed that this process involved super-saturated carbon

in-metal state which promoted the formation of large (-50 .nm) particles really performing the 

filamentous carbon deposition [1]. It appears that this evolution is generally also valid for 

other 3d-metals (Fe, Co). 

We have found that a stability of the catalysts towards deactivation depends on temperature 

but mainly on the nature of the metal and its content (Fig. I). Data shows that carbon capacity 

measured for similar prepared catalysts follows the row Ni >> Co >> Fe. This is opposite to 

their location in Periodic system. We believe that the activity of the catalysts is likely 

connected with the affinity of carbon to 3d-metal. Indeed, the enthalpy of the surface carbide 

formation is found to be -117 kJ/mol, -50 kJ/mol and 4 kl/mo! for Fe, Co and Ni, respectively 

[2]. In addition, it is known that bulk nickel carbide, Ni)C, decomposes at T > 400°C, while 

Co3C can exist at T - 500-800°C, and Fe3C phase is stable up to T - 1050°C, however, at 

T < 500°C, various non-stoichiometric iron carbide phases could be present. Comparing this 

with our catalytic data, we have suggested that for long-living catalysts of methane 

decomposition, a reaction temperature should be out of the existence of the bulk carbide 

phase, otherwise highly stable carbide phases could be produced at first moment 
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which are subsequently inert in methane activation. 

TEM and EXAFS studies of the post-reacted 3d-metal catalysts have revealed that their 

deactivation could be attributed, first, to a fragmentation of the particles and encapsulation 

into the filament body ("channel"), second, to encapsulation of the most active metal faces 

responsible for methane activation and, third, to atomic erosion, observed in Ni-Cu alloy 

catalysts [1]. It appears that for Co and Fe catalysts, the particle fragmentation is dominant 

process of deactivation, meanwhile for Ni catalysts, the morphology and texture of growing 

carbon should be also taken into account when porous structure of carbon reaches highly 

dense state. 

In summary, the most active and long-living catalysts of methane decomposition should be 

found among Ni catalysts. It appears that Ni-based bimetallic catalysts could be promising for 

development of the new generation catalysts of methane decomposition able to produce a 

huge amount of carbon as a catalyst support, adsorbent, etc. 

Acknowledgment. This work was partially supported by Russian Foundation for Basic 

Research (Grant N!:! 96-03-33781). 
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Simple alkanes or alkylbenzenes can be selectively oxidized by molecular oxygen in AcOH with 

Co(OAc)i-4H20 as a starting material for the catalyst. It is generally agreed that active species of these 

oxidations are Co(III) complexes formed in situ, so-called "cobaltic acetate" [1,2]. However, despite 

numerous attempts, the strncture of Co(III) acetate in solid or solution has been unknown [3-7]. 

Multinuclear NMR spectroscopy has opened up new avenues for the detailed characteri7.ation of Co(III) 

acetate in solutions. We have used the 59Co, 13C and 1H NMR spectroscopies to characterize the 

structure and reactivity of Co(III) complexes existing in "cobaltic acetate" solutions in AcOH, CH2Ch 

and MeOH. 

It was shown that, the samples of Co(III) acetate prepared by peracetic acid oxidation of Co(II) 

in acetic acid are the mixtures of the oxo-centred trinuclear cations [Co30(0Ac)6(Ac0H)3f (I) and 

[Co30(0Ac)s(OH)(Ac0H)3r (II) in 1:3 - 1:2 ratio. Immediately after dissolving in MeOH, I converts 

into cation [Co30(0Ac)s(OMe)(Me0H)3f (A) and II into cation [Co30(0Ac)s(OH)(Me0H)3r (B). The 

role of a counter ion can be played by OAc-. Complex B slowly converts into complex A in MeOH 

(, 112 = 15 min at 293 K). The substitution of µ-OH group by µ-OR in ROH was reported for 

[Co30(0Ac)s(OH)(Pyhf (8-1 O]. Cations I and II are the major species in the freshly prepared solutions 

of Co(III) acetate in CH2Ch and AcOH. Upon heating the solutions of Co(Ill) acetate in AcOH 

complexes I and II convert into Co(II) species and another Co(III) complex III . The structure of 

complex III is still unclear. With the increase of water concentration in acetic acid the concentration of 

complex I decreases and that of complex II increases. The transformation of complex I to complex II 

occurred through the formation of intermediate complexes with separate resonances in the 59Co NMR 

spectrum. Most probably, this effect is caused by the replacement of axial AcOH ligands by H20 

ligands in the complex I. Complex II in AcOH / H20 is assumed to exist as the mixture of the type II 

complexes with various sets of axial H20 or AcOH ligands. 

Reactivity of I, II and III towards p-xylene was determined. Complexes I and II are rather 

stable in CH2C)z. The addition ofp-xylene to the sample containing I and II under anaerobic conditions 

in CH2Ch (1 :3 p-xylene/ CH2Ch by volume, 293K) gave rise to gradual decrease of their concentration. 

The half-life was 2 hr for cation II and 1. 3 hr for cation I. The observed small difference in the half-
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lives of complexes I and II can be explained by the conversion of complex I into complex II with the 

increase of water concentration in the course of the p-xylene oxidation. Complex III did not interact 

with p-xylene at noticeable rate at 293 Kin AcOH. To determine the reactivity of complex III towards 

p-xylene, the samples in pure acetic acid and in a 1: 1 AcOH/p-xylene mixture were compared at 3 73 K. 

The characteristic time of the reaction was 2 hours at 373 K. Note, complex III prevails among the 

other diamagnetic Co(III) species at high temperatures (373 K) in AcOH, these are conditions close to 

those for real oxidation. However, in the 59Co NMR spectrum of the sample of Co(III) acetate in AcOH, 

prepared in the course ofmethylethylketone (MEK) autoxidaton in acetic acid at 335 K complexes I and 

II were detected, but no signals of complex III were observed. This means that complexes I and II are 

recovered rapidly by peroxyradicals in the course of MEK autoxidation at 335 K. Remember, that 

complex III is less reactive then complexes I and II. Thus, complexes I and II mainly drive the catalytic 

cycle of MEK oxidation under these conditions. 
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The assortment of formed goods made of carbon is very limited, their durability 

not exceeding 60 kg/cm2• Therefore, new technology is required to prepare a wider 

assortment of goods with high durability (> 100 kg/cm 2) . Extrusion of a plastic carbon 

paste is the main method for attaining this goal. Two fundamental rheologic 

characteristics of a material - viscosity and elasticity - are known to have decisive effect 

on the forming of dispersed systems. Thus, investigation of rheologic properties of 

concentrated carbon dispersions as a scientific basis of the forming process was the topic 

of the present study. 

Viscosities and modules of resiliency and elasticity of plastic carbon compositions 

were calculated from experimental measurements performed on a shifting plastometer. 

Carbon black (CB) P-514 was used as a dispersed phase, water and aqueous 

solutions of polyacrylamide (PAAm), polyetheleneoxide (PEO) and polyacrylic acid 

(PAA) were used as dispersion media. The polymers were chosen judging form their 

Composition of dispersion 
medium 

Polymer Tv, °C Polymer 
content 

PAAm -190 6 
PAAm -190 9 
PAAm -190 15 
PEO -67 0.5 
PEO -67 2.0 
PAA 80 0.1 
PAA 80 0.5 
PAA 80 1.0 

Dispersion 
viscosity, 

1010 Ps 

4.2 
5.2 
3.1 
1.3 
5.7 
3.4 
4.9 
4.2 
2.5 

solubility in water and vitrification 

temperatures (Tv) . 

Viscosity of carbon dispersions 

in the solution containing polymers 

increases by 20-30 % after 

introduction of 6 % PAAm, 0.5 % 

PEO or 0.1 % PAA in comparison 

with that of the CB-water 

composition. This effect is connected 

~,ith the increase of the adsorption interaction on the phase boundary. Further increase 

of the polymer contents results in a 1.5-2 fold decrease of the viscosity compared with the 

CB-water system. This may be explained by an increase in the number of large 

macromolecles sorbed on dispersed particles, and, hence, in the distance between CB 

particles resulting in a weakening of the interaction between them. 
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The observed dilatansion effect (viscosity increase with a shift tension increase) is 

not typical for dispersed systems and can result from an interaction strengthening of 

soot-polymer aggregates under shift. 

Calculation of resiliency (El) and elasticity (E2) modules for soot pastes of 

different composition has shown that resiliency modules E1 are about 0.3-0.35 x 108 

din/cm 2 in the whole concentration range. Modules E2 monotonously decrease at 

introduction of polymers into the dispersion medium (see Figure). 

Polymer content, % 

Dependence of the elasticity module of soot dispersions 
on the polymer content in the dispersion medium . 

The E2 decrease is much 

more intensive for polymers with 

higher hardness (PEO, PAA) than 

for compositions containing a 

flexible chain polymer (PAAm). 

This decrease evidences increasing 

0 elasticity of the system as a whole. 

This fact is connected with the 

formation of the polymer layers on 

the surface of CB particles. As a 

result, the structure of the CB-

water dispersion with prevailing point contacts is changed to a different structure 

consisting of interpenetrating nets of polymer and carbon-polymer gel. It is this 

transition what causes the appearance of large reversible deformations resulting in the 

decrease of the elasticity module. 

We checked how technologic are soot dispersions of different compos1t1on m 

extrusion into elements of different form (rings, petals, microblocks). It was shown that 

carbon elements of satisfactory quality can be obtained by extrusion · of soot 

compositions with a resiliency module of 0.3-0.35 x I 08 din/cm 2, minimal viscosity and 

elasticity module at a constant amount of the dispersion medium in the plastic 

composition. 
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CREATION, INVESTIGATION, INDUSTRIAL EXPERIENCE OF NEW 
CATALYTIC SYSTEMS ON METAL DOPED SILICA FIBER GLASS WOVEN 

BASE FOR PROCESSES OF CATALYTIC HEAT GEN ERATION AND SULFUR 
DIOXIDE CONVERSION 

Barelko V.V., Khrushch A.P., Cherashev A.V., J uranov I.A. 
Inst. of Chem . Phys. RAS, JSC "Chemphyst" , 142432 Chernogo lovka, Russia 

In the report an information is presented about the result of the next stage in the 
wide investigations program concerning a new class of the wide-purpose catalytic 
systems formed on the base of silica fiberglass amorphous matrices doped by the 
various metals and having a form of the articles with different types of the woven 
structure, namely the SFGC-catalysts protected by the patent[!]. The main features of 
the SFGC-systems (connected with their matrix structure and phase state, the 
fabrication and act ivation method , the products technology and exploitation 
conditions) giving grounds to define these catalysts as a separate class may be 
systematized as follows ( for more detailes see [2-4)) : 

I . SFGC are formed on the fiberglass silica matrixes amorphous in composition. 
Such base having characteristic p hase metastability is non-traditional for the classical 
catalysis on the silica carriers (silicagels) which deals with the crystalline 
( polycrysalline ) materials or with the materi als having non-reglamented phase state. 
The non-equilibrium character of the SFGC-systems carrier state presents their 
principal feature since namely this factor defines in a la rge degree the possible 
appearance of the SFWC extreme catalytic properties . 

2. The catalytic activation of the SFGC-systems is effected by the methods of the 
metal ions implantation into the amorphous silica matrix. As a result of this operation 
the glass-like matrix is taking the unusual catalytic properties and an element 
introduced into its structure ( i.e. metal in the reduced or oxidized state ) is firmly 
confined there and does not subjected to any migration transport, agglomeration or 
separation from the carrier. This method of a silica matrix activation based on its 
"doping" by the metals is nontraditional for the classical catalysis where the phases 
containing the catalytically active metal are simply applied on the carrier surface and 
the chemical. phase and mechanical unity of the "carrier-active layer" system as a whole 
can not be provided in full measure. 

3. The SFGC-elements are characterized by the high catalytic activity at very low 
content of the metallic component in the matrix. This property of the SFGC-systems is 
available in the catalytic activation process of the whole inert silica matrix as a response 
to its doping by the metal ions and it is especially important for the creation of a new 
wide class of the catalysts having an active phase with some noble metals. 

4. The SFGC-elements are characterized by a very developed catalytic surface. 
Their macroporosity is defined and regulated by the matching of a specific 
multifilament matrix structure which is formed by a twisting of the separate elementary 
filaments (3-9 microns in diameter) to working filament and by the special type of the 
woving interwave. The SFGC microporisity can be easily comtrolled by the special 
operations of the carrier fiberglass matrix pretreatment and the inner surface can be 
varied from ones to tens and hundreds m 2/g with the realized pores spectrum having 
dimensions from tens to hundreds microns. 

5. The SFGC-elernents are characterized by the high chemical and thermal 
resistance. mechanical strength, dusting and attrition fastness. These properties coupled 
with the stability of the metallic component introduced to the matrix provide the 
SFGC-systems good characteristics during a prolonged exploitation run ( a working 
resource) . 

6. The SFGC-materials production process is characterized by a continuous 
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technologycal scheme easily turnable for a new article production and economical 
efficiency. The catalytic fabrics creation for the SFGC-materials production requires 
low investments due to the fact that such productions can be developed by introducing 
some supplementary stages in the already operating productions of the fiberglass 
materials ( for the traditional thermo-, electroprotective and construction purposes ). 

In 1996 the authors concentrated their efforts on the search of the effective 
SFGC-systems for the catalytic heat generation and sulfur dioxide oxidation processes. 
The annotation of this investigation stage results is given below. 

CATALYTIC HEAT GENERATION 
The SFGC-elements doped by platinum ( up to the content 0.01-0. I % mass ) or 

chromium exhibit a high catalytic activity in the reactions of the hydrocarbons deep 
oxidation. An analysis of their usage efficiency for the catalytic heat generators of 
industrial and household exploitation shows their essential advantages over the 
traditional ceramic catalytic burners: the low cost; the technological simplicity of the 
catalytic element assembly, installation and renewal; the stability to the vibrational and 
impact loads. By now the first pilot lots of the catalytic heaters with the SFGC-elements 
have been produced. The information accumulated over the laboratory, experimental 
and industrial tests of the SFGC-elements in the flameless combustion of the gas-phase 
and liquid-phase hydrocarbon fuels is sufficient to allow conclusion that these catalytic 
systems are perspective for handling of the extremely important problem of modern 
energetics and engine production namely the gas-turbine units transfer from the torch 
mode of the working body generation to the low-temperature flameless mode of the fuel 
catalytic combustion which is characterized by lower heat losses and can prevent an 

· appearance of nitrogen oxides in the working body exhausts . 

CONTACT STAGE OF SULFURIC ACID PRODUCTION 
The activity of SFGC-elements doped by platinum to the content . about 0,05 % 

mass has sufficient superiority over the vanadium catalytic systems traditionally used 
for this process. The transfer of the sulf/llric acid productions to the SFGC-elements 
allows one to lower the contact temperature by40-60° C which in its turn will lead to the 
conversion rise of sulfur dioxide and to its content reduction in the gaseous exhausts, 
i.e. allows to solve one of the most important ecological problem of the sulf uric acid 
production. The endurance tests ( so called resource tests ) of the silica woven catalysts 
were conducted using the SFGC samples loaded directly into a layer of the granulated 
vanadium catalyst of an operating industrial reactor. It was shown that the samples are 
not mechanically destroyed after a one year exploitation and their catalytic activity is 
preserved. 
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The Water Gas Shift (WGS) reaction is among the oldest catalytic 
reactions applied in many industrial processes to produce hydrogen or 
ammonia synthesis gas [1] . It is a well known exothermic reaction, with 
equilibrium constant increasing in reverse order with temperature: 

( i1H = -41. 1 kJ/mol) 

A lot of attention has recently been paid to the WGS reaction carried 
out using a membrane reactor. The growing interest in this reaction is shown 
by e.g. the amount of both experimental and modelling work appearing in 
specialised literature [2-14] . 

The concept is quite simple: a preferentially H2-permeable membrane, 
combined with the WGS reaction, allows one to obtain higher conversion 
values compared to the equilibrium one. It has possible applications in 
relation to the recovery of tritium from the blanket of a fusion reactor, to 
vehicular emission control, to coal gasification plants, to removal of CO 
from combustion gases and conversion of water gas. 

In our work, presented elsewhere [14], the WGS reaction has been 
carried out using a composite palladium membrane obtained by coating an 
ultrathin double-layer palladium film on the inner surface of the support of 
a, commercial tubular ceramic membrane by a so-called co-condensation 
technique. For this system, the best operating conditions were determined at 
various H2O/CO molar ratios, temperature, P lumen , gas feed flow, with and 
without nitrogen sweep gas, for pure gas feed and for a mixture gas feed. 
Experimental conditions for obtaining complete conversion were 
determined. 

In a previous work [9], a mathematical model was developed to 
analyse the behavior of a composite H2 · -permeable membrane by 
considering the WGS reaction for pure feed gas. 

In this work, the experimental results are considered to simulate a 
WGS reaction membrane reactor both for pure gas feed and for a mixture 
gas feed. As far as the modelling work is concerned, two approaches have 
been considered: 
I. The model assumes typical Langmuir-Hinselwood kinetics. 
2. The model assumes that the reaction is not limited by chemical kinetics. 
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Both models assume isothermal reactor conditions, negligible effect of 
competitive reactions, plug flow fluid dynamic regime in each stage, id~al 
gas behaviour and negligible effect of the catalyst pebble on the evaluation 
of the resistance of the interface film between the composite palladium 
membrane and the gas. Due to the fact that during experiments we did not 
observe side-reactions, both simulations do not consider the formation of 
carbon. 

The reactor is depicted as a series of tubular membrane reactors. In 
particular, two mass transfer resistances in series are considered: 
1. The resistance through the film at the interface between the inside 
membrane wall and the gas mixture. 
2. The total resistance through the composite palladium membrane. 

For each model, differential mass balances for both co-current and 
counter-current flow mode are considered. 

The difference between experi~ental results and simulation curves for 
both models is discussed in detail, trying to identify their respective range 
of validity. 
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Palladium-only three-way catalysts are attractive for application in 
catalytic converters [I], due to low cost of palladium and their high 
temperature durability. Palladium-on-alumina/lanthana catalysts show 
enhanced NOx reduction as compared to palladium on alumina [2]. Usually 
three-component Pd-lanthana-alumina catalysts are prepared by 
impregnation of Pd/AhO3-La2O3 catalysts, prepared by sol-gel method. 

Surface area measurements were carried out by low temperature N 2 
adsorption in . a Gemini 2600 from Micromeritics. Temperature 
programmed desorption (TPD) and reduction (TPR) spectra of hydrogen 
were measured using thermodesorption apparatus AMI-M, Altamira 
Instruments. Reduction of NO by hydrogen in the range · 323-973 K was 
studied under atmospheric pressure in a continuous flow microreactor 
Multipulse RIG 100, In Situ Research Instrument. X-ray diffractograms 
were recorded with a Philips X'pert diffractometer. Transmission Electron 
Microscopy characterization of catalysts was carried out using a JEOL 2010 
transmission electron microscope. Sample morphology was observed in a 
Jeol 5300 scanning electron microscope. 

Lanthana-alumina (5.8 wt % of AhO3) supports with surface areas 
around 320 m2g·1 were prepared by sol-gel method. The surface area of 
alumina, prepared under the identical conditions was the same. 

During TPR experiments a large excess of hydrogen was consumed 
due to the partial reduction of lanthana. The large excess of H2 with respect 
to that necessary for the reduction of PdO (120 %) is attributed to a good 
intimate contact of Pd with La provided by the preparation method. 
Utilization of other preparation techniques according to literature data 
results in reduction of lower portions of lanthana. 

Essential enhanced hydrogen adsorption (H/Pd = 8 to 15) detected by 
TPD are suggested to be a consequence of the large amount of reduced 
lanthana, promoted by very good dispersion of Pd on the surface. The 
ability to adsorb large amount of H2 was found to depend on the type of 
catalyst treatment. Oxidation increases desorption .while inert or hydrogen 
treatment reduces it. This phenomenon is attributed to spillover. 

Lanthana-promoted palladium catalysts supported on alumina have a 
higher catalytic activity than non-promoted catalysts. They do not show any 
activity drop as a function of the temperature as typical palladium on 
alumina catalysts do. It is , suggested that for the latter catalysts at 
intermediate temperature of reaction, palladium is transformed by reaction 
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media to palladium oxide causing the drop of activity. The further reduction 
of the oxide to the metallic state increases the activity again and results in 
N2 selectivity rise. At elevated temperatures NH3 selectivity is much higher 
on lanthana-promoted catalysts than on alumina catalysts. 

Ah03, prepared by sol-gel method, consists of small ($5 µm and less) 
particles, forming aggregates. Analogously prepared Ah03-La203 along 
with these kind of grains contains larger ones (several hundreds µm). 
Lanthanum-containing phase forms shapeless conglomerates with high 
contrast (as seen by TEM), consisting in crystalline domains. 

Alumina, prepared by sol-gel method, contains crystallites of ri-Ah03 
with size about 5 nm. X-ray diffractograms of Ah03-La203 along with 
ri-Ah03 contains additional peaks corresponding to conglomerates with 
high contrast. Attempts to assign this crystalline phase to any of the cards 
in the ICDD-PDF database were unsuccessful. The calcination in air for 3 h 
results in disappearance of this phase and formation of large crystals of 
metastable LaAh03 phase. 

New alumina-lanthana phase, observed by HRTEM and X-ray 
diffraction, 1s suggested to be responsible for the change of catalytic 
properties of Pd/Ah03-La203 as compared with Pd/Ah03. High hydrogen 
desorption is supposed to be due to these phase also. 
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As a rule, the dynamic models of catalyst surface are nonlinear. They 
have parameters which determine physical and chemical conditions of pro
cess. Parametric analysis includes the following steps: analysis of steady 
state number, construction the dependencies of steady states on the pa
rameters , stability analysis, construction of parametric and phase portraits, 
numerical analysis of process dynamics. The proposed procedure of para
metric analysis is demonstrated by a serie of basic nonlinear models of 
catalytic kinetics which s:an have the ·steady state multiplicity and self
oscillations. 

For a kinetic model corresponding to reactions on catalyst surface 

l)Z ;::2 X, 2)X + 2Z-+ 3Z, 3)Z ;:2 Y 

the bifurcation curves of multiplicity and neutrality are obtained explicitly, 
the phase portraits are constructed. An influence of the form of the buffer 
step 3) on the parametric portraits is analyzed. The models corresponding 
to the steps of the form 3) are considered: 

3')X ;=2 Y, 3")2Z ;::2 Y, 3*)Z + X ;:2 Y, 3**)2Z ;:2 2Y. 

Two series of models corresponding to the schemes without autocatalytic 
steps: mechanism I: 

1 )Z ;=2 X, 2)X ;=2 Y, 3)2X + Y-+ 3Z, 4)Z ;:2 S 

and mechanism II: 

1)2Z ;::2 2X, 2)Z ;::2 Y, 3)X + Y-+ 2Z, 4).X ;:2 S 

are considered. The parametric analysis is carried out in accordance with 
the procedure mentioned above. Various buffer steps 4) are analyzed: 

4').X ;::2 S, 4")Y ;:2 S, 4"')Z ;=2 S. 

Thermo-catalytic oscillator 

8 = /31(0)(1 - z) + s(l - 0), 

i = /(0)(1 - z) - z, 

where 0 is the dimensionless temperature of catalyst surface, z is a part 
of free surface, is analyzed . In parameter plane the regions with self
oscillations and steady state multiplicity are discovered. 
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The existence conditions of self-oscillations for kinetic models of reactions 
on a catalyst surface are obtained. Two types of additional physical and 
chemical processes - diffusion exchange and buffer step - are considered. 

The diffusion exchange is consedered as an exchange step between two 
types of active centers Xo, Zo: 

(1) 

where X 1 , Z 1 are intermediate substances of diffusion step. The step (1) 
completes the main reaction mechanism on surface: 

n n 

L CiisXi -+ L /3isXi, s = 1, ... , rn, (2) 
i=O i=O 

where Xi are substances, Ciis, /3is are stoicheometric coefficients, [1,2]. The 
buffer step completes the scheme (2): 

n 

L CiioXi ~ X, 
i=O 

(3) 

where the substance X does not take part in scheme (2). For kinetic 
models (1)+(2) and (2)+(3) the existence conditions for self-oscillations in 
the terms of additional steps are obtained. The examples of two and three 
step catalytic reactions (with autocatalysis and without it) which make 
possible self-oscillations in accordance with processes (1) or (3) are given. 
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On the example of Fe/Al2O3, Co/A'2O3 and Ni/A'2O3 

catalysts the influence of oxide-oxide interaction on the catalytic 

properties of metals in CO hydrogenation reactions was 

investigated. 

The oxide-oxide interaction was prevented by means of 

AbO3 surface modification with magnesium oxide. The formation 

of MgA'2O4 in the surface layer of A'2O3 allowed to increase not 

only the rate but also the completeness of oxides reduction 

significantly. 

In was shown that oxide-oxide interaction does not 

influence the catalytic activity of Fe, Co and Ni directly but 

determines the quantity of carbon residue on the surface. The 

decrease of oxide-oxide interaction permits to reduce the rates 

of carbon precipitation and, therefore, to decrease the catalyst 

deactivation. 
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Transition-metal catalysed decomposition of diazo compounds in the presence of olefins 

is a general process for the construction of three-membered carbocycles. In this context, a 

number of excellent copper and rhodium(II) carboxylate and amide catalysts have been 

developed. These last years have seen the emergence of new catalysts based on iron, ruthenium, 

and osmium. 

R 

\ + 

R C02Et R H 

catalyst Ve( + "v~m,a -N2 

cis (endo) trans (exo) 

Very few is known on the use of catalysts ba'>ed on platinum. For instance, ethyl vinyl 

ether was cyclopropanated by diazofluorenc in the presence in a catalytic amount of 

PtCli(CH2=CH2)(py) (86 % yield),' whereas [Pt(C8z=CH2)(PPh3 ) 2] has been shown to be 

moderately active in the cyclopropanation or styrene with N2CHCO2Et. The conversion of ethyl 

diazoacetate to cyclopropanes was 20 %, and the cis!trans ratio was about 1:2.2 On the other 

hand, it is well-established that diazo compounds, N2CHR, react with platinum complexes of 

the type L0 PtX2 to give mono- [L
0
Pt(CHXR)Xl and bis- [L

0
Pt(CHXR)2 ] insertion products.3 

This poster reports on the use of various platinum complexes as catalyst<; for the 

cyclopropanation of olefins with ethyl diazoacetate. 
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Using Temperature Programmed Desorption TPD and Pulse Adsorption PA we studied 
on PUAl2O3 (0,50 wt% Pt) the influence of the hydrogen surface concentration, of the 
adsorption temperature and of the surface water concentration on the hydrogen 
chemisorption characteristics. 

Results 

60 t mm 
a.) Influence of hydrogen coverage on TPD 

[mV] TPD profiles of hydrogen qualitatively 
characterize the desorption energy 
distribution, generally. The figure on the right 1so 
shows the TPD curves after the adsorption of 
different numbers of hydrogen pulses (0 to 4 

0 no hydrogen preadsorbcd 
1 

I one pulse "2 pread.!orbcd 

2 two pulses Hi preadsorl>ed 

pulses, 1,65 µmol H2 each). The desorption 100 

curves clearly prove the stepwise filling of a 
strongly inhomogeneous adsorption area. In 
the case of two defined species of adsorbed H 
we would observe a stepwise growing up of 
the low temperature peak after the high 
temperature peak being filled. 

so 

30 40 

400 

300 

200 

100 

so 60 t mm 

b.) Influence of adsorption temperature 
Results of measurements at different 
adsorption temperatures are given on the 
left. The shapes of the curves strongly 
depend on the adsorption temperatures. 
After high adsorption temperatures High 
Temperature Desorption (HTD) of 
hydrogen takes place. At the same time 
temperature programmed reduction after 
oxygen treatment shows at this 
temperature range some excess hydrogen 

- consumption (59 µmol/g catalyst, with the 
reduction of Pt1

v requiring only 51 µmol/g). 

69 



PPl-31 
c.) Effect of water 
The HTD of hydrogen occurs near the maximum temperatures, which the catalyst was 

exposed to. At these conditions the Al2O3 surface -OH groups become movable and 
could interact with reduced species on the carrier surface. 

Thus, TPD was performed after reduction ,--.....,,.,,----,=------:-::--=---=c---=-.,..,.........--.. 
without previous hydrogen adsorption but 20 30 40 50 6o 10 t mm 

adding water (10
4 

mol or 3 - 4% of a 
monolayer) to the catalyst. 

[mV] 

The figure on the right -shows, that this 400 

exposition to water causes a remarkable 
amount of HTD hydrogen (dotted line). 

Discussion 

As shown by the pulse experiments, the 
desorption energy of hydrogen strongly 

200 

depends on the degree of surface coverage. 100 

The adsorption temperature influences not 
only the amount of chemisorbed hydrogen. 
The distribution of desorption energy strongly 
depends on it, too. With rising adsorption '------------------~=--' 
temperature the desorption energy distribution shifts to higher values. 
The most exciting question is the origin of the hydrogen desorbed at high temperatures. 
Under _high temperature reduction conditions the alumina surface (impurities on it) 
are reduced by spillover 
hydrogen, forming -OH 
groups, as shown by the -O-Me

3
.:!:... O-Me

3
::.. o-

right scheme: 6 6 
+H 
~ 

'- / 
Me:J+ 
I 

0 
I 

- 0 - Me2
+ 

I 
0 

OH 
I 3+ 

Me- 0 - · 
I 

0 
'- / 

Me3+ 

I 
0 
I 

Thus, this hydrogen accumulation on the catalysts surface proceeds via a reversible 

redox reaction . The decrease of high temperature H2 desorption after high temperature 
argon pretreatment can be 
interpreted as a result of 
surface dehydration. The -OH 
groups formed by surface 
reduction are transformed to 
-0- bridges. 

OH OH 
I . I 

Me3!_: O-Me3
+ 

I I 
0 0 

--:_,:·. · .. / 

Me3+ 

I 
0 
I 

'- / 

Me3+ 

I 
0 
I 

The high temperature H2 desorption, usually interpreted as desorption of 
spilled over hydrogen, is the result of the reoxidation of reduced surface sites 
by water or OH-groups delivering H2. 
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Studies with ion-cyclotron resonance (ICR) technique have been shown to provide 

valuable infonnation about interactions in the gas phase at low pressure of various molecules 

with ions of metals that are present in real catalysts. 

In this work the ion-molecular reactions of MoxOy + ions with CH3OH and CD3OH 

were studied. The effusion chamber (Knudsen cell) was used for generating ofMoxOy + ions in 

ICR cell. MoxOy+ ions were formed by electron impact (70eV) of the vapor of the sample of 

98Mo03. Four groups of ions MoxO/ (x = 1-4, y = 1-12) '?"ere observed. 

Oxygenated molybdenum ions participate in four types of reactions with methanol 

molecule, namely: 

(i) - Oxidative dehydrogenation to form formaldehyde from CH3OH reagent and 

MoxOy-1 (H2O) + ions from MoOy + reagents. 

(ii) - Abstraction of OH radical to fonn MoxOyCH3+ ions. 

(iii) - Dehydration to form MoxOyCH2 + ions, i.e. carbene species CH2O coordinated to 

the MoxOy-1 + ions. 

(iv) - Abstraction of O atom to form MoxOyCH4+ ions, i.e. methane coordination 

(perhaps, dissociatively) to MoxOy + ions. 

The most interesting fact is that Mo3O9+ ions react with more than one CH3OH 

molecules to yield Mo309(C2H7/, Mo309(C2Hst, Mo3O9(C3H7)+ and Mo309(C3H9/ 

ions. Reactions represent coupling of two or three hydrocarbon fragments of CH3 OH to form 

longer hydrocarbon chains. Such coupling is well known for CH3OH in acidic molybdenum 

oxide based homogeneous and heterogeneous catalysis. 

The formation of acidic protons ofMoxOyH+ (x=l-4, y=2-12) was found in interactions 

with CH3OH2 + and its solvates CH3OH2 +. (CH3OH)n with n = 1, 2. Thus, via such 

processes methanol can prepare in the gas phase from MoxOy + ions the acidic forms of 

multinuclear oxide ions. In solutions and on solid surfaces acidic protons are indeed known to 

be able to provide coupling of hydrocarbon fragments of alcohol molecules to produce finally 

alkenes and alkanes. 

Thus interactions of MoxOy + ions show rather profound similarities between reactions 

of methanol with these ions in the gas phase under ICR conditions and the reactions of 

methanol over heterogeneous and homogeneous catalysts containing molybdenum-oxygen 

sites. This fact suggests that ICR studies can be a useful tool to characterize in the gas phase, 

i.e. under most "pure" conditions, elementary reactions that are important for real catalysis. 
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The removal of nitrogen oxides in exhaust gases is an important environmental 

problem. The most common method to diminish NO,. emissions is the selective 

catalytic reduction (SCR) of nitrogen oxides with ammonia. The principal advantage of 

NH3 as a selective reductant is its ability to reduce NO in the presence of oxygen. The 

most common catalysts for this yrocess are based on vanadia supported on alumina or 

titania. Zeolites were shown to be also active in the reaction [l]. 

Kinetic and infrared studies were used for elucidation of the SCR mechanism 

[1] Recently, we have shown that the 15N nuclear magnetic resonance (NMR) 

technique of 15N enriched reagents (1 5NO and 15NH3) can also be effective for studying 

this process [2,3]. High sensitivity of the 15N NMR parameters to the electronic state 

of N atoms allows one to obtain useful information about diamagnetic surface species, 

reaction intermediates and main features of the reaction. 

In the present study the adsorption of nitric oxide (NO) with ammonia 

(together and without oxygen) over a series of alumina and titania supported V20s 

catalysts has been investigated using solid-state 15N NMR The results are compared 

with those for zeolites of ZSM-5 type. 

The catalytic activity data have been correlated with the acid properties of the 

catalysts. Bronsted acid sites were characterized using 1H NMR MAS data. The Lewis 

acidity has been tested using adsorption of nitrous oxide (N20) as a probe molecule 

[4]. Strong Lewis acid sites associated with surface coordinately unsaturated Ti4
+ and 

V5
+ centers have been detected on these supported oxide catalysts. The concentrations 

of Lewis sites formed on deposition of V 20s on the A}i03 or Ti02 surface did not 

exceed ca. 10 % of the total amounts of supported metal ions. 

An initial step in the NO+NH3 reaction mechanism over supported V20 5 

catalysts seems to be disproportionation of NO to N20 and N02, as has been also 
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shown for ZSM-5 catalysts. No N20 has been revealed for oxygen-containing reaction 

mixtures, unlike zeolites showing formation of nitrous oxide as a parallel reduction 

product The experiments with preadsorbed and subsequently pumped off NO have 

shown that NO molecules react with ammonia riot in the gaseous state, but as 

adsorbed, strongly bonded species formed via disproportionation and partial oxidation 

of NO. Such species can not be registered by 15N NMR technique because of their 

small concentration, low mobility and/or short lifetime (on the NMR time scale). 

In some cases two distinct forms of adsorbed ammonia differing in their 

mobilities have been detected. The low field 15N resonance line corresponds most 

probably to more strongly bonded form of ammonia, probably active form reacting 

with adsorbed species of NO 
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USE OF SELECTIVE POISONING OF THE ACTIVE SURFACE OF COPPER
CONTAINING CATALYSTS BY CHLORINE FOR DETERMINATION OF THE 

DETAILED REACTION MECHANISM WITH CARBON MONOXIDE. 

V.N. Gelman, G.I. Salomatin, V.S. Sobolevsky, E.Z. Golosman 

NIAP, Novomoskovsk, 301670, Russia. 

The basic scientific problem in catalysis is the explanation of activity on the surface of 
complex catalysts and predicting this on the basis of their efficiency in one or another 
process. There is a variety of approaches to the solution of this complex problem. One of 
them is the study of detailed mechanism of heterogeneous catalytic reactions. The knowledge 
of detailed activation mechanism of carbon monoxide conversion is important. There are two 
schemes according to which methanol synthesis goes either from carbon dioxide only, or in 
two directions from carbon mono- and dioxide depending on surface oxidation and other 
factors. In the first of these cases carbon monoxide participates in synthesis by first 
converting into carbon dioxide according to carbon steam conversion. 

A simple treatment of experimental findings for one or another scheme is difficult 
because of the fact that all copper-containing catalysts for methanol synthesis act at the same 
time as catalysts of carbon monoxide conversion and vice versa. To overcome this problem in 
the present research, a new approach is used consisting in study of the poisoning effect of 
catalyst surface (by chlorine) on the activity in these two reactions. The results of study of 
catalysts CHM-I and HTK-11 showed principally different behavior of these systems at the 
selective poisoning by chlorine. The catalyst CHM-I which is inactive in carbon oxide steam 
conversion does not show the activity in methanol synthesis. In contrast, the catalyst HTK-11 
continues methanol synthesis, in spite of carbon oxide conversion (chlorine poisoning) it did 
not show activity. All the studies were carried out in the same reactor without transfer of 
catalysts. It will be noted that by carrying out the experiment in this way we do not change 
directly the surface hydroxylation. This is because we strive for the elimination of carbon 
monoxide conversion by catalyst poisoning but not through purification from moisture 
traces. An experiment shows that on varying catalytic systems, different mechanism of 
methanol synthesis is realized. On the catalyst CHM- I, synthesis can be obtained only from 
carbon dioxide. On the catalyst HTK-11, methanol is formed from carbon mono- and 
dioxide which from our point of view is related to different surface hydroxylation, which in 
turn is related to different ratio of catalytically active sites containing zero- and univalent 
copper. This is confirmed by X-ray experiments with high-temperature chamber. Complex 
physico-chemical studies are carried out (kinetic, thermodesorption and spectral of 
absorption of carbon oxides, water, methanol). This allows an increase in the present 
knowledge of the mechanisms of catalytic effect of copper-containing catalysts and 
elementary actions on the surface reactions with carbon dioxides, hydrogen, water and 
oxygen-containing organic compositions. 

In particular it is determined that in the temperature range of 120-3000 C and 
pressures of 1-10 atm, the dissociative water adsorption occurs. The specific effect of 
hydrogen as a reducing agent is for creating equilibrion, the hydrogen exchange between 
dissociatively absorbed water and reducing medium takes place. Under these conditions the 
partial oxidation of surface of copper-containing catalysts by OH-group condensation due to 
dissociation of carbon dioxide can occur. The process is promoted by the presence of 
hydrogen and at the preliminary treatment of the surface by methanol. 
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Oxido-reductases N AD(P)H dependent catalyze reactions which have 
importance in enantio-specific synthesis. The industrial use of these enzymes 
is limited by the high cost and instability of the coenzyme. Retainment of 
NAD(H) has been achieved by using- polymer-bound NAD(H) [1] and by 
using composite charged membrane reactor [2,3]. 

In the present work the possibility to retain expensive cofactors in a 
continuous stirred tank reactor (CSTR) using VF-charged membranes has 
been studied. 

Different kind of membranes for NADP(H) rejection have been 
investigated. 

Flat-sheet polyetheretherketone (PEEK-WC) membranes were 
prepared in our laboratories by phase inversion method [4, 5]. Bovin Serum 
Albumin (BSA) in alkaline solutions were ultrafiltered through the 
membranes, in order to create a gel layer negatively charged. The amount of 
BSA gelified on the membrane and the NADP(H) retained in the reaction 
vessel were measured by spectrophotometric methods, at 260 and 340 nm, 
respectively. 

Membranes were characterized by measuring the water permeate flux 
and cofactor rejection before and after BSA gelification. 

NADP(H) rejection was measured as a function of pH. A linear 
phenomenological relationship between NADP(H) rejection and pH of 
solution was observed. 

Flat-sheet polypropylene (PP) membranes were also functionalized 
with BSA in alkaline solution. The water permeate flux was measured 
using the membranes as provided and after treatment with BSA. The 
cofactor rejection was measured at pH 7.00. 

NTR-7410 and NTR-7450 membranes made of sulfonated polyether 
sulfone coated on neutral polysulfone, were supplied by Nitto, Japan. These 
membranes were used as provided. The permeate flux was measured before 
and after NADP(H) rejection tests, in order to see if any change occurred at 
the membrane performance. The cofactor rejection was measured at pH 7. 

In most of studied cases, the charged membranes well retained the 
NADP(H) cofactor. NTR-7450 membranes showed the highest rejection 
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coefficient (0.95). In the case of PEEK-WC + BSA membranes, rejection 
increased with the pH, since both cofactor and membrane carried a net 
negative charge. 
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On the basis of TAP (Temporal Analysis of Product)-system [1,2] the "interrogative 
kinetics (IK) approach" which is an alternative to the traditional kinetic approach in 
heterogeneous catalysis is developed. The IK approach involves a combination of two types of 
kinetic experiments, firstly, "state defining" (friendly) experiment that does not significant 
perturb the kinetic state of the catalyst. The second type is a "state altering" (typical) 
experiment, that perturbs the catalyst and changes significantly its composition. The "state 
defining" (friendly) TAP response experiments involve a very small number of molecules in 
comparison to conventional transient response experiments. TAP experiments are performed at 
Knudsen flow regime conditions, and the diffusivities of the individual components are 
independent on the gas composition. In difference with the traditional kinetic approach and 
surface science approach, TAP experiments do not eliminate gas transport, and the transport 
kinetics data are determined simultaneously. The "state defining kinetic parameter", or "kinetic 
parameter of catalyst" (K.P.C.) is defined as a characteristic of the kinetic state of the catalyst. 
K.P.C. is compared with the well-known kinetic characteristic, "turnover number". 

The theory of TAP pulse response experiments is developed. Different deterministic 
models based on partial differential equationbs are analyzed, especially models of diffusion, 
irreversible adsorption/reaction, and reversible adsorption. 

The standard diffusion curve (S.D.C.) which can be used for distinguishing the 
Knudsen regime was found. On the S.D.C. basis the simple Ht-criterium of Knudsen regime is 
proposed. The S.D.C. and Ht-criterium are shown to be useful for distinguishing the Knudsen 
flow regime in TAP experiments. The concept of relative flow, which is applied for irreversible 
adsorption/reaction case is proposed. 

Different fingerprints of TAP data for adsorption/reaction and desorption cases are 
found. Using these fingerprints,different cases can be distinguished, especially is its adsorption 
reversible or irreversible, and the relative magnitude of adsorption/desorption parameters. 

Application of the T AP-2 system and interrogative kinetics methodology for the 
selective oxidation of a-butane were found. The kinetics of irreversible reaction of n-butane 
over VPO catalyst in the absence of gas phase oxygen and on oxygen-treated VPO were 
studied. The "kinetic parameter of the catalyst" (K.P.C.) and energy of activation are found. 
Sharp changes of the K.P.C., especially increasing of activation energy on the oxidized 
catalysts, are correspondent to the changing the catalyst structure. 
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OF METAL COMPLEX COMPOUNDS OF NITROGEN CONTAINING CHARCOAL 

DEPOSITED ON THE SILICAGEL SURFACE 

Grigorian G. G., Tavadian L. A. 

Yerevan State University 

375049 Yerevan, Armenia 

The catalysts of molecular oxygen activation on the base of metal complex compounds 

of nitrogen containing charcoal (MCCNCC) were worked out earlier [ 1]. For improvement of 

physical-mechanical characteristics of the given catalysts and for creation of new 

multifunctional catalytic systems, the method of synthesis of MCCNCC, deposited on the 

surface of SiO2 and other matrixes, has been proposed. 

The suggested method allows to vary widely the active phase and matrix composition, 

structure and mutual relation. The synthesis was based on the initial polymerisation of 

akrylonitril (AN) on the matrix surface by using of complex formers (chlorides of transition 

metals) and the following carbonization by programmed thermal processing. Silicagels with 

specific surfaces S=300, 200, 150, 70 m2/g, aerosil (175) and y-A}zO3 (150) has been used as 

the substrates. Chlorides of Co (II), Ni (II), Cu (II), Zn (II) have been used as the complex 

formers. 

The initial composition of MCCNCC-SiO2 system was chosen taking into account the 

proportion of metal (M) and nitrogen as vM:VN = 1 : (4-36) and the content of metal within 

5-l0wt.%. 

The process of structure formation of MCCNCC-SiO2 system was investigated by 

means of IR spectroscopy. In the IR spectrum, the absorption for bands of SiO2 saturated with 

the chloride of metals and AN, appeared at 2280 cm ·1 (vcseN), 1600-1610 cm ·1 (vc = c) that 

characterises valent vibration of absorbed AN. After the polymerisation at 60-80°C in the 

alcohol the intensity of absorption band of C=C bond decreased up to the their disappearance 

and the new absorption band corresponding to saturated C-H bonds valent vibration (2980-

3070 cm ·1
) appeared. At the same time, besides absorption band at 2280 cm ·1 the new 

absorption bands appeared in the 2230-2250 cm ·1 range. The increase of temperature up to 

100°C leads to a changing of intensities of proportions of mentioned absorption bands and their 
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disappearance at 120°C. At the temperature 150-200°C absorption bands of the complex 

appeared m the 1550-1580 cm_, region, the intensity of which rises and the form of spectrum 

is changed with the temperature increasing. According to literature data the mentioned 

absorption bands refer to the cyclic structure of type: 

In the given structure, obviously, metallic forms are co-ordinated by means of atoms of 

nitrogen. The following thermoannealing up to 250-300°C leads to the decrease of the intensity 

of absorption bands in the region 1550-1580 cm -i and 2980-3070 cm -1
, which affirms the 

destruction and carbonisation of the mentioned structure, in the result of which MCCNCC-SiO2 

system is formed. MCCNCC-SiO2 systems perform catalytic activity in the reactions of liquid 

phase oxidation of alkylbenzenes in the presence of dioxygen. 

The work was conducted with assistance of International Fund INTAS 

[ 1], Tavadian L. A., Tonikian A. G., Kinetika i Kataliz, 1989, v. 30, p. 128 (Russ.) 
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A NOVEL :rvffiTHOD OF CO2(CO)8 AND CO(CO)~ SYNTHESIS BY :rvffiANS OF 

CARBONYLATION OF CoC'2/CH3OH IN THE PRESENCE 

OF THE RANEY-Ni UNDER AMBIENT CONDITION 

Li Guangxing , Zheng Jingjing 

(Dept. of Chem., Huazhong University of Sci. and Tech.Wuhan, P.R.China, 430074) 

The cobalt carbonyls, Co2 (CO)s or Co(COf 4, which are important catalysts in many 

homogeneous reactions, have been synthesied by means of carbonylation of CoCh in the 

presence of Raney-Ni at ambient condition. 

Many synthetic methods have been proposed to prepare cobalt carbonyl, but there are 

some disadvantages for each method in a long term of studying the synthesis of cobalt 

carbonlys. We develop a novel method to prepare the carbonyl, effectively and simply. 

Raney-Ni was prepared by a s~andard procedure. Ni- Al alloy powder was immersed at 

60 °C by 20 % NaOH for 2 h, then washed by absolute alcohol. Raney-Ni was added during 

5 minutes into a magnetically stirred suspension of CoCh in CH3OH at 35 °C while bubbling 

CO generated by dropwise addition of formic acid into concentrated sulphuric acid at 70 °c. 
The contents were further stirred for 2-3 h at 35 °C. The conversion of CoCb was calculated 

by the amounts of CO absorption, and it is about 95% in 2.5 h. Comparing with this novel 

approach, the conversion is less than 5 % when the reactions are carried out with only 

Raney-Ni, or without CoCh at the same reaction conditions (Fig. I) 

The IR spectrum shows that the liquid product of the carbonylation has a sharp band at 

2025 cm·1, which belongs to the vibration of CO in Co2(CO)g (Fig 2). There is no band at 

2131 cm ·1 or 2058 cm·1, which belongs to the Ni(CO)4, although it is very easy for the 

reaction of Ni and CO at room temperature. 

The treatment of the carbonylation product with 16% NaOH shift the band at 2025cm· 1 

to l 895cm·1 which belongs to the vibration of CO in Co(COJ,i (fig, 3) The band I 895cm· 1 

obtained in this way is very similar to the one obtained by the method in the literature. 

In · conclusion, we would like to point out that the present method of generation of 

Co(CO); reagent using simple reagent under atmospheric pressure of CO for· carbonylation 

of organic halides is a simple alternative method to the procedures available in literature 
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Fig. I. Carbonylation ofCoCh to Coi(CO)s at ambient condition 

T: 35°C,P: 0.1 MPa, Sol:CH3OH, CO%> 99,8% 

A: CoCJi/R - Ni/CO/CH3OH B: C0Clz/CO/CH3OH 

C: R - Ni/CO/CH3OH D: CO/CHCH3OH 

PPI-38 

Fig.2. IR spectrum of the product in the reaction A in Fig. I. IR-435 ( Shimadzu Japan) 

Fig. 3. IR spectrum of the liquid obtained by NaOH treatment of the product in the reaction A 

in Fig.I. 
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Coprecipitated Iron/Alumina Catalysts 
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Introduction: Phosphorus is well known to promote the activity of CoMo and NiMo hydrotreating 
catalysts [1-1 OJ. Phosphorus promotion has been attributed to several effects: e.g. increase of 
dispersion of the active compound on the carrier, surface phosphate formation which in tum 
reduces spine I formation [ 11]. Coprecipitated iron/alumina catalysts are of interest as first stage 
catalysts for heavy oil upgrading. In this context we have investigated the effect of phosphorus 
promotion on the hydrotreating activity of these catalysts. It has been shown by Eijsbouts et al. [ 12) 
that the HDS activity of iron catalysts supported on activated carbon is poisoned by phosphorus. 
However, Eijsbouts et. al. [12) used a pre-reactor bed to volatilise and transport the phosphorus to 
their catalyst, which suggests the continuous release of phosphorus during the HDS of thiophene. In 
our case two ways of introducing phosphorus into the iron/alumina system prior to reaction have 
been investigated, namely coprecipitation with ammonium phosphate which leads to phosphate 
incorporation and in situ pre-treatment with PHiH2 [13]. 

Experimental: Iron/alumina catalysts were prepared by coprecipitation from the respective nitrate 
salt solutions using ammonia [14). The Fe/Al molar ratio of the obtained mixed oxide was chosen 
to be three. 'Free' alumina as well as aluminium substituted hematite was present in the oxidic 
catalyst A series of phosphate promoted iron/alumina catalysts (Fe/Al = 3) was prepared, the 
phosphate being introduced during the precipitation process in the form of ammonium-phosphate. 
All catalysts were sulfided at 673 K for two hours (IO Vol.-% H2S/H2). The phosphate free 
iron/alumina was subsequently treated with 5 Vol.-% PH3/H2 for another two hours at 673 K. The 
HDS ofthiophene in the presence of 1 Vol.-% H2S was investigated over the catalysts at 623 K, 20 
bar, a wide range of space times and as a function of time on stream. 

Results & Discussion: Phosphate incorporation increased the BET surface area of the sulfided 
iron/alumina catalyst significantly (110 m2/g for 5 mol-% phosphorus compared to 67 m2/g for the 
unpromoted Fe/Al). XRD revealed the same crystalline structure, namely pyrrhotite, for the sulfided 
iron/alumina catalysts with and without phosphate. However, much stronger particle growth 
appears to have occurred during sulfidation of the phosphate incorporated catalyst The graphs of 
the time on stream experiments of the unpromoted and the 5 mo!-% phosphate promoted 
iron/alumina catalyst are given in Figure 1. A similar deactivation profile was observed for the 
unpromoted as well as for the phosphate promoted iron/alumina. A comparison of the apparent 
reaction rate constants suggests a lower HDS activity of the phosphate incorporated catalyst 
compared to the unpromoted material. 
Plots of time on stream for both the PH3/H2 treated and the untreated iron/aluminas are given in 
Figure 2. PH3/H2 treatment initially decreased the HDS activity of the iron/alumina catalyst, but 
with increasing time on stream an increased activity was observed. There seems to be an ·activity 
maximum after approximately 30 hours, whereafter the activity gradually declines. A similar, but 
less pronounced behaviour was observed for the iron/alumina catalyst which had been on stream for 

z Current address: Department of Chemical Engineering 
Loughborough University 
Loughborough, Leicestershire LEI I 3TU, UK 
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40 hours and had been subsequently treated with PHi H2. It is interesting to note that the maxima of 
both time on stream plots of the phosphided catalysts occur around 30 hours. This may suggest that 
the catalysts lose sulfur during the phosphiding process and slowly adjust their composition 
according to the altered condition after the treatment. The phosphiding process probably causes an 
increased dispersion of the iron sulfide present. The apparent first order reaction rate constants of 
the PH1 treated iron/alumina were considerably higher than for the unpromoted catalyst, even after 
40 hours on stream. ICP as well as XPS measurements of the used catalysts indicate that the 
phosphided catalysts contain small amounts of phosphorus after 50 hours on stream. 
In conclusion it is evident from our results that phosphate incorporation has no significant effect on 
the HDS activity of sulfided iron/alumina. PHiH2 pre-treatment on the other hand increases the 
HDS activity of the sulfided catalyst considerably. The promotional effect is only observed after 
prolonged exposure to the reaction feed. 
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Figure 1: HDS of thiophene over unpromoted and Figure l: HDS of thiophene over unpromoted and PH3 
phosphate incorporated iron/alumina as a function of time treated iron/alumina as a function of time on stream 
on stream 
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At present, the problem "earth as a global photocatalytic reactor" is 

becoming very important. Many reactions could be catalysed by the action of 

solar light on atmospheric aerosols. Recently, this problem has been analysed by 

Zamaraev and et al. [1, 2] . 

Chemical composition of aerosols surface layers plays a main role in their 

catalytic activity. In the present paper, we have investigated aerosols collected in 

settlement Kluchi near Novosibirsk Akademgorodok. 

The aerosols samples were collected by a large-volume collector onto 

Whatman-41 and APA-HA filters in periods 8 days in August 1992 and 12 days 

in March 1993. The collection time of one sample was 24 h. Different fractions of 

aerosols with particle sizes of 1-3, 3-6, 6-9, 9-19 and above 19 µm were 

obtained. 

SIMS measurements were carried on a MC-7201 spectrometer with a 

monopole mass analyser. The apparatus used for the experiments has been 

described elsewhere [3]. 

Elemental analysis of aerosols with the sizes of particles from 0, 1 up to 19 

µm has shown that the particles with d > 9 µm have increased contents of Fe, Ti 

and Al ~d are formed by industrial sources, whereas the particles with d < 3 µm 

are formed by soils erosion. The elemental composition of the Kluchi aerosols 
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differs from the soil composition by increased contents of Na, K, Ca, as well as 

Co, Cu, V, Mn, Cr. 

The main role in catalysis can be played by aerosols with the particle sizes 

less than 1 µm, as such particles have essentially higher (10-30 times) adsorption 

ability for hydrocarbons and water. Moreover, the atmospheric concentration of 

such particles is also higher than that of other particles. 

Active component of the catalysts for the photocatalytic reactions can be 

alumosilicates, perovskites of CaTiO3 type and Ti 02. 

Common analysis of a composition of surface and adsorbed layers and a 

set of possible photocatalytic reactions [ 1, 2] shows that the investigated 

aerosols can catalyze the following reactions: 

1. Reactions with participation of main components of atmosphere: 

Formations of ammonia and hydrazine from nitrogen and water: 

Formation of organic compounds from CO2 and H2O: 

CO2 + H2O--> HCOOH, CH2O, CH3OH 

2. Reactions with participation of traced components of atmosphere: 

Oxidation of SO2: SO2 + 0 2 + H2O--> H2SO4 

Decomposition of nitrogen oxides: NOx--> l/2N2 + x/2O2 

I. K.I. Zamaraev, M.I. Khramov, V.N. Parman, Cata!. Rev. - Sci. Eng., 36,617 

(1994). 

2. K.I. Zamaraev, V.N. Parman, Kinet. Kata!., 37, 732 (I 996). 

3. V.P. Ivanov, D.I. Kochubey, K.P. Kutzenogii and N.S. Bufetof, J. Ecol. 

Chem., No. 4, 235 (1993). 
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THE MECHANISM FEATURES OF ETHYLENE OXIDATION ON 

SILVER 

A.V. Khasin 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 

The mechanism of the catalytic reaction of ethylene oxidation on 

silver is still under discussion.In this paper we formulate theses reflecting the 

essential features of the reaction mechanism. The mechanism interpretation 

is based on the investigations of our group and the literature, reviewed in 

article [1]. Also results,· obtained recently on the silver films are taken into 

account. 

The catalytic oxidation of ethylene on silver occurs by a stepwise 

redox mechanism and involves two main stages: 

1. Dissociative adsorption of 02, forming the atomically adsorbed oxygen 

layer with the same charac-ter of a chemisorption bond similar to the 

chemical bond in solid Ag20. 

2. Interaction of ethylene with the uniform ato-mically adsorbed oxygen 

layer on silver, which causes ethylene oxide formation in parallel with 

complete ethylene oxidation. 

The adsorbed oxygen layer is uniform, concerning the character of the 

chemisorption bond, but because of interaction of adsorbed atoms the 

differential adsorption heat decreases with increasing coverage. 

This dependence causes variation of the activation energy values of surface 

reactions, which involve oxy gen transfer to silver or the reverse process. The 

activation energy follows the Bronsted - Polyani correlation. The decrease of 

energy bond of adsorbed oxygen with increasing coverage explains the 
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phenomenon that ethylene epoxidation is observed at the surface coverages 

by oxygen higher than a certain threshold value. 

Dissociative adsoption of oxygen forms multiplet complexes, which 

consist of silver oxide species (Ag(I) and Oads) and active multiplets Ag*m. 

Partial and complete ethylene oxidation occur by interaction between 

ethylene and multiplet complexes and involve intermediate activation of 

ethylene on the multiplets. 

The surface intermediates (ethylene conversion products) have a 

modifying action on the silver catalyst surface, resulting in suppression of 

complete ethylene oxidation in the absence of a considerable effect on the 

rate of partial ethylene oxidation. As a result, the selectivity of ethylene 

oxide formation icreases significantly. 
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EVOLUTION OF THE STRUCTURE OF Co-Mg OXIDE CATALYSTS UNDER 

HYDROGEN OR CARBON MONOXIDE ATMOSPHERE. THE EFFECT OF 

THE ACTIVE COMPONENT PARTICLES SIZE ON THE CATALYST 

SELECTIVITY IN THE REACTION OF CO DISPROPORTIONATION 

A.A.Khassin, T.M.Yurieva, I.Sh.Itenberg, V.I.Zaikovskii, 

L.M.Plyasova, V.N.Parmon 

Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia 

Solid solutions of Co- and Mg- oxides are found to exhibit 

dramatic transformations during their treating in the hydrogen 

atmosphere and in the carbon monoxide atmosphere when raising the 

temperature up to 750°C. We have analyzed the influence oz the initial 

sample composition, method of preparation as well as conditions of the 

catalyst treatment on the crystal structure, morphology, and 

microtexture of the samples. 

It was found that Co2+' ions, when being initially a component of a 

solid solution, are reduced in the H2 flow at 360-600°C to form the cubic 

(P-) Co0 phase. It was observed also that the Co0 phase obtained from 

the CoMgO solid solutions is significantly more disperse than that 

obtained from individual oxide CoO. 

When treating the reduced samples by the CO flow, the reaction of 

CO disproportionation to CO2 and carbon was observed starting from 

the temperatures of 290°C. The reaction provides formation of two types 

of the solid carbon phase with graphite-type structure: "shells" (100 A 

width) which cover "large" Co0 particles (of diameter> 200 A), and thin 

nano tubes (with the outer diameter ca. I 00 A and the inner diameter ca. 
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30 A) which are connected with the "small" Co0 particles (of diameter 

ca. 100 A). 

The structure of the "large" Co particles after the CO treatment 

appears to be highly defective, while the structure of the "small" Co 

particles seems to be ideal cubic. 

It was found that formation of the carbon "shells" occurs at lower 

temperatures (with the maximum reaction rate at ca. 420°C) than that of 

the nanotubes (with the maximum reaction rate at 550-580°C) resulting 

in a fast deactivation of Co0 particles due to shielding the Co0 particles 

by the "shells" of carbon. At the same time the "small" particles are 

active up to 750°C and do not lose their activity during long time. 

A quantitative analysis of thermodynamic equilibria on the 

"amorphous carbon"-"solution C in Co" and "graphite carbon"-''solution 

C in Co" phase boundaries together with an analysis of the experimental 

data evidence a possibility of fluidization of the "small" Co0 particles 

during the CO disproportionation due to the formation of oversaturated 

solutions of carbon in Co0 . Thus, the liquid state of the carbon solution 

in Co is probably responsible for nanotubes formation. 
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Alkene Oxidations by Various Oxygen Donors Catalyzed by Transition 

Metal Substituted Heteropolyanions 

Oxana A Kholdeeva, Vladimir A Grigoriev, Gennadii M. Maksimov and Kiiill I. Zamaraevt 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia. 

Transition metal substituted heteropolyanions (HPAs) attract much attention as 

opdation catalysts due to inorganic nature of their coordination sphere which makes them 

stable towards oxidative degradation. We have investigated alkene oxidation by various oxygen 

donors (H2O2, t-BuOOH, PhIO, Nal04, KHSOs, N2O, N-methylmorpholine N-oxide (MNO), 

m-chloroperoxybenzoic acid (m-CPBA) and O2/isobutyraldehyde (IBA)) in the presence of 

tetra-n-alkylammonium salts of mono- and trisubstituted Keggin-type heteropolytungstates, 

XW11MO39n- (XW11M; X=P, Si; M=Con, Mn11
, Ni°, Cu0

, Pdn, Fem, C~, TilV, Zr', RulV, Ce[V, 

Nb Y and VY) and SiW9M3Q3,m- (M=Con, Mnn, Cun and Fem), respectively. Cis- and trans

stilbene, cis- and trans-heptene-2 as well as cyclohexene were used as model substrates. 

Oxidations with all oxidants studied, except Nal04 and KHSOs, were carried out in MeCN 

medium, while the reactions with latter two oxidants were performed in two-phase system 

. ( dichloroethane-H2O). Alkene oxidation was found to be readily provided when using 30% 

H2O2 (PW 11M with M=Zf', C~, Fem and Nb v), t-BuOOH (M=Mnn, Cu0
, Con, RulV, TilV, VY 

and Nbv) [l], PhIO (M=RuJV, Mnn and Co8
) [2], KHSOs (M=Mnn, Con) and O2/IBA 

(M=Con, Cun, Pd8
, Titv, Zr', Rutv, VY) [2,3]. The composition of oxidation products depends 

on the olefin structure, the oxygen donor and the catalyst used. Oxidation by H20 2 and t

BuOOH requires elevated temperatures (50-60°C), while oxidation by PhIO and O2/IBA easily 

proceeds at room temperature. Only slight differences were observed for catalytic properties of 

XW11M with Si and P central atoms. The size of the tetra-n-alkylammonium cation (C4-Cg) has 

practically no influence on HP As catalytic activity. NalO4 produces alkene double bond 

oxidative cleavage when PW 11Ru1V is used as the catalyst and is inactive with other HP As. The 

reactions of alkenes with MNO and N2O in the presence of PW 11M gave no detectable 

products within 6-8 h at 60°C. Most HP As studied display negligible catalytic effect on alkene 

epoxidation with m-CPBA, however, PW11RuIV was found to mediate double bond oxidative 

cleavage. Dioxygen in the presence of IBA was found to be the most efficient oxidative system 

for catalytic alkene epoxidation. Thus, the selectivity of trans-stilbene epoxide formation in the 

presence of PW11M (M=Co0
, Cun, Pd8 and TilV) is as high as 82-93% at complete alkene 

conversion [2,3]. 

90 



PPl-43 

Trisubstituted HPAs tumed out to be less active and selective catalysts than 

monosubstituted ones when t-BuOOH and PhIO were used as the oxidants, however, when 

oxidation with O2/IBA system was performed, trisubstituted HP As exlnoit better catalytic 

properties as compared to their monosubstituted analogs. 

Orders of catalytic activity of PW 11M in trans-stilbene epoxidation differ remarkably 

for the oxidants studied. In contrast to oxidation with PhIO, the reactions with t-BuOOH and 

O2/IBA show induction periods and are inhibited by small additives of radical scavengers such 

as 2,6-di-tert-butyl-phenol and hydroquinone. These facts indicate that alkene epoxidation with 

t-BuOOH and O2/IBA proceeds via chain radical mechanism, alkylperoxy and acylperoxy 

radicals, respectively, being most probably the active epoxidizing species. As a consequence, 

these reactions are extremely sensitive to microimpurities of catalysts and inhibitors. Catalyst

inhibitor inversion is obseived with increasing HP A concentration, moreover "critical" 

phenomena are obseived in some cases that can be explained by participation of a catalyst in 

chain termination. We have found that activation of H202 also proceeds via a homolytic route. 

On the contrary, oxidation with PhIO has the heterolytic nature and most likely involves the 

formation of active metal-oxo species. Epoxidations of cis-alk:enes catalyzed by HP As proceed 

in a non-stereospecific manner. This fact allows to exclude any known concerted mechanism 

for oxygen transfer from the activated oxidant to alkene and supports the formation of free

rotating intermediates. The mechanisms of alkene oxidation catalyzed by PW 11M strongly 

depend on the nature of the oxygen donor used and resemble those established for 

metalloporphyrins in the absence of organic bases [4]. 
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Research (Grant N 96-03-34215). 
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MICROWAVE EFFECT ON REACTION RATE IN ETHYLENE EPOXIDATION 
OVER SIL VER CATALYSTS 

A.Yu. Klimov, B.S. Bal'zhinimaev, L.L. Makarshin, V.I. Zaikovskii, V.N. Parmon 

Boreskov Institute of Catalysis, Novosibirsk, Russia e-mail: iccct@catalysis.nsk.su 

Most researchers consider microwave radiation as a specific source of heat energy for 

performing catalytic processes as well as an efficient method for water removal from a 

catalyst during a reaction or in the stage of the catalyst preparation. At the same time only a 

few papers concern the specific, rather than heat, microwave radiation effect on the rate of 

catalytic reaction. Thus, in [ l] a sharp selectivity increase in the isomerization of 2-methyl 

pentane over alumina-supported platinum catalyst was observed. The high selectivity is kept 

for a long time aftei· the microwave radiation cut-off. This effect is explained by the modification 

of the structural and electron properties of the Pt particles under the microwave action. 

The present work concerns the study of the nonheat action of microwave radiation on 

the activity of the silver catalysts for ethylene epoxidation. For this purpose a special flow 

reactor was designed, which permits one to perform the reaction at given temperature in the 

p·resence and absence of microwave radiation (Microwave oven MICRO-TIME FM 2938 

E). The reaction mixture composition was chromatographically determined with time. As a 

catalyst, Ag/a-Al2O3 powder with silver particles predominantly of size 2000-5000 A was 

used. 

· It has been experimentally found that the microwave supply to the catalyst prereduced 

in H2 flow causes the ethylene conversion increase which disappears as the system approaches 

a steady state (Fig.1 ). The catalyst activity increases both towards ethylene epoxidation and 

deep oxidation, so the reaction selectivity remains constant. At the same time under transient 

or steady-state reaction conditions microwave radiation has no significant effect on the 

ethylene conversion over the sample preoxidized in oxygen flow. It is significant that under 

steady-state conditions the activity and selectivity both of the oxidized and reduced samples 

coincide within the experimental error (3%). The TEM studies have shown that the redox 

treatments do not lead to the change in the Ag particle size. These results indicate that the 

catalyst is not heated under the action of microwave radiation, since this effect otheiwise 

would be reflected by increase in the reaction rate. The estimated heating of the catalyst bed 

due to microwaves does not exceed 0.5-1 K. 
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Fig. l. The time dependence of C2H4 concentration upon admission of reaction mixture 

(2.3% C2H4 + 5.6% 02 + 92.l % He) on the Ag/a.-Al2O3 catalyst prereduced in 

H2 flow . T=215°C. 
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The activity increase in the initial period of reaction and its subsequent decrease is 

explained by the silver surface defects forming under the action of the reaction medium [2, 

3]. The reduced silver is more regular, while the oxidized, or steady-state, one has more 

defects and is characterized by a lower electron density. Since the microwave radiation 

results in the reaction rate increase in the initial period namely, one can assume that such 

radiation somehow slows down the process of the defects formation or roughening. This may 

be caused by the increase in the electron density on the Ag surface, for example, due to the 

transfer of some electrons from the metal bulk by the microwave field. However, as the 

defects on the Ag surface are generated at the expense of the reaction energy and stabilized 

by the oxygen penetrating into the subsurface layers, the electron exchange between the 

volume and surface of the silver particles may be hindered. Since the energy of the microwave 

radiation quanta is low (I o-5 eV), the microwave radiation action should decay as the steady 

state is approached, which is really observed in the experiments. 
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THE SIMPLEST THREE-STAGE TRIGGERS 

IN HETEROGENEOUS CATALYSIS 

Kozhevnikov I.V., Alekseev B.V., Koltsov N.I . 

Chuvash State University 

Cheboksary 428015, Russia 

The establishment of the simplest schemes (mechanisms) for describing a complex 

behaviour of concrete catalytic reactions is one of the directions of research in kinetics 

of heterogeneous catalysis. In particular, the search of scheme-"triggers" describing 

multiplicity of stationary states (MSS) in isothermal conditions of a gradientless 

differential reactor is of · some interest. In paper [l] the detailed analysis of 

consecutive and parallel three-stage triggers describing MSS in the S- form 

dependences (Hysteresis) is given when the values of reaction rate (r>O) on a plane 

"rate-parameter" are positive. These kinetic dependences characterize the 

conformities of reaction kinetic behaviour when their rate in direct direction prevail 

over the rate in inverse one. However, such dependences cannot be full when all the 

possibilities of reaction kinetic behaviour are described. It is connected with the fact 

that in the region of negative values of reaction rate one can find complex kinetic S

curves. By analogy with the existence of MSS at r>O when additional information on 

a reaction mechanism is obtained, the existence or absence of MSS at r<O permits 

to check the correctness of the choice of a reaction mechanism. 

In paper [2] the principal possibility of describing MSS both at r>O and at r<O with 

the help of the simplest stage schemes is given. Below the results of the analysis of 

three-stage schemes in order to establish all possible triggers are given. They describe 

MSS both at positive and at negative values of reaction rate. For the establishment of 

such schemes a packet of computer programs of MSS investigation [3] was used. The 

generation of all possible three-stage schemes was held also automatically on the base 

of the program "Gener". This program constructed unrepeated matrixes of 

stoichiometric coefficients of stage schemes which are correct according to the theory 

of stationary reactions and the molecularity of constituted stages (not more than three). 
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The above-mentioned analysis permits to form a lot of schemes of three-stai 

triggers having MSS both in the region of positive and negative values of reaction rat 

The few of obtained schemes are given in the Table. 

Stoichiometric stage coefficients 

N I 2 3 N I 2 3 

I 300=201 210=300 001=010 5 300=012 021=210 001=01 

2 300=012 210=300 001=100 6 300=012 012=201 001=10 

3 300=012 111=300 001=100 7 210=102 120=201 001=01 

4 300=012 012=210 001=100 8 210=021 120=012 001=10 

Here the groups of three numbers to the left and to the right of the equality sign me, 

stoichiometric coefficients of the intermediate substances on the surface of ti 

catalyst which corresponds to each stage. 

Thus, we have carried out the systematization of all possible three-stage schem 

of heterogeneous catalytic reactions describing MSS both at positive and also . 

negative rate values. When the kinetics of reversible heterogeneous-catalytic reactions 

studied experimentally, it is necessary to investigate the conformities of the 

proceeding both in direct and inverse directions . This permits to construct full kinet 

dependencies for an investigated reaction. Their comparison with rated kinet 

dependences for alternative stage schemes permits to establish a reaction mechanr'§m 

details. 
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MECHANISM OF CARBON DIOXIDE ACTIVATION ON METAL 
AND OXIDE CATALYSTS 

O.V. Krylov· , A.Kb. Mamedov·· , S.R. Mirzabekova·· 

•N.N Semenov Institute of Chemical Physics, Russian Academy of Sciences, 
uL Kosygina, Moscow 117977, Russia 

.. Yu.G. Mamedaliev Institute of Petrochemical Processes, Azerbaijan Academy of 
Sciences, uL Telnova, 30, Baku, 370604, Azerbaijan 

Interaction of CO with hydrocarbons over most catalysts proceeds via two steps 
1) dehydrogenation of hydrocarbons and 2) CO2 reduction by hydrogen. Regularities of 
CO2 reduction by H2 have been studied on model catalysts. On Fe And Re this reaction 
proceeds via the intermediate formation of formiates . On Mn Ox this reaction proceeds by 
the simple redox mechanism. 

We have studied the interaction of CO2 with hydrocarbons and alcohols on metal 
and oxide catalysts [1-3]. The reaction of CO2 with methane and higher alkanes has been 
studied in many details "by different scientists on Ni an platinum metal catalysts. This 
reaction in most cases leads to synthesis gas formation. The proposed mechanisms 
include dissociation of CO2 into CO and Oad,, dissociation of hydrocarbons into Cad, and 
Had,, and formation of an equilibrium mixture of CO, CO2, H2 and H2O corresponding to 
the water gas shift reaction. Nickel catalysts are most often employed to obtain synthesis 
gas, but they are poisoned by coke. Iridium and ruthenium catalysts are active and are not 
strongly poisoned by carbon, but they are expensive . . 

In our works we have shown that catalysts based on MnOx and rare earths are not 
poisoned, but they operate at high temperatures (700 - 950°C). Their productivity is not 
very high, but they can be promoted by additions of alkaline oxides (Li, Na, K) and by 
transition metal oxides (Cr2O3) Such catalytic properties of MnOx and rare earths can be 
explained, firstly, by the fact that these oxides give rise to moderately strong carbonates, 
which may decompose during the reaction. Secondly, these oxides can be readily 
oxidized and reduced under the reaction conditions. The process of carbonate 
decomposition can coincide with the redox process 

(I) 

When alkaline oxides are used the stability of these carbonates increases, while the 
addition of acid oxides (Mo, V) diminishes the stability. Alkaline oxides shift the process 
towards oxidative dehydrogenation, while acid ones shift it towards oxidative cracking 

The predominant route of the CO2 reaction with hydrocarbons is dehydrogenation 
of the hydrocarbon with subsequent oxidation of hydrogen by CO2 (reverse water gas 
shift reaction) 

The latter reaction has been studies by many investigators mainly on metal 
catalysts Interesting and still not explained peculiarities were observed: I) the rate of CO2 
hydrogenation very often exceeded that of CO hydrogenation; 2) both methane and 
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higher hydrocarbons were formed during CO hydrogenation, but only CHi was formed 
during CO2 hydrogenation. 

We have studied the CO2 reduction on the catalysts Fe/Ah03 , Re/Alz03 and Cr
Mn-0/ Ah03 by means of temperature programmed reduction. A sharp increase of the 
rate of oxidation of Fe/Alz03 and Re/Ah03 and that of interaction of CO2 with the 
surface carbon were observed after introduction of 1-2 % H2 into the CO2 flow. At high 
concentrations of hydrogen in the CO2 + H2 mixture the CO2 transformation leads to CO 
CI-Li formation. This phenomenon has been explained by schemes (2) and (3): 

Fe+ 0.5 H2 = Fe (H) Fe (H) +CO2= FeHCOO 
FeHCOO +Fe= FeO + Fe (H) + CO (2) 

and 

Re+ 0.5 H2 = ReH ReH +CO2= ReHCOO 
ReHCOO + 4H2 = ReH + CI-Li + 2H20 (3) 

These schemes are very similar to chain reaction schemes. Thus, methane can be 
formed via intermediate formate formation, but not via CO2 dissociation and CO 
hydrogenation. This hypothesis was proved by experiments with addition of formic acid 
to the mixture CO2 + H2, HCOOH increased the rate of the reaction. 

The CO2 + H2 reaction on the Cr-Mn-O/A}z03 catalyst did not change after 
addition of HCOOH and only CO was formed . The mechanism of CO2 reduction in this 
case includes reaction ( 1 ), that is H2 reaction with carbonate fragments, which are formed 
after CO2 reaction with MnOx. From the practical point of view this is convenient 
because only syngas is formed without losses on CH4 formation. 

Rhenium is situated in the same group of the periodic system as manganese. It can 
be even more active than Mn in some reactions of hydrocarbons with CO2. We have 
studied the CO2 + H2 reaction on Re/ Alz03 and Mo-Re-0/ A}z03 catalysts. It was shown 
that CHi formation prevailed on the Re catalyst, but CO was formed on Mo-Re-O/Ah03. 
It was proposed that the modification of Re/ A}z03 by molybdenum decreased the basicity 
of the surface. This leads to changes in the ratio of adsorption to reduction of CO2. Thus, 
the correct choice of modificators can regulate the catalytic properties of catalysts of the 
CO2 reduction. 
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MECHANISM OF POISONING WITH OXIGEN OF AMMONIA 

SYNTHESIS CATALYST 

V.L. Kuchaev, E.N. Shapatina, F.S. Shub, AK. Avetisov 

State Scienti~c Centre of Russian Federation, Karpov Institute of Physical 

Chemistry, Moscow, 103064, Russia. 

Study of poisoning of the catalyst of ammonia synthesis 

N2 + 3H2 = 2NH3 (I) 

allows to develop the theory of catalysis and chemisorption of gas mixtures 

on nonuniform surfaces. The purpose of this work was investigation of 

alteration of kinetics of reaction ( 1) under the influence of surface oxygen. 

The source of that oxygen may be, in particular, the water vapor in 

hydrogen-nitrogen mixture. 

Kinetic models of reaction ( 1) in presence of water vapor· were · developed. 

The derivation of the equations was based on concepts of Temkin's theory of 

ammonia synthesis and on proposal that the poisoning is a result of 

occupation of adsorption sites on nonuniform surface by oxygen atoms. The 

reaction rate was determined not only by the the rate of adsorption of 

nitrogen, but also by the rate of hydrogenation of adsorbed nitrogen. 

Two different cases were considered: when the bonding energy of oxygen 

atom is the same for each adsorption site and when this energy decreases 

with decreasing of bonding energy of adsorbed nitrogen. For these cases 

dependencies of the order of the reaction retardation with ammonia were 

obtained. 

For testing of obtained equations the experiments on determination of the 

orders of the retardation with ammonia before and after poisoning were 

performed. The experiments were carried out on industrial iron catalyst in 

circulation flow system with stoichiometric hydrogen-nitrogen mixture at 

350°C and near to atmospheric pressure. Poisoning with oxygen was 

performed by treating of the catalyst with reaction mixture containing small 
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amounts of water vapor. Different partial pressures of ammonia at the same 

total pressure were obtained by variation of the gas mixture flow rate. During 

experiments thv activity of catalyst slowly increased because of setting free of 

surface from oxygen. Corrections were made to obtain the reaction rate 

under the same surface coverages of oxygen and different partial pressures of 

ammonia. 

On the poisoned sample the partial pressures of ammonia were less then 7 

Pa, when accordingly to above considered theoretical kinetic models the 

order of retardation with ammonia must be around zero. But on the poisoned 

catalysts the order of retardation by ammonia was near to unity. So we can 

conclude that poisoning of catalyst with oxygen does not result in blocking of 

adsorption sites: the surface oxygen influences upon properties of unoccupied 

part of the surface. That proposal coincides with conclusion of [ 1], that 

under the poisoning of the catalyst with oxygen heat of adsorption of 

nitrogen does not change, but activation energy of nitrogen adsorption 

increases. From data of our work it follows that on the poisoned sample the 

rate of adsorption of nitrogen decreases less than the rate of its 

hydrogenation. As a result the retardation of the r.eaction with ammonia 

proceeds at smaller partial pressure than on unpoisoned catalyst. 

The results of the present study, as those of the paper[l], we may explain 

in the following way. The activated complex of the nitrogen chemisorption is 

charged negatively. The value of that charge exceeds the charge of 

chemisorbed nitrogen and the charge of activated complex of the stage of 

hydrogenation of adsorbed nitrogen. The adsorbed oxygen is acceptor of 

electrons, so it increases the activation energy of chemisorption of nitrogen 

and has little influence on the heat of nitrogen adsorption and on the rate of 

the stage of hydrogenation of adsorbed nitrogen. 

The study was supported by RFFI (grant 93-03-16645). 
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It is not rare case when mechanism of a catalytic reaction has elementary 
steps which reaction constants are of different order of magnitude. This situation 
has strong impact both on the observed kinetic behavior and on the methods of its 
analysis. If successful such an analysis results in fast formulation of the reaction 
mechanism, isolation of the areas of parameters with certain type of kinetic 
behavior, simplification of procedures of kinetic parameter estimation. The theory 
of integral manifolds proved to be very powerful tool for such studies. Combined 
with variable elimination methods it allows to obtain explicit results for important 
models. Several patterns of steady state, quasi-steady state and dynamic kinetic 
dependencies will be discussed: 

• A. Slow reaction: slow relaxation in the case of Rate Limiting Step 
• B. Fast reaction: the fingerprints of fast surface reaction of two different 

adsorb ates 
• C. Slow exchange and Fast reaction: Five steady states in Catalytic 

CSTR . 
• D. Slow and Fast: Relaxation self oscillations in the system with buffer 

step 
• E. Fast desorption and even faster surface reaction: the dynamics of 

Hydrogen oxidation 
• F. Fast surface reaction and even faster surface reconstruction: self 

oscillations 

A The situation of rate limiting step is classical: if the reactions are 
reversible the fast reactions will be in thermodynamic equilibrium and 
the steady state reaction rate will be defined by the rate of rate limiting 
step . The dynamic behavior of the system will be defined by faster 
processes: the system typically reaches the steady state in the time scale of 
fast reactions. In the case of non linear reaction mechanism , however 
this picture is a little more complicated: there may be additional points 
where fast reactions are close to equilibrium: the boundary steady states. 
They are located outside the positive concentration ortant but very close 
to its boundary. If initial conditions are selected near such a boundary 
the system may show slow relaxation. The detailed analysis of Langmuir
Hinshelwood reaction mechanism shows that there may be a situation 
when the boundary steady state is multiple. In this case there may be 
relatively significant region of initial conditions that give rise to slow 
relaxation. 

B. As was proved by author [I] the fast surface reaction of two different 
adsorbates is the reason of breaks on monoparametric kinetic 
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dependencies. At present it is clear that explanations that involve the 
addition impact reaction (Temkin and Kuchaev) were not necessary: it is 
possible to describe the observed kinetic behavior on the base of 3step 
adsorption mechanism. Thus the major pattern ("fingerprint") of the fast 
reaction shown in the title of this paper are breaks (discontinuous 
derivatives) on the kinetic curves. Actually this break is point of self 
intersection of corresponding curve. However the condition of it is of 
asymptotic nature: that makes this point typical. If we turn to real life 
example - CO oxidation on noble metals we could expect the breaks in 
high vacuum conditions that provide the smallness of adsorption 
parameters (Oxygen desorption usually is negligible). Thus the really 
necessary condition of this effect would be relatively small in comparison 
with the reaction constant of CO desorption. The analysis of the 
dynamics shows that in the case of fast surface reaction there are two 
distinct regions: fast relaxation in the fast reaction time scale and slow 
one governed by adsorption processes of reactants. As surface 
concentration of either of reactants is small the phase portrait shows the 
"skin effect": the system trajectory most time belongs to the boundary of 
reaction space. 

C. The assumption about the fast surface reaction combined with usual 
assumption about the slower than reaction mass exchange process allows 
to understand many intriguing facts on the open catalytic system: CSTR. 
We found explicit conditions of such exotic situations as 5 steady states 
(3 of which may be stable, 2 stable steady state and stable oscillations) as 
well as isola like and loop like steady state dependence. 

D. Addition of slow buffer step allows for generation of relaxation self 
oscillations in the Langmuir-Hinshelwood model of catalytic reaction. 
The characteristic feature of these oscillations in the case of fast surface 
reaction is the fact that during the high conversion portion of period the 
system shows the constant reaction rate. More detailed analysis shows 
the second order effect: the faster is fast reaction the slower (in the log 
scale) the oscillations. It also shows some way of experimental estimation 
of "fast" reaction parameters: if one adds the slow process it becomes 
possible to have slow dynamics that is affected by fast constant. 

E. We analyzed the situation of fast desorption of hydrogen and even faster 
surface reaction to understand the dynamics of pulse experiments on 
oxidation on the Pd-MOS system. The analysis of the system with two 
small parameters resulted in explicit formulas for surface dynamics. One 
very simple corollary was the fact that maximum of reaction rate during 
the transient period does not depend on initial conditions. 

F. Authors (2] studied by Monte Carlo method the oscillatory kinetics of S 
catalytic reaction with surface reconstruction simulated by variations in 
the catalytic properties of the surface. This work deals with deterministic 
version of this model that is based on the following mechanism 

101 



PPI-48 

A + Z ~ AZ adsorption of component A 

B2 + 2 Z ~B2 Z2 non dissociative adsorption . of component B 
(1) 

B
2 
Z

2 
k, H(Az) 2 BZ surface reconstruction induced by adsorption of 

A AZ + BZ ~ AB + 2 Z surface reaction 
The H(AZ) function has the 
form 

reconstr. 
H(AZ) 1 

I non nmnstr. t I 
0 8-~ 8 AZ. 

To reproduce the assumptions [2] (immediate surface reaction of adjacent 
A and B particles as well as immediate dissociation of adsorbed B2 
particles into B particles if A-coverage reaches 0) the parameters of 
model (I) should satisfy the conditions 

klPA 'k2PB2 << k4 << k3' 

Comparison with Monte-Carlo simulations [2] shows the similarity in the 
case of regular mode oscillations. At the same time it was proved that deterministic 
model can not provide the existence of chaotic patterns. The patterns that were 
observed in [2] could be interpreted as a result of integration of different modes of 
de,terministic oscillations over the catalyst surface. 
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Electrocatalysis is of considerable interest in such areas as energy conversion and 

storage, electrosynthesis, water purification etc. Progress in electrochemical 

science and the emergence of new important applications, such as fuel cells, has 

raised the question of specific electrochemical properties of supported finely 

dispersed metals . 

The micrograined structure of real electrocatalysts is often neglected when studying 

the size effects in electrocatalysis. Meanwhile it has been recently shown that the 

presence of grain boundaries in microstructured materials may drastically alter 

their physico-chemical and catalytic properties [ 1, 2] . 

!he present work is aimed at the evaluation of the effects of microstructure on the 

electrocatalytic properties of graphite supported platinum. Anodic oxidation of 

ethylene glycol is studied as a model structure-sensitive electrochemical reaction . 

Graphite supported platinum electrodes (Pt/C) have been prepared with the help 

of the electrochemical deposition from H2PtC16 solutions. The detailed analysis of 

the electrodes structure and morphology using high resolution TEM and X-ray 

diffraction proved that Pt particles formed on the graphite surface were composed 

from randomly oriented micrograins with the average size ca. 12 nm. 

Pt/C electrodes in neutral aqueous Na2SO4 solution demonstrate well defined 

peaks of hydrogen and oxygen electrochemisorption in the potential range from 

-1.0 to 1.0 V vs. Ag/AgCl/KCl(sat.) electrode (Fig.IA). 

Electrooxidation of ethylene glycol on Pt/C electrodes includes parallel 

adsorption- and diffusion-controlled reactions which are manifested by three 

anodic peaks (Fig. lB). 
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Fig. I Cyclic voltammograms of Pt/C electrode with the real surface area 127 cm2 

in Na2SO4 1 M in the absence (A) and presence (B) of ethyleneglycol 0.1 M at 

the sweep rate 0.1 V /s. 

Comparison of the supported and polycrystalline platinum electrodes in Na2SO4 

solutions in the presence and absence of ethylene glycol reveals marked differences 

between the electrochemical properties of these materials resulting apparently from 

the differences in the electrode microstructures [3]. 

An influence of the surface structure and morphology on the poisoning of the 

electrode with the adsorbed organic residues is also discussed. 

Acknowledgement: Financial support from INTAS (Grant N 95-0255) is gratefully 

acknowledged. 
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One of the most characteristic properties of heteropoly acids (HPA) of the 

Keggin type, HmXM 12O40 (M=Mo,W6+), is their ability to yield upon reduction 

intensively coloured blue products ("blues") retaining the parent heteropoly anion 

(HP An) structure . Reduced HP An contains up to four extra electrons or formally four 

M5
+ atoms. But actually the added electrons are evenly distributed over the whole 

M12OJ6 cage by means of very fast hopping between the structurally equivalent M6
+ 

cations. Paramagnetic one-electron (1-e) blues were traditionally studied by ESR 

spectroscopy. Diamagnetic 2- and 4-e blues can be studied by NMR . As a rule, 

paramagnetic species cannot be studied by NMR. It was found however [ 1] that 1-e 

H3PW 12O40 in solution gives a narrow 31 P NMR peak shifted only a little downfield 

relative to that of non-reduced HP An. 

HPA H3PM0 12O40 and its reduc;d forms are widely used in practice including 

catalysis. In [2] there were studied concentrated (-0.SM) reduced solutions of the HPA 

using 31 P NMR and there were detected 2-e (a- and b-isomers) and 4-e blues by the 

peaks broadened due to electron exchange. 1-e blue was not observed. In this work we 

have studied more dilute solutions with the HPA concentration in the range 0.1-0.00 I 

mol/1 and the reduction degree of 0.25 to 4e. We have managed to detect le blue by 

rather a narrow (-5Hz) peak at +0.2 ppm. 2-e blues (both isomers) and 4-e blue were 

detected at -6, -6.6 and -13 ppm, respectively (fig.). The dependence of chemical shift 

values and the peak widths on the degree of reduction show that the intermolecular 

electron exchange occurs in the reduced solutions, with the rate decreasing with 

dilution. The electron exchange between 1-e blue and non-reduced HPAn occurs most 

rapidly and its rate is in the intermediate/fast exchange region of the NMR time scale 

depending on the HPA concentration. For 1 e-2e and 2e-4e forms the rate of exchange is 

in slow region at 0.1 mol/1 and it is not practically detected at concentrations <0.01 

mol/1. 
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The 0.1 M 4-e reduced solution containing 4e blue as single species was also 

studied by 95Mo and 170 NMR. At 330K the blue gives in 95Mo spectrum a line at 

307ppm (relative to lM Na2MoO4 ) about 3kHz in width. In 17 0 NMR spectrum a large 

downfield shift for the bridging O atoms of the HP An was observed showing that the 

"blue" electrons are delocalized through the system of Mo-O-Mo bridging bonds. 

The reduction of the HPA solutions was made with hydrazine. For obtaining the 

reduction degrees >2e the prolonged heating at 60-70° C was needed. The degree of 

reduction was determined from the 31 P NMR peak intensity ratios . The NMR spectra 

were run on Bruker MSL-400 spectrometer at 161.67, 26.08 and 54.24 MHz for 31 P, 
95Mo and 170, respectively. 

The data obtained show that NMR spectroscopy is more appropriate technique 

for studying reduced solutions of H3PMo 12O40 than ESR spectroscopy [3] where due to 

the fast intra- and intermolecular electron transfer and electron coupling there is no 

quantitative correlation between sygnal intensities and the degree of reduction. 

1-e 
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-6 

(ppm) 

-8 -10 -12 

Fig. 31 P NMR spectrum of0.0lM solution of H3PMo 12O40 reduced on 2e 
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Institute of Chemical Physics, NAS of Armenia 

Yerevan - 375044, Armenia 

The modification and activation of solid phase catalysts by various 
chemical and physico-chemical actions obviously is one of the possible 
ways for the production of efficient catalysts for heterophase processes 

It is well-known that titanium oxides, in particular titanium dioxide 
(TiO2) possesses a definite catalytic activity for the oxidation processes. 

1 The: -structural . ·changes,; particularly the change of different 
phases (anathase, rutil, bruckit) ratio, the partial reduction (partial 
extraction of oxygen) by the formation of non-stoichiometric oxides, the 
extraction of other metals slight impurities, etc. may result in the change 
of titanium oxides catalytic activity. With this purpose a new approach 
was applied in presented investigation. It is based on the possibility of 
realization of solid phase inorganic compounds conversion processes 
under the effect of gas phase chain reactions. 

Both chemically pure titanium dioxide, as well as technical titanium 
dioxide. containing impurities of other metals, have undergone 
modification and activation. The experiments were carried out at flow 
conditions. The flow of gases, reacting with each other by chain 
mechanism, contacted with titanium dioxide which was placed into the 
reactor. The experiments were carried out at temperatures of 800-1200 K, 
at various contact times (t = 1-40s) depending on the temperature in 
reactor and the ratio of initial mixture of reacting components. Chemically 
pure titanium dioxide partial reduction and structural modification process 
was carried out under the effect of hydrocarbon (propane-butane mixture) 
and also hydrogen oxidation chain reactions. Technical titanium dioxide 
was purified from iron and other metal oxides at conditions of chlorination 
chain reaction of the same propane-butane. The impurities were extracted 
in the form of trichlorides, sublimating into the gas phase, and flown away 
from the reactor by gas flow. At the same time the purified dioxide has 
under~ent structural changes and was modified'. The process was 
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stopped when titanium dioxide itself began to undergo chlorination after 
the complete extraction of impurities. 

In all the cases the changes of solid phase were indicated by 
X - ray -phase analysis. 

The modifi~ and processed samples were tested for catalytic 
activity. lso-butane oxidation has been studied as a test reaction. The 
process was carried out at comparatively low temperature (T=380°C) in 
an U-shaped flow reactor at gas flow constant contact time. The initial gas 
mixture of constant composition (iso-C4H 10:02= 2:1) entered the reactor. 
The process was carried out at atmospheric pressure. Isa-butane 
oxidation has been studied without any catalyst and in the presence of the 
catalyst. For the comparison non-modified initial titanium dioxide was 
tested as well. The catalytic activity and the catalytic effect were judged 
by the change of definite reaction products yields. In particular we 
followed the yield of such significant products as formaldehyde, methanol, 
also deep oxidation products - CO and CO2. 

The results obtained show that the samples modified and activated 
by chain reactions exert more powerful! and selective effect on the 
process than the non-treated titanium dioxide. The processed samples 
exert more powerful! effect on the suppression of deep oxidation products 
yield and also on the formation of such undesirable products as methane 
and C3-hydrocarbons, the yield of . methanol _ is changed 
insignificantly. At the same time, in definite cases, it is observed that the 
concentration of the desirable product - aldehyde is increased by several 
fold (more than · fourfold). 

Thus the modified catalyst proved to be more active and may 
provide more selective oxidation process. 

The results obtained allow us also to come to the conclusion that 
the effect of chain reactions on solid phase compounds can be a 
perspective method for the activation and creation of heterogeneous 
catalysts. 

The results included In this report were obtained in work 
supported by INTAS (ref. No 94-0771 ). 
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FORMATION OF MULTILAYERED TIN ORGANOMETALLIC SPECIES OVER 

SUPPORTED METALS. A NEW WAY TO OBTAIN SELECTIVE 

HYDROGENATION CATALYSTS. 

J6zsef L. Margitfalvi, lrina I<_olosova• and Andras Tompos 

Central Research Institute for Chemistry, Hungarian Academy of Sciences, Budapest 
~) Boreskov Institute of Catalysis, Omsk Branch 

ABSTRACT 

The use of tin and lead tetraallcyl compounds to prepare modified skeletal and 

supported metal catalysts have been used in different laboratories [1-4]. The application of 

the above organometallic compounds is based on surface reaction between hydrogen adsorbed 

on different supported metals and tin ( or lead) tetraallcyls. In case of supported platinum and 

tin tetraalkyls the following surface reactions take place: 

+ So84 --> Pt-SnR(4-x) 
PSCI 

Pt-SnR(4-x) + (4-x) /2 H2 -> Pt-Sn 

+ 

+ 

I RH 

(4-x) RH 

(1) 

(2) 

Under properly .chosen conditions reactions (1) and (2) are very selective, i.e. only 

saturated hydrocarbons were formed. The drawback of this approach is that it is difficult to 

obtain catalysts with high Sn/Pt or Sn/M ratio (M = Ni, Pd, Ru, Rh). This is due to the fact 

that the amount of tin anchored in the form of Primary Surface Complex (eSC I) is strongly 

controlled both by the size (methyl, ethyl, etc.) and the number of allcyl groups left in PSC I. 

As emerges from experimental data over · supported Pt (with dispersion=0.5-0.8) the 

formation of -SnR3 and -SnR2 surface species was evidenced: Both experimental data and 

results obtained by computer modeling indicates that in case of tin tetraetbyl the surface 

coverage of -SnR3 is in the range of 0.3 - 0.4. This value can be increased to 0.5 - 0.6 if tin 

tetrametbyl is used. 

We have observed that in the presence of adsorbed oxygen or CS2, in addition to the 

formation of PSC I (with x=l or 2) anchored SnR4 species are also formed. In this case the 

adsorbed oxygen or carbon disulfide is involved in the tin anchoring process resulting in a 

second layer of anchored organometallic species in the form of SnR4• The proposed forms of 

anchored tin organic species are shown in Fi~re 1. 

It has also been demonstrated that other metals, such as Ni, Pd, Ru and Rb have 

similar behaviour as Pt. Upon using oxygen and CS2 during the tin anchoring process (surface 

reaction (1)) catalysts with high Sn/M ratio (M = Ni, Pd, Ru, Rh) were. obtained. 
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Figure 1. Different surface organometallic species anchored onto supported platinum. 
a) in the absence of coadsorbants; b) in the presence of adsorbed oxygen; c) in the 
presence of CS2• 

The Sn-Pt bimetallic catalysts were used in different selective hydrogenation 

reactions. For instance, Sn-Pt/SiO2 catalysts were tested in the hydrogenation of crotyl 

aldehyde into crotyl alcohol. These results are shown in Table. I. Upon introduction of tin into 

platinum the selectivity to the fonnation of crotyl aldehyde increased, . however high 

selectivity values were only obtained in the presence of catalysts Wlth high Sn/Pt ratio. 

Table 1. Hydrogenation of crotyl aldehyde over different Sn-Pt catalysts 

reaction rate * Selectivity, % ** 
Catalyst Sn/Ptsurf moV(g x s) Butyl- Butyl-

(at/at) 10·5 aldehyde alcohol 
Pt/SiO2 7.50 88 12 
Pt-Sn/SiO2 0.56 24.50 53 11 
Pt-Sn/SiO2 1.60 16.50 35 9 
Pt-Sn/SiO2 2.93 6.20 22 2 

Preactivation temperature: 583 K, Reaction temperature: 353 K, P substrate = 10 torr. 
* initial rate at zero conversion, ** obtained at 15 % conversion 
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Academician G.K.Boreskov was one of the first scientists who clearly formulated 
that a catalyst is not "a dead substance" but may change its structure and 
composition during catalytic reaction due to action of reagents and products. 
Recently the geometrical roughening of a surface driven by strong mono- and 
bimolecular adsorption was studied by Monte Carlo modeling [1,2]. Here we use a 
fractal and autocorrelation function approaches to answer a question, whether the 
generated surface is self-similar or not, or, in the other words, is it possible to use 
the advantages of the fractal approach for quantitative description of the rough 
surface. 
According to [1,2] the mutual action of adsorption and surface rearrangement 
processes may lead to a significant growth of surface roughness induced by 
adsorption. Commonly, the proper measure of surface irregularity is an · 
autocorrelation function 

G(r) = (h(x)- h(x + r))2, 
where h(x) is a height of an atom at x position over a zero plane, and the comer 
brackets imply the averaging over the whole surface. Both theoretical and 
computer modeling of a thermally disordered surface have shown that the 
generated surface is not self-similar and predicted the appropriate autocorrelation 
function in the form 

G(r)=A-ln(r)+B, (1) 
where A and B are constants [3]. Starting from this finding we, first, checked ·if 
this function also describes the surface roughness caused by strong adsorption as 
simulated in [ 1,2], and, then, performed similar analysis with the autocorrelation 
function 

G(r) = A-(r¼). (2) 

The function was suggested for a fractally rough surface which is grown far from 
its equilibrium state [4]. Here t is the time coming from the beginning of the 
growing process, A, a., p are constants which may be connected with the surface 
fractal dimension. 
The Monte-Carlo computer simulation of the surfaca evolution in the presence of 
adsorbate molecules was based on the Metropolis algorithm and was carried out 
making use of solid on solid (SOS) surface model on a square lattice of 64*64 
size. The equivalent metal-metal interaction energy was considered to be 800 K 
(in temperature units), whereas the energy of the metal-adsorbate interaction was 
varied from O to 800 K. The calculations were carried out at temperature 800 K 
and different adsorbate coverage (0, 24, 50%). All additional simulation details 
may be found elsewhere [2]. 

111 



PPI-53 

Figure 1 

The 24*24 
fragment of the 
equilibrium surface 
at 50% adsorbate 
coverage (fig.I) 
shows a significant 
surf ace roughening. 
The surface 
autocorrelation 
function was found 
to follow well both 
relations ( 1) and 
(2). The first 
formula describes 
better a short-range 
correlation (the low 
r region), although 
at r 2 2 both 
equations give nearly 
the same accuracy. 
This trend keeps up 
for the adsorbate 
covered surfaces as 
well as for clear one. 
As modem 

. experimental 
methods of surface roughness study make use of the long-correlation _ tail of the 
autocorrelation function, a conclusion may be drawn that within the experimental 
errors it looks impossible to distinguish whether the surface roughness generated 
by the adsorbate-substrate interaction has a structure predicted by eq.(1) or a 
fractal one. It is likely to mean that for formal description of such a rough surface 
the mathematical tools of the fractal geometry may be used. 

E.D. Resnyanskii, E.I. Latkin, A.V. Myshlyavtsev, V.I. Chem.Phys.Lett., 248, 136 - 140 
(1996) 
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Introduction: Numerous studies1
•
3 have been devoted to the adsorption-transformation of 

acetone (AC) by acid zeolites at ambient temperature. Since the transformation of AC by strong 
acids in the liquid phase was well documented,4 the role of Bronsted acid sites has been 
particularly emphasized. 1 However, the role of Lewis sites deserves some attention, since it is 
difficult to prepare an acid zeolite without having some dealumination. Lewis sites are present 
on non-framework alumina within the zeolite microcrystals.5•

6 Thus, the conjugated effect of 
the two kinds of acid sites can not be neglected. In order to gain information on this possibility, 
the adsorption of AC on a transition alumina and on NH4 -ZSM5, deammoniated at the lowest 
possible temperature, has been followed by FTIR. The transformation on the surface was also 
followed by IR and the nature of the product established by mass analysis of the gas phase in 
equilibrium with the adsorbed phase. 

Experimental: The preparation of a nanosized alumina very rich in coordination defects has 
been described earlier. 7 Before use, it was calcined in vacuum for 10 h and in the presence of 
0 2 for 1 hat 600°C in the infrared cell. Two types of Lewis sites with aluminum in distorted 
tetrahedral and pentahedral coordination exist on this alumina. 8 The total number of Lewis sites 
was about 0.4 meq/g, the surface area was about 300 m2/g. HZSM-5 (Si/framework AJ=18) 
was calcined at 500°C in a residual pressure of - 1()5 torr for 5 hand cleaned from organic 
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Figure 1: A. Infrared spectra of AC adsorbed.of HZMS-5• containing -0.8 meq Bronsted sites6 
per gram and no Lewis sites. From bottom to top, increasing doses of AC: 0.19; 0.56; 1.82 
and 2.61 mmol/g. B) Infrared spectra observed after the following additions of acetone to an 
alumina containing -0.4 meq Lewis sites6 per gram. From bottom to top, 0.4; 1.9; 3.9 
mmol/g. Top spectrum: mesityl oxide on the same alumina: 1 mmol/g. 
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residue by calcination in 50 torr 0 2 for 1 h. It contains ~0.83 meq Bronsted sites per g and 
no Lewis sites. 

AC, 99.9% +; mesityl oxide (MO), 99%; and diacetonealcohol (DA), 99%, were dried 
over 4 A molecular sieves and purified by repeated freezing and thawing. 

Results and Discussion: The results to be described are summarized in Figure lA showing the 
IR spectra recorded in a wafer of HZSM-5 exposed at room temperature (RT) to increasing 
doses of acetone. ·In Figure 1B the solid was the nanosized alumina. 7 On the HZSM-5, the 
main spectroscopic feature when the AC coverage is less than 1 molecule per Bronsted site is 
a broad band centered at 1649 cm- 1 which can be assigned, in agreement with Kubelkova et al., 
to hydrogen-bonded AC. 

Haw et al. 2 have shown by 13C NMR that an adsorption complex 1 mole AC/1 mole 
Bronsted is formed at RT on HZSM-5. The shift is in agreement with the IR data1

•3 and with 
Figure lA. At higher loading a band of "free" CO is observed at ~ 1720 cm- 1 (physically 
adsorbed AC) . At this loading a slow evolution is observed with the formation of mesityl oxide 
(band of 1452 cm- 1

) which probably gets protonated (band at 1554 cm- 1
) and water (broad band 

at 1618 cm- 1
) . These bands are observable after 2 hand well pronounced after 12 h. 

On alumina, AC interacts with Lewis sites but it transforms immediately into mesityl 
oxide (see Figure IB) and water, irrespect_ive of the coverage. 

The activation of the carbonyl group and the reactivity towards a second acetone molecule 
is, therefore, very different on Bronsted and Lewis sites. The origin of this difference is 
discussed. 

As expected from the above observation, the adsorption of AC on dealuminated 
mordenite combines the features attributable to Bonsted and Lewis sites, a fact which seems to 
have been overlooked. Hence, the transformation of acetone, at RT, is more rapid on zeolites 
with nonframework aluminum. 
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Republic of Kazakhstan, 480100, Almaty, Kunaev st., 142 

The increase of platinum catalysts efficiency becomes more and more actual 

problem in the petroleum refining industry. Fast development of the organometallic compound 

chemistry makes it possible to improve the methods of synthesis of the effective catalysts by 

attaching them to the oxide support surface and producing of high dispersed heterogenized 

systems. The benzene hydrogenation is usually used as a model reaction allowing to define the 

influence of electronic state, structure and dispersity of active metal on the reforming 

process. 

The catalysts supported on y-A12O3 from ally! platinum complexes solutions in benzene 

or methylene chloride as well as from aqueous solutions of H2PtCl6 with additions of organic 

ligands were investigated in the gas phase benzene hydrogenation in a stationary flow reactor 

at atmospheric pressure. 

It was shown that the use of organometallic complexes for synthesis of the catalysts 

followed by their reductive treatment made it possible to increase the extent of benzene 

conversion by 2-3 times compared to traditional 0,3% Pt/ A12O3_ In the products of the 

reaction only cyclohexane was found. On increasing the experiment · temperature above 

473K the activity of the catalysts dropped due to sintering of the platinum particles. The 

catalysts from the organometallic complexes showed low ability for reactivation because 

of surface carbonization with destroyed residues of the organic ligands. 

More thermostable and no less active catalysts were produced as a result of addition 

of the polar organic ligands to impregnating aqueous solutions of H2PtCk The properties of 

these catalysts didn't change after calcination at 673K. 
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By the electron microscopy method it was established that the active phase of the 

catalysts pr'epared from the solutions of H2PtC16 with the additions of the polar organic 

ligands consisted of high dispersed particles (15-20A) with largely uniform size 

distribution (>60%). 

The comparison of our X-ray diffraction results with the known data shows that these 

particles on the support surface have no metal structure and represent the clusters consisting 

of repeatedly coupled tetrahedrons. Owing to acid nature of the support they carry a positive 

charge. It may be assumed that their surface structure is largely defective and has high 

free energy. 

Quantum chemical investigation of hydrogen activation on the clusters 

containing 1-4 Pt atoms was carried out by EH method modified by taking into 

account the core-core interaction in Anderson's approximation. The atomic hydrogen is 

weakly bonded to Pt surface and is highly mobile with a minimum migration activation 

energy 1,6 kJ/mol. The H2 adsorption with coordination over Pt atom (atop), over Pt-Pt 

bond (bridge) and perpendicular to this bond (µ-bridge) leads to dissociation of the 

adsorbate molecule with activation energies of 50.6, 120.7 and 44.6 kJ/mol respectively. 

The last form is the most stable. Depending on the surface structure these values 

change and on Pt (III) surface the minimum activation energy corresponds to µ-bridge 

structure. We haven't found any effect of the surface positive charge on the state and 

activation of hydrogen. Probably, due to a bend on the small clusters the change of 

the surface structure facilitates the dissociative chemisorption of hydrogen by means 

of the formation of the adsorbed molecular complex. The defects of surface can show 

the same influence. 

Thus, an increase in the activity of high dispersed platinum catalysts .observed in 

the reaction of the gas phase benzene hydrogenation may be related to the specific 

effect of the cluster surface defects. The benzene molecule activation will be considered 

by the quantum chemical method for more complete determination of the process 

mechanism. 

The obtained experimental results point to perspective use of impregnation solutions 

with the organic ligand addition for synthesis of reforming process catalysts which would 

possess the properties of increased activity and thermostability. 
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TRANSIENT KINETIC STUDIES OF NO REDUCTION BY CH4 
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Abstract 

In heterogeneous catalysis, the knowledge of the kinetics of chemical reactions, 

i.e., of the way in which the rates of reactions depend upon process conditions, forms 

the basis for the design and optimisation of both catalysts and chemical reactors. 

Within the frame of a study confined to the steady-state kinetics, only lumped kinetic 

parameters can be estimated from a regression of steady-state kinetic data. 

By generating transients input signals, such as step functions in the gas 

concentration, one observes signals out of the steady-state (transient decrease of the 

product yield, thermodesorption), the relaxation of which may be related to the time 

scale on which the corresponding global reaction occurs at the steady-state. One 

unique way to get these time constants pertaining to steady-state conditions is to 

generate isotopic step functions, which let the overall surface occupancy unperturbed 

and therefore give access to true time constants of the reactive intermediates and to 

their concentration. This technique is referred to a steady-state isotopic transient 

kinetic analysis (SSITKA). It can be coupled to an in situ spectroscopic investigation 

such as DRIFT spectroscopy. 

Another way to generate transient kinetics was recently developed by means of 

the temporal analysis of product (TAP) reactor which consists in pulsing small and 

known amounts of reactants through a catalyst bed maintained under vacuum and 

analysing the pulse expansion and relaxation at the reactor exit with a time resolution 

below the millisecond. 

This paper presents isotopic and non isotopic transient kinetic data obtained for 

the reaction of NO reduction by CHi over Co/ZSM-5 catalyst, carried out either in the 

presence or in the absence of oxygen. The main catalytic steps and the coverage of the 

most significant reacting intermediates are investigated, in view of a better 

understanding of the overall reaction mechanism. 
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Introduction 

An effective option for control of NO emission from stationary sources is the 

use of selective catalytic reduction ofNOx by ammonia on Vffi, V/Al based catalyst. A 

large number of studies focus on various aspects of these reactions, but there is still no 

agreement of opinion on the nature of active sites and the mechanism of SCR over this 

catalyst . It is generally believed that the catalytic reaction involves the adsorption of 

ammonia on Lewis and Bremsted acid sites. In the present study NH3 

adsorption/desorption process on the surface of commercial V/Ti, V/Al, PdN/Al 

based catalyst samples has been investigated by using temperature-programmed 

desorption (TPD). 

Results 

The main characteristics of the commercial catalyst samples investigated are 

following: 

Table 

Catalyst S.S.A.(m--i/g) Nominal contentiwt, %) 

V2Os WO3 Pd Ti Al 
I0V/Al2O3 86.5 10 - - -
Pd/V/AhO3 66.6 7 - .0.1 -
6V/WffiO2 33 6.4 9.2 - 39.6 
2V/WffiO2 35 2.2 8.4 - 23.1 0.224 
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Ammonia is adsorbed on 1 g of samples for I h at 25, 100, 300, 350, 400 °C from 

I %vol. NH3/air gas mixture at a flow 40 ml/min. TPD spectrum from all catalysts 

indicate the presence of sites which adsorb ammonia with different strength. The 

deconvolution of the curves suggests that they are constituted by overlap of three 

peaks. The low-temperature peak (90-270 °C) characterizes the desorption states with 

activation energies of 8-10 kcal/mo!, medium - temperature peak (325-520 °C) can be 

described with activation energies of 17 -24 kcal/mo!, high - temperature (540-720°C) 

one corresponds with the states with activation energies of 26 -29 kcal/mol. Ammonia 

is held most strongly on the 2V/W/Ti02, followed by 6V/W/Ti02, and it is bonded 

most weakly on the 10V/Ah03 and PdN/AhOJ catalysts. A drop in the activation 

energies is observed as ammonia coverage increases, but they are practically unaffected 

by the adsorption temperatures. Fractional amounts of ammonia adsorption sites 

depend on temperature of ammonia adsorption T,d. For all samples at Tad= 25-100 °C 

low-temperature sites concentration is rather small as compared to medium and high

temperature states and growing with temperature, correlating with the NO reduction 

activity. With T,d increased up to 200-400 °c fractional surface coverage of medium 

and high-temperature sites reduces from 40-75% and 20-40% respectively to 10-20% 

(for 10V/A}z03 and PdN/A}z03) and 3-20 % (2V/W/Ti02and 6V/W/Ti02). 

At ammonia desorption from strongly bonded""sites corresponding to second 

and third peaks is accompanied by partially NH3 decomposition to nitrogen and nitrous 

gases. Nitrogen formation depends on T,d and increase significantly at T,d=300-400 °c, 

declining in a row 2V/W/Ti02, 6V/W/Ti02, PdN/Ah03, 10V/Ah03 . Obviously, the 

medium and high-temperature states are responsible for ammonia decomposition. the 

most strongly adsorbed states of ammonia (with acti~ation energies for desorption of 

22-29 kcaVmol) undergo the dehydration to atomic nitrogen, which may recombine to 

molecular nitrogen or interact with vanadium, titanium and aluminum, producing 

surface nitrides. These nitrides may be destroyed with formation of N2 by keeping of 

the samples at 800°C. Time of NH3 desorption in third peak for IOV/Ah03 and 

PdN/A]i03 is higher than that for 2V/W/Tj02 and 6V/W/Ti02 samples. 

A general conclusion of this work will be that all adsorbed states of ammonia 

on V-containing catalytic systems coexist in dynamic equilibrium and may transform 

from one to another. 
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EXAFS study of TiCI4 complexes on MgCI2 surface 
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Gennadii D. Bukatov, Vladimir A. Zakharov 

Boreskov Institute of Catalysis, Siberian Branch of RAS 
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EXAFS has been used to study supported catalyst TiCliMgCb for ethylene 

polymerization containing 1.8 wt.% of Ti, which was obtained by supporting of TiCl4 on 

highly dispersed MgCh [1] in heptane at 98° C. Titanium environment was studied by 

EXAFS at the Ti K-edge. To analyze experimental data, we used the curve fitting procedure 

with software EXCURVE-92. 

T'ne experimental EXAFS spectrum was found to have four maxima. To find the 

elements distnlmtion in the coordination spheres of Ti we considered several monomer and 

dimer complexes of TiC14 on (100) and (110) MgCb faces [2]. The elements distribution in 

the coordination spheres of Ti has mainly the following order: Cl, Cl, Mg, Cl. The correction 

of EXAFS distances regarding the above order of elements distribution produces the 

following set of experimental distances: 2.1, 3.0, 3.5, 4.0 A. 

This set of distances correspond to that for the TiC14 monomer complex on (I 00) face 

ofMgC}z. However, the TiC14 monomer complex disagrees with a high experimental intensity 

of peak for the fourth coordination sphere at a distance of - 4A. In contrast to monomer 

complexes, the TiC14 dimer complex on (100) MgCh face contains distance Ti-Ti, which can 

increase the peaks intensities within distances 3.5-4.0 A. In this case correlation was much 

better. 

So, the analysis of experimental EXAFS spectrum shows that in studied catalyst TiC14 

predominantly exists on the MgCh (100) face as dimer complexes. Chlorine atoms of the first 

coordination sphere are replaced from Ti at a distance of2 .l A. Distance Ti-Ti is 3.95 A. The 

distances between Ti and chlorine atoms of MgCh lattice equal 3.0 and 3.9 A. The TiC14 

dimer complex is a "bridge" structure with two non-equivalent "bridging" chlorine atoms. 

Most likely, in dimer TiC14 complex an asymmetric bridge occurs: Cl is bonded to one Ti 

(Ti-Cl=2.1A) and, at the same time, form a weak coordination bond with the second Ti (Ti-Cl 

22.8A). 
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Being reduced by co-catalysts, dimer complexes produce stereospecific active centers 

[2]. At the same time, catalyst TiC4/MgCh (without internal and external electron donors) 

has a low stereospecificity in propylene polymerization. Perhaps, a part of TiCl4 can be 

adsorbed on the MgCh (110) face (forming the precursors of non-stereospecific active 

centers) and does not appear in tlie EXAFS spectrum due to the relatively low accuracy of the 

method (up to 20% regarding the identified element). This value far excee'1s the content of 

active centers in the Ti-Mg catalyst (several percent of Ti content in the catalyst [3]). 

1. USSR Pat.726702 (1978), invs.: V.A.Zakharov, S.I.Makhtarulin, Bull.Izobr.29 (1980) 

2. P.Corradini, V.Busico and G.Guerra, in "Transition Metals and Organometallics as 

Catalysts for Olefin Polymerization", W.Kaminsky, H.Sinn, Eds., Spinger-Verlag, 

Berlin 1988, p.337-348 

3. G.D.Bukatov, V.S.Goncharov, V.A.Zakharov, Macromol.Chem.Phys.196, 1754 

(1995) 
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Interactive ,,antisense"-oligonucleotides with multiple substrate turnover 
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Vorobjev P.E., D .V.Pyshnyi, M.N.Repkova, E.M.lvanova, A.G.Venyaminova, V.F.Zarytova§ 
*Sektion Polymere, University of Ulm, D-89069 Ulm. 
§Novosibirsk Institute of Bioorganic Chemistry, Siberian Division of RAS, Novosibirsk 
630090, Russia 

Therapeutic ,,antisense oligonucleotides" should be designed in such a way, that they exhibit 
high efficiency at low dose. An approach to this goal is the preparation of oligonucleotide 
conjugates, which (a) interact irreversibly with their nucleic acid target, e.g. through intrachain 
cleavage; (b) perform this cleavage with multiple turnover of their substrate. Conjugate groups 
that have been explored as ,,mRNA cleaver"-substituents include hydrophilic porphines

1
, 

bleomycin2
, or a recently discovered peptide sequence with RNase-like activity. 

Studies on oligonucleotide conjugates with hydrophilic porphyrines have demonstrated that the 
,,photodynamic" cytotoxic effect exhibited by e.g. tetracarboxy-porphine, can be achieved at 
20fold lower concentration, if the oligonucleotide sequence, covalently linked to the 
porphyrine group, directs the conjugate to its target. 

It was shown that bleomycin-oligonucleotide conjugates can form duplexes and ternary 
complexes and site-specifically cleave ss and ds DNA targets respectively. It was demonstrated 
that the bleomycin covalently bound to the oligonucleotide preserves its ability to degrade the 
ss DNA target in catalytic manner. Catalytic and site-specific activity of oligonucleotide 
bleomycin conjugate was realized both in repeated cleavage of single DNA target molecule and 
several DNA target molecules by one molecule of the reagent from duplexes. Catalytic activity 
of bleomycin-oligonucleotide conjugates has been shown to be the highest in the temperature 
range close to the melting temperature of the reagent-target complex, i.e., under conditions 
where the oligonucleotide reagent can form complementary complexes and easily dissociate to 
contact with next molecule of the target. For the first time it was registered that the catalytic 
and site specific cleavage of DNA target may be carried out by bleomycin derivatives of short 
(tetramer) oligonucleotides in the presence of effectors (diphenazinium derivatives of 
oligonucleotides), which are capable to stabilize duplex formed by short oligonucleotide and 
target. 

In this work we synthesized and studied a number of conjugates of oligodeoxyribonucleotides 
and peptides with alternating hydrophobic (Leu) and base (Arg) aminoacid residues. The 
synthesis of peptidyloligonucleotides was performed by the reaction between oligonucleotides 
and peptides in the presence of triphenylphosphine, 2,2-dipyridyldisulfide and nucleophilic 
catalyst 1-methylimidazole. The hybridisation properties of peptidyloligonucleotides obtained 
were investigated to estimate melting points of their duplexes with complementary 
oligodeoxyribonucleotide. The slight increase (l-5°C) in Tm of complementary complexes was 
found to depend on the length of peptide residues. 
The comparative study of peptidyloligonucleotide ability to cleave oligoribonucleotides was 
performed. It was shown that the interaction of the RNA-target and conjugates yields site 
specific cleavages of phosphodiester bonds of ribooligonucleotide and reaches to 80% for n=4 
(48 h, 20°C, pH 7.5). 
Thus, it was demonstrated that peptidyloligonucleotides bearing alternating hydrophobic (Leu) 
and base (Arg) aminoacid residues are promising to catalyse the hydrolysis of phosphodiester 
bonds of RN A and to act as a specific artificial ribonuclease. 
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Every time researcher developing the new catalytic systems is forced to decide the threefold 

task: creation of active, selective and, at last, stable catalyst 

In this work we will discuss the process of sintering of the metal containing catalysts. When we 

say "sintering" we mean the change of active surface of catalysts observing at high temperature. 

The detailed analysis of the kinetic models appropriate to various mechanisms of sintering of 

metal on support developed in [l] These authors have offered the common kinetics equation for many 

different mechanisms of sintering of metal catalysts: 

S(tr" ~~ S(oy" + k't ( 1) 

where S(t) and S(0) - specific surface of metal at time (t) and at the initial moment accordingly; 

n - parameter that can vary from 2 to 7 for various mechanisms of process; k' - constant of the sintering 

rate. 

The equation (1) is inconvenient for the practical use due to the necessity to know three 

constants (S(0), n and k') for description of metal phase sintering. This equation could be simplified. At 

first we can pass from specific surface of metal to its dispersity. After simple transformation we get: 

ln(D(t)) = ln(D(0)) - kt 

or in exponential form: 

D(t) = D(0)exp( - kt) 

(2) 

(3) 

where D(t) and D(0) are values of dispersity of metal at time (t) and at the initial moment 

accordingly; k - is the magnitude proportional to (k') and depends on the constant (n) of equation (l) 

k =[k'(Z D(0))"]/n 

So, the experimental values of the constant k can be determined simply. Some of the results for 

the metals sintering in hydrogen atmosphere are presented in table 1. 
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Table 1. 

The constants of metal containing for catalysts sintering. 

Catalyst T(K) k (1/h) Ref 

Ni/A)iO3 923 0.001 [2] 
Ni/AhO3 973 0.002 [2] 
Ni/A'2O3 1023 0.005 [2] 
Ni/SiO2 923 0.006 [2] 
Ni/SiO! 973 0 010 [2] 
Ni/SiO2 1023 0.017 [2] 
Pd/TiO2 623 0.019 [3] 
Pd/TiO2 773 0.032 [4] 

PtiC 673 0.016 [5] 
Pt/C 673 0.005 [5] 
Pt/C 673 0.002 [5] 
Pt/C 773 0.030 [5] 
Pt/C 773 0 040 [5] 
Pt!C 773 0.061 [5] 
Pt/C 773 0.007 [6] 

Rh/SiO2 773 0.088 (71 
Value k expresses the relative change of dispersity per unit of time. As sho\\'Il in the Table 1, k 

rarely exceeds 0.06. Thus, in hydrogen atmosphere, degree of metal dispersion changes on 1-6 % per 

hour. 

The most useful consequence of this investigation is the possibility to describe a sintering process 

qualitatively. And then it is possible to interpolate experimental data in any time interval. 
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The transition-metals phthalocyanine complexes are one of the most interesting and 

perspective types of the catalysts, because the structure of these compounds is similar to the 

structure of the natural ferments. 

These complexes are widely used in the process of refining of petroleum distillates from 

mercaptans. This process is typically designed to effect the oxidation of offensive mercaptans 

with the formation of innocuous disulfides. In the traditional types of this process the 

transformation of mercaptans is carried out in the presence of aqueous caustic solution, which 

converts RSH into reactive anionic form. Howerever, the utilization of aqueous caustic 

solution complicates the technology of processes, it leads to the formation of toxic sulpherous

alkaline flows. One of the perspective directions, which allows to perfect this process. is found 

at the use of bifunctional catalysts. These catalysts have the active centres, which tum RSH 

into Rs·. 

In this study the facts of creation and investigation of new bifunctional catalysts have been 

adduced. These catalysts are compositions, which comprise the transition-metal phthalocyanine 

complex and calcium aluminate. These catalysts have get the adsorption of the phthalocyanine 

complexes from aqueous caustic solution or organic solvents on the surface of calcium 

aluminates. 

The catalysts were tested on the model mixtures of n- and tret- dodecylmercaptans in 

octane. 

In this study a large number of cobalt and iron phthalocyanine complexes with various 

electronic-attracting and electronic-releasing groups in macrocycling ligand, such as 
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and calcium aluminates with the different specific surface (from 4,4 to 228 m2/g) were used. 

We studied the influence of the phthalocyanine complex structure and physicochemical 

properties of carrier on the catalytic activity. 

The investigation of dependence of the catalytic activity on the nature of central metal ion 

of complex showed, that not only electronic effect influences at the activity, but the factor 

connected with the degree of association of complex on the carrier surface. The investigation 

of dependence of the catalytic activity on the nature of groups in macrocycling ligand show, 

that three factor influence upon the activity: electronic and steric effects, and factor, connected 

with the degree of association of complex at the carrier surface. 

On'the most active catalysts we studied the structure of adsorptive layer of phthalocyanine 

complex at the calcium aluminate surface in detail. It was determined, that the adsorptive layer 

of complex contains the monomeric and assocuated forms It was showed, that the formation of 

associates goes according to the mechanism of unlimited two-contact association, which 1s 

accompanied by the weakening of intermolecular contacts with the increasing of associates. It 

was determined that the amount of monomeric form in the adsorptive layer structure of 

phthalocyanine complex grows with the increasing spesific surface of the calcium aluminate. 
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The isotope methods can provide comprehensive information about the pathways 

of reagents transformation to reaction products [ 1, 2]. Transient isotope kinetics studies 

seem to be the most informative with regard to reaction mechanism. These methods allow 

to estimate the kinetic parameters of stages and life-times of key intermediates [3]. TI1e 

main idea is that in reaction steady state the isotope composition of one of the input 

reagents changes step-wise. If there are no kinetic isotope effects, the concentration 

composition in the gas phase and on the surface remains unchanged. Meanwhile the rate 

of isbtope exchange in the reaction products, and thus the character of response curves, is 

determined by the isotope label transfer and steady state reaction rates. 

In the present paper we consider how to use the above techniques to elucidate the 

reaction mechanism. Proposed unified approach to model the isotope and chemical 

kinetics allows to use the obtained results in going from one study to another. We also 

consider a possibility of mechanism discrimination and reliability of parameters 

determined accounting for experimental enors in catalytic reactors used in practice. 

It was shown using the simplest scheme of catalytic reaction that independently of 

expressions for the stage rates, the shape of isotope curves remains the same. After isotope 

!able introduction into the feed gas the isotope composition of the surface species and 

reaction products changes monotonously. The dynamics of labelled species 0/ is 

deteimined by the rate of chemical stages rt= ki0~f(C, 0). In steady state 

f( C, 0 )=canst, and the rate of isotope substitution is expressed as ri • = KiBi •. The isotope

dynamic model is the analog of linearized kinetic equations. General solution can be 

represented as: 

l\' 

C * ) "'"'A At co , (t = L, ke ' + i , 

k=I 

where ci• is tile concentration of labelled component in the gas phase; "-k are the 

eigenvalues of the corresponding Jacobian matrix of the isotope-dynamic equations set, "-k 

depend on Ki only; Ak are some constants depending on Ki, C, 0. The solution for 

Ci(t), expressed as a sum of exponents, simplifies substantially the further data processing. 
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8 y analyzing ( qualitalively) the character of transient isotopic curves the preliminary 

mechanism of label transfer can be proposed. Numerical modeling allows to estimate a 

number and concentration of surface species involved in the isotope exchange, as well as 

Ki. The set of Ki at different Ci, ei is implicit function kl( C, 0 ). Then, we may t1y to 

decode these functions to find their explicit form and estimate the constant of reaction 

stages. 

To perform the isotope data processing we should take into account the 

expetimental features of used reactors. It has been shown that the shape of transient 

isotope curves in CSTR reactors is changed drastically depending on reaction conditions. 

To obtain correct results definite requirements to transient isotope kinetics studies are 

elaborated. In this regard the plug-flow reactor is preferential. However, in this case we 

face with difficulties related to solving of hyperbolic differential equations. Approximate 

solutions of such equations are proposed, the accuracy of used mathematical methods 

being estimated. 

This approach was applied to ethylene epoxidation over silver catalyst f4]. Basing 

on the transient isotope data oxygen pathways towards ethylene epoxidation and its deep 

oxidation were found out. Unexpectedly, the concentration of oxygen species involved in 

both reactions was extremely low (around I% of monolayer). Meanwhile, the catalyst 

contains a very high amount of inactive oxygen (more than a monolayer). Moreover, it 

has been proved that the both reactions proceed extremely fast. According to our 

estimation the characteristic time of epoxidation acts does not exceed 1 o-6 sec. 

Acknowledgement 

The work was supported in part by Russian Basic Research Foundation Grant No 

94-03-08284 and ISF Grant No RP8 000. 

References 

l. Y.S.Muzykantov. React. Kinet Catal. Lett., 35(1987)437. 

2. J.Happel Isotopic Assessment of Heterogeneous Catalysis. Academic Press, Inc., 

Orlando e.a., 1986. 

3. C.Mirodatos. Catalysis Today, 9(1991)83. 

4. D.A.Bulushev, B.S.Bal'zhinimaev. Kinet.Katal., 37 (1996), 149 (in Russian). 

128 



PPI-62 

SYNTHESIS OF IDGHLY-EFFICIENT MEDICINE "SULPYRID": 
DESIGN OF CATALYTIC STEPS 

V.A. SEMIKOLENOV, I.L.SIMAKOVA, AV.GOLOVIN, O.A.BUROVA, N .M.SMIRNOVA 

Boreskov Institute of Catalysis, Prospekt Akademika Lavrentieva 5, Novosibirsk, 630090, Russia 

E-mail: root@catalysis.nsk.su • 

Modern medicines, as usual, are complex organic molecules that can be produced via 
multi-steps synthesis. The scheme of such process may be significantly simplified by using the 
combination of synthetic and the catalytic steps. In the present work this approach has been 
taken for preparation of medicine "Sulpyride", which is applied in the treatment of nervous 
disorders caused by drugs and alcohol as well as of stomachial diseases [ 1]. 

We have proposed the "Sulpyride" synthesis scheme where EAMP is the key product: 

COOR COOH COOR COOR 

h-oR _ A-o OCR3 - A-Go _ CR3- A-Go CR3 
~ ~ CI02S~ - R2N02S~ 

Et 
I 

N f CONRCH2LJ 

('N'r-cR2NR2 - A-o OCH3 
\.._J R2N02S~ 

(EAMP) (Sulpyride) 

EAMP preparation scheme includes two catalytic steps: l}VP hydrogenation to form EP; 
2}ENMP hydrogenation to form EAMP. 

" CR=CH2 CH2-CH3 
I I 

o=

N O H2 o=N 0 
Pd/C Pd/C 

(VP) (EP) 

The aim of the present work is to study the catalytic steps of the "Sulpyride" preparation process. 
EP synthesis. The carbon-carbon double bond is very easily reduced over all the platinum 

metals. However, under hydrogenation reaction conditions a side polymerization process 
favored by polarization of C=C group in VP molecule occurs. This side process results in 
decrease EP yield as well as the catalyst deactivation due to polyvinylpyrrolidinon adsorption 
on the catalyst surface. 

The special features of VP polymerization under hydrogenation reaction conditions were 
studied. VP oligomers formation was observed even at room temperature and the 
polymerization rate increased sharply above 70°C. 

The effect of temperature, hydrogen pressure, catalyst concentration, process duration and VP 
purification method on hydrogenation rate, EP formation selectivity and the shape of hydrogen 
uptake curve were studied. It has been found that hydrogenation rate is of the zero order in respect 
to VP concentration and the first order in respect to hydrogen pressure as well as to catalyst 
concentration. It has been shown that freshly distilled VP hydrogenation over the Pd/C catalyst at 
15-70°C and hydrogen pressure 1-10 atrn gives EP with the yield more than 80%,. 
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EAMP synthesis. Aliphatic nitro compounds can be hydrogenated over the platinum 
metals. However, ENMP hydrogenation is complicated by a side reaction occurring due to the 
high !ability ofENMP molecule. 

It was shown by NMR 1H, 13C; IR and GLC methods, that the ENMP hydrogenation 
products consist ofEAMP, 1-ethylpyrrolidinon and methylamine. The scheme of two routes of 
ENMP conversion has been proposed: a) ENMP hydrolysis with the formation of 
1-ethylpyrrolidinon and nitromethane, which can be catalytically reduced to methylamine, 
b) ENMP hydrogenation with EAMP and H2O formation. 

The kinetic peculiarities of ENMP hydrolysis were studied. It has been found that the 
hydrolysis ofENMP is an acid-base process, where the strong base EAMJ> (product ofENMP 
hydrogenation) can act as a catalyst. The observed reaction rate of ENMP hydrolysis is of the 
first order with respect to [ENMP] and of second order with respect to [Off]. The mechanism 
and the equation ofENMP hydrolysis have been proposed. 

The peculiarities ofENMP hydrogenation were studied. The influence of used solvent on 
the hydrogenation rate and selectivity of EAMP formation has been studied. It has been found 
that the high selectivity and low hydrogenation rate are observed when the process is carried 
out in non aqueous and aprotonic solvents. The maximum hydrogenation rate, and yet 
minimum selectivity are achieved in an aqueous solution. The effect of hydrogen pressure, 
catalyst concentration and reaction temperature on the selectivity and rate of EAMP formation 
has been studied. The kinetic equation of ENMP hydrogenation has been proposed. 

The comparative analysis of the kinetic principles relating to the conversion of ENMP by 
hydrogenation and hydrolysis routes has been performed, and the parameters detennining the 
selectivity of ENMP hydrogenation have been established. It has been found that the decrease of 
[O1-f] and [ENMP] and the increase of catalyst content and hydrogen pressure result in the growth 
of ENMP hydrogenation selectivity. Method of ENMP hydrogenation in CO2 presence was 
proposed. Role of CO2 in selective ENMP hydrogenation was studied by NMR, IR and pH 
methods. It was shown that CO2 interacts with EAMP producing intra molecule carbamic acid salt 
and, thus, during the conversion of ENMP to EAMP a nearly neutral pH is created. The process of 
this salt formation is reversible and EAMP can be recovered by CO2 pumping away. 

CONCLUSIONS 

The kinetic peculiarities of VP conversion by the main route (hydrogenation on catalyst 
Pd/C) as well as by the side route (polymerization) have been studied. The method of high
purity EP (98%) preparation has been worked out. 

The complex process of ENMP conversion including the routes of hydrogenation over 
Pd/C catalyst and hydrolysis (acid-base catalysis) has been studied. The new method of 
selective ENMP hydrogenation has been developed to prepare the high-purity EAMP (98. 5-
99.0%) for medicines synthesis. 

According to design scheme the synthesis of "Sulpyride" sample suiting to the 
pharmaceutical standard requirements has been performed. 
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INTRODUCTION 

Metal alloy catalysts are of great importance in chemical technologies due 

to their performances with respect to monometallic systems. Despite supported Pt

Pd systems have been studied for rather long time [ 1,2], no data on sulfur 

resistance of this bimetallic were found by now. The objective of this work is to 

characterize sulfided Pt-Pd catalysts supported on two carriers: HY zeolite and y

AJ2O3 using XPS and Hr TPD techniques. 

EXPERIMENT AL 

The catalysts with total metal load of ca. 2 wt.% with different Pt/Pd ratio 

were supplied by Haldor Topsoe A/S. All samples were reduced at 573 K in ' 

flowing H2 followed by sulfidation with 1000 ppm H2S/H2 mixture for 2 h at the 

same temperature. Selected catalysts were subjected to treatment with 1000 ppm 

NH3/H2 for I h before sulfidation. 
XPS spectra were recorded with a Kratos XSAM 800 spectrometer using 

Mg Ka radiation as X-ray source. Si 2p line (B.E.= 103. l eV) from the support 

was used as a reference for charging correction. TPD experiments were performed 

in the adsorption static unit with MS analysis of the gas composition. 

RESULTS AND DISCUSSION 

Main results are shown in Table. XPS allows us to elucidate the Pt-Pd 

electronic state before and after sulfidation as well as surface atomic ratios while 

Hr TPD provides the information on metal dispersion. 

Sulfidation leads to significant binding energy growth for both metals. For 

Pt this effect, however, is less straightforward due to strong overlapping of Pt 4f 
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and Al 2p peaks. In general, additional B.E. shift caused by sulfidation is higher 

for Pd than Pt. This shift in both metals spectra along with sulfide ions gives direct 

evidence of sulfide species formation presumably of bulk character. 

Sulfidation degree tends to increase with Pt load; the proportionality 

between sulfur coverage and Pt concentration is clear for Al20rsupported 

samples. The zeolite-supported catalysts at any Pt/Pd ratios demonstrate higher 

stability to sulfur poisoning than Al20rsupported ones. In contrast, metallic area 

loss caused by sulfidation is higher for the former. The effect of sulfur on surface 

. segregation in bimetallic system has been discussed. 

The sulfidation degree of the NHrtreated samples is 1.2-1.5 times higher as 

compared with directly reduced catalysts. This tendency is evident especially in the 

case of zeolite-supported specimens. The above observation is discussed in terms of 

meta] electronic state modification caused by neutralization of zeolite acidity. 

Table. 

Support 

HY 

as;SMe, %. 

Pd/Pd+Pt, % 

0 

50 

65 

80 

100 

() 

52 

65 

80 

100 

Degree of sulfidationa 

75 

70 

50 

50 

40 

200 

190 

140 

120 

95 

bBefore/after sulfidation (apparent value in the latter case). 

REFERENCES 
1. M. Chen, L.D. Schmidt, J.Catal., 56 (1979) 198 
2. Ch.M. Grill, R.D. Gonzalez, J.Catal., 64 (1980) 487 

132 

Dispersion, %b 

90/33 

65/27 

51/18 

42/14 

25/11 

85/30 

79/39 

75/30 

77/27 
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INFLUENCE OF CUPRIC CATION COORDINATION IN CuH-ZSM-5 
ON ELECTRON-ACCEPTOR PROPERTIES OF Cu2+ CATALYTIC 

SITES 

A.A Slinkin and AV. Kucherov 
Zelinsky institute of Organic Chemistry, RAS,· B-334 Moscow, Leninskii Prosp. 

47, Russia 
E-mail: sln@ioc.ac. ru 

CuH-ZSM-5 system is widely investigated last years due to its unique 
ability to catalyze NO decomposition, SCR of NOx, and total alkane oxidation. 
Characterization of CuH-ZSM-5 by different physical methods often yields 
contradictory results about the changes in the coordinative and valence states of 
copper in Cu-ZSM-5 treated under different conditions. The mechanism of CuH
ZSM-5 deactivation upon high-temperature treatment of the catalysts is also not 
fully understood. Previously, it was assumed that unusually high intrinsic activity 
of CuH-ZSM-5 in oxidation reactions is caused by ability of the zeolitic matrix to 
stabilize isolated Cu2

+ ions in very reactive square-planar coordination [I - 3]. 
Earlier we demonstrated that systematic ESR study of interaction between 

zeolites and unsaturated test-molecules (differing in both geometric size and 
ionization potential (IP)) gives an important complex information about redox 
site number, strength, and distribution [4, 5]. The aim of present work is to 
evaluate the change in the state and oxidative activity of isolated copper ions in 
CuH-ZSM-5 upon interaction of parent and deactivated samples with benzene, 
anthracene (An) and phenanthrene (Ph) test-molecules. 

EXPERIMENT AL 
CuH-ZSM-5 samples (1.3% wt. of Cu) were prepared by either 

conventional ion-exchange of H-ZSM-5 (Si/Al= 25) with Cu acetate solution or 
by impregnation of the same zeolite with Cu(NO3) 2 solution. After oxidative 
treatment in an air flow (500°C, 6 h) the samples are identical in copper 
distribution and properties. 

Weighted sample was placed into quartz ESR ampoule, precalcined at 
given temperature, cooled to 20°C, and immediately impregnated with benzene 
and An or Ph solutions. Then ESR spectra were periodically registered during 
16-48 h. The ESR spectra, at 20°C, were taken in the X-band on the reflecting
type spectrometer. Origin 3. 5 program was used for computer treatment 
(nonnalization, double integration, baseline correction) of the recorded spectra. 

RES UL TS AND DISCUSSION 
Small difference in effective sizes between An and Ph molecules is 

however, of crucial importane'e in H-ZSM-5 case: anthracene is able to penetrat~ 
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inside zeolitic channels, and phenanthrene interacts with sites located on the 
outer surface of zeolitic crystals only ( comparative evaluation of the number of 
moderately strong redox sites). Testing with benzene (IP= 9.25 eV) permits to 
discriminate strong sites of one-electron tran.sfer in zeolitic samples. 

Pure H-ZSM-5 is characterized by rather low absolute concentration of 
both strong and moderate sites of one-electron transfer (<0.3% from the number 
of the lattice Al ions). Stabilization of copper ions in zeolitic structure results in 
drastic rise in the redox site number, i.e., the majority of the radical-forming sites 
in CuH-ZSM-5 is formed by isolated Cu2

+ ions introduced into parent H-ZSM-5 . 
The main part of Cu2

+ cations introduced in. H-ZSM-5 by either ion
exchange or solid-state reaction is not able to interact with Ph molecules wich 
have too big to enter inside zeolitic channels. For the sample prepared by 
impregnation it confirms once more an effective migration of cupric ions in 
cationic positions upon the sample calcination. 

Interaction of benzene and An, at 20°C, with the most reactive square
planar Cu2

+ cations (CuH-ZSM-5 calcined at 500-550°C) results in reduction of 
the cupric ions and formation of the aromatic cation-radicals. Calcination of 
CuH-ZSM-5 at 800-850°C results in rearrangement of the local structure of Cu2

+ 

sites without either aggregation or encapsulation of isolated cupric ions [3]. 
However, a change in the local site structure only (transfer from square-planar 
coordination to higher local symmetries) leads to a drastic decrease in the 
electron-acceptor properties of the altered Cu2+ sites. Strong radical-forming 
Cu2

+ sites capable to ionize benzene molecule disappear completely as a result of 
CuH-ZSM-5 calcination, and the number of An cation-radicals forming sites 
reduces drastically. 
This work was supported by RFFR Grant (95-03-08408). 
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The elucidation of their role in Gif-type catalytic oxidation 
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Hydroperoxo iron(III) complexes are supposed to be reactive intermediates in non-Fenton 

catalytic oxidations of alkanes [ 1,2]. However, until now there were no quantitative data on their 

reactivity. The impact of these species to the total oxidation was hard to estimate. Recently, we have 

found by EPR new low-spin ferric hydroperoxo complexes with supposed structures 

[Fe(bpy)2(OOH)Py]2• (2a) and [Fe(phen)2(OOH)Py]2+ (2b) (bpy - 2,2'-bipyridine, phen -

I, 10-phenantroline) in the reaction of HOOH with [Fe2O(bpyk2H2O](NO3)4 (la) and 

[Fe2O(phen)4-2H2O)(NO3)4 (lb) [3] in Py / AcOH mixture as a solvent, so called "Gif' catalytic 

systems [4]. The main goal of this study was to determine the rate constants for the reactions of 2a 

and 2b with cyclohexane and based on these data to elucidate their role in "Gif' oxidations. 

We have measured the concentrations dependencies on time for complexes 2a and 2b in 2: I 

Py/AcOH mixture with and without cyclohexane. Based on a treatment of these data it was found that 

the pseudo-first-order rate constants of 2a and 2b reaction with C6H 12 (l M) have the following 

values: k. = 0.05 min·' (at 288 K), kb = 0.2 min·1 (at 273 K) respectively. In the presence of C6H12 

([C6H12] = I M), concentrations of2a and 2b were practically steady-state ( [2a] = 5-10·5 Mat 288 K, 

[2b] =6·10·4 M at 273 K). Thus, the expected rates for accumulation of cyclohexane oxidation 

products via reactions with 2a and 2b can be determined by the following equations: 

Ra= [2a]•k. = 2.5· !0·6 M·min·1 (at 288 K); Rb= [2b]•kb = 1.2· 10·4 M·min·1 (at 273 K) 

The experimental rates of accumulation of the oxidation products (cyclohexanone and 

cyclohexanole) determined by GC were the following: R. = 2-10·5 M·min·1 (at 288 K), 

~ = 2-10·4 M·min·1 (at 273 K). 

Thus, for the catalytic system [Fe2O(bpy)4·2H2O](NO3)4/ HOOH only minor part (c. a. 10%) 

of cyclohexane oxidation products can be formed via reaction of 2a with C6H 12• For the catalytic 

system [Fe2O(phen)4-2H2O](NO3)i HOOH the reaction of 2b with C6H 12 can be a major pathway. 

Further studies are needed to elucidate whether hydroperoxo complexes_ 2a and 2b directly react with 

C6H12 or via reversible formation of iron-oxo intermediates. 
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The understanding of the catalytic reactions mechanism at the molecular 

level depends upon the careful investigation of surface state and the character of 

the lateral interactions between the adsorbed molecules in the model systems. 

However we have less information about the effect of intermolecular interactions. 

Here we report the results of the study of CO chemisorption on bi- and 

multimetallic model catalysts based on Co, Rh, Ir, over the wide range of pres

sures( I 0-4 -IO Torr) and temperatures (25-500°C) using infrared spectroscopy. 

These catalysts have the wide application in the catalytic reactions including the 

carbon monoxide which is initial and important stage in the catalysis. 

The sensitivity of CO spectral parameters (vibrational frequency, intensity, 

half-width of the band) to the nature of the active sites and lateral interactions 

allows us to study the CO chemisorption mechanism from the low to saturation 

coverage. The formation and state of bi- and multimetallic surface are discussed . 

Among the questions to answer is one of the most important problems: the 

effect of the lateral interactions on the structure and stability of the chemisorbed 

layer at various pressures. 

The analysis of CO spectral parameters at various coverages (0) has shown 

that in the range e~0,2-0, 7 the "islands" from the linear MCO species are 

formed. From e~o,7 up to the saturation of the surface the "islands" become 

more dense. However the disordering of the ad layer is not observed. The thermal 
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desorption results in the destruction of "islands", starting from 25-50°C. This can 

be seen from "vc0 -T desorption" dependence. 

It was established that the interactions between adsorbed molecules cannot 

be ignored even at low coverages. With increasing coverage such interactions can 

become significant. These interactions can alter the spatial distribut(ons of adsor

bates on the metallic surface. 

The character of lateral interactions depends upon the nature of the system 

considered. 

For the model catalysts investigated in this work the effect of the lateral 

interactions can be manifested as the tendency to ordering of adlayers and the 

formation of"islands" from CO molecules. 

The surface composition influences lateral interactions. For example, in the 

case of the coexistence of several surface sites (the linear and bridge sites or 

various types or metal atoms) occurs a considerable mixing of the vibrations of 

molecules adsorbed on these sites. It results in the predominance of the high

frequency band in the IR-spectrum. This should be taken into account in the de

termining of the quantity and the proportion of different kinds of surface species 

from intensities of IR-bands. 

One area for future development is the research of the effect of lateral in

teractions not only on the chemisorption mechanism but also on the catalytic re

actions. 

We gratefully acknowledge the support of this work by Russian Founda

tion of Fundamental Investigations (Grant 96-02-18892-a). 

137 



PPl-67 

THE MECHANISM OF BENZENE HYDROGENATION BY SULFIDE CATALYSTS 

AN. Startsev 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 

E-mail: root@catalysis. nsk. su 

Th_e saturation of aromatic compounds in diesel fuels has received substantial 

attention in recent years because of the health hazards associated with undesired emissions 

in exhaust gases Therefore environmental regulations are being tightened all over the world 

leading to limitations on aromatics .. Processes of dearomatization of distillate feedstocks are 

carried out largely ovl:!r typical hydrotreatment catalysts composed of Ni(Co) with Mo(W) in 

sulfide form. This paper deals with the study of the mechanism of benzene hydrogenation 

over well-characterized sulfide Ni-Mo(W) catalysts prepared via metal complex precursors 

[1 ,2]. 

Despite of the great practical importance of dearomatization the amount of wofks 

devoted to study of the active component structure of the sulfide hydrogenation catalysts 

and of the mechanism of its catalytic action is very scarce in the scientific literature [3,4]. We 

have studied general regularities of benzene conversion under 2 MPa of hydrogen pressure. 

We have found that the rate constant of benzene conversion •increases 30-70 times under 

_unsteady-state regimes of catalyst performance. It was shown the active sites of benzene 

conversion are formed from the active sites responsible for the C-S-bond hydrogenolysis 

reaction after removal from the last mentioned sites sulfur atoms as H2S. The amount of 

sulfur removed corresponds to S:Ni=0. 7 -1. 0 depending on catalyst composition. 

The mechanism of benzene hydrogenation is considered to proceed via adsorption of 

benzene molecules on Ni atoms entering into the composition of sulfide bimetallic species 

(SBMS), while hydrogen activation occurs on the terminal sulfur atoms enframed of SBMS. 

The catalytic cycle occurs in the coordination sphere of SBMS without participation of anion 

vacancies which can be formed after removal of the structure-forming sulfur atoms. The 

mechanism -proposed relates to concerted mechanisms of heterogeneous catalysis. 
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The report is oriented to a development of notions connected with 
mechanisms and kinetics of the reactions proceeding when the ammonia
containing gaseous media interact with the surface of different me~als and 
alloys. Such reactions which constitute the base of the widely used in the 
machine-building technology processes namely the low-temperature 
thermochemical processing of the metallic articles by the surface azotization 
method. In spite of the fact that this problem apparently is related to 
physical metallurgy and is not directly connected with catalysis, the authors 
were fortuned on the base of new notions about • the azotizing action 
mechanisms of the ammonia-air media on the metal surface to establish 
theoretically and to prove in actual practice the possibilities of the essential 
widening of the azotizing process applications field and the new properties 
confering to the acticles by introduction into the muffie furnace a catalytic 
element being able to regulate the transformations of the azotizing 
ammonia-air furnace atmosphere at the "in situ" regime. 

The initial principle which served as a starting point of the study was a 
concept non- traditional for the existing theory of the azotizing. The concept 
is based on an assumption, whereby the authors advocate that during the 
metal azotizing the active components of the gaseous medium are not stable, 
equilibrium products of the furnace atmosphere interaction ( in the most 
typical case these are the products of ammonia oxidation by air oxygen ) but 
intermediate, labile and chemically high-active formations ( radicals 
containing nitrogen, hydrogen or oxygen, ions and ion-radicals ). Namely 
such non-equilibrium but sufficiently long-lived " fragments" ( having the 
high activity, small size and ability to penetrate into the solid metal matrix 
and to react with it ) make a decisive contribution to the real effect of the 
surface azotizing of the metal or alloy particles. 

The natural next logic step was an idea that it is worthwhile to use 
during the process a catalytic factor subjecting of the ammonia-air medium 
transformations in the act of its interaction with the metallic surfaces ("in 
situ" regime). The catalyst use allows to control in purposeful and selective 
fashion the parallel routes of the ammonia oxidation reaction, i.e. the whole 
spectrum of the intermediate and final reaction products formed during the 
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process. 

Even the first experiments realizing practically this idea verified the 
correctness of the initial premises and the azotizing process have changed its 
character very strongly both in the regime parameters and the quality of the 
particles treated. As an example when the reactor equiped with the silica 
fiberglass woven catalyst having Pt content up to O, 1 % mass ( design and 
production JSC "Chemphyst" ) was installed on the ammonia-air mixture 
manifold the catalytic activity of the gaseous medium during the steel 
surface azotizing had the following new peculiarities: the alpha-solid 
solution range was very widened (the supersaturated alpha-solid solution 
was realized containing up to 1.4 % nitrogen content with an abnormally 
great lattice parameter); the control of the final nitrogen content in steel was 
realized in the range from 0.1 to 8.5 % which is inaccessible under the 
traditional azotizing; the corrosion resistance of structural steel was 
increased; the hardness of the treated article was increased to the depth more 
than 1 mm; the decarburizing process during the azotizing was strongly 
depressed; the azotizing process was sufficiently accelerated simultaneously 
with the multiple decrease of the ammonia consumption rate; the catalytic 
activity of the furnace atmosphere gave rise to the azotizing operations usage 
for the previously non-azotizing systems (the powder metallurgy articles, the 
high-speed steels, the cuprous and aluminium alloys ). 

The authors have performed the investigations cycle of the azotizing 
process regularities under the catalytic activation of different types of 
catalysts. The new catalytic Systems designed by the authors on the silica 
woven materials base, doped with Pt, Pd and Cr, offer the greatest promise. 
The first report of the given development was published in [I]. 

' 
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THE PHENOMENON OF LOW TEMPERATURE PERIODIC ACTIVATION OF 
CATALYST IN THE REACTIONS OF ALKYL BENZENE LIQUID PHASE 

OXIDATION 

Tavadian L.A., Tonikian A. K., Sedrakian G. S. 

Institute of Chemical Physics of Armenian Academy of Science 

375044 Yerevan, Armenia 

The phenomenon of periodic regeneration of activity and selectivity of catalyst (t 1, t2, 

t, in Fig. 1) in the reactions of alkyl benzene liquid phase oxidation has been observed during 

the periodic cooling of reaction mixture from 80-120°C to l 5-20°C at some definite time 

interval (10-20 min.). 

Speed ofreaction (1) 

Instant Selectivity (2) 

Chain Length (3) 
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Figure I. Oxidation of ethyl benzene, catalyst MCCNCC-Ni, T=90°C 

' -
--..-

' ' 

The catalysts that were synthesised on the base of metal complex compounds of 

nitrogen containing coal (MCCNCC) by the principle of chemical bionics have been used as 

the heterogenous catalysts with the chemical composition MC2s-36Hs.15N5.g. The 

electronodonor influence of the MCCNCC substrate on the active metallic complex, 
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established by method RPES, promotes the formation of surface active forms of oxygen (ion

radical of oxygen 02, hydroperoxide group 0 2H) 

The big chain length of the chain process and, correspondingly, high speed and 

selectivity of the reaction of alkyl hydroperoxide formation are conditioned by the 

transmission of the chain into the surface. The latter is implemented by means of 02H groups 

(Fig. I) 

where 

R02 + S - 02H ➔ R02H + S ... o-; 
(transmission of the chain into the surface) 

s ... o-; + RH ➔ s ... 62H + R . . 
R+02 ➔ R02, 

S - surface. 

(I) 

(2) 

(3) 

Reduction of activity and selectivity of the catalyst during the reaction is connected 

with the annihilation of surface hydroperoxide groups by means of alkyl radicals 

s ... 02H+R ➔ s ... 0-:-+ROH (4) 

( destruction surface active form ) 

S ... O+RH ➔ S .. . OH+R (5) 

During the decrease of the temperature the speed of destruction stage ( 4) decreases 

significantly At the same time, under these conditions the catalytically active surface 

hydroperoxide groups are regenerated at the presence of hydroperoxide 

S . . OH + R02H ➔ S ... 02H + ROH 

( regeneration of surface active form) 

(6) 

The work was conducted with assistance of International Fund INT AS 
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Synthesis of chiral organophosphorous ligands based on methyl 

3,4-0-isopropylidene-L-threonate 

A.G. Tolstikov, T.B.Khlebnikova, Yu.l.Amosov, 0. V. Tolstikova, I. V.Zakharova 

Federal Research Center "Boreskov Institute of Catalysis" of the Siberian Branch of 

the Russian Academy of Sciences, 

Pr.Ak. Lavrentieva, 5, Novosibirsk 630090, Russia 

The success in applying transition metal complexes as catalysts for enantioselective 

processes is to a great extent dependent on the nature of chiral ligands surrounding 

the metal center. A great number of papers were devoted to synthesis of chiral 

ligands, mainly phosphorous-containing one. The approaches based on 

carbohydrates /1/, ethers of L- and D-tartaric acids /2/, derivatives of the 

binaphthyl row /3/ are of the most practical interest. 

When furthering our own studies in the field, we synthesized optically active bis

phosphine (5) and bis-phosphinites (6, 7), which are structurally related to the 

bidentate ligand DIOP /2/. The starting chiral compound was methyl 3,4-O

isopropylidene-L-threonate (2), the product of oxidative splitting of 5 ,6-O

isopropylidene-L-ascorbic acid (1). The compound (2) was reduced by LiA1H4 to 

produce diol (3) (62%, [a]~+3.5° (c, 4.0, CHC13)) which was transformed to the 

target bis-phosphine (42%, [a:]~+20.3° (c, 0.7, CHC13)) via a corresponding 

ditosylate (4) ([a]~+ 12.1° (c, 0.8, CHC13)). 

The reaction of diol (3) with PPh2Cl and (C6F5)iPCl in the presence of pyridine 

~as used to synthesize chiral bis-phosphinites (6) (78%, [a}~+2.8° (c, 1.8, 

CHC13)) and (7) (80%, [a]~+0.43° (c, 4.0, CHC13)). 

Chiral complexes (8) to (10) were produced by chelating ligands (5) to (7) with 

[Rh(l,5-COD)Clh in the presence of NaC1O4. Their catalytic activity and 
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stereoselectivity were tentatively estimated with the reaction of hydrogenation of 

itaconic acid (11) and its ether (12) (1 atm of H2, Et3N, THF) as an example. 

HO OH 

(]) 

9Ts 
TsO § 

- V\/'o 
6-j-

(4) 

OR 
RO ~ 

·<3)- Wo 
(6,7) 6-j-

[Rh( 1,5-COD)Clh 

(2) 

PPh2 
Ph2P M 

"" = 0 6-j-
(5) 

(3) 

Rh(l,5-COD)(5)or(6)or( 7)tc104• 

(8-10) 

j 

R=H(l l); R=Me(l2) 
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THE EFFECT OF SURFACE DEFECTS ON CO ADSORPTION ON 

POLYCRYSTALLINE Ni. 
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It has recently been shown that the defects on Ni surface result in the oc

currence of weakly-bound state of CO with the desorption temperature 30 -

130 °C [l] and with the cross-section of ion-stimulated desorption a= 18-10· 19 M2 

[2]. Moreover, CO is known to adsorb at first on the defects [3]. 

In this work, the results of the temperature dependence ( 30 - 200 °C ) of 

ion-stimulated adsorption of CO on polycrystalline nickel are presented. Under 

the ion-stimulated adsorption should be understood the process of surface bom

bardment and simultaneous CO adsorption. 

The experimental instrument and methods are described elsewhere [2]. It 

should be noted that the instrument has been modified so that the sample can be 

heated up to 800 °C with accuracy of ± 3 °C. 
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The figure shows the 

temperature dependence of the 

NiCO+ and Ni+ intensity ratio, 

I=INiCo+/INi+· The ambient CO 

pressure during the experiment 

was 2-10·5 Pa and the density of 

ion beam was 0.02 A/m2. At 

first-order approximation · the 

NiCO+ and Ni+ ratio is propor

tional to the CO coverage - S(T) 

[4]. As it is seen from the figure, 

the temperature dependence of 
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CO coverage has two peculiarities: the growth of CO coverage at 30 - 60 °C and 

sharp decrease at T = 80 - 120 °C. 

The dashed curve of the figure represents the dependence of saturated CO 

coverage - 00 on temperature for CO/Ni(IOO) at the same ambient CO pressure 

but without ion bombardment (5]. It should be stressed that the calculations for 

kinetics of CO adsorption via precursor state [6) at our experimental conditions 

show that the term describing the ion-stimulated adsorption can not be respon

sible for the decrease in coverage at T = 80 - 120 °C. 

· The observed effect of coverage decrease at T = 80 - 120 °C may be ac

counted for by the fact that the weakly-bound state of CO on defected surfaces is 

an intermediate state in the process of CO adsorption at tightly-bound state. 

Indeed, the weakly-bound state at T = 130 °C is practically absent, therefore, the 

rate of CO adsorption at tightly-bound state can be expected to decrease drasti

cally. 

The coverage increase at T = 30 - 60 °C can be accounted for by the 

scheme proposed as well if the transition from weakly-bound state to tightly

bound state is activated. The latter is quite possible since the defects hinder the 

diffusion of adsorbed molecules. 
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On the Nature of Oscillations in Methane Oxidation in Combined Catalytic Bed 

Yu. P. Tulenin, M. Yu. Sinev, V. V. Savkin, V. N. Korchak 

Semenov Institute of Chemical Physics, Russian Academy of Sciences 
4 Kosygin str., Moscow 117334, Russia. 

The analysis of critical phenomena, such as hysteresis and self-oscillations, 

gives a very valuable information about the intrinsic mechanism of catalytic reactions. 

Recently we have observed the critical phenomena during methane oxidation in the 

combined catalytic bed containing oxide and metal component~ [1 ]. Whereas the 

oxide component (10% Nd/MgO) itself is very efficient as the catalyst for oxidative 

coupling of methane (OCM) to higher hydrocarbons, in the presence of inactive low

surface area metal filament (Ni-based alloy) the selectivity shift towards CO and H2 

takes place and oscillatory behavior arises. In the present work the following aspects 

of these phenomena have been analyzed: (i) the eff~ct of the state of the surface on 

the kinetic b~havior; (ii) the location of the oscillatory process . 

The metal filament placed co-axially into the reactor filled with oxide catalyst 

simultaneously played the role of thermocouple making us possible to detect 

temperature oscillations in addition to oscillations of concentrations of the 

components of reaction mixture measured by combined GC/MS analysis. 

The effect of the state of the surface on the kinetic behavior was studied using 

the feeding of the reactor with methane-oxygen mixture alternating with treatment in 

inert (He), oxidizing (02), and reducing (H2) gases. After treatment in the inert gas 

the process starts from the high activity and then proceeds in the regular oscillatory 

regime. 

The oxidative treatment leads to the disordering of oscillations. After some 

period of time the regular oscillations restore. 

If the catalyst bed was treated by hydrogen, following catalytic oxidation of 

methane proceeds in a steady-state regime. The oscillatory behavior can be restored 

only by the oxidative treatment of the catalyst(s) . 

The reaction parameters obtained in oscillatory regime. are presented in Table. 

The data in columns A and B are attributed to the low- and high-activity states of the 

same oscillations. Column C corresponds to the low-activity state of another 

oscillations observed at higher reactor temperature. Although the measured 

temperature in columns B and C is the same, the reaction parameters differ 

dramatically. 

The analysis of the heat balance in the reactor shows that the additional heat 

production which is due to the additional conversion of the reactants in the high

activity state is not enough to heat both oxide and metal components in the catalyst 

bed. The comparison of the reaction parameters obtained in oscillatory regime (see 
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Table) with the results of analysis of heat balance indicates that the oscillatory 

process is likely localized on the metal filament surface. 

Table. Reaction parameters of methane oxidation in oscillatory 
regime (total pressure 40 kPa, CH4 : 02 = 6. 7) 

A B C 

t, 0 c 630 690 690 

02 Conversion,% 32.3 44.7 64.0 

CO Selectivity, % 40.5 41.3 38.8 

CO2 Selectivity,% 54.2 52.4 41.7 

C2's Selectivity, % 5.3 6.3 19.5 

H2 Selectivity, % 49.9 44.1 41.6 

The results obtained in this study indicate that the oxide component is a 

source of the active intermediates (likely CH3 radicals). In the absence of the second 

component they further undergo the recombination in the gas phase with C2-

hydrocarbons formation. The surface of the second component (metal filament) is not 

active enough to be able to activate methane molecule. However, if the active 

intermediates formed on the oxide component reach the metal surface, they undergo 

there the further transformation into COx and H2. 

Oscillations are likely to be caused by the variations of the state of the metal 

filament surface accompanied by the changes of their properties. According to [2], 

the reaction rate oscillations may be due to the existence of different _oxygen forms. 

In the case of our experiments, the high-activity state corresponds to the filament 

surface free of weakly bound adsorbed oxygen species. One may assume that this 

state of the surface is preferable for chemisorption and/or dissociation of CH3-

radicals. 

The total disappearance of the oscillatory behavior after treatment in H2 may 

indicate that the metal component in high-activity state contains some kind of 

strongly-bound oxygen which takes part in the formation of the final products. 
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DIRECT CONVERSION OF SYNGAS TO HIGHER ALCOHOLS 
OVER Cu/Zn OXIDE PROMOTED BY ALKALI METALS. 

IN SITU X-RAY STUDY OF REDUCTION CATALYST STATE 

G.G.Volkova, L.M.Plyasova, TA.Krieger, I.Yu.Molina, T.M.Yurieva 
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The activity and selectivity of the Cu/Zn catalyst for methanol synthesis 

varies upon introduction of an alkali promoter in its composition. Along 

with methanol, higher alcohols are formed over such a catalyst. This work 

was the study of various methods for introduction of the alkali promoter 

into a Cu - Zn oxide catalyst, the optimum method was chosen to maintain a 

certain phase composition of the oxide species of the catalyst - the solid 

solution of copper ions in the zinc oxide from which the active catalyst 

species are formed under the reaction conditions. 

Catalytic properties of the alkali promoted copper - containing catalyst were 

studied at pressure of 75 atm, temperature 250-290°C and the gas mixture 

CO/H2 = 2/ 1. The formation of higher alcohols in amount of up to 30% of a 

total of all alcohols was shown to occur under these conditions. If there was no 

CO2 in the syngas, no more than 0.2% of water was found in the reaction 

products. 

In situ XRD technique was used to observe changes in the promoted catalyst 

resulted from its reduction by hydrogen at various temperatures followed by 

the treatment with ~ 0,04 vol.% 0 2 in inert gas. The reduced species of the 

promoted catalyst and unpromoted one of the same composition were 

compared. It was shown that the promoted sample is characterized with two 

reduced states of metallic Cu - one of them disappeared after exposure to 

helium with ~ 0,04 vol.% 0 2 and appeared again under repeated reduction in 

hydrogen - the so called reversible state of copper. Another state of metal 

copper is stable. At the same time only first type of Cu metal species was 

observed in the case of the unpromoted sample. Based on these results 

active sites for methanol and higher alcohols formation are proposed. 
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THE CO/H2 REACTION CATALYZED BY Cu/Co-CONTAINING 
OXIDES. IN SITU XRD AND TEM STUDIES OF THE GENESIS 

OF ACTIVE CATALYST STATE 

G.G.Volkova, T.M.Yurieva, L.M.Plyasova, TA.Krieger, V.I.Zaikovskii 

Boreskov Institute of Catalysis, ,630090, Novosibirsk, RUSSIA; 
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Synthesis of alcohols from non - petroleum feedstocks ( coal, natural gas, etc .) 

via gasification is among the processes of greatest potentialities to produce 

transportation fuels. Cu - Co - Al, Cu - Co - Zn and Cu - Co - Mg oxide 

catalysts (with no alkali promoter) were studied in CO/H2 reaction at 50 atm 

and 200 - 400°C. Preferable formation of hydrocarbons was shown to occur at 

200- 290°C; higher alcohols, along with hydrocarbons, are produced within 

the range 290 - 370°C; at above 380°C no alcohols, but only hydrocarbons are 

observed in the reaction products. 

The influence of hydrogen and syn - gas on state of model Cu - Co oxide 

were studied using in situ high temperature X - ray and ex situ transmission 

electron microscopic techniques. The study was carried out at the 

characteristic temperatures - 250, 350 and 400°C - at which essentially 

different pathways of CO/H2 reaction were observed. 

Upon activation with hydrogen at 230°C model Cu - Co oxide becomes 

completely converted to Cu - Co alloy. Interaction of CO/H2 with reduced 

sample at 250°C brings about no change in the phase composition, there is 

only the Cu - Co alloy phase. Upon an elevation of temperature up to 350°C 

the alloy is partially destroyed to produce cobalt carbide and copper metal. 

And just the heating up to 400°C results in the destruction of Co2C and Cu -

Co alloy to form isolated phases of copp~r and cobalt metals and carbon. 

Thus, it was shown that in the case of high yields of alcohols (310 - 350°C) 

the influence of the reaction medium results in formation of a cobalt carbide 

along with metal Cu and Cu - Co alloy. Decomposition of Co2C and Cu - Co 

alloy is in time with catalyst deactivation with respect to oxygenated 

compounds. Metallic states - the Cu - Co alloy or individual Co and Cu 

metal exist at the temperatures of hydrocarbons synthesis. 
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IN SEARCH OF GENERAL KINETIC LAW OF COMPLEX CHEMICAL 
REACTIONS 

Gregory S. Yablonskii 
Kiev Polytechnic Institute, Kiev, Ukraine 

The idea of the general law of chemical transformations is one of 
the primary ideas in chemistry. In 1862-67 Gul'dberg and Waage 
suggested the quilibrium formulation of the mass-action-law and later 
in 1879 proposed the dynamic formulation of this law. It is evident 
that Gul'dberg and Waage proceeded from the mechanical foundation 
of chemical laws. (According to Gul'dberg and Waage "In chemistry, 
like in mechanics the most natural method will be to determine forces 
in their equilibrium state") In 1884 Van't Hoff suggested the main 
types of normal chemical transformations. ("Etudes de Dynamique 
Chimique") He put forward the principle "The process of chemical 
transformation is characterized solely by the number of molecules 
whose interaction provides this transformation". The well known Van't 
Hoffs rate equations are in agreement with this principle (first-, 
second- and third-order rate equations). 

Van't Hoff thought he found the general law of chemical kinetics. 
Also it should be mentioned that Van't Hoff was very sceptical about 
the mass-action-law concept ("As a theoretical foundation I have 
accepted not ,the. concept of mass-action-law. I had to leave this 
concept in the course of my experiments") . 

But the real kinetic data do not obey Van't Hoffs "normal 
classification". The history of chemical kinetics in the XX century was 
the set of attempts to save and improve Van't Hoffs paradigm. 

Now it is time to make the declaration that in chemical kinetics 
there was no general law of complex chemical reactions. A complex 
mechanism is represented by a sum of elementary (simple) steps. Each 
step consists of two elementary reactions. Kinetic model which is 
correspondent to this complex mechanism is not law but rather 
traditional construction [ 1] . Also it seems that the various attempts to 
generate general kinetic rate expressions on 'the basis of s·ome variational 
principles were as a rule unsuccessful (Bachareva, Gyarmati, Heymann 
and Yablonskii). 

New approachs for the solution of this difficult problem are based 
on a combination of classical pseudo-steady-state hypothesis with 
modem algebraic theory. The application of the theory of resultants and 
the theory of logarithmic residue has proven that system of steady-state 
( or pseudo-steady-state) equations can be transformed to the so called 
kinetic\ polynomial related to the variable R, the steady-state ( or 
pseudo-state) reaction rate. The free term of this kinetic polynomial 
corresponds to the -overall reaction, and its coefficients have the well
known Langmuir form of concentration polynomials. 
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The foundations of kinetic polynomial theory were developed by 
Yablonskii and Lazman in 1980-1990s. [2-4]. The most important 
properties of the kinetic polynomial (K.P.) are the following: 
A) K.P. can be defined as an equation of the state of an open chemical 

system relating the reaction rate to parameter of the process: 
temperature and composition of the reaction mixture. 
B) K.P. is not an empirical regression . It is obtained from the system 

of equations corresponding to the reaction mechanism. 
C) K.P. is thermodynamically correct. The condition of 

thermodynamic equilibrium is equivalent to zeroth value of free term 
which is correspondent to the overall reaction equilibrium. 

D) In the general case, K.P. is a non-linear equation. ts physically 
meaningful solutions are correspondent to the different stable and 
unstable regimes. The K.P. technique can be applied to specify regions 
of parameters with special kinetic behavior, in particular the regions of 
multiplicity of steady-state, kinetic self-oscillations, and so on. 

E) At significant high values of parameters of some non-linear steps 
K.P. can be represented as a product of some polynomials of the same 
type but low dimension. The results of this simplifications are 
interesting: 
1) the reation rate at some bifurcation points can be determined just by 
one reaction parameter (adsorption, desorption parameter), 
2) there are simple algebraic correlations between reaction rates at 
critical points, 
3), Sometimes these correlations are equivalent to thermodynamic ( or 
pseudo-thermodynamic) correlations. 

F) The particular cases of K.P. are Langmuir-type and Hougen
Watson-type kinetic equations and kinetic equations which are obtained 
for inear mechanisms of heterogeneous catalytic (Yablonskii, Bykov, 
Yevstigneev) and enzyme (Vol'kenstein, Gol'dstein) reactions. 
G) By the help of the K.P. technique it is possible to solve the classical 

Boreskov-Horiuti problem regarding the correlations between foiward 
and backward rate expressions. 
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Kinetics of reaction of isotope exchange in molecular hydrogen has been studied on 
films of all lanthanoides, REM-Cu alloys and also on Sc, Y, La, Hf, Zr, Ru, Mo, Ni, Rh, 
Pd and Pt under the same conditions by static method at 66.6 Pa pressure of gas mixture 
in the temperature range 77-273 K. An abrupt break on Arrhenius plots was found fo r 
exchange on most metals and alloys [I] . Results discussed here were found in a tnore 
narrow interval: from 77 K till T of the break. On the base of experimental data of Ks 
(molec/cm2 s), activation energy E and pre-exponential factor B were calculated in this 
temperature interval. Compensation effect (CE) was found for exchange on REM and 
separately on transition d-metals (fig. I, lines I and 2). Occurrence of CE can be explained 
by the hypothesis that both E and B depend on one common parameter - the heat of 
chemisorption of atomic H bonded weakly but irreversibly, which takes part in exchange 
by Eley mechanism. Existence of CE makes not effective comparison of Ks at 77 K in the 
series of REM [I] because the point of crossing of Arrhenius lines occurs at 8 5 K. That's 
why the comparison will be made for E and lgB. A straight line dependence was found for 
lgB and AHs - heat of sublimation of all metals studied (fig. 2a) . Comparison of E and 
AHs shows a more complicated situation (fig.2b) : 

9 REM form straight line I 
Pd, Gd, Y, Pt, Mo form straight line 2 
Ce, Ni, Rh, Zr, Hf, Ru form straight line 

E = 0.01 AHs - 0.4 (kJ/mol) 
E = 0.01 AHs - 2.1 (kJ/mol) 
E = 0.01 AHs - 3.4 (kJ/mol) 

So, values E contain 2 terms, the first for all metals being 0.01 AHs, but the second 
is characteristic for each group of metals and means the energy compensating the first 
term (Ee) . This phenomenon may be explained ifwe consider mechanism of Eley: 

D _____ D H----.D 

M-H+D 2-··.I;i-""- ··p·- MD+HD 

~ M 
We suppose that exchange proceeds due to "turning" of active complex. the energy 

required to break the bond M-H being compensated partly by creation of new bond M-H. 
This is just explanation of the fact that E contains 2 terms and that E has so low values at 
low temperatures. The ratio of the second term (Ee) to the first one is the "degree of 
compensation" re in accordance with how G.K. Boreskov has formulated this conception 
[2]. 

Alloying of REM with Cu leads to the extreme increasing of Ks [ 1) which 
approaches to that of Hf at 77 K. This proceeds due to decreasing of E, as well as due to 
increasing of B. In fig. I it is seen that points for alloys are moved to line 2 . These points 
are indicated by marks of REM, but really they mean intermetallic compound (IMC) 
LnCu2. Fig. 2a and 2b can be used for explanation of results found on allows. So, if we 
know experimental value of B, we can find the energy of bonding AHs in IMS formed on 
the surface of the film. Then transferring this value to fig. 2b and having the experimental 
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value of E, we find the place for point of LaCun on this fig. 2b. Here we demonstrate only 
some examples: points for GdCun, Ycun, HfCun are placed at the beginning of line 3, 
points for SmCun, TbCun, TmCun are on the line 2, points for PrCun, DyCun, ScCun, 
YbCun are placed between lines 2 and 3. So a conclusion can be made that in these cases 
alloying leads to the strengthening of metal bonds due to formation of IMS (and probably 
strengthening of the bonds M-H), and increasing of degree of energy compensation for t he 
reaction of isotope exchange. The nature of the latter have to be explained from the 
position of the electron interaction. 

J E 
I/.____ 

KJ/mof 

Fig. I Correlation between 
E and lgB for isotope exchange in 
molecular hydrogen at low 
temperatures on films of REM 
(1), transition cl-metals (2) and 
also on LnCun ( ). 

Fig.2 a) Correlation 
between lgB and Af1s of metals. 
b) Correlation between E and 
Af1s of metals and alloys. 
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Isotopic Kinetics of Dihydrogen Exchange: the Application to Study the 

Mechanism of Catalytic Activation of Dihydrogen by Palladium Phosphine 

Complexes in Acid Solutions 

V.N.Zudin, V.S.Muzykantov, V.A.Rogov, A.A.Shestov, AV.Golovin, V.A.Likholobov 

Boreskov Institute of Catalysis, Siberian Branch of RAS, Novosibirsk 630090, Russia 

A rigorous kinetic theory of isotopic exchange of two-atom molecules, developed 

earlier by Muzykantov, Popovskii and Boreskov [I] and widely used in the 

investigations of heterogeneous catalytic activation of 0 2 [2], has been for the first time 

applied to study the mechanism of homogeneous catalytic activation of H2 by metal 

complexes in solutions. The classification of types of dihydrogen exchange according to 

a character of atom rearrangements is given: I) ZH + ZH, II) ZH + (H) and 

III) (H) + (H). It is based on that after fragmentation of H2 molecule by activation the 

hydrogen atoms (ions) formed can incorporate into another component (H) and/or 

into intermediates ZH (proportion of the latter being low). The formal tools of isotopic 

kinetics for the case of simultaneous realization of all three types of the exchange by 

multistage mechamsms and the absence of kinetic isotope effects are outlined. The 

procedure of assessment of kinetic parameters of the *Hi/1-t -exchange (general rate p 

and contributions of the exchange types K;, i = I, 2, 3) using the experimental data on 

redistribution of isotopic dihydrogen molecules is described in details for different 

isotopic variants of the initial dihydrogen *H2 : A) D2, B) H2 + D2 and C) HD 

(D - deuterium). The mode of interpretation of the computer-calculated values of 

kinetic parameters of the exchange is discussed in terms of a nature of intermediates, 

the character and rates of possible stages of the complex mechanism. 

It was found for the investigated systems "Pd(OAc)2 - phosphine ligand - CF3COOH/ 

H20 - H2" that dihydrogen homoexchange (type I) did not occur (i.e. Kt = 0), while 

dihydrogen heteroexchange (types II and Ill) was realized with contributions Kl and 

KJ widely varied (essentially from O to I) depending on the system composition [3]. 

Taking into account 8:. spectroscopic (NMR 1H and 31 P ) information on the equilibrium 

composition of palladium complexes in the systems [3, 4], the observed regularities of 

the exchange were interpreted in terms of the mechanism involving the consecutive 
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equilibrium stages of heterolysis of H2 and rearrangements of palladium hydride 

complexes (P = phosphine ligand, x-= CF3COO-): 

[P2PdXt + H2 --

P2Pd(H)X + P --

(P3PdHt --

P2Pd(H)X + H+ 

(P3PdHt + x
P3Pd0 + H+ 

(1) 

(2) 

(3) 

The rates of these stages were shown to be unequivocally connected with kinetic 

parameters of the exchange by the following relations: W1 = p , W23 = pKz/KJ, 

where W23 = W2WJ/(W2 + W3). 

The kinetic theory of dihydrogen isotopic heteroexchange for the case of 

occurence of kinetic isotope effects (KIE) was advanced and the procedure of a 

computation of the KIE values from experimental data was developed. The application 

of this procedure to data treatment made it possible to infer the absence of KIE in the course 

of dihydrogen heteroexchange in the investigated systems over a wide range of the reaction 

conditions. Furthermore, direct experimental measurements of the rates of *H2/H+ -

exchange in the "Pd(OAch - PPh3 - CF3COOH/H2O - *Hi" system in the experiments 

with one (*H2 = D2 vs HD) .and two (*H2 = D2 vs HT; T - tritium) isotopic labels 

also allowed a definite conclusion on the absence of KIE (with an accuracy of 20 ..;- 30 %). 

Nevertheless, previousiy LSJ in the course of HT/*W -exchange (*H+ = CF3COOH/H2O vs 

CF3COOD/D2O) appreciable isotope effects were discovered, the values of which (kH+lkD+) 

being widely varied depending on the acid concentration: 1 for 100% CF3COO*H and 5 for 

80% CF3COO*H/*H2O. A special NMR 31P spectroscopic investigation showed that the 

observed solvent isotope effect was of thermodynamic nature and was due to different 

equilibrium composition of palladium phosphine complexes in the CF3COOH/H2O and 

CF3COOD/D2O solutions of the same concentration. 

References 

l. V.S.Muzykantov, V.V.Popovskii, G.K.Boreskov, Kinetika i kataliz, 5 (1964) 624. 

2. G.K.Boreskov, in: "Catalysis: Science and Technology", 3 (1982) 40. 

3. V.S.Muzykantov, V.N.Zudin, V.A.Rogov et al., Kinetika i kataliz, 38 (1997) in press. 

4. V.N.Zudin, V.D.Chinakov, V.M.Nekipelov et al., J. Molec. Catal., 52 (1989) 27. 

5. V.N.Zudin, V.A.Rogov, V.A.Likholobov et al. , Izv. AN SSSR. Ser.Khim. , (1985) 1726. 
156 



POSTER SESSION I 

Section 3 

Mechanisms of Selective Oxidation in Heterogeneous and 

Homogeneous Systems 





PPl-78 
ACTIVITY OF SUPPORTED LIQUID-PHASE CATALYSTS IN THE 

FRAMEWORK OF LATTICE MONTE-CARLO APPROACH 

L.A. Abramova*, S. P. Baranov** and A. A. Dulov* 
*N. D. Zelinskii Institute of Organic Chemistry, 117913 Moscow, Russia 

**P. N. Lebedev Physical Institute, 117924 Moscow, Russia 

Supported liquid-phase catalysts (SLPC) are catalysts whose active 
components are dispersed on a porous support and are either totally or at least 
partially liquid under reaction conditions. They provide promising possibilities for 
heterogenization of homogeneous catalysis. 

The reaction behaviour of SLPC is affected by a number of factors including 
the structure of solid phase support, the character of liquid distribution, the physical 
and chemical properties of the components, and so on. The problem of special 
importance is to find an optimal liquid loading, so that to achieve the greatest 
possible activity of the catalyst. The complexity of such systems makes the adequate 
theoretical analysis rather difficult. In the years, a considerable progress is made in 
understanding the mechanism, which determine the behaviour of SLPC [1-3]. 
However the general solution of the problem is yet unknown, and so the 
development of new approach and models is welcome. 

In the present report we introduce a new model aimed at the analysis of the 
activity of SLP catalysts. The model is based on Monte-Carlo simulation in the 
framework of lattice "bond problem". The bonds of three-dimensional dense-packing 
lattice refer to (microscopic) volumes of the physical space, which may be occupied 
by the solid or liquid state phases or by air. All the phases are treated on an equal 
footing, so that the proportion between their volume fractions is realized as the 
proportion between the corresponding numbers of bonds. 

The efficiency of a model catalyst is estimated from the total rate of a catalytic 
reaction. The reagent may reach the catalytic centers either by a direct diffusion in 
liquid or by a diffusion in gas and a subsequent diffusion through the -gas-liquid 
interface. To describe each of these processes we have to solve the relevant 
diffusion equations in the lattice representation: 

I: Di/C?- ct)+ di(C?- c/) = 0 
jGas 

I: Du(CiL - C/) + di(CiL_ ct) = - riciL 
]Liq 
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Here Di.i are the effective diffusivities, d; are the effective diffusivities through 
the gas-liquid interface, c? and Ci1 stand for the concentrations of the reactant in the 
gas and in the liquid, respectively. ri characterize the reaction activity. The numerical 
solution of the above equations is found by the means of standard relaxation 
technique. 

The model can be easily generalized for the case of several reacting 
components. Also, the reaction must not be necessarily of the first order. The 
effective diffusivities may depend on the concentrations of the reactants and the 
products. If desired, one can introduce variations in the pore sizes thus treating the 
effective diffusivities in the pores Dij as random numbers distributed according to a 
definite law. 

· Our models differ from the analytical approach [2] in several points, apart 
from the technical method of calculations. We do not make any assumptions on the 
behaviour of the tortuosity factor. Instead, it may be well predicted within the same 
model.. We do not assume that the concentrations of the reactant in the gaseous and 
liquid phases are always in equilibrium. The degree of equilibrium depends rather on 
the effective interface diffusivity. Neither we assume the additivity principle for the 
fluxes through the gas and the liquid subsystems. The presence of the gas-liquid 
interface is the peculiar property of our model. Such details as the randomly varying 
pore sizes or the inhomogeneities of liquid loading are not necessary but may be also 
taken into account. 

To test our model we have considered many examples of the dependence of 
the activity on the liquid loading. The method shows enough flexibility to be 
adjusted to very different situations, and so experimental dependencies of various 
kinds may be successfully described within the same model. This approach allows a 
clear comparison between different SLP systems. It may serve as suitable ground for 
understanding their properties. 

The work is supported by the Russian Foundation for Basic Research (grant 
no. 95-03-08606). 
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Formation mechanism of Pd(Acac)zPPh3 + NaH2P02 catalytic 

system and features of hydrogenation in its presence 

L.B. Belykh, S.V. Zinchenko, T. Mahmud, F.K. Shmidt 

Institute of Coal- and Petrochemical Synthesis at Irkutsk State University, 
126 Lermontov Str., Irkutsk 664033, RUSSIA 

Formation mechanism and catalytic properties of metal complex 
hydrogenation catalyst based on bis
acetylacetonato(triphenylphos~hine;palladium and sodium hypophosphite 
have been studied. By use of H, 3 P NMR spectroscopy and GLC it has 
been shown that the interaction process between the initial components of 
the catalytic system occurs through a series of steps including the 
substitution of carbon - bonded acetylacetonato ligand for hypophosphite 
anion, further hydrolysis of formed mixed - ligand Pd(Acac)P(O)OH2 PPh3 

composition complex and the reductive elimination according to following 
scheme: 

H ~ H I O"-.. I +H O 
NaO-P=O- ( Pd-0-P=O ---2.._ 

I -Na(Acac) o/ ♦ I -HAcac 
H I H 

PPh3 

Reduction of initial complex is followed by side - process of catalytic 
oxidation of sodium hypophosphite leading to formation of sodium 
phosphite and molecular hydrogen: 

Pd 
NaH2P02 + H20 - NaH2P03 + H2 

Appearance of hydrogen in reaction system in turn causes the 
dephenylation of triphenylphosphine ligand and formation of polynuclear 
palladium complexes with various compositions and structures, in 

particular, of trinuclear and 

161 · 



PPl-79 

[PdJ(PPh2)z(Acac) (PPh3ht Acac- type palladium complexes. The content 
of trinuclear clusters in reaction system does not exceed 3-5%. Phosphide 
and phosphine ligand polynuclear palladium complexes with brutto 
formula [Pd(PPh2) Pd(PPh3)Jn according to elemental analysis data have 
been suggested as main products of the reduction of initial palladium 
complex. 

A high activity (150 - 180 mol Sb per mo! Pd for min) of considering 
system in the hydrogenation of hydrocarbons with terminal double and 
internal triple bonds has been established. A high stereoselectivity of 
palladium complex catalyst is observed. An activation effect of catalyst in 
the hydrogenation of a-acetylene derivatives has been observed. This effect 
is connected with an abrupt rise of activity and selectivity of the catalytic 
system under addition of a new portion of substrate. 

Various factors influencing on the formation of catalytically active 
species have been considered. More deep dephenylation of 
organophbsphorus ligands of palladium complex catalyst during the 
hydrogenation of unsaturated hydrocarbons has been shown to be the main 
reason for the activation of the system based on Pd(Acac)i"PPh3 and 
sodium hypophosphite. It has been shown that in the case of a-acetylene 
derivatives dephenylation occurs only after complete hydrogenation of the 
substrate to alkene whereas under the hydrogenation of a-olefins and 
disubstituted acetylene derivatives dephenylation is observed at initial 
moment of time. Obtained differences are produced by a different 
thermodynamic stability of palladium a-olefin, disubstituted and a
acetylene derivative 1t-complexes. The microheterogeneouns character of 
the catalyst has been established. It has been shown that the role of 
unsaturated hydrocarbons in the activation of palladium complex catalyst 
is in the stabilization of catalytically · · active palladium complexes 
formed as a result of dephenylation. It has been also shown that the 
fraction of catalytically active species does not exceed 15% even in the case 
of the most active system. The general action scheme of catalyst in the 
hydrogenation of a-acetylene derivatives has been suggested. 

This work is supported by Russian Foundation for Basic Researches ( grant N!! 
96-03-33667a) . 
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ENANTIOSELECTIVE OXIDATIONS CATALYZED BY Ti(IV) AND Zr(IV) 

PEROXOCOMPLEXES 

Marcella Bonchio, Fulvio Di Furia, Giulia Licini , Giorgio Modena 

Universita degli Studi di Padova, Dipartimento di Chimica Organica , Centro Meccanismi Reazioni Organiche 

del CNR,via Manolo 1, 1-35131 Padova, Italy; 

Enantioselective oxidations catalyzed by chiral transition metal compl~xes are among the most 
appealing lransformalions in as;ymmetric synthesis. l We recently reported a new clas;s of 
titanium(IV) pcroxocomplcxes 3 bearing enantiopurc, hom<1R;hiral C3 symmetric 
trialkanolamines 1 as chiral ligands,2 which oxidize alkylarylsu:Jfides to the corresponding 
sulfoxides.3 In these processes a significant overoxidation to sulfones (20-70%) has been 
observed, proceeding with cooperative cnantioselectivity with respect to the sulfoxidation 
reaction. Sulfoxides with e.e. up to 84% have been obtained. Differently from the previously 
reported enantioselective titanium-bas;ed oxidation systems, the tetracoordinate nature of 1 
allows the use of as little as 2% of catalyst 2 to form the highly robust, monomeric 
peroxocomplex 3. 

R =Me, 
Ph 
t-Bu 

OH 

A~ 
HO.-l_N.., 

R..J.-OH 

1 

Ti(O-i-Pr)4 
---► 

DCE 

0-i-Pr 

T• . .,o,R 
o- i:..d' 

R-"\.._k;t·'R 

2 

The extension of the protocol to 7jrconium (IV) has given also interesting results. As compared 
to the titanium derivatives, the zirconium species show a greater tendency to give aggregates in 
the presence of small amounts of water. A dimeric catalyst, 4, whose structure has been 
deduced on the basis of elemental analysis, molecular weight determinations and NMR 
experiments, has been obtained and its oxidative ability· is under study. With respect to the 
titanium-based system, catalyst 4 oxidize alkylarylsulfides with a higher enantioselectivity (e.e. 
up to 91%), affording sulfoxides with opposite absolute configuration, thus providing a 
remarkably efficient and complementary oxidation protocol. 

0 CH3 

rc;$.0 _H f .0~2 ~ 

o&lfti6 
4 

It is worth of comment that, in the zirconium mediated reactions, the oxidation of sulfoxides to 
sulfones is f astcr than the oxidation of sulfides. In particular the selectivity ratio for the 
oxidation of p-tolylmethyl sulfide, catalyzed by 4, has been determined to be ks/kso=0.32. 
Such an aspect is unprecedented for formally electrophilic oxidants like do transition metal 
peroxides. The same mechanistic feature, even if to a lower extent, is also found in the titanium 
catalyst rectivity behavior. 

I. Ojima, I. "Catalytic Asymmetric Synthesis" VCH Publishers, Inc., New York, USA, 1993; Noyori, R. 
"Asymmetric Catalysis in Organic Synthesis" John Wiley & Sons, Inc. New York, USA, 1994. 

2. Nugent, W.A.; Harlow R.L. J. Am. Chem. Soc., 1994, 116, 6142. 
3. Di Furia, F.; Licini, G.; Modena, G.; Motterle, R.;Nugent, W.A. J. Org. Chem. 1996, 61, 5175. 
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INFLUENCE OF CHEMICAL NATURE OF DOPANTS ON THE 

CATALYTIC PROPERTIES OF V-Ti-O CATALYSTS IN METHYLPYRAZINE 

AMMOXIDATION 

Valentiua M. Bondareva, Tamara V. Andrushkevich, Galina A Zenkovets 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 
• E-mail: root@catalysis.nsk.su 

V-Ti-O catalysts are highly active and selective in oxidation and ammoxidation 

of different organic compounds. Activity of these catalysts have been associated 

with the presence of various surface vanadium species. 

In the present study we report the effect of chemical nature, in particular acid

base characteristics, of additives on the catalytic properties of V-Ti-O catalysts in 

methylpyrazine (MP) ammoxidation. 

We have studied samples of the composition 20 V2O5 - (80-n) TiO2 - n AxOy, 

where n=l, 3, 5, 10, 15 % mas. Additives of acidic (Mo, W, Sb, P) and basic 

(Na, K) nature were used. 

The samples were prepared by mixing aqueous solutions of vanadium and 

promoters salts with titanium dioxide followed by drying at 100°C and calcination 

at 500°C. 

Catalytic activity was determined in a flow setup with a chromatographic 

analysis of the reagents. Experiments were carried out in wide temperature interval 

(220-400°C) in the reaction mixture of the composition (% vol.): 1-1.5 MP - 7-8 

02 - 15-17 NH3 - 15-17 H2O, the rest being N2. 

Selective products obtained were amidopyrazine (AP) - the main one, and 

cyanopyrazine (CP) to a small extent. Pyrazine (P) and carbon oxides were by

products. 

Rather weak organic base - methylpyrazine converts also to weak bases - AP 

and CP during ammoxidation reaction. The change of the surface acid-base 

properties modifying catalysts by various dopants of different electronegativity 

enables one to vary the composition and stability of intermediates and therefore to 

affect the catalytic activity and selectivity. 

Actually, the introduction of alkaline dopants (Na, K) is accompanied by a 

decrease of activity, which is the greater, the higher the additive content. 

Selectivity to AP changes in a similar manner. It is believed that incorporation of 

such dopants results in poisoning of acidic centres and decreasing of the amount 

of active centres. 
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Modification of V-Ti-O catalyst by acidic dopants (Mo, W, Sb, P) leads to 

increase both of activity and of selectivty to AP and CP and hence to its yield 

grows. Notice that the dependence of the catalytic properties (the 1st order 

constant of the total MP conversion and yield to AP+CP) has extremum when W 

and Sb are introduced. The optimum contents of these dopants are 3% for Sb2O5 

and 5% for WO3. The constants and yields for V-Ti-P and V-Ti-Mo catalysts 

gradually rise when content of the dopants is increased. In this case positive effect 

of acidic promotors on the activity and yield to AP+CP increases in a following 

rows W < P < Sb < Mo and Sb - P < W < Mo~ respectivly. 

Table presents the data for the samples with optimum (acidic dopants) or 

minimum (alkaline ones) content of the promoters. We use Yrn+ = In/ rri+ [ l), 

where I11 - ionization potential, rn+ - orbital radius of the corresponding cation, as 

energy characteristic of acid-base properties. 

AxOy A/V, Kl 106 Yield, % Yrn+ 

content, atomic moljm2 s AP AP+CP 

% mas. ratio (T = 300°C) 

0 1.7 47.8 59.4' y5+ - 153.8 

y4+ - 112.0 

I K2O 0.09 1.3 34.7 56.7 K+ 7.3 

1 Na2O 0.14 1.6 33.9 54.5 Na+ - 18.5 

5 WO3 0.10 1.8 52.2 67.4 w6+ - 107.0 

5 MoO3 0. 16 2.6 53.1 71.9 Mo6+ - 123.6 

3 Sb2O5 0.14 2.4 49.4 64.5 Sb5+ - 145.7 

5 P2O5 0.19 2.2 50.8 64.0 p5+ - 361.2 

It seems likely that unmonotonic character of the dependences of the catalytic 

properties on acid-base ones (see Yrn+ in table) and on dopants content is due to 

the requirement of the optimum acidic strength of the active centres. 

TI1us, data obtained reflect the influence of acid-base properties on the 

behaviour of V-Ti catalysts in MP ammoxidation. 
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CATALYTIC OXIDATION OF METHANOL FOR FORMALDEHYDE 

A.N. Butenko, A.L. Rusinov, A.S. Savenkov, E.S. Lisagor 

Kharkov State Polytechnical University, Kharkov 310002, Ukraine 

Partial pressure of methanol is the main commercial way of formaldegyde production. The 

method is accomplished on silver catalysts. We carried out various investigations directed to the 

elaboration of catalysts with low silver content. The difficulty of solving the problem consisted in 

stabilization of the initial structure with a fine dispersion of silver on support surface during a long catalyst 

on-stream time. Small silver crystals form big agglomerates at temperatures 873-973 K and bare the 

surface. 

To prevent the agglomeration we carried on the catalyst modification with system of oxides of Ill 

and IV groups p-elements. Catalysts were prepared by means of the soak of catalyst grains with the 

mixture of chemical compounds. This mixture is able to form the particles of metal silver and the particles 

of thermal resistance oxides. Thermal resistant oxides play a role of mechanical barriers, which prevent 

silver"slipping down" and improve silver catalytic properties because of the effect of strong metal-oxide 

interaction. Silver quantity in the catalyst was 10-15%. 

Kinetic investigations on silver catalysts in a wide range of technological parameters were 

fulfilled. Some of the obtained results are shown in the table. 

Temperature 0 2 conversion CH3OH selectivity CH2O yield composition of exit gases 

in the catalyst efficiency conversion as for 

layer, K efficiency CH2O 

H2 CO2 02 co 
753 91,5 62,4 91,2 56,9 16,7 3,8 2,1 0 

773 92,2 65,0 91,9 59,7 17,2 3,6 1,8 0 

803 92,4 67,6 92,2 62,3 17,4 3,5 1,6 0 

833 93,3 69,5 92,5 64,3 17,7 3,4 1,4 0,1 

863 93,4 71,4 92,7 66,2 17,8 3,3 1,3 0,2 

The analysis of the data obtained showed high activity and selectivity of the designed catalyst. 

As for the process mechanism, the investigations showed that formaldehyde formation proceeds 

in two directions: oxidation and dehydrogenation of methanol. Formaldehyde portion, which is formed by 

dehydrogenation reaction, is nearly 70%. This allows t~ increase the mole ration of oxygen to methanol 

without increasing the process temperature because the reaction of dehydrogenation is endothermal and 
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doesn't require the heat expenditures. The processes of heat an.ct mass transfer are the limiting stages of 

the reaction. External diffusion brake action improves the process selectivity as for fonnaldehyde. 

However, if the exchange coefficients between gas flow components and catalyst surface are 

insignificant, the following phenomena happen: the accumulation of fonnaldehyde on the surface through 

slow rate of its desorption: the interaction with adsorbed oxygen resulting in fonnation of carbon dioxide 

or its decomposition down to carbon monoxide. 

The following basis of stichiometrical routes was chosen for the process description. 

CH3OH + 0,502 Kl CH2O + H2O 

CH3OH !Sl CH2O + H2 

H2 +0,502 IQ H2O 

CH2~ CO+ H2 

CH2O +02 ~ CO2 + H2O 

The kinetic model obtained has the following view: 

w CHIJH = -K1C~tpHC02 -K2CCHpH (1) 

WcHp = K1c~i{)HC02 +K2CCH{)H -K4CCHP -KsCCH-p (2) 

The solution of afore-cited system of equations allowed to find the rate constants K1-Ks according 

with the above mentioned routes; to detennine the process rates; to calculate the conditions of 

commercial trials. 

The designed catalyst underwent industrial trials during one year and indicated high activity, 

selectivity and thennal stability. One of the main advantages of the designed catalyst consists in increase 

in the productivity by 5-10% due to higher dehydrogenative ability as compared with the productivity of 

the catalysts already in use in the chemical industry. 
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THE MECHANISM OF LOW TEMPERATURE CO OXIDATION ON Pt(JOO) 
SURFACE. 

E. Fadeev', V. Gorodetskii. M. Smimov 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russian Federation 

1 Novosib;rsk State University, Novosibirsk 630090. Russian Federation 

In his work dedicated to the chain catalysis theory prof. G.K.Boreskov has repeatedly 

considered the possibility of accumulation of the reaction free energy on exited intermediate 

species or local sites on the catalyst surface. It was concluded that these phenomena can be 

observed only for highly exothermal reactions as side-effects, not being a basic mechanism of 

catalysis by solids[!] . Nevertheless, such a phenomenon has been found for CO oxidation on 

platinum. The oxygen adsorption on Pt is known to proceed through the sequence of different 

adsorbed states: 0 2 ➔ o; ➔ o;-➔ o- ➔ 0 2
-. It has appeared that molSt:ular oxygen 

dissociation on a platinum surface results in formation of exited "hot"oxygen adatoms, highly 

active in oxidation of adsorbed CO molecules [2]. 

The object of the present work is to study the reactivity of "hot" oxygen adatoms in low 

temperature CO oxidation on Pt(I00) surface by methods of high resolution electron energy 

loss spectroscopy (HREELS) and thermal desorption spectroscopy (IDS). 

According to HREELS data, at 90K 0 2 adsorption on reconstructed Pt( I 00)-hex surface 

results in formation of molecular peroxide o;~ state with bond axis parallel to the surface and 

characterized by v(OO) band at 900cm·1, Fig. la. Molecular oxygen is stable below 120K and 

is entirely desorbed at 140K The molecular CO adsorption on Pt(IO0)-hex occurs in an on-top 

state and is characterized by v(Pt-CO) bands at 450 cM· 1 and v(CO) at 2120 cM·', Fig. la. CO 

is known to coordinate via carbon atom with its axis parallel to the surface normal. Opposite 

to Pt(I00)-hex, the heating of the molecular oxygen layer on Pt(I00)-Ixl surface from 90K up 

to 200K is accompanied by dissociation of o;:i, state with formation of oxygen adatoms o.d,, 

characterized by v(Pt-O) band at 500 cm· 1
• According to TDS data, simultaneously with 

dissocation a partial 02 desorption occurs at I 60 K 

We have found that interaction of atomic oxygen layer Oad, with COads on the Pt( l 00)

l x 1 surface is accompanied by formation of two high-temperature CO2 peaks: at 280K and at 

360K The interaction of CO,d, with molecular peroxide O~.>d, state on the Pt(I00)-lxl as well 
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as the Pt( 100)-hex surfaces additionally produces low temperature CO2 desorption peaks at 

140K and 190K, Fig.1 b. The low-temperature ( <200 K) CO2 evolution is suggested to follow 

the reaction between COads molecule and "hot" oxygen adatom generated during o;;d, 
dissociation. 

Different properties of Pt(100)-hex and lxl surfaces in 02 molecules dissociation 

accompanied by the "hot" 0 adatoms generation may lead to a new understanding of 

mechanism of self- consistent oscillations in CO+ 02 reaction on this surface. 
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Fig. 1 Low temperature CO and 02 adsorption (a) and reactive CO2 desorption in the course of CO.d, + 0 2aru 

reaction (b) on a Pt (100) -hex surface. 
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The Effect of Reaction Medium on the Catalysts 

of the Ethylene Oxidative Chlorination 

Mark R. Flid, Inna I. Kurlyandskaya, Igor G. Solomonik 

and Marina V.Babotina 

Scientific Research Institute SYNTEZ, Moscow, 109432 Russia 

It was found that, when the catalyst support chemically interacts with the 
salt system, the formation of copper chloride catalysts of the ethylene 
oxidative chlorination during the catalyst preparation defines the chemical 
composition, the aggregation state of salt phases, and the distribution of the 
salt component on the surface. 

The formation of the catalytic system is completed under conditions of the 
real process, while one of the critical factors is the composition of the reaction 
medium. 

These facts forced us to study the changes of the catalytic systems of 
oxidative chlorination in the reaction medium and basic technological 
parameters of the process under conditions of small and great values of 
HC1/C2H4 ratio. 

The samples of catalysts Catl, Catll, and CatIII were similar in their 
texture, fractional composition and copper content, but differed in the phase 
composition of the catalyst support (Supl is y-AhO3 and 8-AhO3 , Supll is 
mostly 0-A'2O3, SupIII is mostly y-AhO3). These catalysts were studied by the 
adsorption methods, differential thermal analysis and X-ray phase analysis at 
the initial state and after the action of the reaction medium. The study of 
technological parameters was performed on a laboratory-scale fluidized bed 
reactor. The catalyst activity and selectivity were measured. 

Initial catalysts were different in the composition of salt phases and their 
distribution. The Cati sample included several copper-containing phases 
CuCb, copper aluminates, CuO. The major portion of the salt component was 
copper hydroxychlorides Cu2(OH)3Cl and Cu3,0-3,2Cl4(OHho-2,2 ·2H2O, which 
were excessive in the sense of interaction with the surface of phases. Copper 
chloride CuC}z is considered as impurity against the background of these 
hydroxychlorides. 

In the Catll sample, the salt component is highly dispersed. The 
distribution of copper-containing phases, which was characterized by the 
distribution of surface areas according to the heats of HCl adsorption, is 
distinctive in the considerable portion of the surface on which copper (in the 
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aluminate form) is incorporated in the lattice of the catalyst support. The 
portion of the surface that is free from salt phases therewith noticeably 
increases. A portion of the salt component exists as irregular several-layer 
weakly-crystallized phases joined with the surface. 

The CatIII sample does not contain the CuO phase . Besides the 
hydroxychloride Cu2(0H)3Cl, the following phases are formed: 
Cu(OH,Cl)2 ·2H20 and AlCh 4Al(OH)3 -4H20 and Al11(0H)3uC1 (the products 
of the support chlorination, aluminum hydroxychlorides, the formation of 
which agre~,.,s well with the noticeable amorphic nature of SupIII). 

'.;~ ( 

The difference in the catalyst structures defines the difference in their 
behavior in the ethylene oxychlorination reaction. When the process is 
conducted so as the HCI/C2H2 ratio is high (ethylene is in 2-3% excess), the 
conversion of reagents over CatII is greater than those over Cati and CatIII. 
In the case of Catl and CatIII catalysts, the agglomeration of particles is 
observed, which leads to the disrupture of fluidized bed hydrodynamics, the 
decrease of the catalyst activity; and the intensification of . the process of 
sweeping the catalyst away from the reactor. In the presence of CatII, the 
similar effect is not observed within the entire range of HC1/C 2H2 variations, 
including the case when HCI is in excess. 

The reaction medium causes reorganization of the catalysts, which in turn 
causes the changes in the salt component and acid-base sites of the support. 
The "amorphization" of the salt component is observed. When the HC1/C2H2 

ratio 1s high, the salt components of samples have spatial microstructures with 
long-range defects and chlorine-copper anionic sublattice, which is similar to 
those in the phase systems of KCuCh and K2 CuCl4. Whereas copper of CatII 
is stabilized in the bivalent state, samples of Catl and CatIII contain excess 
Cu+ that forms the nonstoichiometric complexes with a reaction water, 
HCuCh ·0.5H20. The melting point of this complex is low, and this favors the 
agglomeration of particles and the disrupture of fluidized bed hydrodynamics. 

Under the conditions of excess ethylene and low HCI/C 2H2 ratio, part of 
Cu2+ is reduced to Cu+. The salt component changes to the CuCl-CuCl2 

system, which is characteristic of all samples. 

Our studies showed that the decrease of the HC1/C2H 2 ratio results in the 
increasing yield of the deep oxidation byproducts (CO and CO2). In the case 
of CatII, this effect is less pronounced because the copper-containing center 
Cu+ reduced by ethylene can be an active site of dichloroethane oxidation in 
the presence of adsorbed oxygen. The concurrent chemisorption of HCl and 
dichloroethane on aprotic centers of the support surface also favors the 
reaction. 
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MECHANISM OF NEW CATALYTIC PROCESSES WITH PARTICIPATION 
OF CO2 AND NORBORNA-2,5-DIENE 

V.R Flid, O.S. Manulic, E.D. Finashina, VB.Kouznetsov, AP. Belov 
Moscow State Academy of Fine Chemical Technology 

86 Vernadsky prospect, Moscow 117571, Russia 

Numerous reactions of homoligand ri 3 -ally! transition metal complexes may be 
considered to proceed by one of the three possible directions : recombination of allyl 
ligands (I), ligand coupling combined with substrate insertion(U), and ally! ligand 
disproportionation(III). The mechanism of reaction III is relatively little-studied. 

nL 

<(-M-))-E 
~ + MLn 

~S~ + M(O) 

[C3H4] + [C3H6] + M(O) 

II 

III 

The reaction of these complexes with CO2 was found to proceed via all above
mentioned directions giving rise to the mixture of products: 

In the case of nickel complexes the ratio in which products are formed depends on 
the charge of the metal center. X-ray photoelectron spectroscopic data and results of 
theoretical calculations for the complexes studied are summarised in the table. 

Disproportionation of ally! ligands becomes the only direction in the reaction of "fl3 
-

ally! complexes with 2,5-norbornadiene [ I ,2]. It is observed for many metal centers 
(Fe, Co, Ni, Rh, Pd, Pt) and ally! ligands of various structure _ [3]. Kinetic and 
spectroscopic studies as well as modeling of separate stages in this reaction enabled us 
to propose the mechanism which involves 173 -ri 1 -isomerization of the ally! ligand, 
substrate insertion into r{A11-M-bond, cyclization, C-C-bond cleavage, and ~-
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hydride shift. The latter stage is the key and evidently rate-limiting process and was 
investigated more carefully using deuterium-substituted reagents (C3Ds)2Ni + C1H8 

(scheme) and 
(C3Hs)2Ni + C7Ds. 

-~~~ 
A·-,f,7~ ~M + ~ 
~ ~v MaJ36 D ~ O .. 

In various substrates hydride transfer can occur either from ally! ligand ( with the 
formation of product A) or from the NBD molecule (forming product B). 

1 Formation of the only product in the case of (2-CH3-C3~)2Ni also supports this 
mechanism: 
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HETEROGENEOOS CATALYTIC REDUCTION OF ALIPHATIC CHLORIDES 

BY CHLOROALANES ETHEREATES 

Gorbunov A.I .. Ivanov L.P,~ Shalygin V.A. 

SRC "GNJIChTEOS", 111123, Moscow, Rossia 

It was previously shown that liquid chloroalane ethereates 

in the presence of crystallic aluminium chloride reduced to 

a 2reat extent aliphatic chlorides at temperatures of 

20-60°c fl,21. General equation of catalytic reduction pro

cess of alkvlchlorides is as follows. 

AIHnCl:1-nO(C?.H; )2 + RCl ---> AlHnC14-nO(C2Hs )2 + RH. 

To clear up a mechanism of reactions the special investiga

tions were carried out in which aliphatic chloride-chloroa

lane ratio was varied, composition of chloroalane was chan-

2ed, rates of isotope exchange of chlorine labelled by 

chlorine-36 isotope in the system were determined. 

Obtained experimental data demonstrate that autocatalytic 

character of kinetic curves of reduction reaction and 

chlorine exchamie in AlHnClJ-nO(C2Hs l2 - AlClJ<cr. i- RCl is 

determined by catalyst activitv increase. Process kinetics 

is complicated bv different factors: catalyst dissolving; 

chan~e in hvdrogen-chlorin~ ratio on its surface as reacti

on Proceeds: change of concentrations of chloroalane, sor

bing onto catalyst. Comparison of reduction rates of alip

hatic chlorides allows to arrange them in the following se

ries of chlorine mobility at reduction and depending on the 

structure: 

C2 Hs CI > cc] 4 > 1 ' 2-c2 H4 Cl 2 • CHC 13 . 

Dichloroethane is reduced more quickly than chloroform at 

temperature over 40°c and more slowly at temperature below 

above temperature. Since ethvl chloride is ,reduced 

faster than dichloroethane it becomes evident that dichlo

roethane reduction product is ethane but not ethyl chlori

de. Chlorine of such a strong coordinately saturated compo

und as aluminium chloride ethereate does not enter into ho

mogeneous exchange with chlorine of aliphatic chlorides. 

However such a chlorine exchange proceeds rather rapidty in 

the presence of crystallic aluminium chloride. Kinetics of 
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isotope exchange in AlClJ • O(C2 Hs l2 - AlClJ c er.) - RCl sys

tem has been studied over temperature range o-so 0 c. In re

gard to structure of aliphatic chloride a rate constant is 

within 0.7-86;10- 4 • sec- 1 ranRe, and activation energy wit

hin 83-107 kJ/mol. A row series of chlorine mobility for 

exchange reaction is as follows: 

C2 Hs CI > CC J 4 > CHC l 3 > 1 , 2C2 H4 Cl 2 > C2 HC 1 s > 1 , 1 , 2, 2 C2 H2 C 14 . 

The identity of chlorine mobility row in reactions of chlo

rine exchanee and its reduction suggests that mechanism of 

li111itin1? stage of reduction - is a ionization replacement. 

A scheme of exchange may be presented in the following man

ner. At the first stage dynamic equilibrium is reached upon 

hydrogen between sol~tion volume and catalyst surface: 

A ln CI :i - n O ( C2 Hs l2 +A lC l:i rs u r l =A ln - 1 C 14 - t O ( C2 Hs )2 +A 1 HC 12 < s u r l 

Equilibrium constant of the first stage is ~ikely more than 

one . i.e . hydro~en is predominantly concentrated onto the 

surface of crvstallic aluminium chloride. Chlorine replace

ment bv hvdrogen on catalvst surface as well as a possible 

chloroalane ethereates sorption decreases the catalytic ac

tivitv in comparison with crvstallic aluminium chloride. 

However the catalyst proved to be sufficiently active for 

disruption or stron~ polarization of chlorine-carbon bond 

in aliphatic chloride at the second limiting stage RCl --> 

R•c1-. Further carbocation or polarized transient complex 

interacts with hydride-ion but chlorine-ion is bonded with 

aluminium. 

1. Gorbunov A.I .. Zaitsev S.A .. Ivanov L.P., Mudragel A.I., 

Shalvgin V.A. Reduction of aliphatic chlorides by mixed 

hvdrides. In: IV Moscow Conference on Organic Chemistry and 

Technolollv. M .. MKhTI. 1985. p.148. 

2. Zaitsev S.A. ,Ivanov L.P .. Gorhunov A . I. , Shalygin V.A. 

Unique catalysis in exchan~e reactions of mixed hydrides. 

In: IV All-Union Conference on Chemistry of Hydrides, Dus

hanbe. IREA. 1987. p.160. 
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Catalytic synthesis of aliphatic nitriles 

AL. Lapidus, M.V. Tsapkina, M.M. Savel'ev, L.T. Kondratjev . 
N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 

Moscow 117913, Russia 

Investigations aimed at development of new syntheses based on 
Ci-chemistry are notably promising. The homologisation reactions of alcohols, 
benzene, pyridine and methylamine with the syngas are known. We showed that 
aliphatic nitrites (acetonitrile, propionitrile) reacted with the syngas with fonnation 
a homologue: containing one more C-atom than the initial nitrile: 

CH3CN +CO+ H2 --➔ C2H5CN 
C2H5CN + CO +H2 --➔- C3H7CN 

We used M/y-A12O3 catalysts where M=Zn, Mn, Fe, Ag, Cu, Co, Cr, Mo, 
W. In their presence propionitrile was obtained at 350-400°C, 1 atm, space 
velocity of 100 h -1 from the mixture containing CO - 71.0 vol.%, H2 - 30.5, 
CH3CN - 8.5. Conversion of CO (Keo) was 5-14%. Fonnation of CB4 and CO2 
along with the main product was observed. No propionitrile fonned on 
Cr/y-Al2O3 catalyst with the use of the gas·mixture containing 8.5% ofCH3CN in 
argon or hydrogen. A decrease in acetonitrile conversion with increasing synthesis 
temperature was observed for all the catalysts used. Keo amounted to the highest 

. values at a temperature of 425-475°C. The largest yield of propionitrile was 
achieved in the same temperature range. 

Methanol reacts with nitrites in a similar manner to the CO/H2 mixture. We 
perfonned the synthesis of propionitrile and acrylonitrile from acetonitrile and 
methanol in the presence of zeolite catalysts with supported salt Cs2CO3/Na Y 
( 400-450°C, 1 atm): 

The detailed investigation of catalytic properties of Na Y-type zeoli.tes 
promoted with additives of alkali metals showed that both nature of salt of alkali 
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metal and its content in the contact affected activity and selectivity of the catalysts 
(see the Table). Selectivity of the proc~ss does not change essentially: 
propionitrile whose yield in the optimal conditions ( 450°C, space velocity of 
1 h •-1, CH3CN:CH3OH=l:2 mol.) amounted to 20% (against initial acetonitrile) 
is dominant product of the synthesis. 

Table 
Influence of catalyst nature on nitrile yield ( 450°C, 
CH3CN:CH3OH=l:2 (mol.), space velocity of 1 h -1) 

Catalyst Cs:Na Yield against CH3CN, % 

Cs2CO3/NaY 
Cs2CO3/NaY 
Cs2CO3/NaY 
Cs3PO4/NaY 
K2CO3/NaY 

NazCO3/NaY 

(atom.) CzH5CN C2H3CN 
0.3 7.7 

0.6 17.6 

1.0 
0.6 

1.0 
1.0 

20.7 
3.6 

9.0 
9.3 

2.8 

0.9 

3.3 

Activity of Cs Y zeolites prepared by ion exchange method in ethylbenzene 
and styrene synthesis from toluene and methanol was shown. The comparison of 
our results with the data obtained by 10n-exchanged Cs forms of Y zeolites testifies 
comparable activity of the catalysts in the similar conditions of performing both 
processes (space velocity, temperature). Taking into account the similarity of the 
reactions and the catalysts, one can conclude that these processes have similar 
mechanisms. It was assumed that the synthesis of ethylbenzene and styrene 
from toluene and methanol proceeded through an intermediate stage of forming 
formaldehyde which reacted with toluene with formation of styrene. It can be 
assumed that an oxygen-containing intermediate which takes part in the 
propionitrile and acrylonitrile synthesis is formed in our case also. 
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Influence of gas additives on the hydrocarbon synthesis 
from CO and H2 

AL.Lapidus, A. Yu.Krylova 
N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 

Moscow 117913, Russia 

The hydrocarbon synthesis from CO and H2 is a promising industrially 
important process to produce motor fuel components and valuable chemical 
compounds from non-oil feed (coal, natural gas, organic wastes, etc.). The synga:; 
obtained from these sources contains usually gas admixtures (CO2, N2, CH4). 
Their percentage affected by a feed used and technique of its treatment may 
amount to 50% in some cases. The influence of these components in the syngas on 
the hydrocarbon synthesis from CO and H2 has been investigated. 

Tests were carried out in a flow catalytic unit provided with a fixed-bed 
reactor with Co-catalyst. The synthesis conditions were: 0.1 MPa, l 60-230°C, 
H2/CO=2, l 00 h --1. The concentration of gas additives was 0-50 mol. %. 

The following transformations can occur during the hydrocarbon synthesis 
from CO and H2: 

CO+ H2 ~ [-CH2-] + H2O 
CO+ H2 ~ [-CH2-J + CO2 
CO2+ H2 ~ [-CH2-] + H2O 
CO+ H2O ~ CO2+ H2 (WGS reaction) 
2CO B C + CO2 (Boudouard-BelJ reaction) 

CO and CO2 can take part in these reactions as either reactants or products. 
Thus, conversion of CO or CO2 evaluated in conventional manner does not reflect 
its true value. for example, the total conversion of CO2 may be zero or even 
negative if carbon dioxide participates in the three reactions from the above 
ones. 

We found that on Co-catalysts only methane is formed from CO and H2 at 
0.1 MPa and a small amount of light hydrocarbons is synthesized under elevated 
pressure. 
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It was demonstrated that over the temperature range of a Fischer-Tropsch 
synthesis ( 150-250°C) the water gas equilibrium shifts to the right and the WGS 
reaction affects significantly the hydrocarbon synthesis from CO and H2. 

It was found that an increase in concentration of Cl¼, N2 or CO2 in the 
stoichiometric feed mixture CO+H2 leads to a decrease in specific actiyjty of Co
catalysts. Yields of all hydrocarbon products fall with content of CO and H2 in the 

feed because of the dilution. More detailed consideration of the data obtained, 
however, allows to reveal some distinctions between the effects of these gases on 
the hydrocarbon synthesis. 

Thus, liquid hydrocarbon yield under addition of CO2 and CH4 to the 
syngas falls with increasing concentration of these gases to a greater extent than 
this would result from the decrease in the part of "pure" syngas. This testifies to 
catalyst inhibition by these gases. When CO2 concentration is above 50%, 
however, an increase in hydrocarbon yield is observed. This fact can not be 
explained by direct participation of CO2 in the fonnation of these products and is 
caused, probably, by CO2 incorporation in side reactions. 

A high percentage of nitrogen ( up to 50%) in the feed gas does not affect 

specific actiyjty of the catalyst. When using this gas, a decrease in litJuid 
hydrocarbon yield occurs to a noticeably lesser extent than that caused by the 
dilution. Thus, liquid hydrocarbon yield converted from "pure" syngas increases 
with N2 content in the feed. The influence of N2 was suggested to be due to 
blocking of a part of the catalytic surface. 

Therefore, the presence of a significant amount of carbon dioxide, nitrogen 
or methane in the feed syngas affects the hydrocarbon synthesis from CO and H2 _· 
The presence of carbon dioxide lowers the probability of side reactions of CO. 
Nitrogen favors polymerization processes. The presence of methane deactivates the 
catalyst. 
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HYDROGEN TRANSFER FROM ALIPHATIC ALCOHOLS AS A 
SOURCE OF HYDROGEN FOR CATALYTIC 
HYDRODECHLORINA TION OF ORGANIC CHLORIDES 

Ekaterina S. Lokteva, Sergey S. Yufit*, Tamara S. Lazareva, 
Valery V. Lunin. 
M.V.Lomonosov Moscow State University, Chemistry Department, Moscow. 
Russia 
*N.D.Zelinski Institute of Organic Chemistry, Moscow, Russia. 

Chemical remediation of chlorinated hydrocarbons waste, both at the 
source and in the environment, is an ongoing and pressing problem . 
Hydrodechlorination (HDC) of organic chlorides · is now the object of great 
scientific interest due to the possibility to solve this environmental problem 1• 

In this study HDC of chlorobenzene, 1,2-dichlorobenzene, 1,3,5-
trichlorbenzene, pentachlorphenol, polychlorinated biphenyles (PCBs) proceed 
in the presence of Ni or Pd containing impregnated cata1ysts and aliphatic 
alcohols as a hydrogen source under 300-350°C. HDC can proceed completely 
(chlorobenzene, . o-dichlorobenzene, 1,3,5-trichlorbenzene) or partially . 
(pentachlorphenol, polychlorinated biphenyles). The alcohols used were 
methanol, ethanol, propanol-2-or tret-,butanol. All of them were appropriate 
for this reaction, but for tret-butanol the better temperature range was 350-
3800C. The mechanism of the reaction can include the catalytic decomposition 
of alcohols and then the participation of decomposition products (H2, CO) in 
HDC, as well as the direct substitution of Cl in organic chloride by the 
hydrogen from alcohol. The data obtained don't permit to exclude any of these 
two possibilities. 

We thank the Russian Foundation of Fundamental Investigations for 
support of this research through Grant# 95-08250. 

1 V.V. Lunin, E.S. Lokteva. lzvest. RA N, Serija Khim ., 1996, 7, 1609-
1624. 
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Hydrocarbon _feedstock of some gas-condensate oil-field contains substantial 

amounts of low alkanethiols that are toxic and corroding substances. Today they 

find no practical use, when isolated from gases by various methods. 

In the present work we studied the regularities of catalytic conversions of 

alkanethiols RSH (R = C 1-C3) both in the presence of alkylating agents and in 

the inert mediwn. A new process based on these reactions allows simultaneous 

purification of thiole-containing gases and production of dialkyl sulfides. Runs _ 

were performed in a flow setup, charged with acidic catalysts, under atmospheric 

pressure, and at temperatures ranging from 200 to 500°C. 

At T > 200°C, alkanethiols appear to disproportionate into dialkyl sulfides 

and hydrogen sulfide on the catalysts of various composition: 

When the catalysts contain proton sites (Si02, H 3P04/Si02, AlSi, HNaY, 

silicotungstic acid supported on Si02), disproportionation goes at a low rate and 

selectivity. On catalysts with paired acidic-basic sites, namely Al203 modified with 

acidic additions, reaction rate is two orders of magnitude higher. 

For alwnina catalysts, inethanethiol converts quantitatively into dimethyl 

sulfide, while the proportionation of its homologue is less selective, especially at a high 

alkanethiol conversion. Our kinetic studies show, that the reaction with methanethiol 

homologues proceeds via the parallel-consecutive route: 
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where R = C2H 5 or iso-C3H7; R' = H or CH3. The decomposition of alkanethiol 

and dialkyl sulfide via routes 2 and 3 is considerably higher for propanethiol than 

for ethanethiol. 

The reactivity of alkanethiols decreases in a row: iso-C3H7SH > C2H5SH > 
CH3SH, while the selectivity towards dialkyl sulfide fonnation changes reversely. 

In the presence of alkylating agents, such as methanol, the isolated 

hydrogen sulfide is completely bound owing to the following reactions: 

RSH + 

L 
Taking into account the properties of reactants and catalysts, kinetic and 

adsorption data, we have postulated the mechanism of the alkanethiols conversion into 

dialkyl sulfides. 1l1e dissociative chemisorption of alkaneth.iol and methanol governs 

the formation of alkoxide groups, which reacting with alkanethiol and hydrogen 

sulfide, activated on the ba<;ic sites, produce dialkyl sulfide. Alkanethiol and dialkyl 

sulfid~ are dissociatively chemisorbed producing alkylthio-groups, bound through a 

sulfur atom with the acidic site and through a p hydrogen atom with the basic site. 

Tilis yields decomposition accompanied by the alkene elimination. 

For the conversion of alkanethiols mixture, the rate of total conversion of 

alkanethiols decreases slightly owing to their competitive adsorption on the catalyst 

surface, while the selectivity toward<; dialkyl sulfides does not change. 

Hydrocarbons do not affect reaction indexes. TI1is allows the processing of thiol 

containing gases. Under particular conditions, alkanethiols and hydrogen sulfide 

are completely converted into dialkyl sulfides on the catalyst designed. Sulfide 

mixtures, isolated from hydrocarbons, can serve as odorant, extracting agent, 

flotation reagent and as the feedstock for preparing various biologically active 

materials. 
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PHENOL CATALYTIC OXIDATION DURING 
ACTIVATED CARBON REGENERATION 

PPI-90 

Yurii I. Matatov-Meytal* and Moshe Sheintuch 
Department of Chemical Engineering, 

Technion-Israel Institute of Technology, Haifa, Israel 32000. 
* E-mail: ceuri @ techunix. technion. ac.il 

Adsorption of dilute pollutants on activated carbon (AC) followed by 
catalytic decomposition over impregnated catalyst [1, 2] is emerging 
technology, alternative to thermal regeneration of spent AC. The advantages of 
this new method are: ( a) The process will be accelerated by the high 
concentrations of pollutants eluted from the adsorbate; (b) A large number of 
adsorption-regeneration cycles are expected to proceed without loss in 
capacity; (c) The low temperature regeneration will be conducted in-situ, even 

• in small units [l ]. This process is intended to replace the common method of 
AC thermal regeneration, that is economically feasible only for large systems 
that use more than 200,000 kg AC per year [3]. 

The aim of our work was to study the oxidation of adsorbed phenol, as 
prominent toxic pollutant, during processes, in which spent AC undergo 
thennal and catalytic regeneration. The catalytic regeneration tests of spent AC 
have been perfonned on both the chaste and impregnated granular AC 
Filtrasorb-400 with mixture of copper (II), iron (III) oxides and additivities of 
chromium (III) oxide or inert silica. A primary reason of catalytic activity of 
iron (IU) oxides is high dispersity of impregnated catalyst crystallites. The 
mechanisms of oxidation of phenol, oxidative activation of carbon surface and 
development of impregnated catalysts during AC regeneration are dealt. The 
possible conjugation of these processes is suggested. 
References. 
1 Sheintuch, M. and Matatov-Meyta], Y. I., Abatement of pollutants by 
adsorption and catalytic regeneration. Scientific report, Israel Water Research 
Institute, Haifa, 1996. 
2 Matatov-Mcytal Yu. I. and Sheintuch M. in: Heterogeneous Catalysis, Proc. 
of the 8t11 int. Symp., part 1, ed. A. Andreev, D. Shopov and L. Petrov, Bulg. 
Acad. Sci , Varna, 1996. p. 409. 
3. 1 Sonyheimer J., Crittenden J. C. and Summers R. S., Activated Carbon for 
Water treatment, 2nd Ed., DVGW-Forschungsstelle, Karslruhe, Germany. 
1988. 
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ADVANCES IN CATALYTIC SYNTHESIS OF KAND E GROUP VITAMINS 

K.I. Matveev, E.G. Zhlzhina, V.F. Odyakov, V.N.Parmon 

Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia 

The manufacture of K-and E vitamins is a significant branch of fine organic · 

synthesis. The conventional technologies of their synthesis based on non-catalytic 

reactions are hannful to environment and not feasible. 

As a base of new VIKASIB technology for K-vitamins production we proposed a 

series of novel catalysts and catalytic reactions from 1-naphthol (N1) as available 

raw material: 

Sdleme t. "VIKASIB" TECHNOLOGY REACTIONS: 

OH OH 0 

o6 (1) c6CH3 (2) «r·3 -~ -ctl ct2 
320- # 

-340°C 40-50°C 0 
NI 2MN MD 

(vitamin~) 

:x:. -40·c (3) j so·c 
ct3 

0 0 o:5°;:3 c¢c C(:f :038 ~ H ~03Na · 3 H20 
# 

0 0 OCOCH3 

vicaaol analog vicuol MOD 
(soluble form of vitamin ~) (vitamin~) 

For melhylatlon of N1 to 2MN by c~ in reaction (1) we used the 

heterogeneous catalyst (ct1) that is a mixture of FeiO,, V-i<J4 and some other oxides 

[1]. Selectivity of reaction (1) Is more than 85%. By-product is 2,4-dimethyl-1-naphthol 

(24DMN) that also can be oxidated to MD.in the reaction (2). 

For oxidation · of 2MN and 24DMN to MD in reaction (2) we developed new 

homogeneous catalysts (ct2) [2,3) that are aqueous solutions of Mo-V-phosphoric 

het81opoly acids Hs...PV..Mo12-11040 (HPA) or their acidic salts. The reaction (2) is 

carried out in a system ~ two immiscible phases. The aqueous phase contains the 

ct2; the organic phase cc,n1ainS 2MN and reaction products. Selectivity cl the reaction 

(2) Is 75-8()q6. R80lddation of reduced fonns of HPA by dioxygen is to be carried out 

in a separate reactor. A homogeneous modification of the reaction (2) involves one 
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phase consisting from 2MN, catalyst ct2', and reaction products. It is carried In 

dioxygen atmosphere, and reduced forms of ct2' are regenerated by dioxygen in 

course of the reaction (2). 

We developed new polyfunctional catalysts (ct3) for hydroacetylation of MD to 

MOO by dihydrogen and acetic anhydride in reaction (3) [4]. The catalyst for the reac

tion (3) is Pd supported on active carriers (Ti<>i, ZrO:z or Zr phosphate) that are stable 

to mixture of acetic anhydride and acetic acid. The yield of MOO is more than 90%. 

Non-catalytic interaction of MDN with NaHS~ (4) leads to vicasol. [5] 

The technology VIKASIB is friendly to environment. It was successfully tested in 

its separate parts on pilot plants. The prepared vicasol was successfully tested in 

poultry farms of Novoslbisk and Altai regions. 

The catalysts for the reactions (1) and (2) are suitable for preparation of 

melhylated quinones of benzene series which are rn, malarias for E-vitamins 

synthesis. The catalyst ct1' can be used for methytation of m--cresol to 2,3,6-trimethyJ

phenol (TMP). The heteropoly acid ca1alysts ct2" can be used also for TMP oxidation 

to 2,3,5--trirnelhyJ-1,4-benzoquinone (TMQ). The last compound can be reduced to 

appropriate hydroquinone. The catalysts ct1' and ct2• and the appropriate reactions 

can be a background of new technology for E-vitamln synthesis ( 6). 

Sdleme 2. SOME REACTIONS OF VITAMIN E TECHNOLOGY: 

OH OH 0 OH 

6c., (l') •,coc•, ~ H3C◊CH3 (3') H3C◊CH3 ---; -ctl' 
CH3 ct1" ct3' CH3 CH3 

0 OH 

m-c:raol TMP TMQ TMHQ 

Referencas: 

1. N.S.Kotsarenko, V.P.Shmachkova, I.N.Popovskaya: Russ. Pat. Appl. 008961/06, 1992. 

2. K.I.Matveev, A.P.Krysln, T.F.Tltova, B.M.Khlebnikov a.o.: Russ. Pat.2022958, 1992. 

3. K.1.Matveev, V.F.Odyakov, E.G.Zhizhina, V.N.Parmon. Russ. Pat. Appl. 92-5046866/04. 

4. K.I.MatveeY, E.G.Zhizhlna, V.F.Odyakov, N.S.Kotsarenko, V.P.Shmachkova: 

Klnet. Kata!. ~ in press (1997). 

5. K.I.Matveev, T.F.Tltc:wa, V.F.~a.o.: USSR Pat.1822554, 1991. 

6. K.I.Matveev, E.G.Zhlzhina, V.F.Odyakov: Khim. promyshl., In press (1997). 
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Photostimulated processes on alkaline-earth metal fluorides 

Mesheryakov E.P., Ryabchuk V.K., Minakova T.S., Rudakova A.V. 

Tomsk State University, Tomsk, 634050, Russia 

Last years in connection with the development of new technological 

branches the role of alkaline-earth metals fluorides has significantly in

creased. 

However, MeF2 surface properties were investigated to less extent 

than the properties of such typical adsorbents and catalysts as metals, semi-

' conductors and dielectrics with small width of forbidden zone. Thus, the 

data about acid-base parameters of CaF2, SrF2, BaF2 surfaces are practically 

absent. The number of works devoted to the consideration of simple gases 

molecules adsorption on fluorides is very small and the information about 

the proceeding of such processes under influence of radiation, which doesn' t 

cause irreverse change of substance, is completely absent. 

Meanwhile the probability of irradiation stimulated processes is 

rather great, because the tendency to the increase of photosorption and pho-_ 

tocatalytic activity of materials with the rise of forbidden zone width is 

known. 

In present work metal fluorides industrial samples of different types 

were used: CaF2 (K0-3) and "pure", SrF2 ("particularly pure"), BaF2 

("pure"), MgF2 ("pure, for hot pressing" and "pure, for optical ceramics"). 

Complex of investigation methods and analysis was applied. 

As the result of realized investigations the photosorption of gases 

(02, H2, CH4, CO, CO2) was found. Adsorption centres, which were created 

or stimulated by expos~re of the samples to total light of mercury lamp, 

have both electron-acceptor and electrondonor properties, however, the ac

ceptor molecules photosorption (02, CO2) proceeds more actively. The 

identity of 02 and CO2 photosorption centres was shown. 
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Some peculiarities of photostimulated processes were found: the irre-

versibility and the saturation, kinetic dependencies, the existence of photo

stimulated post-adsorption on MgF2 and BaF2. The previous history of the 

sample has an influence on photosorption properties of fluorides, however, 

the main peculiarities of processes proceeding don' t depend on the type of 

MeF2. 

On the basis of alkaline-earth metals and Mg fluorides properties in

vestigation three spectral areas were selected, corresponding to the funda

mental absorption, improper absorption and the absorption of pointed color 

centres. 

Depending on the area of excitation the differencies in activity of ra

diation stimulated processes proceeding, in kinetics and thermodesorpti~n 

spectra of adsorbed oxygen are observed. 

The reactions of dark H2 oxidation, H2, CO photooxidation and CO2 . 

photolysis were discovered. On the basis of realized kinetics investigation the 

pr(?bable mechanism, of H2 photooxidation reaction was suggested. Oxygen 

photosorption is the essential stage of the process. In the limiting stage of 

the reaction the electron-exited states of photosorbed oxygen interact with 

molecular H2 in gaseous phase, and they are deactivated by oxygen of gase

ous phase. 
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HETEROGENEOUS MODIFICATION OF CATALYSTS 
FOR ALCOHOL SYNTHESIS - SELECTIVITY CONTROL 

Morozov L.N., Kostrov V.V., Borisov AS., Leonov V.E. 

Ivanovo State Academy of Chemistry and Technology, 153460, Russia 

Selectivity of industrial copper catalysts for methanol synthesis is high 
enough, however the yield of by-products increases appreciably due to some 
changes in composition of the feed or in the load. Components of catalysts 
involved perfonn several fonctions consisting in structure fonning and speeding 
up certain stages of the catalytic reaction. Optimum conditions for the realisation 
of these elements are not the same in the given catalyst technology. It is possible 
to prepare separate parts of catalyst which influence favourably some of the 
reaction steps and then to mix them either in the form of powder or in granules of 

the size suitable for charging into the reactor. 
This trend was approved for use of copper-zinc-aluminium and zinc

chrome catalysts for methanol and higher alcohol synthesis. In methanol synthesis 
carried out under laboratory conditions at normal pressure the selectivity of the 
process is monitored by the yield of methane. The latter sharply increases on· 
CuO. ZnO.AbO3 catalysts at temperatures above 300 °C, less methane is _formed 
on copper-zinc catalysts where fine-dispersed zinc oxide acts as an active phase. 
Simultaneous charging of the catalysts involved makes it possible to upgrade the 
quality of the proce·ss, i.e. to reduce the yield of methane and to extend the 
temperature range of its stable operation, productivity of the system being kept in 
the level of copper catalysts. The effect observed is explained from the point of 
view of spillover of hydrogen being activated on zinc oxide. 

High-dispersed zinc oxide may be obtained in the supported system 
ZnO/CuO/ AliO3 at low component concentration and calcination temperature, 
which results in some instability of alumina lattice and is accompanied by 
formation of surface aluminate. With the components properly selected, 
mechanical mixture of thus obtained supported and main catalysts improves the 
quality of the product, namely: under laboratory conditions the yield of methane 
decreases, reaction carried out under industrial pressure gives paraffin 
hydrocarbons in a low yield. 

To synthesise the mixture of aliphatic alcohols the base composition of 
methanol catalysts both zinc-chrome and copper-containing ones is promoted by 
alkali metal compounds, pota.ssium as a rule. One can improve low selectivity and 
stability of these systems by introducing potassium in the form of silicates 
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Table 

Usage of heterogeneous modifying additives with 
the base composition of industrial catalysts 

Mixture of Catalysts Catalysts Modification 
Process Base Modifying Efficiency 

compos. additive Modified / Base compos. 

Methanol Methanol Paraffins 
synthesis CuO.ZnO.AhO3 yield, 11-1 Cl7+, mas.% 

(P=5 MPa) ZnO/CuO/ AhO3 l .50/1.51 0.005/0.025 

Carbon oxides Methanol Methane 
hydrogenation CuO .ZnO.Al2O3 yield, h-1 yield,103 h-1 

(P=0.l MPa) ZnO.CrO3 0.034/0.030 0.18/0.53 

Alcohols Alcohols C2+ Selectivity 
synthesis ZnO.CrO3 yield, 11-1 

C4/LCi 
(P=20 MPa) K2O.SiOi/AhO3 0.11/0.04 0.075/0.025 

dispersed on separate carrier such as aJwnina. The mixture of the base 

composition of high-temperature zinc-chrome catalyst for methanol synthesis with 

modifying additive K2O:SiO2/AhO3 causes the yield of higher alcohols to 
increase, especially that of isobutanol (Table). 

Promoter efficiency depends on fractional composition of mixed 

components. Fine grinding of base catalyst mass and the modifier as well as 

liquid-phase mixing do not produce the desirable effect and results in lowering of 

system production, which is likely to account for overlapping of modifying 

additive active surface. In particular, the best results in inhibiti11g the reaction of 

paraffin hydrocarbons formation in the synthesis of methanol are achieved by 
using of a mixture of grains of industrial size. 

When reducing mixed oxide systems,account is to be tak~n of changes both 

of the chemical reaction kinetic parameters and a granular layer thermophysical 

properties. This necessitates further studying of kinetics and modelling of process 
taking place in the industrial reactor. 

Thus the mode of catalysts usage being under development makes it possible 

to solve a number of problems concerning the improvement of carbon oxides 
hydrogenation process selectivity. 
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Hydrogenation of phenylacethylene on the catalytic system (NR)2PdCl4 

+PPh3+ Co(Acac)3 
L. O.Nindakova, F.K.Shmidt, T. V.Dmitrieva 

Institute of Coal-and Petrochemical Synthesis al Irkutsk State University, 126 Lermontov 
Street. 664033 Irkutsk, Russia 

We have obtained that the system (NR4)2 PdCl4 + PPh3 + Co(Acac)3 
{I) formed in the mixture of solvents CHCb -H2O or C6H6-H2O exhibits a 
catalytic activity in the hydrogenation of phenylacetylene and styrene 
without reductant and activation with 02. 

The most typical results obtained under studies of catalytical activity 
of the system in the hydrogenation of styrene and phenylacetylene are 
presented in table. 

Table 
Homogeneous hydrogenation of phenylacetylene and styrene on the 
catalytic system I (solvent CHCh- H2O [A] or CliH6- H2O [BJ , T= 25 

C 0 ,PH2 = 0,1 MPa) 

nn CPd+ 103, P/Pd Co/Pd 't"ind,min Vspecif, Solvent Selecti-
mol/1 mo! H2/mol Pd vity,0/r) 

-min 
I 30 ] 3 40 0,15 A 94,6 
2 30 0,5 3 0 1,0 A 90,0 
3 30 1 6(Fe) 0 0,21 A 94,2 
4 5 ] 3 200 0,80 A 95,5 
5 5 0,5 3 0 1,05 A 92,0 
6 5 1 3 15 2,5 B 96,7 
7 5 3(PBuJ) 10 28 6,7 A styrene 
8 10 , I 3 0 1,02 A 94,3 

As it is obvious from the results in table , the homogeneous 
hydrogenation of phenylacetylene occurs with selectivity 90-97% (at 
substrate conversion 90-99%) and the absorption rate of hydrogen during 
the induction period is l 0-15 times lower than that during the constant 
action period. 

By using IR- and UV-spectroscopy it has been shown that the 
transformation of initial palladium compounds to complexes activating 
molecular hydrogen proceeds according to following sequence: 
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(NR4)2PdCl4 + 2 PPh3 = (PPh3)2PdCb + 2 NR4CI 
NR4Cl = NR3 + RC! 

(NR4)2PdCl4 + (PPh3)2PdClz = [PPh3PdC!i]2 + 2 NR4Cl 

[PPh3PdClz]z + 2 NRJ = 2 PPh3PdC}2NR3 

, PPl-94 

The complex PPh3PdCbNR3 is able to activate hydrogen by a 
heterolytic route . The presence of organopalladium Cl-Pd-(PhC=CH)nCI 
type polymers in the system along with palladium phosphine complexes is 
indicated by the appearance besides of absorption band at 1635 cm· 1 

characterising double bond of styrene, of bands at 1672 cm· 1 (vibrations of -
(RC=CH)-trans type bonds) and 1608 cm· 1 (conjugated -(RC=CH)n,where 
n >>2) in IR-spectrum as well as by the increasing of absorption intensity of 
the system in UV-spectrum and its shift to the low frequency field. 

If has been proposed that the liberation of "PdMer" which has to be 
formed in the system under the condition of phosphine shortage is hindered 
by quarternary ionic salt (Bu3Bz N+CI· or BzPh3P+CI·) which plays the role 
of stabilizing ligand. 

Under the hydrogenation process, the reduction of Co(3+) to Co(2+) 
(which migrates to water layer) has to occur but the role of cobalt in 
catalyst formation still remains unclear. 

This work is supported by Russian Foundation for Basic Researches ( grant 

No. 96-03-33667a) . 
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SELECTIVE OXIDATION OF METHANOL TO FORMALDEHYDE ON MIXED IRON-

CHROMIUM, IRON-ALUMINIUM AND IRON-INDIUM MOLYBDATES 

Y.Pesheva, D. Klissurski, Institute of General and Inorganic Chemistry, Bulgarian Academy 
of Sciences, Sofia 1113, Bulgaria, 
I. Mitov, Institute of Catalysis, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria. 

Introduction: Multicomponent oxide systems based on Fe-Me-Mo-O (Me= Cr, Bi, Te, Co, 

etc) are active catalysts for partial oxidation of alcohols and hydrocarbons Our studies and 

investigations of other authors have shown that addition of other components to the Fe(III) molyb

date allows modification of some principal volume and surface properties of this compound, which 

affect directly its specific activity and selectivity in oxidation reactions 

The effect of a second metal ion (Me3
+ = Cr3

+, AJ3
', In3+) in the stoichiometric system 

(FeMe3
. ) 2(~oO4) 3 on the specific activity and selectivity of the catalysts was investigated. In the 

-same time studies on the red:icibility of mixed molybdates by methanol vapours were performed in 

order to establish the stability and the oxygen reactivity of these compounds. 

Experimental: Mixed (FeMe3
.)2(MoO4)J were prepared by addition of required amounts of 

aqueous Fe(NO3)J.9H2O and Me3'(NO3)3.9H2O to vigorously stirred aqueous (NI-L)6Mo7O24 .4H2O 

at room temperature, followed by evaporation, drying at 120°C and calcination at 700°C for 8 hours. 

The phase composition of the catalysts obtained was established by X-ray diffraction and the unit cell 

parameters were determined. The samples were characterized and by IR and Mossbauer spectro

scopy. The catalytic activity was measured in a gradientless flow-circulation apparatus. The reduc

tion process was investigated in a mixture of 4,0 vol.% CH30H/Ar at a flow rate of 120 ml/min 

Mossbauer measurements were carried out on the catalysts in order to study the bulk reduction at 

400°C as a function of time. 

Results and Discussion 

Catalyst structures: The physicochemical characteristics of the mixed molybdates give the 

following infonnation: 

1. AJI investigated catalysts are of monophase composition 

ii. The mixed (FeMe
3
.h(MoO4h catalysts are isostructural (type P 1a, monoclinic structure) 

Catalytic properties: 

The following order of the catalytic activities of the mixed molybdates has.been found: 

(FeCrh(MoO4).1>(Feinh(MoO4),>(FeAJh(MoO4), 
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Under extreme reaction conditions (400°C and 100 hours reaction time) (FeAl)i(MoO4) 3 

shows stable activity, whereas the activity of (FeCr)2(MoO4)3 decreases by about 15% According to 

the experimental data the catalytic stabilities of the samples change in the sequence 

(FeAl)i(MoO4)3>(Felnh(MoO4)3>(FeCr)i(MoO4)J 

Reduction of the catalysts 

In Fig. 1 the M◊ssbauer spectra of fresh and reduced Fe2(MoO4)3 and (FeMe3')i(MoO4) 3 are 

presented. 

1::J TA'::] 
B 

-~ 90 93 
VJ 
VJ • 

r;JTC'~iJT 
r::1,I D 

1::1 I 
80 88 

-4 -2 0 2 4 -4 -2 0 2 4 

Velocity [mm/s] Velocity [mm/s] 

Fig. 1. Mossbauer spectra of the initial and reduced (t = 400°C, 35 min) catalysts: 

A -(Fe)2(MoO4)1; B-(FeCr)2(MoO-1)3; C-(FeAlh(MoO4)3; D-(Feln)2(MoO-1h 

The principal conclusions on the influence of modifying trivalent metal ions on the catalyst 

composition could be proposed: 

1 The pure Fei(MoO4)3 is reduced mainly to f3-FeMoO4, while after reduction of some 

mixed molybdates (Me3'=Cr and Al) an a- form of Fe(Il) molybdates is observed. The 

(Feln)i(MoO4h catalyst has a long induction period under reduction conditions when a polymorphic 

transition from a. - to 13-form ofFe(II) molybdate occurs. 

ii. The presence of Cr'·, In3
+ and Al3

+ ions influences the oxygen mobility in the 

(FeMe3.h(MoO.ih solid solutions and hinders the reduction by methanol in the sequence· 

Fe2(Mo04)J>(FeCr)2(MoO4h>(Feln)i(MoO-1h>(FeAl)2(MoO4);. 
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INFLUENCE OF THE COMPOSITION OF CrzO3-MoO3/y-AhOJ 

CATALYSTS ON THEIR ACTIVITIES IN CYCLOHEXANE 

DEHYDROGENATION 

I.Ya. Petrov, B.G. Tryasunov*l 

Institute of Carbon Materials Chemistry, SB RAS, Kemerovo, 650099, Russia 

*) Kuzbass State Technical University, Kemerovo, 650026, Ru~ia 

y-Alumina-supported mixed chromium and molybdenum oxides are 

of great importance because they can catalyze dehydrogenation of hydro

carbons in the presence of water steam (as well as molybdena systems) but, 

besides that, exhibit more enhanced activities as compared to those of mo

lybdenum oxide catalysts. It is of special interest to elucidate how sup

ported metal oxides and the order of their deposition onto y-alumina influ

ence the dehydrogenation activity of CnO3-MoO3/-y-AbQ3 systems, and 

what is the optimal composition of these catalysts in the reaction discussed. 

Chromium, molybdenum and mixed chromium-molybdenum oxides 

supported on y-AhOJ (hereinafter denoted as Cr-Al, Mo-Al and Cr-Mo-AI, 

respectively) were prepared by pore volume impregnation of they-alumina 

support (S=200 m2/g) with solutions of (NH4)2Cr2O1 and ammonium 

paramolybdate, followed by drying (393 K, 4 h) and calcining (873 K, 6 h) 

after each component deposition. Activities of the catalysts obtained have 

been investigated in dehydrogenation of cyclohexane as a model reaction of 

unsaturated hydrocarbon formation. The results of catalytic experiments 

are presented in Fig. 1. Efficiency of the catalysts tested in the reaction of 

cyclohexane dehydrogenation decreased in the order of: 

Cr-Al>Cr-Mo-Al(MoO3=const)> Mo-Cr-Al(Cr2O3=const)> Mo-Al . 

XPS, ESR and DRS studies revealed that with chromia increasing up 

to ~IO wt%J, highly dispersed superficial chromate species comprising Cr6+ 
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Fig. 1. Catalytic properties of Cr203/y-Ah03 (a), Mo03'y-Ah03 (b) and 
Cn03-Mo03/y-Ah03 (c,d) catalysts in cyclohexane dehydrogena
tion versus suppo~ed metal oxide loadings: A ( ♦ ) - specific dehydro

genation activity, mmol/m2· s x 106 ; S (o) - selectivity,%. 
Reaction conditions: pulse technique, T==873 K, tc== 1 s, Y r~2µ1. 

• At constant MoOJ concentration~ 13 wt%; the order of impregnation: I) Mo; 2) Cr. 
•• At constant Cr2 0.- concentration ~ 15 wt 0/ii; the order of impregnation: l) Cr; 2) Mo. 

and Cr5+ ions as well as y-(CrxAl1-x)203 solid solutions and CrzQ3 microcrys

tallites comprising octahedral Cr3+ ions were preferentially formed in Cr-Al 

and Cr-Mo-Al (Mo03=const) catalysts. The formation of these highly acti-

ve structtJres provided considerably enhanced dehydrogenation activ

ity fof Cr-Mo-AI systems as compared to that exhibited by Mo-Cr-Al ones. 

In the latter case, the intensive formation of superficial chromium centers 

was suppressed at the expense of interaction between molybdenum and 

chromium ions. Thus, deposition of chromia onto Mo-Al catalysts resu1ted 

in more effective catalytic systems for dehydrogenation of cyclohexane. 
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THE PECULIARITIES OF CATALYTIC ACTION OF 12-MOLYBDO

PHOSPHORIC ACID AND ITS K3 SALT IN THE DECOMPOSITION OF 

FORMIC ACID 

Galina Ya. Popova, Tamara V. Andrushkevich, Ivan I. Zakharov, 
Anna A. Budneva 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk 630090, Russia 
E-mail: root@catalysis.nsk.su 

Many studies have been done for clarifying the mechanism of decomposition of 
formic acid on metals and the metal oxides. The fonnate anion stabilized on the 
Lewis acidic sites has been suggested to be a surface intermediate in the reaction 
of decomposition of formic acid. 

In the present paper we studied the catalytic activities, structure of the adsorbed 

species and mechanism of surface reaction of decomposition of formic acid on the 

hydrated forms of H3PM012O40, H3PM012O40/SiO2, K3PM012O40, that have no 
surface Lewis sites. 

EXPERIMENTAL. 
SiO2 (S=175 m2/g) was impregnated with reactive H3PMo12O40 (HPA) 

(50% wt.). K3PM012O4o was precipitated from the HPA water solution by 
potassium chloride. The samples were dried at 11 o0c. 

The catalytic properties were determined in a flow-circulating setup with a 
chromatographic analysis of reaction products. 

IR spectra were recorded on the Specord M-80 spectrometer. The catalyst was 
pressed into pellets with density I 2-13 mg/cm2. The samples were heated in air at 
I so0 c before studies. 

RESULTS and DISCUSSION 

The hydrated forms of H3PM012O40, H3PM012O40/SiO2, K3PM0 12O40 (HPC) 
are active catalysts for the HCOOH decomposition (Table).Formic acid is 
decomposed exclusively by dehydration to CO and H2O on acidic oxide catalysts, 
as wel] as on V-Ti-O (Table). 

IR spectroscopic analysis of adsorbed species of formic acid on K3PMo12O40 at 
25°C show only presence of moleculary adsorbed acid with bands of 

vo-H=3260 (3570), vc-H=2945 (2943), vc=o=l 735 (1770), oc-tt=l 380 (1387), 
8cott=l315 (1229), vc-0=1160 (1105) cnr 1. (The frequencies of gas phase 
HCOOH are shown in brackets). Increase of the interaction temperature up to 
150°C resulted in an intensity decrea~e of the bands of molecular adsorption of 
acid and appearance of a new band at 1620 cm -1

. This band belongs to water 
resulting from the HCOOH decomposition. 
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Table. Catalytic Activity of HPC for the HCOOH decomposition at 120°C and 
the contact time 4s. 

Catalyst X,% Selectivity, % Wx104 

mol/g h 
co CO2 

H3PM012O40 /SiO2 39.0 99.5 0.5 11.6 

H3PM012O40 21.1 99.4 0.6 5.4 

K3PM012O40 10.0 99.3 0.7 1.1 

20%V2O5-80%TiO2 7.0 95.6 3.4 0.9 

Similar results were obtained for H3PM012O40/SiO2. 
The hydrated forms of HPC are essentially Brnnsted acids, as indicated by 

adsorbtion of pyridine. 
Ab initio SCF MO LCAO method was used to calculate the interactions 

between the formic acid and the proton tt+. Two structures were considered (SI 
and S2). 

Ly-HI 

1.~c~ 3s 

02 01 
j1.o 

H2 

1.03/Hl 

\1.2yc~_27 
02 01 

I 1.0 
H2 

(SI) (S2) 

In these structure the O atoms of HCOOH of C-O-H (01) or C=O (02) 
groups interact with the surface H+. When tt+ interacts with 0(2) the stable 
protonative adsorbed complex (SI) is formed. The interaction of tt+ with 0(1), 
which is more nucleophylic than 0(2), produces the protonative intermediate (S2). 
The distinctive property of structure (S2) is localization of positive charge on the 
fragment O=C-H and a bond C-O1 lenghtened up to 1.9A. The interaction of 
protonative species (S2) with a nucleqphylic particle, as in surface o2- , leads to 
decomposition of intermediate (S2) to form carbon monoxide and water. 

Thus, the decomposition of formic acid on the hydrated fom1s of H PC proceeds 
by the addition of surface proton to HCOOH via protonative complex (S2). 

This work was supported by Russion Basic Resurch FoWldation 
(Grand 96-03-33016). 
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STRUCTURE AND PROPERTIES OF Ru-Al203/A'203, 

Ru-Ti02'Al203 AND Ru/A'203 CATALYSTS 

V.V.Romanovskaya, M.I.lvanovskaya, G.A.Branitsky 

Scientific and Research Institute of Physical and Chemical Problems, 

Belarus State University 

Leningradskaya Street 14, 220050 Minsk, Belarus 

The dispersity, structural features of the Ru particles and the Ru electronic 

state in Ru-Al2O3'A'2O3, Ru-TiO2/AbO3 and Ru/A'2Q3 catalysts (0,3-0,5 % Ru), have 

been considered by means of EM, EXAFS and XPS. Ru-Al2O:JAl2O3 and Ru

TiO2/Al2O3 catalysts as Ru-AbOJ and Ru-TiO2 microheterogeneous films on porous 

support (spherical y-Al2O3) were obtained by the thermal decomposition of ruthenium 

chloride added with aluminium resinate (Ru-AbO3'Al2O3 catalyst), titanium resinate 

(Ru-TiO2(R)/AbO3) and titanium alRoxide (Ru-TiO2(A)/A'2O3), in air (500°C, 2 h) and 

then in H2. As a comparison, Ru/A'2O3 catalyst was prepared by impregnation of 

AbOrsupport with RuCb solution and annealing in air and H2. The significant advan

tage of Ru-Al2O3 and Ru-TiO2 microheterogeneous systems are thermal stability of 

high dispersed Ru particles. Strong electronic interaction between components of 

the film structures (stronger in the case of Ru-TiO2) promotes the formation of higher 

dispersed Ru particles in Ru-TiO2'Al2O3 than that in Ru-Al2O3'AbO3 . According to EM 

data the predominant Ru particle sizes are: 80-100 A in Ru/AliO3, 50-60 A in Ru

A'2O3'A'2O3, 30-40 A in Ru-TiO2(A)/AbO3, 20 A and below in Ru-TiO2{R)/AbO3. The 

results of the EXAFS study of the Ru-catalysts show that t-he Ru-Ru interatomic dis

tance in the high dispersed Ru particles is 0,06-0, 10 A shorter than in the bulk metal. 

HCP structure of these particles is distorted. Correlation between Ru particle size 

and Ru-Ru interatomic distance is established. The higher dispersed particles pos

sess shorter interatomic distance. According to EXAFS and SIMS, the presence of 

partially reduced RuO. species, leading to destruction of Ru cell, is prob'able. 

By meansof XP~, Ru oxidised states ori the ~u particles' !urface were de

tected. Thus, intermediate ruthenium valente State Ru2
• (RuO) simultaneously with 

more stable states - Ru0 and Ru4~ (RuO2), is observed in Ru/AJiQ3 and Ru

Al2O3' Al2O3. 
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In the Ru 3p312 XPS spectra of Ru-TiO2'AbOJ we can identify the lines with 

binding energies, corresponding to various Ru valence states, from Ru0 to Ru8
+. 

Moreover, oxidised Ru states (Ru2• - Ru8
·) quantitatively predominate above Rd~: on 

the surface of Ru-TiO2 films reduced in H2. 

The interaction of Ru with high-defective TiOx structure probably may lead to 

the stabilisation of usually unstable oxidised states of ruthenium. The formation of 

TiOrRuO2 solid solution structure in an unreduced Ru-TiO2'Al2O3 catalyst during the 

pyrolysis of initial Ru and Ti compounds could promote the easier. interaction 

between Ru and TiOx. In this case an effect of Ru and Ti upon the electronic states 

of each other is observed. The reduction of Ti4
+ in the RuOrTiO2 systems occurs 

more readily, while reduction of Ru4
• is hampered. 

Owing to the strong mutual influence of the components in the RuOrTiO2 

systems, ruthenium in oxidation states from Ru2• to Ru8
+ and partially reduced Ti 

states Ti2 
.. and Ti3

+ are stabilised. 

The difference in activity and selectivity of investigated catalysts in the CO 

hydrogenation as well as CO and other reducing gases oxidation has been found. 

CO hydrogenation on Ru/A'2O3, Ru-A'2O3'A'2O3 and Ru-TiO2(A)/A'203 yields mainly 

CH4, whereas on Ru-TiO2(R)/Al203 and A'2O3 support .... methanol. Highest conver

sion of reactants is observed on Ru-A'2O3'A'2O3 and Ru-TiO2(A)/A'2O3. These cata

lysts possess similar selectivities. It should be noted, that the samples with similar 

catalytic properties possess similar Ru particles' size distribution. It is determined 

that catalysts containing 30-60 A Ru particles allow to obtain maximal yield of high

molecular hydrocarbons. Ru-TiO2(R)/Al2O3 catalyst with 20 A Ru particles is more 

active in the methanol formation. 

Thermocatalytic sensors with RuO2'A'2O3, RuOrA12O3'Al2O3 and RuOr 

TiO2'A'2O3 catalysts are sensitive to CO at 300-350°C. No response to hydroca~bons 

(methane, propane, petrol vapour) in this temperature range is observed. Sensors 

are sensitive to CmHn at 480°C and above. The significant difference in optimal de

tection temperatures allows to detect CO and CmHn selectively by means of ~ensor 

temperature mode control. 
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FORMATION OF THE SURFACE OF THE OXIDE CATALYST UNDER THE INFLUENCE OF 

THE REACTION MIXTURE OF AMMONIA OXIDATION 

A.A. Ryabchun, A.S. Savenkov, A.V. Nikityuk 

Kharkov State Polytechnical University 

Kharkov 310002, Ukraine 

The peculiarities of reactants adsorption and the proceeding of high temperature reaction of 

ammonia oxidation were studied by means of programmed thermal desorption, secondary ion mass 

spectrometry, X-ray diffraction, epitaxial decoration, electron diffraction and laser spectrometry. The 

catalyst is a solid solution of ammonia with corundum structure in iron oxide. 

The analysis of thermal desorption spectra showed the desorption of NH3, NH2, NH, N 

complexes at T=600K. Desorbed nitrogen portion is increased and ammonia portion is decreased 

with growing temperature. Hence, ammonia adsorption isn't the limiting stage of ammonia oxidation 

process. At low temperatures oxygen is adsorbed on catalyst surface as molecules with low bonding 

energy E,,;1.45 eV/molecule. Adhesion coefficient for oxygen S=0,3 and maximum covering n=4,5· 

1014 molecules/cm2 were calculated using the areas under desorption curves . The treatment of 

desorption curves front indicates order of desorption and gives the value of frequency factor 

V=1·1013
. Such oxygen has low reactivity for the reaction of ammonia oxidation to nitrogen oxide (II). 

The surface oxygen of oxide catalyst also doesn't react at temperatures lower then 600K. At 

temperature growth bonding energy between adsorbed oxygen and catalyst increased and reached 

2.1 eV. This value is near to the bonding energy of oxygen with platinum surface. 

The catalytic reactor with two-channel feed of reaction mixture was installed into secondary 

ion mass spectrometer for control of the surface state during the reaction. 

The experiments showed that at the reagents feed at T=300K the surface was covered with 

OH-groups which disappear at the temperatures more than SOOK. Besides the reduction of the 

surface (in the form of circles with growing size) started under the influence of the reaction mixture. 

The dependencies of the rate of the reduction under ammonia effect and reoxidation of the 

catalyst surface under oxygen effect at T=800K were investigated. It should be noted that the 

reduction till 60% of monolayer surface has reverse character and reverse direction of the curve 

(area occupied with oxygen ion S=0.784 nm; maximum monolayer covering n=64·1014 

molecules/cm2
) 

The rate of oxidation-reduction processes of oxide catalyst was compared with the rate of 

products formation to investigate the reaction mechanism and the role of the reduction of the surface. 
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The obtained results, dealing with the reactants adsorption (ammonia and oxygen) and reaction on 

oxide catalyst in the case of high temperature catalysis, have a great significance. 

At the temperatures higher than 600K the reduction of the surface takes place under the 

influence of ammonia of the reaction mixture. In this case the reducing rate dependency upon the 

surface reduction degree has extreme character unlike this process at low temperatures. Such 

dependency corresponds to the deoxidation of larger surface sectioQS which become greater. 

In the case of incomplete deoxidation of oxide catalyst surface, reoxidation occurs according 

to the same curve in the reverse direction. Such character of the dependency of oxidation and 

reoxidation upon the surface reduction degree indicates the possibility of modeling the reduced 

areas of the su,rface with circles, which become bigger or smaller. The deviation of oxidation curve 

from deoxidation graph in the case of reaching the monolayer deoxidation indicates the oxidation due 

to the growth of the surface sections of oxide phase. 

It was ascertained that the rate of ammonia oxidation reaction was essentially greater than 

the rate of the surface oxidation and deoxidation. 

It should be stressed that the reaction selectivity as for nitrogen oxide (II) depends on surface 

reduction deoxidation degree and reaches the maximum value at deoxidation degree 0,35 from 

monolayer covering. The surface deoxidation was calculated in the portions of monolayer covering. 

The area of reduced sections coincides with the epitaxial decoration data. Simultaneously, SIMS data 

show that the ion deoxidation with the reaction mixture doesn't take place. Hence, in the reaction 

process oxygen is adsorbed at BOOK on partly reduced areas with activation desorption energy E=2, 1 

eV, it coincides with the value for platinum catalyst. 

The obtained results show that in the case of high temperature ammonia oxidation on the 

solid solution of alumina in the iron oxide associative mechanism is realized. The mechanism is 

based on the following statements: 

"' the partly reduced surface areas are formed under the influence of reaction mixture; 

"' oxygen is adsorbed on these areas with the bonding energy (E=2, 1 eV) which provides 

maximum formation of nitrogen oxide (II); 

• smaller value of bonding energy of oxygen directs the reaction of ammonia oxidation to nitrogen 

formation; 

• greater value of oxygen bonding energy on the reduced areas put on the brakes the process with 

reaction products. 

Thus, the process of choosing composition and preparation technique surves to the definite 

aim. The aim is that adsorbed oxygen must have the bonding energy as oxygen on the most active 

platinum catalyst has. Under these energy conditions oxide catalyst has maximum selectivity. 
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ARTIFICIAL METALLOENZYMES AND CATALYSTS OF HYDROLYSIS OF 
PHOSPHOROUS ACIDS ESTERS 

Irina S. Ryzhkina and Ludmila A. Kudryavtseva 

A.E. Arbuzov Institute of Organic and Physical Chemistry, 
Kazan Scientific Center, Russian Academy of Scciences, 

8 ul. Akad Arbuzova, Kazan 420083, Russian Federation 

Reactions of nucleophilic substitution of esters of phosphorus acids are of major 

synthetic importance in view of environment (hydrolysis of toxic pesticides) as well s due to 

phosphoryl transfer process in living cells. One of directions of efficient catalysts search for 

these reactions is the design of synthetic metalloenzyme mimics. They simulate enzyme active 

sites action in organized systems such as cell membranes. Examples of these artificial 

metalloenzymes combining the advantages of the micellar and metal complex catalysis are 

micromicelles ( complexes of a transition metal with functional surfactants) and complexes with 

bifunctional ligands in rnicellar solutions of surfactants. Such catalysts exhibit high hydrolytic 

activity in mild conditions. 

We have obtained functional surfactants (I) - N,N-dimethyl-N'-tetradecylethylene

diamine, N,N-dimethyl-N'-tetradecylpropylenediamine, their complexes with Cu (II) 

(compounds II) abd bifunctional ligand 2-dimethylaminomethylphenol (HL) . The effect of non

ionic surfactant Triton-X-100 (T-X-100) on the complex formation of HL with Cu (II) has 

been investigated spectrophotometrically, pH-metrically and by the computer simulation of 

equilibria in solutions. It was shown that the composition and stability constants of the 

complexes depend on the concentrations ofT-X-100 and pH of solutions - [T-X-100] = 0.05 

M: [CuHL)2+, [Cu2(HL)2Lf; [T-X-100] = O.Gl M: [Cu(H2LhHLJ4+, [CuH2L(HL)iJ3
+. 

The hydrolysis kinetics of p-nitrophenyldiphenylphosphate (I) and p-nitrophenyl

bis( chloromethyl)phosphinate (2) in the presence of ligands I, HL and their copper complexes 

in water and micellar solutions of T-X-100 has been studied by spectrophotometry. 

Dependence of the observed rate constants (k.,1,c) of I hydrolysis on concentrations of I and II, 

an 2 hydrolysis in the presence of copper complexes of HL on T-X-100 concentrations has 

been determined. The fonn of kot,. - ftCL n. r-x-100) function (reaching a plateau) allows to 

interpret the results in terms of pseudophase model of micellar catalysis and to calculate 

substrate binding constants (Kb), rate constants in the micellar phase (km) and critical 

concentration of micelles fonnation. The effect of·pH on the Cobs values is also considered. 

Analysis of "k.,1,s - C1, n. r-x-100" and "k.,.,. - pH" dependencies permit to conclude that sorption 
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and catalytic activity contribute to the high hydrolytic efficiency of metallomicelles II at neutral 

pH. For example, Kb of substrate I for II is equal to 3500 - 1000 M 1
. In addition, micellar 

environment and coordination with copper (II) decrease pK. of water molecules for II or 

nucleophilic hydroxyl groups of ligand Ill,_ Accelerations of I hydrolysis in the presence of 

II (k,,/kH2o) at pH 8.0 and 2 hydrolysis at pH 7.0 in the presence of th most efficient complexes 

[CuIIl.,]2+ or [Cu(H2L)2(IIl.,)]4+ are equal to ca. 1 Os -fold and 103 -fold, respectively. 
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PROBLEMS ON STRUCTURE AND CATALYTIC ACTIVITY OF CATIONIC Ni(I) 
COMPLEXES 

Saraev V.V,, Shmidt F.K., Tkach V.S . 
Irkutsk State University, Irkutsk, 664003, Russia 

For 25 years since the first report on Ni(I) complexes in Ziegler type catalytic 
systems a great number of different in composition and structure Ni(I) complexes 
formed during the formation of metal complex catalysts has been identified in situ by of 
ESR spectroscopy [!] . The most stable structures have been isolated and characterized 
by physical and physic-chemical methods. 

In this work we present results of investigations on the structure of Ni(I) cationic 
type complexes which constitute the basis of highly active catalysts for transformations 
of unsaturated hydrocarbons and on the clearing the role of Ni{I) ions in these catalytic 
processes. 

I. Geometric and electronic structures of Ni([) cationic complexes. 
A wide use of transition metals in catalysis is caused, mainly, by their ability to 

form cr- and TC-bonds with other molecules and ligands. This ability is determined by the 
availability in transition elements of different in geometry and, chiefly, close in energy 
valent orbitals, which is the reason of the appearance of Jahn-Teller effect in 
coordination compounds. Cationic Ni{I) complexes with 3d9 electronic configuration 
are of substantial interest as a subject of application and development of vibronic 
theory which, first, are available for comprehensive investigation by use of most 
informative ESR method and, second, exhibit high activity in transformations of 
unsaturated hydrocarbons. 

Systematic investigation of Ni(I) complexes caused the necessity of performing 
theoretical studies of the influence of metal-ligand bond nature on vibronic interactions 
in heteroligand structures. The difference of this problem from already "classical" 
description of Jahn-Teller effect is that suggested approach the nonequivalence of 
ligands has been taken into account by addition of substitution operator to the 
hamiltonian of electron-vibrational interaction of the homoligand complex, which 
provides dissemination of vibronic interaction concepts onto low symmetric structures 
[2]. 

On the base of theoretical development the analysis of geometric and electronic 
structures of a great number of cationic Ni(I) complexes obtained by original procedure 
of oxidation of Ni(0) phosphine complexes with boron trifluoride and further 
substitution of phosphine ligands for phosphite, carbon monoxide and butadiene have 
been performed. 

According to vibronic model the planar complex [Ni(DPE)2]+, where DPE is 
diphenylphosphinoethane, has tetragonal structure differing from similar composition 
low-spin Co(II) and Fe(I) complexes, which have rhombic distortion. 

Tetrahedral cationic complexes [Ni(PBu3)4)+ have tetragonal geometry which 
indicates the preferential interaction of electron with double degenerated e-vibrations of 
tetrahedron. In cationic TC-complexes {N i(ri4-C4H6)2} + the static Jahn-Teller effect is 
pronounced weakly. Cationic tetrahedral Ni{I) complexes with mixed compositions 
{Ni(PPh3)4-n[P(OR)3]n}+ (R=Et, Bu, n=l, 2), {Ni(PBu3)4-n [P(OBu)3)0 }+ (n=l-3), 
{Ni(PBu3)3(CO)} +, {Ni(PPh3)2 (ri4-C4H6)} +, {Ni(PPh3)[P(OEt)3](ri4-CH6)} + 
independently of the number of homoligands exist in form of trigonal structures, in 
which the molecular orbital occupied by nonpaired electron is oriented along the Ni-P 
bond. 
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For three-coordinated cationic Ni(I) complexes with composition {Ni(PR3)3} + 

Jahn-Teller stabilization energy constitutes averagely 60% of the value of splitting of d
orbits in the ligand field and increases in the row of phosphine ligands: PPh3<P(i
Pr)3<PCy1 .The ground state for two former complexes is jx2-y2>, for the latter is !xy>. 

Presented data on the structure of heteroligand cationic Ni(I) complexes 
convincingly indicate of how much importance vibronic effects are for realization of 
one or another geometric configuration and, consequently, related electronic state even 
in the cases of the absence of degeneration. Moreover, as a result of redistribution of 
Jahn-Teller stabilization energy between minimums at the potential surface, vibronic 
effects become more substantial for heteroligand structures than for homoligand ones. 

II. Vibronic aspects of coordination catalysis. 
The foundation of modern views on chemical reaction paths is the second order 

Jahn-Teller effect proposed by Bader and evolved in detail applying to the reactivity of 
coordination compounds by Pearson. According to these views the stability of systems 
relative to nuclei remove along coordinates on which the determined symmetry 
conditions are imposed is as low as small is the difference between energies of ground 
and excited states, which, in turn, determines the pathway of chemical (catalytic) 
reactions. Unfortunately these ideas have not found a wide development because of 
intricate of numerical calculations of electron, especiacy pseudodegenerated, states. 
Theoretical developments have not been beyond the scope of the problem of activation 
of substrate molecule which, in addition, may be solved in adiabatic approximation by 
more simple tools. In connection with it the further development of productive concepts 
of vibronic interaction is of necessity to elaborate the simplest rules available for wide 
practical uses of them in coordination catalysis. 

We have suggested and theoretically justified the fundamental tenets in 
accordance with which a wide range of catalytic reactions proceeding with low 
symmetric active complexes may be described in context of the dynamic Jahn-Teller 
effect representing an active complex as a result of ligand substitution in high symmetric 
structures [3]. The fundamental tenets of suggested concept are the following: 
- labile (potentially active) are the structures, normal electron state of which correlates 
with E- and T-terms of initial octahedron. 
- catalysis is a form of manifestation of the dynamic Jahn-Teller effect (the 
transformation of a substrate in coordination sphere is a transition of an active complex 
from one equilibrium state to other). · 

In context of suggested concept reasons have been explained for: 
- high stability of octahedral poly hydride compounds of Co(3+) and Fe(2+). 
- two-peak pattern of the dependence of activity of transition metal 9xides in hydrogen 
exchange reactions on number of electrons on the d-orbit of central atom. 
- high activity of Ni(I) cationic complexes in olefin dimerization. 
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REDOX PROCESS BETWEEN Ni(I) AND Ni(III) 
DURING BUTADIENE TRANSFORMATION 

Saraev V.V., Tkach V.S ., Shmidt F.K., Gomboogiin Myagmarsuren, 
Lazarev P.G., Kraikivskii P.B. 
Irkutsk State University, Irkutsk, 664003, Russia 

Since the finding of Ni(I) intermediate compounds in Ziegler type 
catalytic systems repeatedly have been made attempts to clear the role of 
Ni(I) complex compounds for catalysis. Obtaining no simbatic 
dependence between the concentration of Ni(I) intermediate compounds 
and the activity of catalytic systems for oligomerization process of 
olefins, investigators came to conclusion that Ni(I) complexes because of 
low kinetic stability of their alkyl (hydride) derivatives exhibit no 
activity for transformation of unsaturated hydrocarbons, but play an 
important role for regeneration of catalytically active Ni(Il) hydrides [l]. 
In recent years more and more data are being amassed on various 
stoichiometric and catalytic processes proceeding with participation of 
ionic Ni(I) compounds. For instance, Ni(I) ions supported on oxides are 
reported to be active species in selective transformations of ethene and 
propene to a-olefins [2,3], cyclotrimerization of acetylene and 
oligomerization of ethene [4] . Data indicating high activity of cationic 
Ni(I) complexes for propene dimerization have been obtained by us in 
work [5]. The basis for all these works is the correlation dependence of the 
activity of system on the initial concentration of Ni(I) ions measured 
before the beginning of catalytic process itself. However these indirect 
evidences leave place for doubts of the possibility of Ni(I) transformation 
to Ni(II) or Ni(0) at initial moment and during further catalytic reaction 
on nickel 10ns in usual oxidation states by hydride mechanism or 
mechanism of oxidative conjugation respectively. For the purpose to clear 
the possibility to realize reversible oxidation of Ni(I) to Ni(III) under 
oxidative conjugation of substrate on cationic Ni(I) complexes we have 
investigated model reaction of butadiene transformation on coordinately 
unsaturated cationic complex {Ni(PPh3)3} + at low temperature. Interaction 
of substrate with {Ni(PPh3)3} + reveals the subsequent substitution of 
phosphine ligands for butadiene molecules forming in final step 
tetrahedral TI-complex with composition {Ni(ri 4-C4H6)2} + without change 
of transition metal oxidation state. Addition of less bulky and more acce· 
pto(in ·c9mparison with PPh3f(OEt)3 ligand into the system is followed by 
insertion of phosphite into coordination sphere of n-complex and 
oxidation of Ni(I) to Ni(III) as a result of conjugation of butadiene 
ligands by probably scheme: 
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P(OEt)3 

. N1 1 ---+ 
[

!,1/ i.~tj + 

~ ,1 

Ni(III) rr-allyl complexes dissociating quantitatively transform into 
tetrahedral Ni(I) complexes with compositions {Ni(PPhJ)[P(OEt)3](ri4-

C4H6)} + and {Ni(PPh3)3[P(OEt)3]}+ which are more inert toward 
substitution reaction of phosphine ligands for butadiene as compared with 
coordinately unsaturated complex {Ni(PPh3)3} + and by this reason the 
concentration of Ni(III) at stationary cqnditions constitutes less than l 0% 
of Ni(I). 
By this means for the first time has oeen shown principal possibility to 
transform Ni(I) into Ni(III) during oxidative conjugation of butadiene 
on cationic Ni(I) complexes. 

References 

l. Shmidt F.K. Catalysis of hydrogenation and dimerization reactions by 
means of first row transition metal complexes. Irkutsk: ISU. 1986. 231 
P.(russ) 
2. Cai F.X., Lepetit C., Kermarec M., Oliver D. //J. Mol. Catal. 1987. V. 
43. P.93. 
3. Lepetit C., Kermarec M., Oliver D. //J. Mol. Cata!. 1989. V. 51. P.73. 
4. Kazansky V.B., Elev I.V., Shelimov B.N. //J. Mol. Cata!. 1983. V. 21. 
P.265. 
5. Tkach.V.S., Gruznykh V.A., Murasheva N.A. et al. //React. Kinet. 
Cata!. Lett. 1991. V. 43. N 2. P.431. 

207 



PPI-103 
ON THE MECHANISM OF ALKENE INSERTION 

INTO Pd-Ar BOND HECK REACTION 

Schmidt AF., Halaika A. 
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Catalysts based on palladium compounds still remain one of the most 

promising for catalytic organic synthesis. It refers to catalytic trai1sformations of 

unsaturated hydrocarbons for which the insertion of alkene into Pd-C bond is one 

of most often postulated elementary steps. For the purpose to investigate in details 

electronic mechanism of this step in real conditions of catalysis the regioselective 

regularities of Heck arylation reaction [ l] for 16 various alkenes have been studied. 

Three types of effects determining reaction regiochemistry may be set apart

charge-, frontier- and steric-controlling effects. Quantitative influence of 

electronic effects on the regioselectivity may be described by the equation ( 1) 

which connects both the "hard and soft acid and base" and perturbation theory 

principles (2]: 

where E is the total perturbation energy; qr and gs are the total charges 

respectively on interacting atoms r and s; r is Coulomb repulsion term between 

atoms r and s; B is the local dielectric constant of the medium; c~' are the 

coefficients of the r-atomic orbitals on all unoccupied molecular orbitals of the reagent 

co~idered as a nucleophile, c~ are the coefficients of the s-atomic orbitals on all 

unoccupied molecular orbitals of the reagent considered as nucleophile as an 

electrophile; E~
1 

and E~ are energies respectively of nucleophile occupied MO and 

unoccupied electrophile MO; f) is the value of the resonanse integral; ~sol is the 

correction to perturbation energy produced by salvation of molecule when the reaction 

occurs in solution. 
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Making a number of assumptions, the main of which is the linearity between 

activation and perturbation energies characterizing the facility of reaction occurring 

and taking into account kinetic studies data according to which regioselectivity of 

main catalytic process is detennined by the ratio of insertion step rates leading to the 

fonnation of different regioisomers on the base (I) the following equation has been 

taken: 

aLUMO( ( c~UM0)2 -( c~UM0)2) 

I ALKEN Pd I 
/EUJMO -- EHOMO 

(( 
HOMO) 

2 
( HOMO'/J 

aHOMO C/J - Ca ) ! 
---,j-A-:c-L-:ccK-=-EN:-c---Pd-.....,1---_, - (

2
) 

EHOMO -- ELUMO 

where J}_ is the ratio between 13- and a-products of the reaction; no, Uz, awMo, aHoMo 
a 

are constant coefficients; (qp-qa) - is the difference between total charges respectively 

on ~ and a carbon atoms of vinyl group (estimated from NMR 13C spectra) 

c:0M0
, cp°M0

, c~uMo, cpuMo are contributions of Pz-AO respectively of a- and 13-carbon 

atoms of vinyl group into HOMO and LUMO of alkene (calculated by semiempirical 

quantum chemistry methods such as PM3, MNDO and AMI); E;,iMo, E~
1
7Mo are the 

energies of HOMO and LUMO respectively. 

Having experimental data on the distribution of regioisomers ( /}_) for the series 
a 

of alk:enes and using the multiple regression method one may calculate the constant 

coefficients in (2), which characterize the influence degree of various effects on the 

regioselectivity of the reaction, as well as the values of E;,i~
10 

and E~iMo . 
Calculations have shown that the detenning role in distributions of regioisomers 

belongs to the location type of LUMO on the vinyl group of alkene but not to the 

fonn of HOMO and charge distribution as ssuggested in (3]. It allows to make a 

conclusion that the key stage of olefin insertion into Pd-Ar bond which detennines 

the ,energy of transition state is the electron density transfer from HOMO of metal 

complex to LUMO of olefin. We have suggested the mechanism of frontier-controlled 

regioselectivity which is in agreement with experimental data: 
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~- ~/" 

'~'"'~~"" 
a 6 

and according to which the most favorable coordination of palladium from 

views of both steric hindrance and orbital overlapping is achieved in the case when 

relatively great in size palladium atqm adjusts to carbon atom, the contribution of 

atomic orbitals of which into olefin LUMO is the smallest (Structure "a"). 

'This work is supported by Russian Foundation for Basic Researches (grant No. 96-03-

33667a). 
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PLATINUM CARBONYL CLUSTERS OF VARIO US NUCLEARITY 

AS PRECURSORS FOR HIGH DISPERSITY AND THERM OST ABLE 

PLATINUM SUPPORTED CATALYSTS FOR HYDROCARBONS 

CONVERSION 

N.B.Shitova, V.A.Drozdov, P.E.Kolosov, M.D.Smolikov 

Omsk Department ofBoreskov Institute of Catalysis, SB RAS. Omsk, Russia. 

Telex: (007) 381264 61 56 

Formation stages of supported catalysts Pt/ Ah03 and Pt/C, prepared from 

platinum carbonyls of different nuclearity Pt6-and Pt,s - clusters, their properties: 

dispersity, structure of the surface forms, thermo stability and catalytic activity in deep 

oxidation and dehydrogenation of saturated hydrocarbons were investigated in this 

work. 

High-nuclear platinum carbonyl [Pt3(C0)6] 1oH2 was used as an origin compound 

IR and NMR - spectroscopy methods were used to reveal than. [Pt3(C0)6] 1oH2 -

cluster in CO atmosphere is subsequently converted into less nuclear particles: 

[Pt3 (C0)6 ]102· ➔ [Pt3 (C0)6 ]s2" ➔ [Pt3 (C0)6 ]/ ➔ [Pt] (CO)G ]}· under the 

influence of bases with different strength. 

Adsorption isotherms of Pt1s - cluster from water-acetone solutions show that its 

interaction with alumina is rapid and practically irreversible till loading of 5% Pt. 

Maximum sorption capacity corresponds to 10% Pt which is 2 times higher than for 

H2PtC'6. Adsorption on y-Ah 0 3 (Henry coefficient 2 * 103 ml/g) is four fold stronger 

than on coal (5 * I 02 ml/g). It is related to the presence of strong acceptor centres on 

alumina surface forming strong bond with the carbonyl cluster - electron donor by its 

nature. 

Dispersity of platinum, supported from carbonyl, (Hi-02 titration method) for 

both Pt/y-A}i03 and Pt/C-catalysts are higher than for catalysts prepared from H2PtC16 . 
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D-1 for platinum-alumina catalyst and this means a practically monoatomic platinum 

distribution on the support surface. Herewith, the difference is revealed not only in the 

particle size, but also in their macrostructure. Platinum, supported from carbonyl, 

forms bidimensional layers, whereas, in the samples obtained from H2PtCl6 crystallites 

are observed. It was shown by means of method of drawing radial distribution 

functions that there is no platinum phase with fc.c. structure on the catalyst's surface 

prepared from Ptwcluster. A stable surface platinum compound with y-AJi03 is 

formed . In the catalyst prepared by supporting of Pt6-cluster both metallic platinum 

and surface platinum-alumina compound is observed. This corresponds to its weaker 

interaction with the support surface than in case of Pt is-cluster 

The pe)culiarity of Pt/y-Ah03 catalysts prepared from carbonyl clusters is the 

high thermostability of supported platinum in high dispersity state. Namely, the 

dispersity did not change at temperature raise from 300° C to 500° C. This property is 

connected with fast, " multipoint" interaction of cluster with alumina. 

Catalytic properties of the catalysts prepared from clusters are investigated and 

compared with the properties of platinum catalysts prepared from H2PtCl6 in the 

hydrocarbons conversion reactions proceeding under moderate and rigid conditions. 

Methane oxidation (400-500° C) Activity of the samples prepared from Pt 15 -

clusters is 3-6 times higher than that of the traditional catalyst. This may be 

conditioned by lower ;'oxidability" of platinum atoms and absense of chlorine-ions 

stabilizing Pt in oxidative state. 

Cyclohexane dehydrogenation (300° C). Activity decreased 4 times while 

transition from the traditional catalyst to the one prepared from Ptw cluster in the case 

of Pt/y-AhOJ, and it increased 3 times for Pt/C - catalysts. It is known that 

cyclohexane dehydrogenation takes place on platinum metal crystallites. It was shown 

by means of method of drawing radial distribution functions that there is no Pt-metal 

phase in the catalysts prepared from cluster precursor and. supported platinum is 
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present in the form of thermostable surface compound This is the main reason why 

activity decreases when Pt15-cluster is used as a precursor of active component. 

Interaction of the cluster with the carbon support is not so strong and it is 

observed at adsorption stage already. This factor favours formation of metallic 

platinum from the cluster and, as it was shown, with higher dispersity than from 

H2PtCk That is why the catalyst Pt/C prepared from the cluster is more active than the 

usual one. 
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HYDRODECHLORINATION OF POLYCHLORINATED BENZENES 
CATALYZED BY PHASE TRANSFER CATALYST AND Me0 /C. 

~.I. Simagina, I.V. Stoyanova ,V.A. Yakovlev, V.A. Likholobov 

Bor,eskov Institute of Catalysis, Novosibirsk, 630090, Russia 
E-mail: root@catalysis. nsk.su 

Analysis of the vanous methods of detoxication of organic chlorides leads to the 

conclusion that hydrodechlorination reactions are more ecologically favorable that oxidative 

ones and they allow polychlorinated aromatics to be reduced without the production of waste 

[I]. Previous results [2) showed that in the dehalogenation of polychlorinated aromatic 

compounds catalyzed by Pd/C or Ni-Raney with hydrogen at atmospheric pressure in a two

phase syste~ (aqueous KOH and organic solvent) the presence of Aliquat 336 

(methyltricaprilammonium chloride) as Phase-Transfer (PT) catalyst lead to considerable 

increasirig the reaction rate. Such reactions are very prospective for organic syntheses. 

The aim of this paper ·is to study the wide range PT and metallic catalysts available for 

effective and selective halide hydrogenolysis of organic compounds under mild conditions. 

Liquid phase dechlorination of 1,2,4,5-tetrachlorobenzene, hexachlorobenzene, 

polychlorinated biphenyls have been studied at 50°. The catalysts of choice are the transition 

metals supported on a carbon support (where Me0 
- Pd, Ni, Cu and bimetallic Pd-Ni, Ni-Cu). 

The carbon is necessary because of the corrosive nature of the reaction medium. "Sibunit" and 

CFC - catalytic filamentous carbon as carbon material were used. Methyltricaprilammonium 

chloride, tetramethylammonium chloride, tetraethylammonium chloride, tetraethylammonium 

hydroxide were used as Phase-Transfer catalyst. Sodium borohydride, sodium hypophosphite 

and hydrogen were used as hydrogen sourse. 

According to the studies catalysts Pd/C or Ni-Pd/C - mixed hydride showed the highest 

activity and allowed to carry out effective dechlorination of polychlorinated benzenes at 5 0°C. 

Kinetic studies showed the hydrodechlorination of these compounds to be concecutive 

reaction and under the conditions described may produce less-chlorinated compounds. Thus, 

the method allows selectivity remove halogen from the aromatic ring and providing the new 

methods for organic synthesis. 

Obtained results for hydrodechlorination of hexachlorobenzene. with Pd-Ni supported on 

Sibunit, carried out on variety PT catalysts , showed that the reaction is faster in the presence 

methyltricaprilammonium chloride. 

It was found that varying the metallic catalyst considerably induces the selectivity of the 

hydrodechlorination of polychlorinated aromatics. 

In the hydrodechlorination of hexachlorobenzene catalyzed by Pd-Ni/C with hydrogen at 

atmospheric pressure has been observed that dehalogenation proceeds though a rapid and 

progressive displacement of the chlorine atom from polychlorinated benzenes to benzene (fig. I). 
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Fig. l. Hydrodechlorination of 

hexachlorobenzene with Ni9sPdi/C and 

. (CHJ)JW·CHJCI- (PT catalyst). 

I - hexachlorobenzene; 
2 - pentachlorobenzene; 
3 - tetrachlorobenzenes isomers; 
4 - trichlorobenzcnes isomers; 
5 - dichlorobenzenes isomers; 
6 - chlorobenzene; 
7 - benzene. 
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%, in the reaction mixture 
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Fig. 2. Hydrodechlorination of 

hexachlorobenzene with NinCus/C and 

(CH3)3N+CH3CJ- (PT catalyst) . 

I - hexachlorobenzene; 
2 - pentachlorobenzene; 
3 - 1,2,4,5-tetrachlorobenzene; 
4 - trichlorobenzenes isomers. 

But the data in Fig. 2 show, that in the presence Ni-Cu/C catalyst with hydrogen at 

atmospheric pressure has been observed that the dehalogenation proceeds only to trichlorobenzene 

isomers. 

This hydrodechlorination method has been successfully applied to commercial mixture of 

polychlorinated biphenyl (Sovtol-10). 

Sovtol-10 is a common bi phenyl pollutant mixture that contain a fraction of 

environmentally persistent tetra-, penta- and hexachlorinated congeners and therefore is an 

especially significant mixture for the reductive dechlorination. 

The results show that the Pd5Ni95 are effective catalysts for dechlorination of Sovtol-10. 

High conversion (99%) of polychlorinated biphenyl to biphenyl was achieved. 

Basing on kinetic studies we suggest a scheme of dechlorination mechanism. According to 

this scheme, the HCI produced in reaction adsorbed on the surface of catalyst is quickly 

removed by strong alkaline media. It is possible, as result Phase-Transfer agent transfers OH 

anion (alkali) from aqueous phase to surface of catalyst, so allowing a faster regeneration of 

the catalyst surface. 

According to these results it could be possible to set up conditions on selective 

dehalogenation useful for synthetic purposes and detoxication methods of enviromentally 

problematic compounds. This reaction allows polychlorinated aromatic to reduced to the 

parent hydrocarbons without production of waste. 

[I] A.P.G. Kieboom, F. Van Rantwijk, Hydrogenolysis in Synthetic Organic Chemistry; Deft 
University Press, Deft, Netherlands, 1977 

[2) CA Marques, 0. Rogozhnikova, M. Selva, P. Tundo, J. Mo!. Cat., 96,301, 1995 

215 



PPl-105a 

THE ACCELERATION OF LIQUID-PHASE OXIDATION REACTION 
BY SOME PETROLEUM SYSTEMS 

Sizova N.V., Velikov A.A. 
Institute of Petroleum Chemistry, SB RAS, Tomsk 

As a rule, high-molecular fractions extracted from oil have the properties of 
inhibiting of radical reactions. Although the content of inhibiting molecules is 
not high in such objects (for example, it is maximum in asphaltenes and is equal 
to 0.6-0.7 mole/kg), their activity is sufficiently high in the reactions of inhibitor
peroxiradical and the constant has some the value n * 104 as for the industrial 
antioxidants. Various petroleum systems extracted by different methods have 
been studied by the microcalorimetric method [I] as inhibitors of radical 
reactions. In general , their behavior was not beyond the established limits, 
nevertheless, it was found that some objects among the studied ones speed-up 
radical processes. In Table 1 there are data on the acceleration of the oxidation 
speed , in the model reaction of cumene oxidation when petroleum fraction 
residues extracted on the laboratory installation are added into the system [2] . 

Table I . Relationship between the speed of the model reaction of cumene 
Oxida · d h · f 1 · h reaction cell. tion an t e concentration o petro eum system m t e 

Residue-91 Residue-92 Residue-94 
C, WoK 10-•6, C, WoK 10·6, C, WoKl0 -6 , 

g/1 g/1 mole/1 g/1 mole/I sec 
mole/1 sec 

sec 
0 7.88 - - - -
1.3 8.67 1.3 9.16 1.4 6.71 
3.9 10.65 2.6 9.41 3.8 4.84 
5.6 13.63 3.9 5.66 5.0 9.21 
9.2 14.53 5.0 4.85 7.6 9.21 

For the purpose of explanation of this accelerating effect of petroleum 
systems on the radical reactions, oil from the Strezhevoy oil field (well N2l l) has 
been separated into the following fractions: hydrocarbons, polycycloaromatics, 
neutral resins, acidic resins, asphaltenes. As to the fractions studied the fraction 
«acidic resins» has the accelerating effect, thus, it is reasonable to suppose acid 
catalysis of bimolecular decomposition R0-0-H into radicals and further speed
up of the oxidation. 

References. 
1.Velikov A.A., Sizova N.V. Microcalorimetric method in the liquid-phase 
oxidation of hydrocarbons. Kinet. Katal., 1988, N22, p.321-325. 
2.Unger F.G., Andreeva L.I. Fundamental aspects of petroleum chemistry. 
Nature of resins and asphaltenes. Novosibirsk, Nayka, 1995,192p. 
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ABOUT THE ROLE OF SURFACE OXYGEN OF COPPER-CONTAINING 

OXIDE CATALYSTS FOR METHANOL SYNTESIS 

I.A. Slabun, N.N. Stepanov, A.Y. Loboyko, Kharkov State Politechnic University, 

Laboratory of high pressures, Kharkov, Ukraine 

Methanol synthesis proceeds on copper-containing catalysts and it is de

scribed by equations [ 1]: 

CO2 + 3H2 ~ CH30H + H20 

CO + H20 ~ CO2 + H2 

(1) 

(2) 

Reactions ( 1) and (2) are oxidation-reduction ones. The catalyst surface 

consists of metal and oxygen ions. According to the modem notions the active site 

in methanol synthesis is the solid solution of copper ions in the zinc oxide lattice, 

where copper plays a role of an adsorbent of reacting substances. However it was 

found that the adsorption of CO, CO2, H2, H20 proceeds better on oxygen ions 

[2]. 

Studying the kinetics of methanol synthesis on SNM-1 , I CI-51-2 catalysts 

and carbon oxide conversion with water vapour allowed to determine the activation 

energy of these reactions. It appeared that the energy for both reactions is the same 

one and it is equal to 60 kJ /mol. The value of activation energy of the limiting 

stage of catalytic reaction is determined by changing the energy of one of bonds, 

breaking or forming at the creation or the transformation of the surface compound. 

For methanol synthesis and carbon oxide conversion with water vapour on copper

containining catalysts the most probable bond is the following: surface oxygen

catalyst The comparison of the energies of the reactions ( 1) and (2) with the 

bounding energy of oxygen in the surface oxides CuO, ZnO, Cr20 3 (71,223,109 

kJ/mol, respectively) [3] showed that the bond energy of oxygen-catalyst coincides 

with the bond energy of oxygen in surface CuO. We suggested that surface oxygen 

should take part in catalytic conversion. The energy of its bond with the catalyst 

and hence its reactivity depend on the encirclement with cations. In this case the 

propeties of SNM-1, I CI-51-2 catalysts depend on the properties of copper ions 

bonding with oxygen. 
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All mentioned above correlates with the earlier suggested mechanisms of 

synthesis [ 4] and CO conversion with water vapour: 

CO(g) + 2[Cu2+] + 2[O2-J = [CO32-J + 2[Cu+] + [ ] (3) 

[CO32-] = CO(i) + [02-] (4) 

H2O(g) + ro2-1 + r 1 = 21ott-1 (5) 

2[OH-J + 2[Cu+] = H2(g) + 2[O2-J (6) 

CO2(g) + [O2-J + [Cu2+] = [Col-] + (Cu2+] (7) 

[CO3
2-J + 2[Cu2+] + H2(g) = [H2CO3] + 2[Cu2+] (8) 

[H2 CO3] + 2[Cu2+] = H2O(g) + [CO2] + 2[Cu+] (9) 

[CO2] + 2{Cu+] + 2H2(g) = CH3OH[O2-] + 2[Cu2+] (10) 

CH3OH[O2-] = CH3OH(g) + [O2-J (11) 

were [Cu2+], [Cu2+], [O2-], [CO32-J - cation and anion centres of the lattice 

of ZnO with corresponding ions; [H2CO3] - anion centre of the lattice of ZnO 

with H2CO3 molecule. 

Methanol molecule formation occurs stage by stage. Carbon oxi9e takes 

away oxygen from the catalyst, but water returns oxygen to the catalyst. Stages (3-

5) with the participation of 2 copper ions take place simultameously. It relieves the 

transfer of the electrons through the catalyst and leads to reducing the energy bar

rier. , So, the move of electrons, oxygen ions end even copper ions take 

place [5]. 
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CATALYSIS AND AUTOCATAL YSIS IN THE 
REACTIONS OF METAL ION REDUCTION IN AQUEOUS 

MEDIUM 

V.V Sviridov, G.A.Branitsky 
Belarussian State University, Belarus, 
220080, Minsk, Leningradskaya St.,14 

Catalytic phenomena are of essential importance in chemical reactions of 
reduction of noble and many non-noble metals (copper, nickel, cobalt, etc.) 
by reducers (formaldehyde, borohydride, hypophosphite, etc.) in aqueous 
medium or solution. General peculiarities of the reactions stimulated by 
metals of different dispersity. their mechanisms and problems aimed at 
extension of their practical application are considered in the report. 

1. The reactions considered are related to the two types: (a) reactions of 
solid metal compound reduction; (b) reactions of ion metal reduction which 
are present in solution in the form of different complexes. Products of 
reactions proceeding in bulk of solution are highly dispersed metals and 
alloys (Ni-P, Ni-B, Ni-Co, Ni-Cu, etc.), films of regulated thickness formed 
on a solid surface ( discontinuous or as patterns of defined topology). The 
selectivity of autocatalytic and catalytic metal deposition from 
solution( electroless deposition) on solid surfaces is attained by the extent of 
local formation of catalytic active centres on this surface using different 
photochemical processes. 

2. The principal difference in the mechanism of catalysis of metal ion
reduction from solution . by metal particles of different size is revealed. It 
consists in the realisation of spatial separation of anodic and cathodic steps 
of the redox-reactions. Possibilities of appearance of the catalytic activity by 
metal clusters which are instable thermodynamically in the reaction medium 
are discussed. 

3. Directions of possible usage of the reactions of chemical reduction of 
m~tal . ions ( electro_less deposit_ion) are. co~sidered fo~ a wide range of 
scientific and applied tasks: (1) determmat10n of reducmg centres on solid 
surfaces with catalytic activity (in the combination with electron 
microscopy); (ii) production of catalysts (in the form of ultrafine powders 
and ?~ms); _(iii) intens_ification of photographic images with small optical 
dens1t1es; . (1v) format10n . of the polychromic (multicolor) photographic 
images without dyes; (v) m the processes of metalization of dielectics; (vi) 
product10n of "amorphous" metals with controlled electroconductivity, etc. 

219 



PPII-108 

THE REVERSED MICELLES OF NONIONIC SURFACTANTS ARE THE 
CATALYSTS OF NUCLEOPHILIC SUBSTITUTION REACTIONS 

E.P. Tishkova, L.A.Kudryavtseva, R.A.Shagidullina, L. Ya.Zakharova 

A.E.Arbuzov Institute of Organic and Physical Chemistry, 
Kazan' Scientific Center of the Russian Academy o_[Sciences, 

8, ul. Akad. Arbuzova, Kazan 420083, Russia 

The reversed micelles (RM), one of the most simple colloidal systems formed 

by associates of surfactants in nonaqueous low-polar media, are interesting as catalysts 

of various chemical processes. The use of RM for syntheses of various compounds, for 

example surfactants, simple esters, photosemiconductive colloids is known. In 

addition, micellar systems are especially interesting because they are predecessor of 

more highly organized systems (such as liquid crystals), playing important role in the 

function of biological membranes. We have researched the influence of RM of 

nonionic surfactants (oxyethylic derivatives of fatty' acids and alkyl phenols) on 

nucleophilic substitution reactions of phosphorns acids esters in toluene. The reactions 

of phenolysis 

1: I(= i-C9H19, H, Cl; R
2
= R

3
= CH::i; 

2: I(= R2= H; R3= CnH2n+I , n= 5, 8, 12, 16: 

3 R'= K= H; R'= CH2CH2N+Me2C14H29; 

and aminolysis 

R
4
NH2+(CI CH2)(PhO)P(O)OC6~N02_p-

- (CICH2)(PhO)P(O)NHR4+ HOClf4N02_p, 

R4=CnH2n+I, n=J,4,16, 

were chosen as objects. 
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The character and the degree of the influence of polyethylene glycol-600-

monolaurate (PM) micellar aggregates on phenolysis reaction depend on the structure 

of ortho-aminomethylphenols (AMP) and the concentration of surfactant and 

nucleophile in solution. The AMP (1) reactions are catalyzed by RM. Both catalytic 

and inhibition micellar effect take place for AMP (2) depending on the ratio of 

surfactant and nucleophile concentration. Inhibition of the reaction is observed in the 

presence of high PM concentration and low AMP (2) concentrations. There is an 

inhibition (more than one order of magnitude) by micellar aggregates in the case of 

AMP (3) with ionic structure. Different effect of nonionic micelles on phosphinate 

phenolysis may be caused by the dependence of nucleophile binding constants on 

AMP structure and differences in nucleophile localization, resulting in change of 

separation degree of reagents solubilized by RM. 

The presence of PM, diethylene glycol monolaurate and Triton-X-100 micelles 

results in essential (more than four orders of magnitude) increase of observed rate 

constants of phosphonate aminolysis. The catalytic efficiency of micelles increases 

with decrease of the concentration and the alkyl radical length in amine and increase in 

the extent of surfactant oxyethylation. 

Increase of the apparent values of the activation energy and decrease of the 

absolute values of the activation entropy of phenolysis and aminolysis at high 

surfactant concentration point out that catalytic effect of nonionic micelles in toluene 

is due to more favourable entropy factor. 

The results obtained show that the RM of oxyethylic surfactants exe11 an 

essential influence on the nucleophilic substitution of esters of phosphoms acids and 

allow to change observed rate constants of the process in wide limits (the catalysis and 

the inhibition) depending on the surfactant and reagents structure and their 

concentration. 

221 



PPI-109 

THE NOVEL FORMATION METHODS FOR CATIONIC Ni AND Pd 
COMPLEXES AS CATALYSTS FOR TRANSFORMATIONS OF 
UNSATURATED HYDROCARBONS 

Tkach VS, Gornboogiin Myagmarsuren, Saraev V V, Shmidt F.K. 
Irkutsk State University, Irkutsk, 664003, Russia 

Cationic complexes of transition metals are effective catalysts for 
transformations of unsaturated hydrocarbons. In this work, we present new 
untraditional methods for purposeful designing in situ of coordinately 
unsaturated Ni and Pd cationic complexes in systems based on f3-diketonates of 
named metals, for instance, Ni(Acac)rPRrAlEt3-BF3OEt2, Pd(Acac)rBF3OEt2 
and Pd(Acac )rPRrBF 3OEt2. Two key reactions were used for the formation of 
Ni cationic complexes in various oxidation states: one-electron oxidation of 
Ni(0) phosphine complexes to Ni(I) with boron fluorides and two-electron 
oxidation of reduced forms of Ni with Broensted acids containing complex 
anions of type I-rBF3X, where HX is HF, H2SO4, H2O and ROH [1,2], 
according to following scheme: 

I HX. ' 
• BF 3 

[P2NiH]+ A-

where Pis PR3; BF3 is BF3OEt2; A is BF3X; Lis unsaturated hydrocarbon. 
In this case the formation of Ni(0) phosphine complexes in the first step occurs 
through the interaction between the components of Ni(Acac )rPRrAIEt3 
systems and both the nature of PR3 and the ratio P:Ni may be varied in a wide 
range. A high activity of [(PR3)NiL2]BF 4 complexes for positional 
isomerization of a-olefins, low molecular oligimerization of ethene and 
dimerization of propene has been established. In particular, the activity of these 
complexes for propene dimerization runs up to 2.7*105 mol C3H6 /mol Ni*h. 
Cationic Ni(I) complexes containing two or more phosphine ligands exhibit no 
activity in propene dimerization. However, a treatment of such complexes with 
I-r;I3F3X results in the formation of most probable Ni(III) active for propene 
dimerization hydrides, similarly to the formation of Ni(II) hydrides from Ni(0) 
[l]. The activity ofNi(III) hydrides runs up to 2*105 mol C3~/mol Ni*h. 
The interaction between the components of palladium catalysts leads to the 
formation of (PR3)nPd(H)L2.nBF 4 complexes. In this case the formation of Pd-H 
bond occurs without traditional participation of alkylating or hydrogenating 
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reagents. The first step of the synthesis of named palladium hydrides includes a 
substitution of one acetylacetonato ligand at Pd for F of BF 3 and further 
formation of complex BF 4- anion. Depending on the number of 
organophosphorus ligands and substrate nature the complex anion may be 
bonded to Pd in the form of charge transferring complex or anion transferring 
complex. The second step is the formation of Pd-H bond with direct 
participation of unsaturated hydrocarbon. In this case the second acetylacetonato 
ligand at Pd transforms by following equation: 

Decomposition of a new formed Pd-C bond by ~-elimination mechanism is the 
last step of the formation of Pd-H bond. Catalytic systems based on Pd(Acac)z 
and BF 3OEt2 are exhibiting relatively high activity and selectivity for 
dimerization of propene and styrene, low molecular oligomerization of ethene 
and telomerization of butene with diethylamine [3,4]. In particular, for 
dimerization of styrene to 1,3-diphenylbut-l-ene (up to 100%) conversion of 
styrene to products runs up to 7.5*105 mol C8H8/mol Pd for 7 hat 343K; for 
telomerization of butene with diethylamine to N-octa-2,7-dienyldiethylamine 
(up to 100%) conversion of butene to products runs up to l.84*104 mol 

. C4H6/mol Pd for 3 hat 353K. 
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Gas Phase Catalytic Oxychlorination of Chlorinated Hydrocarbons by 
Hydrochloric Acid. 

Ju.A.Treger, L.M. Kartaschov, L.N.Zanaveskin 

Scientific Research Institute "Syntez", PO Box 56 Moscow, 109432, Russia. 

The utilization of off-gas hydrogen chloride has been one of the main problems 

in the industrial chlororganic synthesis both for the compete utilization of chlorine raw 

materials and from the enviromental point of view. In the production of chlororganic 

products by the conventional methods of chlorination and dehydrochlorination hyd
rogen chloride · is necessarily formed and the principal method of processing 

was until recently the conversion of it into hydrochloric acid with the following 

utilization. However, " off-gas" hydrochloric acid contaminated with chlororganic 

compounds is not always marketable, and the methods of its purification to the 

demanded quality are rather laborious. Due to the fact the problem of qualificated 

utilization of off-gas hydrogen chloride seems to be mostly important and pressing. It is 

solved at present by hydrogen chloride returning to obtain chlororganic products with 

the result that the whole production becomes chlorine-balanced, i.e. the whole chlorine 

fed is consumed only for the end products. 

The principal methods of off-gas hydrogen chloride processing are 

hydrochlorination and oxychlorination processes. Great progress is made in the 

development of chemistry and technology of such processes. 

One of the ways of off-gas hydrochloric acid utilization is its processing during 

oxychlorination process, particularly during high temperature processes for 

chlororganic solvent production from the different kinds of hydrocarbon raw materials 

and in the first place from the chlororganic production wastes. Besides, hydrochloric 

acid is formed during the very high temperature oxychlorination processes·• By 

putting its recycle into the reactor one can attain practically I 00 % hydrogen chloride 

conversion and obtain chlorine - and hydrocarbon-balanced as well as enviromental 

processes for solvent production. 

The greatest interest presents the use of acid in oxychlorination processes carried 

off in the reactors with a fixed-layer catalyst but their realisation is complicated by high 

heat effects and catalyst area overheats. There was conducted the study of the 

·possibility of hydrochloric acid utilization in the chlororganic solvent production 

process by polychlorides C2-CJ high-temperature oxychlorination method. 
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The study included laboratory works ( with the choice of effective catalytic 

system, optimal conditions for process conducting, solution of a number of other 

questions) as well as process pilot plant operation. -. Hydrocarbon raw materials were 

vinyl chloride and epichlorohydrin production wastes and chlorinating agent was 

hydrochloric acid of different concentration and air ( oxygen). Laboratory and pilot 

plant operation studies of oxychlorination process were carried off in the reactors with 

fixed-layer catalysts. 

Hydrochloric acid utilization in polychlorides Ci-C3 oxychlorination process did 

not demand the development fundamentally new catalytic systems. The process was 

successfully conducted on catalysts developed for process with hydrogen chloride 

utilization. Catalytic systems CuCh -KCI/ carrier with limited surface proved to be the 

most appropriate. The content of catalytically active components as well as carrier were 

varied depending on the kind of processed hydrocarbon raw material though there was 

exhibited the possibiliy of processing raw materials of various composition on the same 

catalysts. 
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PHASE-TRANSFER MICELLAR METAL COMPLEX CATALYSIS IN THE REACTION OXIDATION 

OF ALKYLBENZENES BY MOLECULAR OXYGEN 

N.Yu.Tretyakov, L.P.Panicheva, A.Ya.Yuffa 

Tyumen State University, Tyumen 625003, RUSSIA 

The developing of various methods of phase-transfer and micellar 

catalysis is an important stage in the elaboration of catalysts for organic 

synthesis processes. The perspective direction appears to be the combination 

of these two variants that is simultaneous utilization in organic synthesis of 

advantages of phase-transfer catalysis connected with interface existence and 

micellar catalysis effects which are caused by the accumulation of various 

reagents in micelles. It allows to carry out synthetic processes with high rate and 

selectivity without usage of expensive solvents and explosive agents. 

For reactions of alkylaromatic hydrocarbons oxidation the most interesting 

variant is phase-transfer micellar catalysis based on phase-transfer catalysis of 

"insulting" type. It means insertion of organic substrate from organic phase into 

aqueous phase, containing water soluble catalyst, in combination with reagents 

concentration in normal type micelles of surfactant by mean~ of substrate 

solubilization and catalyst ions adsorption on micellar surface. 

This work is aimed to investigate alkylaromatic hydrocarbons 

(i-propylbenzene, p-metyl-i-propylbenzene, m- and p-di-i-propylbenzenes) 

oxidation· reactions under conditions of phase-transfer micellar metal complex 

catalysis. The system "metal (II) dodecylsulphate - (C12H250S03)2Me 4 H20; 

Me = Cu; Co; Ni; Mn" was chosen as micellar metal complex catalyst 

The kinetic model of this process allowed taking into account separate stages of 

radical-chain reaction in different phases in good agreement with experimental data 

is suggested. 
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THEORETICAL INVESTIGATION OF METHANE, ETHANE AND PROPANE 

OXIDATIVE ADDITION TO DIHALOGENOBIS(PHOSPHINE)PALLADIUM(II) 

COMPLEXES, PdX2(PH3)2 (X=F,CI, Br, I). COMPARISON OF AL TERNA TJVE 

REACTION PATHWAYS 

Andrei N. Vedernikov, Gregory A. Shamov, Boris N. Solomonov 

Department of Organic Chemistry, Kazan State University, Kazan 420008, Russia 

Hydrocarbon activation via oxidative addition of substrate CH bond to transition 

metal complexes is ,. in focus of many theoretical works now. 1 · ~Nevertheless they 

deal solely with thermodynamically favourable oxidative addition products and do not 

consider any results showing positive values of free energy of oxidative addition. Re

cently we have first obtained experimental results which demonstrate existence of a new 

group of hydrocarbon activation reactions which are thermodynamically unfavourable. 
2,3 Due to both low stability of organometallic hydrocarbon activation products and its 

high reactivity they are very attractive, in particular, in design and elaboration of new 

hydrocarbon functionalization reactions. 

In the presented work we consider three possible reaction pathways (l)-(3) for 

methane and dihalogenobis(phosphine)palladium(ID complexes, PdX2(PH3)2 (X = F, 

Cl, Br, I), which served us as a model of more complex previously studied systems. 

These pathways are electrophilic alkane hydrogen substitution, oxidative alkane halo

genation (bond metathesis) and alkane CH bond oxidative addition to palladium: 

PdX2L2 + CH3H 

PdX.iL2 + CH3H 

CH3PdXL2 + HX 

HPdXL2 + CHJX 

( l ) 

(2) 

( 3) 

Using ab initio calculation with geometry optimisation on MP2 level theory we 

have carried out a theoretical investigation of reaction system alkane - the palladium 

complex. In a gas phase all mentioned reactions are thermodynamically unfavourable 

and are characterised with almost the same energy. Oxidative addition pathway has 

been studied more comprehensively. Geometry and relative stability of six diastereoi

someric oxidative addition products, hydridomethylpalladium(IV) complexes, 

CH3Pd(H)X2(PH3)2, were calculated. Both main features of their structure and order of 

their relative thermodynamic stability depend on position of only two most trans. 
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influencing ligands, methyl and hydride. The most stable diastereoisomer is character

ised with cis-position of two halogens, trans-position of two phosphines and cis

position of methyl to hydride ligands. Considering row of halogen, complexes one can 

mark increasing endothermicy of oxidative addition leading to formation of the most 

stable organopalladium(IV) products of similar structure due to increasing repulsion of 

two halogen ligands in the most stable diastereoisomer. 

Calculation on oxidative addition energy of methane, ethane and both primary 

and secondary CH bond of propane showed the following row of thermodynamic sub

strate and regioselectivity, i-Pr-H > n-Pr-H > Et-H > Me-H, which is consistent with 

available experimental data. Formation of weak 112-alkane complexes was detected for 

both PdX2L2 and 14 electron complexi PdChL (L = PH3). 

Kinetic barriers for methane oxidative addition and reductive elimination were 

calculated. Using method of internal reaction co-ordinate trajectory of methane oxida

tive addition was investigated. According to the results obtained the oxidative addition 

is concerted reaction with late transition state. Structural features of transition state for 

different halogen, ligands are marked and discussed. 

Results of the presented theoretic investigation are in good qualitative agreement 

with available experimental data on hydrocarbon activation with palladium(II) com

plexes. 
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CONCERNING MECHANISM OF CATALYTIC CHLORINATION OF ALKANES 

AND ARENES WITH TETRACHLOROMETHANE IN -:t;HE PRESENCE OF· 

PLATINUM(II) COMPLEXES, PtX2(P~h3)2 (X = Cl, Me, Ph) 

Andrei N. Vedernikov, S.V. Borisoglebski, A.G. Zazybin, B.N. Solomonov 

Department of Organic Chemistry, Kazan State University, Kazan 420008, RUSSIA 

Recently we have found that palladium(II), 1,2 platinum(II)3 and rhodium(I)4 complexes 

possess distinct catalytic activity in metathesis of alkane/arene CH bonds and polyhalo

genomethane carbon-ha,logen bonds, C-X (X = Cl, Br, I) in the temperature range of 

60-140°C: 

R-H + CHnX4-n --+- R-X + CHn+1X3-n 

[M] = Pd(Cl, Br, I)2(PPh3)2, Pt(CI, Me, Ph)2(PPh3)2, RhCl(PPh3)3 

where X = Cl, n=4; X=Br or I, n=3 

RH= PhH, PhMe, n-C6H14, cyclo-C6H12 

( I ) 

In several cases preparatively high results in the reaction (l) were achieved. 2 In 

our previous works we considered two schemes of the reaction (l) catalytic cycle, 1•4 

which include either C-H or C-X bond activation with metal complex. In the presented 

work we report results of detailed mechanistic study of the catalysis with_ platinum 

complexes. Platinum(II) complexes served us as model compounds which possess mod

est catalytic activity in the reaction (1) but allow easily to characterise catalytic effect 

quantitatively and usually allow to observe some reactive intermediate due to their rela

tive kinetic inertness. 

Our kinetic investigation on cyclohexane, n-hexane, benzene and toluene chlori

nation with tetrachloromethane resulted in determination of reaction {l) . · , orders on 

each reagent involved and platinum complex. It turned out that reaction follows first 

order on n-hexane, cyclohexane, tetrachloromethane and platinum complex but is zero 

order on toluene. Surprisingly from the point of view of radical chain mechanism cy

clohexane CH bond is nearly as reactive as benzylic toluene CH bond at the same con

centration of bonds to be activated. Activity of the platinum complexes studied de

creases in the row: PtMe2(PPh3)2 > PtCh(PPh3)2 ~ PtPh2(PPh3)2 > Pt(CHJCN)2Ch, as 

the electron density on platinum atom decreases. Stability of the catalysts under the re-
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action condition were determined using NMR 1H and 31 P spectroscopy. All . the com

pounds give in the course of the reaction similar mixture of platinum phosphin com

plexes. The catalytic systems studied are partly inhibited with additives of both benzo

q~inone and hydroquinone and completely inhibited by additive of iodine. The men

tioned features of the reaction investigated are• not clear neither from the point of view 

of chain radical nor non-radical mechanism. 

In order to get additional information about intimate features of the catalytic re

action (I) we studied and compared substra.te and regioselectivity of both catalytic and , 

non-catalytic reaction. (The ·last reaction was at least one order of magnitude slower 

than the former.) The results obtained show that both regioselectivity of n-hexane chlo

rination and substrate selectivity in concurrent chlorination of cyclohexane and toluene 

(!) with tetrachloromethane are very close both for catalytic and non-catalytic proc

esses. These facts may indicate that in both cases CH bonds react with the same active 

species such as trichloromethyl free radical. It appears by thermolysis of hydrocarbon -

tetrachloromethane mixtures or as a result of C-Cl bond activation with platinum(II) 

complex in the case of catalytic reaction. At the same time formation of CCb• and its 

consecutive reaction with hydrocarbon CH bond may occur in one solvent cage, so that 

no kinetically free radicals are observed. 

Formation of organoplatinum(IV) compounds in the reaction mixtures is dis

cussed. 
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MILD OXIDATIVE ALKOXYLA TION OF CYCLOHEXANE AND TOLUENE WITH 

DIBROMOPALLADIUM(II) COMPLEX - SODIUM ALKOXIDE SYSTEM 

Andrei N. Vedernikov, Marat D. Sayakhov, Gregory A Shamov, Boris N. Solomonov 

Department of Organic Chemistry, Kazan State University, Kazan 420008, Russia 

Palladium(II) complexes are well known as reagents and catalysts for alkane functionalization 

reactions. 1
-
2 Usually they are used in strongly electrophilic media such as sulfuric or 

trifluoroacetic acid which enhance ability of • palladium(II) containing cationic species to 

activate electrophilically hydrocarbon C-H bonds. Recently we have found several new alkane 

functionalization reactions both catalytic and stoichiometric on palladium(II) complexes, 2• 

which proceed in pure hydrocarbon media in the absence of acid additives and seem to include 

alkane activation of different kind, oxidative addition of alkane CH bond to palladium 2
b Now 

we suggest new alkane functionalization reaction, synthesis of alkyl ethers directly from 

hydrocarbon and alcohol, which proceeds in basic media containing sodium alkoxide and 

dibromopalladium(II) complex. Formally, in the course of the reaction hydrocarbon oxidation 

with palladium(II) compound takes place and one of hydrogen atoms of substrate is substituted 

with alkoxo group 

RH + [PdBr2] + 2 NaOR' 
300 - 600C 

1-2 hours 
R-OR' + 2 NaBr + [PdO] 

where [PdBr2] and [Pd0
] are certain palladium complexes 

R-H = cyclo-C6Hn-H, PhCH2-H; R' = Me, Et, i-Pr 

( 1 ) 

A range of alcohols and hydrocarbon substrates have been studied. Yields of ether 

reach 50-80% on palladium compound depending on reaction condition and alcohol used. 

Tertiary butanol is not reactive. Benzene is inert under the reaction conditions, toluene gives 

both benzylic and tolyl ethers. All possible ethers are formed if reaction mixture contains more 

than one alcohol taken in equal amounts. In this case main product resulted from the most 

nucleophilic alkoxide. 

Mechanism "f the reaction (1) was studied experimentally. Effect of alcohol, sodium 

alkoxide, hydrocarbon substrate, palladium(II) complex concentrations and effect of phosphine 

additives on the reaction rate was determined. The reaction scheme was proposed. It includes 
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active palladium(O) complex which is formed in the course of redox reaction between 

palladium(U) compound and sodium alkoxide. Then oxidative addition of hydrocarbon C-H 

bond to palladium(O) active species takes place to produce organopalladium(II) compound. Its 

following transformations into ether may occur either via direct nucleophilic substitution of 

palladium at palladium bound carbon atom or via intermediate organopalladium(II) alkoxide 

complex which then undergoes reductive elimination of alkyl and alkoxo ligands. The 

mechanistic scheme was used to explain reaction selectivity. 

Theoretical investigation of the .two alternative reaction mechanisms has been 

performed. It is based on ab initio calculations of thermodynamic properties of suggested 

reaction intermediates and kinetics of their reactions in gas phase. 

Perspectives of synthetic application of the described reaction and some other similar 

processes of oxidative coupling of alkanes with nucleophiles are discussed. 
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Glyoxal is widely used as a monomer in the production of 

polycondensation materials, synthetic resins, medicine, heterocyclic 

compounds, as well as in textile and leather industries. Taking into account the 

great need for glyoxal and the increasing ec?logical requirements to the 

processes of organic synthesis, the development of an ecologically safe 

process of catalytic oxidation of ethylene glycol to glyoxal becomes actual. 

In the present work the process of ethylene glycol oxidation on two layed 

Cu - Ag catalyst has been studied in the wide variation of the process 

conditions: temperature 673 - 923 K, ratio of oxygen I alcohol 0.6 - 1.3, ratio of 

nitrogen I alcohol 4 - 8.5, concentration of ethylene glycol in water 30 - 70%. 

The best parameters of the process were discovered to be : temperature 863 -

873 K and ratio of oxygen/alcohol 1 - 1.1. Water vapour decreases the 

dehydration of ethylene glycol leading to acetaldehyde formation and 

polycondensation, which results in the coking on the catalysts surface. The 

addition of nitrogen in the reaction mixture exerts favourable influence on the 

process. Both the increase of ethylene glycol conversion and glyoxal output 

take place. 

The interaction of ethylene glycol and oxygen ( Tads = 293 - 673 K ) on 

the silver surface was investigated by means of the method of temperature -

programmed desorption (TPD) and by the temperature - programmed reaction 

(TPR) to specificate the mechanism of the process. Three forms of the oxygen 

desorption from the silver surface were found by the TPD method : a 

desorption peak at 403 K and desorption peaks at 538 K and 703 K , which are 

characterized by different strength of oxygen - Ag bond. A high - temperature 

subsurface form ( a desorption peak at 780 K ) has been detected as well. 
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Ethylene glycol is reversibly adsorbed on the cjean Ag surface with the 

formation of multilayer state. The desorption activation energy for this state 

was estimated to be 59.6 kJ/mol. Treatment of catalyst surface by oxygen 

sharply changes the desorption spectrum. The character of ethylene glycol 

surface interaction depends on the strength of O - Ag bond and on the 

adsorption form of alcohol. 

The reversible form of ethylene glycol adsorption at 473 K on the 

o:xydized surface of Ag (Tads 02 = 473 K ) is responsible for glyoxal formation 

by means of dehydrogenation according to scheme : 

HOCH2CH20H (g) ➔ HOCH2CH20H (a) 

HOCH2CH20H (a)+ 0 (a) ➔ HOCH2CH20 (a)+ OH (a) 

HOCH2CH20 (a)+ OH (a) ➔ OCH2CH20 (a)+ H20 (a) 

H20 (a) ➔ H20 (g) 

HOCH2CH20H (a) ➔ HOCH2CH20H (g) 

OCH2CH20 (a) ➔O=CHCH20 (a)+ H (a) 

O=CHCH20 (a) ➔ O=CHCH=O (g) + H (a) 

H (a) +H (a) ➔ H2 (g) 

(1 ), 

(2), 

(3), 

(4), 

(5), 

(6), 

(7), 

(8). 

While increasing the temperature of oxygen adsorption above 573 K the 

glyoxal formation takes place according to the oxidation way as it was 

evidenced by the absence of hydrogen in the desorption products. 

Simultaneously, a part of ethylene glycol is adsorbed on the oxydized surface 

of Ag with the decomposition leading to the formation of secondary products : 

formaldehyde and CO2 ( desorption peaks at 603 and 703 K ). 
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OLEFIN HYDROSILYLATION, OLYGOMERIZATION, AND POLYMERIZATION 
CATALYZED BY GROUP III AND IV TRANSITION M~T AL COMPLEXES 

Alexander Z. Voskohoynikov 

State Research Institute of Chemistry and Technology of Organoelernent Compounds, 
38 Sh. Entuziastov, 111123 Moscow, RUSSIA; Facsimile: (095) 273 1323 

Scope and mechanism (including kinetics) of olefin hydrosilylation and 

hydrostannylation as well as side reactions, such as selective olefin dimerization, olefin 

hydrogenation - silane coupling, H/D exchange, dehydrogenative coupling of silanes and tin 

hydrides catalyzed by organolanthanide and -yttrium complexes are discussed in details. 

The present report involves the consideration of two problems. The first one concerns 

the structure of organometallic intermediates of catalytic reactions. We have shown that 

monomeric lanthanide hydrides are the most efficient catalysts of olefin hydrosilylation. This 

is caused by the specific ability of the intermediates to add olefin very fast. However, the 

association of lanthanide catalyst in solution seems to be a conventional phenomenon because 

of extraordinary stability of the most lanthanide compounds with various bridgings 

Cp' 2Ln(µ-X)(µ-Y)LnCp' 2 (X, Y= H, Alkyl, Cl, OAlkyl, etc.). In the course of the catalytic 

reactions the organometallic associates turned out not to dissociate completely. This can 

result in unexpected selectivity of olefin hydrosilylation, dimerization, etc. 

Another important problem is the study of unusual dual reactivity of lanthanide 

compounds including Ln-H, Ln-C, and Ln-Si bonds toward silanes, i.e. 

Cp'2LnH + R3SiX 

< hydride transfer 
Cp'2LnX + R SiH 

Cp'2LnSiR3 -i- HX 
silyl transfer 

Here we describe first example of the concerned silyl transfer involving lanthanide 

hydrocarbyl formed during the catalytic cyclo-olefin hydrosilylation. The study of both 

stoihiometric and catalytic reactions of considerable theoretical and probably industrial 

interest as well as ZINDO/1 calculation of geometry and orbitals of the corresponding 

organoyttrium adducts and transition states for-concerned hydride"and silyl transfers give 

valuable information on the reaction pathways and reveal some important factors, which can 

result in the change of reaction mechanism of above-mentioned catalytic reactions. 
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The present report also includes description of the synthesis and structure of new 

promising polymerization catalysts based on chiral ansa-metallocenes of divalent europium, 

samarium, and ytterbium, i.e. (X= CMe2, CH2, SiMe2, L= THF, Et2O): 

~ 
~Ln(L)2 -rac 

~ 
The compounds were found to be effective catalysts for stereospecific polymerization of 

styrene, rnethylmetacrylate as well as some other substrates. 

Here we describe also new straightforward synthetic methods, structure in solution and 

in the solid state, reactivity and catalytic activity for a number of new and some known ansa

rnetallocenes of zirconium, hafnium, and particularly titanium. It means both chiral and 

sterically strained ansa-metallocenes, such as (M= Ti, Zr, Hf; X= CMe2, CH2, SiMe2, etc.; 

R= H, Me, etc.): 

R-98? 
~Cl2 -rac 

~R 

A number of the compounds were characterized by X-ray crystal analysis, e.g. 

Producing inter-conversion of meso complexes into the corresponding racemates, convenient 

synthesis of a number of starting ligands as well as catalytic activity of the compounds, i.e. 

their dialkyl and cationic derivatives, in stereospecific olefin polymerization and 

dehydrogenative coupling of primary silanes are considered. 
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SUPPORT INFLUENCE ON ACTIVITY OF Pd-CONTAINING 
CATALYSTS OF CO OXIDATION 

Yatsimirsky V.K., Boldyreva N.A., Zubkov T.S. 
Shevchenko University, Kiev, 252033, Ukraine 

Catalytic activity of supported metallic catalysts is sufficiently affected 
by chemical nature of support. In this work the effect of support nature on 
the activity of palladium in carbon monoxide oxidation was investigated. 
Titanium compounds with different part of metallic component in the 
chemical bond (TiCoss; TiNo.Gs; TiO2) and AhO3 were taken as supports. 

Catalytic activity of the above substances in CO oxidation was 
investigated. The catalytic activity was found to decrease in the following 
row: 

Ti Co Rs = TiNo.65 > TiO2 >> AbO3 
AhO3 is inert in the CO oxidation. It can be noticed that decrease of 
metallic component part in chemical bond takes place in this row. So, 
catalytic activity of these substances rises with increase of their metallicity. 

Supported palladium catalysts were prepared by impregnation with 
palladium nitrate solution followed by reduction with hydrazine hydrate. Pd 
content in the catalysts was 0.5% .mas. The supported catalysts showed the 
following row of activity: 

Pd/AhO3 > Pd/TiO2 > Pd/TiNo.6s = Pd/TiCo.ss 
(temperature range is 400 - 480 K). It is clear that this row of activity is 
opposite to that of pure supports. 

Presumably, support effect on palladium is determined by Pd-support 
interaction including electron transfer from palladium onto support. This 
transfer is more effective for metal-like compounds than for oxides, 
especially for alumina. According to XPS data bonding energy of 3d
electrons of palladium (335.0 eV) supported on oxides corresponds to that of 
metallic Pd while in case of Pd/TiNo.6s bonding energy is 335.5 eV, that is 
0.5 eV shift is observed. It shows electron density transfer from palladium to 
the support. 

We suppose that the decline of electron density on supported 
palladium causes stronger chemisorption of CO. Therefore the weakest 
chemisorbed CO species exist on Pd/ AhO3 and it is a reason of the highest 
catalytic activity of this supported system. 

The reaction kinetics is studied on all above palladium catalysts. 
Temperature and concentration peculiarities are characterized . by 
unstationary phenomena - hysteresis on temperature and concentrations. 
These phenomena are also observed for bulk palladium catalysts. 
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SURFACE POTENTIAL IS A PREDOMINANT FACTOR OF MICELLAR 

CATALYSIS 

L. Ya. Zakharova and L.A. Kudryavtseva 

A.E. Arbuzov Institute of Organic and Physical Chemistry, 

Kazan Scientific Center, Russian Academy of Scciences, 

8 ul. Akad. Arbuzova, Kazan 420083, Russian Federation 

The major factor determining the· catalysis of ion-molecular reactions by normal ionic micelles 

is the surface potential. Nucleophilic substitution reactions may be catalyzed (by cationic micelles) or 

inhibited (by anioinic micelles) depending on the charge sign of the head groups. 

The kinetic study of ion-molecular reactions in the ionic micelles as connected with the high 

ions concentration. Correct treatment of the salt effect is a weak point of the rnicellar catalysis 

models and require further efforts. Counter-ion was identified as a principle subject of the salt effect 

no matter what its origin. It allows to use the same criterion for interpretation of all the results and 

recognize the surface potential as a predominant factor of mi cellar catalysis. 

The object of our kinetic study was the reaction of basic hydrolysis of p-nitrophenol acetate 

(I), bis(p-nitrophenyl)methylphosponate (II), O-ethyl-S-propyl 0(2, 4-dichlorophenyl)thiophosphate 

(III) and p-nitoranilide ofbis(chloromethyl)phosphinic acid (IV). 

Cationic micelles of cetyltrimethylammrnonium bromide (CTAB) accelerate -basic hydrolysis of 

I 3-fold and that of II more than I 00-fold. Anionic micelles of sodium dodecyl sulfate (SDS) retard 

ca.200-fold basic hydrolysis of III. 

Decrease of the inhibition· effect of SDS micelles and catalytic effect of CT AB micelles with 

increasing concentration of counter-ion constituting buffer (up to IO-fold), or nucleophile (ca. 4-

fold), or inert salt (more than 100-fold) has been shown. 

Increase of counter-ion concentration produces sphere to rod transition in the micellar 

structure. Investigation of basic hydrolysis catalysis of I and II and equilibrium shift of IV by CT AB 

micelles in the presence ofKCl, KBr, KAc, KNO3, has qualitatively shown the reactivity change with 

micellar structure modification. Analysis of the apparent rate and equilibrium constants dependence 

on the logarithm of salt concentration has revealed the critical points on the plots, the same for each 

sort of counter-ion in all of the processes (Fig. 1). In accordance with literature data these critical 

concentrations were identified as sphere _!_o_!~d transition concentrations. 
238 



~ 
"" 
ri 
:;-

.>C. 

::::: I 
i 

O,QQ~ 

. .l 

0.0008 -, 

0.0006 

O.OC104 + 

~ 

0.0002 ~ 

0+----+----+---+---+---+-----t 
-2.5 -2 -1.5 -1 -0 ,5 0 

ig C 

PPI-118 

Fig. I. Dependence of apparent rate constants of basic hydrolysis of p-nitrophenyl acetate on 

the logarithm of concentration ofKbr (- ♦-), KNO3 (-0-), KAc (-.6.-), KCI (-x-) . 
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INVESTIGATION OF THE HYDROGENATION MECHANISM 
OF CARBON DIOXIDE ON NICKEL-IRON CATALYSTS 

L.G.Zubanova, I.N.Krotova, and V.P.Sevostianov 
Saratov State University's Institute of Chemistry 

Saratov 410071, RUSSIA 

The problem of carbon dioxide utilization, i.e. using it as 
a source of carbon in organic synthesis, is urgent, since this 
gas is erupted by engines, plants, power stations into the at
mosphere in large amounts. Systems for carbon dioxide hydroge
nation are proposed in a number of papers. 

In spite of a considerable number of papers devoted to the 
hydrogenation mechanism of CO2 , there is no common opinion on 
the role of CO in CO2 methanation. Here we present our results 
of studying the hydrogenation mechanism of CO2 on nickel-conta
ining catalysts. 

CO2 hydrogenation was studied in running conditions within 
300-450°C at P=O.l MPa and a C02:H2 ratio of 1:4. The catalyst 
was prepared by means of impregnation of aluminium oxide 
(y-Al 203) with a specific surface of 190 m2/g with nickel nit
rate solution. The nickel content in the catalysts was 1, 3, 5, 
and 10 wt% on a metallic nickel basis. 

Under these conditions, CO2 is hydrogenated to methane and 
CO with the rate of the process depending on temperature, con
tact time, and nickel content in the catalyst. The maximal rate 
of methane formation was achieved on the catalyst containing 5 
wt% of nickel within 350-400°C. 

Several schemes for CO2 hydrogenation are proposed in the 
literature. According to one of them [1], hydrogenation begins 
with hydrogen activation and then goes by interaction of CO2 

molecules with adsorbed hydrogen. Another scheme [2] regards 
only two forms of adsorbed CO2 as capable of reacting with hyd
rogen. 

CO2 and H2 adsorption on the nickel catalyst was studied. 
Both of them have been shown to adsorb on the catalyst surface 
in forms able to interactions. 

Besides methane, CO2 is present in the products of CO2 hyd
rogenation. No CO was found in the interaction products of both 
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adsorbed H2 and adsorbed CO2 with the second component from the 
gaseous phase. 

In order to clear up the role of carbon monoxide in CO2 hyd
rogenation. conversion of CO2 on a mixed catalyst (composed of 
the nickel-containing catalyst under study and the iron-alumi
nium one which promotes CO2 hydrogenation to CO only) was stu
died. The methane output and the rate or its formation were fo
und to fall in comparison with those for the nickel catalyst. A 
bright example appeared when the mixed catalyst was loaded one 
layer at a time. This evidences that CO is not an intermediate 
product in CO2 hydrogenation to methane; on the contrary, it 
poisons the catalyst. 

Hence, the above data enable us to propose the following 
scheme of·CO2 methanation on the nickel catalyst: 

1) H2+2Z=2HZ 
2) CO2+Z=C02Z 
3) CO2Z+HZ=COOHZ+Z 
4) COOHZ+HZ=COHZ+ZOH 
5) COHZ+HZ=CHZ+OHZ 
6) CHZ+HZ=CHzl+Z 
7) CH2Z+HZ=CH3Z+Z 
8) CHi+HZ=CH4+2Z 
9) OHZ+HZ=H20+2Z 
CO formation from CO2 may proceed according to the scheme: 
1) C02+2Z=COZ+OZ 
2) COZ+OZ+H2=C0+2Z+H2O 

References 
1. V.M.Vlasenko. Catalytic purification of gases, Technical 

Publishing, Kiev, 1973. 
2. L.V.Babenkova and Yu.G.Kul 'evskaya. On the reactive abi
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CO2 HYDROGENATION IN THE PRESENCE OF NICKEL
CONTAINING CATALYSTS 

L. G . Zubanova, I. N. Krotova and V. P. Sevostianov 
Saratov State University's Institute of Chemistry Saratov 410071, 

RUSSIA 

Consumption of natural fossil fuels increases every year, and 
emission of carbon dioxide into the atmosphere- constantly grows. In this 
connection, serious attention is paid to development of catalytic systems 
of CO2 hydrogenation. 

The present paper reports the results of our studies of · how the 
nickel content in catalysts and the nature of support influence the main 
parameters of interaction between carbon dioxide and hydrogen. 

CO2 hydrogenation was studied in mnning conditions within 350-
5000C at P=0. l MPa and a CO2:H2 ratio of 1:4. The catalysts were 
prepared by means of impregnation of aluminium oxide (y-Al2O3) 
and sibunite with nickel nitrate solution. The nickel content in the 
catalysts was 1, 3, 5, and 10 wt % on a metallic nickel basis. The rate of 
reaction product formation was used to characterize the catalytic activity. 

The maximal rate of methane formation has been shown to depend 
on the nickel content and to be achieved with the catalyst containing 5 wt 
% if Ni (in the temperature range 350- 400°C). 

CO2 hydrogenation proceeds with the formation of CH4 and CO. 
The catalyst with 1 wt % of Ni showed a higher selectivity to monoxide 
than that to methane at all temperatures. As the nickel content 
increases up to 5 wt % , the selectivity to methane grows sharply while 
that to carbon monoxide decreases. During further increasing the nickel 
content up to 10 wt % , the selectivity to methane remains practically 
constant within 450-500°C. 

The Ni/ Al2O3 catalyst has been shown to differ from the 
Nijsibunite one by a higher degree of CO2 and H2 conversion and by a 
higher methane content in product gases. 

The optimal temperature of methane synthesis has been found to 
be determined by the nature of support and to be slightly higher for 
Al2O3 than for sibunite. 

The influence of contact time on hydrogenation rate was studied. 
Contact time has a strong effect on the rate of methane formation. 

This rate is also influenced by the feed rate of the source gas 
mixture. It is maximal at the volume rate of 100 h- I. 

242 



POSTER SESSION II 

Section 4 

Molecular Sieve Effects in Cata]ysis 





PPII-1 
FORMATION OF AN ACTIVE STRUCTURE FOR ZEOLITE CONTAINING 

Al-Ni-Mo CATALYSTS FOR HYDROUPGRADING OF OIL CUTS 

R.R. Aliev, V.G. Sidelkovskaya, O.V. Levin 
All-Russia Research Institute of Oil Refining (VNIINP), 111116, Moscow, 

Aviamotornaya 6, tel.(095) 361-26-80 

Deepening of oil refining requires new, more effective catalysts for 
hydroupgrading of oil products. One of the trends in the development of 
catalysts with a view to improve activity and selectivity is their modification 
with various oxide additives. This work involved a study of an effect of Y
zeolite on a formation of a support structure and catalytically active phases 
of the aluminonickelmolybdenum catalysts (Al-Ni-Mo). 

The introduction of zeolite into alumina support results in the 
formation of new 100-300 A pores therein. A strong chemical interaction 
between zeolite and Al2O3 does not take place. Zeolite crystallites in the 
support are covered with Al2O3 particles. 

The study of zeolite additive effect on the formation of oxide Ni-Mo 
phases has shown that the introduction of Y-zeolite results in the 
quantitative increase of Ni and Mo interaction on the support surface and 
inhibits penetration of Ni and Mo ions into the support with the formation 
of catalytically inactive bulk structures of spine! type. Analysis of the 
surface chemistry has shown an increase of Ni/Al and Mo/Al ratios at the 
introduction of zeolite into Al-Ni-Mo catalysts. Ferromagnetic resonance 
signals of these catalysts have much higher intensity and arise at 
lowers temperatures compared to zeoliteless samples. These date 
indicate higher dispersity of hydrogenation metals on the surface of the 
zeolite Al-Ni-Mo catalyst. The study of Al-Ni-Mo catalysts acidity has shown 
that the introduction of 5-10% of Y-zeolite into Al-Ni-Mo catalyst results in 
the increase of adsorption sites weakly binding ammonia (50-2000 C); 
the increase of stronger acid sites has not been found. 

Thus, the addition of Y-zeolite increases the amount and dispersity of 
active surface Ni-Mo phase in the Al-Ni-Mo catalyst, which become 
apparent in the increase of the catalyst hydrodesulfurizing activity. Besides, 
the zeolite addition permits to control porous structure and improves 
regeneration properties of the Al-Ni-Mo catalyst, enabling more complete 
removal of coke from the catalyst at lower temperatures. 

The data obtained were used to develop a number of commercial 
hydroprocessing catalyst. Now base catalysts used for hydrotreatment of 
various fractions are represented by zeolite catalysts - GKD. The GKD-202 
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catalysts are used for hydrotreatment of kerosene (P = 3,5 MPa, V = 6 h-1) 
and diesel fractions (P = 4 MPa, V = 4 h-1). The GKD-202 catalyst is more 
effective in the same processes, especially in hydrotreatment of high-sulfur 
(1-1,5 mass. % S) diesel fuel cuts. At 4 MPa and 330-350OC this catalysts 
ensure desulfurisation level exceeding >90 %. The life-time of this 
.catalyst before regeneration is 24 months minimum, the total life-time is 6-
7 years. GKD-202 catalysts are used for vacuum gas oil hydrotreatment. 
This catalyst is successfully used during 4 years in a hydrotreatment 
section of catalytic cracker at 4MPa and 350-3700C, providing the 
production of high quality feedstock for catalytic cracking. 
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CATALYTIC CRACKING WITH REDUCED HAZARDOUS ATMOSPHERIC 

EMISSIONS 

A.I. Elshin, R.R. Aliev, B.Z. Solyar 

1. Angarsk Petrochemical Company JSC, 665830 Angarsk, Irkutsk region 
2. All-Russia Research Institute of Oil Refining (VNIINP), 111116 Moscow, 

Aviamotornaya Str., 6 

The FCC process plays an important role in oil refining In the process of 
used catalyst regeneration. From one FCC unit up to 10 tpd SOx, 120 tpd carbon 
monoxide, up to 2 tpd catalyst particles are emitted to the atmosphere. Due to the 
fact that the environmental protection regulations are becoming more stringent the 
problem of hazardous emissions reduction is rather acute. 

One of the most reasonable and promising trend in improving the cracking 
catalyst regeneration process consists in the technology of CO controlled oxidation 
and SOx fixation in the reactor volume using special promoters. For the oxidation of 
CO to CO2 we have developed KO-9M and KO-10 promoters such as alumina 

support coated with platinum through impregnation. 
The use of the KO-1 O oxidation promoter provides residual coke reduction 

from 0,25 to 0, 1 %, an increase in gasoline yield by 1,0%, elimination of CO 
emissions to the atmosphere, temperature stabilization and energy conservation. 

To reduce SOx emission the PS-17 additive was used. An alumina support with 
a surface area in the range of 100 to 150 m2/g and pore volume of 0,3-0,4 cm3/g 
proved to be optimum. After the introduction of PS-17 the content of SOx in the 
regenerator gases was reduced by 60-67% (rel.). It has been revealed that the 
removal of SOx causes a beneficial effect on the KO-10 oxidation promoter stable 
activity. It has to be noted that in the presence of the oxidation, the depth of SOx 
removal is raised by 10-12% (rel.). 

The results of commercial testing on 1 A/1 M and GK-3 FCC units at Angarsk 
Refinery have shown that the yield of the main FCC products remained on the 
previous level. The use of PS-17 permits to recover additional 500 t sulfur or 1,5 t of 
sulfuric acid on FCC unit per year. The use of CO oxidation promoters and sulfur 
fixation additives permits to improve sub~tantially the environmental situation due to 
the reduction of hazardous emissions to the atmosphere, at the same time 
enhancing the technico-economic indices of the FCC unit operation. 
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Modifying of Super-Siliceous Zeolites ZSM with the 
Electrochemical Treatment 

A.A.Lamberov, A. G.Liakumovich, I. V.Kalinina, S.R.Egorova, R. G.Romanova 
Kasan State Technological University 
Republic oJTatarstan, 420068, Kasan 

High-siliceous zeolites are efficient catalysts for a number of oil chemistry and oil 
refinery processes. A catalytically active H-form of zeolite can be obtained by the treatment 
of NaJZSM with the solution of a mineral acid (I) or ammonia salt (II). When the latter is the 
case, the annealing of NI-Li-form results in ammonia elimination and H-ZSM formation. 

In our papers it has been shown that H-ZSM can also be produced when treating the 
aqueous zeolite suspension in the anode chamber of the diaphragm electrolyzer. The 
decationation method involves the treatment of the aqueous zeolite suspension in the 
electrolyzer anode chamber. The anode water electrolysis generates ions H3O+ or OR which 
through the interaction with the zeolite bring about its decationation as well as the changes of 
the acid-base properties. The electrodialysis diffuses the Na+ ions into the cathode chamber of 
the electrolyzer and concentrates forming Na hydroxide. The treatment of zeolite in the anode 
chamber causes its decationation to the residual content of Na2O less than 0 I%, and the 
crystallinity of the zeolite increases. 

The present paper aims at optimizing the decationation according to the following 
parameters: the nature and the concentration of the electrolyte, hydromodle, the duration of 
treatment, the interchamber partition material. 

The main e.fficiency criterion was the residual content of Na+ in the zeolite. 
The effect of the method of decationation of zeolite on its catalytic properties is 

presented in Tab!. 1. The aromatization of ethylene - target product and the fraction - has 
been taken as a modelreaction. The experiments were carried out in a microreactor V=2 cm3 

of the flowing type, W=U h" 1
. 

Tab I c I 

The catalyst 
composition, Iarom., ¾wt. The time 

N2 The method, 4h,%wt of opera-
conditions of Na2O tIOn 
decationation %wt. after 

sam regenera-
B T X 4h 7h 10 h tion, h 

1 I; 0,lNHCl 28 49 21 53/24 .. 49/0 30/0 0,07 6 

2 II; ~Cl 24 55 20 71/61 56/52 46/34 0,06 '->9 

3 III; Anode 
chamber, 0,2% 21 53 23 74/60 61/37 23/8 0,06 9 
KCI 

4 III; Anode 
chamber, 29 47 18 66/60 65/63 66/52 0,05 >15 
witl1out 
electro lite 

•• numerator- before regenerat10n, denommat10n- after regeneration 
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Table I shows that the most efficient catalyst for the ethylene aromatization is the 

sample N2 4- it has the longest interregeneration period and is steadily active. The Table 2 
shows the data of the research of the acid-base properties of decationated zeolites with the IR
spectroscopy. The decationation method I causes considerable dealumination of the zeolite 
frame (the sum content of B- and L-centers is proportional to the total aluminium 
concentration in the zeolite). The low catalytic activity of the sample N2 1 is likely to be due to 
the low content of the B-centers. 

N2 
sum 

1 

2 

3 

4 

The concentration of Lewis acid centers, The concentration of Broendsted 
µmole/g 

L1• L2 L3 ll,; B1•• 

78 36 15 129 165 

135 52 25 212 250 

121 40 14 175 235 

100 33 18 151 220 

* L1 - the weakest L-centers, Q00=34-30 kG/mole, 
L2 - the centers of medium strength, Q00=4 l-48 kG/mole, 
L3 - the strongest L-centers, Qc0 =49-51 kG/mole, 

acid centers, µmole/g 

B2 I:B; 

34 200 

75 325 

64 299 

34 254 

**B1 - the bridge hydroxyle groups of the inner surface of the zeolite v0 1i. 3605-3610 
sm·1

, the proton tear-off energy from the acid residue 1180 kG/mole: 

Table2 

I:L,+B, 

µmole/g 

329 

537 

474 

405 

B2 - the bridge hydroxyle groups of the outer zeolite surface v0 1i. J720-3 725 sm·'. the proton tear
off energy from the acid residue 1180 kG/mole. 

The most active sample is N2 2. The sample N2 3 is characterized by a high content of 
B-centers, its value (299 µmole/g) is intermediate between the sampls N2 4 and M! 2. 
However, with close amounts of B-centers 299 and 254 µmole/g the latter has the smallest 
concentration of the L-centers (151 µmole/g) and hence the longest interregeneration periode . 
Similar regularities can be observed when aromatizing directly distilled oil fractions. 

The data obtained show that the decationation of high-siliceous zeolite in the 
electrolyzer chamber allows to change the acid-base zeolite properties. This can be used in·· 
producing active and steadily operating catalysts. 
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Carbonylation of Small Alkanes on Acidic Zeolites at Moderate 
Temperatures: NMR Observation of Carboxylic Acid Formation 
from Alkane, CO and Water in H-ZSM-5 at 373-473 K. 

M.V. Luzgin, A.G. Stepanov 
Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences, 
Pr. Akademika Lavrentieva 5, Novosibirsk 630090, Russia 

Jean Sommer 
Laboratoire de Physico-Chimie des Hydrocarbures, Jnstitut de Chimie, Universite Louis 
Pasteur I, rue B.Pascal, F-67000 Strasbourg, France 

Alkanes are inert hydrocarbons toward their interaction with usual reagents to produce 

chemically useful products. For this reason catalytic reforming and vaporcracking, which 

necessitate the use of noble metals and high temperature, are the main operations used to 

convert alkanes into primary chemical blocks such as olefins, dienes, aromatics. However, 

from economical point of view it is of importance to fulfill a conversion of alkanes to the 

useful chemicals; at low temperature and with the aid of catalysts, which contain no noble 

metals. 

Recently, it has been established that small alkanes undergo HID exchange with acidic OH 

groups of zeolites at comparatively low temperature (373 - 473 K), while other 

transformations such as cracking reaction were not observed [1-3]. It was concluded that both 

intermediate olefins and carbenium ions, which are in equilibrium to each other provides the 

observed HID exchange on acidic zeolite [2,3]. Taking into account the known property of 

carbon monoxide to react with olefins inside acidic zeolites to give. carboxylic acids via 

trapping carbenium ions generated from olefins [4,5], one could expect small alkanes would 

interact with CO at temperature of the observed HID exchange, while alkane cracking reaction 

does not occur. 

In this paper, by using 13C CP/MAS and 1H MAS NMR we have presented evidences that 

small alkanes (e.g., propane, isobutane) can be carbonylated with carbon monoxide at 373-473 

K in H-ZSM-5 zeolite and alkane converted in the presence of water into useful chemical 

products - a carboxylic acid. The reaction occurs .without excess of carbon monoxide, just 

upon coadsorption of equal amounts of alkane, CO and water on H-ZSM-5, no side reactions 

such as cracking have been observed. 

Isobutane has been found to transform selectively into trimethylacetic acid via tertiary C-H 

bond activation and abstraction of molecular hyrlrogen (Scheme l ), the percentage of alkane 

conversion being cal % at 373 Kand 2 % at 423 K. 
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In case of propane, C-C bond cleavage occurs and isobutyric acid is selectively formed 

with the conversion of ca 0.5 % at 373 Kand 1 % at 473 K, methane and ethane being formed 

as the other reaction product (Scheme 2). 

C3Hs H-ZSM-S CH3-CH2 + + CH4 
373-473 K 

CH3-CH2 + + C3Hs - C2H6 + CH3-CH+ -CH3 

Stheme 2. 

It should be noted that the reactions observed on H-ZSM-5 proceed in a complete 

accordance with the order of reactivity of single bonds in alkanes in superacidic solutions [6], 

the most reactive being tertiary C-H bond of isobutane. In the case of propane the reaction via 

C-C bond cleavage is more preferential than via secondary C-H bond. 

Thus, we have obtained the first evidences for the alkanes to be transformed into valuable 

chemical products - carboxylic acids - on acidic zeolite catalyst at moderate temperature, 

when alkane is not still involved into cracking reaction. 

Acknowledgment. This research was supported by joint RFBR-INTAS grant no. 95-IN-RU-

194. 
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ZEOLITE ENCAPSULATED Cu(SALOPH-CL): PREPARATION AND 

CHARACTERIZATION 

I. Neves3
' c, C. Freireb, B. de Castrob and J. L. Figueiredoc 
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b CEQUP /Departamento de Qui mica, Faculdade de Ciencias, 4150 Porto, Portugal 

c Laborat6rio de Catalise e Materiais, Faculdade de Engenharia, 4099 Porto Codex, Portugal 

The application of zeolite encapsulated metal complexes in redox catalysis 

is a promising area of research (1-3) since it is anticipated that the occluded 

complexes will retain much of the original homogeneous catalytic properties, but 

the shape selectivity, electrostatics and acid-base properties of the zeolites are 

expected to synergistically enhance the reactivity of the complexes towards the 

redox reactions. Several routes can be followed to heterogenise transition metal 

complexes; one of the methods is the reaction of ion exchanged zeolites with the 

ligands in two different approaches: (i) in-situ ligand condensation around the 

intrazeolite metal ion, template synthesis, yielding complexes with dimensions 

that prevent their exit from the supercages; (ii) diffusion of pure ligands into the 

zeolite through the pores, where upon coordination with the intrazeolite metal 

ion form complexes too large to exit. In this work we report the encapsulation of 

the corn plex [Cu (saloph-Cl2)], bis(salicy laldeh yde)-(3 ,4-dichloro-o-phen ylene

diirninate)-copper(II) (Scheme 1) in the supercage of zeolite Y, by using the 

method (ii), ligand adsorption from solution on Cu(II) exchanged zeolite. 

The ligand saloph-C/ 2 (4) and the Cu2
+ exchanged NaY were prepared as 

described in literature. (5) A Cu2
+ exchanged NaY was suspended in ethanolic 

ligand solution and refluxed for 24 hours. The complex-containing zeolite was 

carefully extracted with ethanol and N,N'-dimethylformarnide to remove surface 

species, and then stirred with NaNO3 to reexchange uncomplexed copper(II). 
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The resulting bright green material, [Cu(saloph-Cl2)NaY], was characterized 

by chemical analysis, spectroscopic methods (FTIR, UV /-vis) and electron 

paramagnetic ressonance (EPR): the results provide evidence for the 

encapsulation of Cu(II) complexes inside Y zeolite supercages. 

Scheme 1: [Cu(saloph-Cl2)] 
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STRUCTURAL, ENERGETIC AND MECHANISTIC ASPECTS OF THE SPECIFICITY 
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REDUCTION BY LIGHT HYDROCARBONS IN THE EXCESS OF OXYGEN. 
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Selective catalytic reduction of nitrogen oxides by hydrocarbons (HC-SCR) is now 
among the most intensively studied catalytic reactions in the world. Earlier. using a spectroki
netic approach, we have proved participation of strongly bound nitrite-nitrate complexes in the 
rate-limiting stage of the propane SCR catalyzed by copper- and cobalt-exchanged zeolites. 
However, a question remains why cobalt cations are capable to catalyze CH4-SCR, when Cu
ZSM-5 only burns methane without NO" reduction. In general, such difference can be assigned 
to a different structure and bonding strength of nitrite-nitrates stabilized on these cations, spe
cific routes of hydrocarbons activation, selective/nonselective interaction of various forms of 
ad-NOx species with propane or methane, transformation of nitrates into molecular nitrogen via 
different intermediates. All these hypothesis were checked, and main results are given here. 

EXPERIMENT AL 
Two types of powdered zeolites H/ZSM-5 with Si/ Al ratio equal to 25 and 15 were 

used to prepare copper -(2. 60 wt. %) and cobalt -(2.25 wt. %) exchanged samples, respec
tively. 

EXAFS spectra of the K-edge of Co and Cu X-ray absorption were obtained at the 
EXAFS Station of the Siberian Center of Synchrotron Radiation, Novosibirsk using vacuum
tight cells. EXCURVE-92 procedure was used to determine interatomic distances and coordi
nation numbers from the EXAFS spectra. 

Steady-state activities of the catalysts estimated from the values of NO" conversion into 
N2 were tested in a quartz flow reactor. A reaction mixture contained propane or methane 
(1300 ppm), nitric oxide (1000 ppm) and oxygen (1%) in helium. Similar reactor was used for 
the TPD and pulse titration experiments. Surface nitrite-nitrates were titrated by pulses of hy
drocarbons (1300 ppm) in He both with oxygen (I%) and without it. 

Kinetics of the surface adspecies transformation was studied in situ using a static infra
red cell-reactor. Spectra were recorded on IFS-113 v Bruker spectrometer. 

Heats of oxygen desorption and NO adsorption with formation of various types of 
nitrite-nitrates were calculated by semiempirical Interacting Bonds Method 

RESULTS AND DISCUSSION 
Structure of copper and cobalt clusters and its relaxation. For oxidized Cu-ZSM-5, EX
AFS data were best fitted by the model of a square planar type of copper coordination by oxy
gen with two common bridging oxygen per each pair of copper atoms. For Co-ZSM-5, the most 
probable structure is described by a string of corner-sharing tetrahedra. Both NO adsorption 
and weak reduction in He are accompanied by the increase of the Cu-Cu coordination number, 
while such changes were considerably less pronounced for cobalt clusters. In implies that for
mation of nitrite - nitrates is accompanied by creation of coordinately unsaturated Cu• centers 
while cobalt cations remain coordinately saturated. This hypothesis was col'lfirmed by using IR 
spectroscopy of adsorbed CO. Heats of NO ~dsorption with formation of nitrates calculated 
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with a proper attention to such difference in the coordination relaxation (Cu-0 bonds are bro
ken and Cu-Cu bonds are formed, while Co-Co bonds do not appear) are close to the ex
perimental values (ca 26-36 kcal/mole for nitrates), being somewhat higher for species located 
on the cobalt oxidic clusters. Hence, from a microscopic point of view, in the presence of NOx 
copper and cobalt systems differ by a nature of centers capable to activate hydrocarbons. For 
Cu-ZSM-5, these are coordinatively unsaturated centers -cuprous cations known for their abil
ity to activate C-H bond. Here CH3 radicals thus formed can further react either with the ex
tralattice oxygen (ELO) in a route of complete oxidation, or with nitrate adspecies forming 
organic nitrates (a route of NOx-SCR), the latter being less probable. For Co-ZSM-5, hydro
carbons can be activated only by interaction with ad-NOx species yielding organic nitrates as a 
primary product. In this case, high selectivity in HC consumption for NOx reduction is ex
pected that is indeed observed. This conclusion agrees well with the fact that for Co-containing 
zeolite, a rate of HC oxidation is increased when adding NO to a He+O2 + HC mixture, while 
it decreases for Cu-ZSM-5. For both systems, activation energies of HC oxidation were found 
to be identical (ca 25 kcal/mole) and not changing after NO addition thus evidencing the same 
rate-limiting stage- C-H bond breaking. All this means that the first reason for a different be
havior of these two systems in CH4-SCR is the different type of cations coordination in oxidic 

.. clusters as well as its different rearrangement in the course of nitrates formation. 
2. Structure and reactivity of NOx adspecies. As was inferred from the IR experiments with 
isotope substitution of the nitrogen and oxygen atoms, at reasonable operating temperatures ( > 
200-300 C) the most abundant species are bridging nitrates, whose structure is · more or less 
similar. Their energy of formation as well as kinetic parameters of their interaction with gas -
phase HC yielding organic nitrates a!: intermediates are also comparable. For both systems, the 
rate of this surface reaction is quite insensitive to the presence of oxygen in the gas phase. 
Hence, this stage, though being rate-determining in HC-SCR in the presence of gas-phase oxy
gen for both systems, is clearly not responsible for their different behavior in CH4-SCR. 
3. Nature and reactivity of C,N-containing intermediates. A scheme of organic nitrates 
transformation leading to a final product - molecular nitrogen was found to be quite different for 
copper-and cobalt -exchanged zeolites. For the former, with propane as a reducing agent, or
ganic nitrates are rapidly transformed into carbon dioxide, water and nitrogen under the action 
of gaseous NO and/or via interaction with ad-NOx accompanied by formation of a very reac
tive kethene-type intem1ediate. With methane as a reducing agent, kethene-like species were 
not detected. For Co-ZSM-5, organic nitrates are mainly converted into nitryles and isocy
anates, whose rate of transformation into the final products including molecular nitrogen is 
greatly enhanced in the presence of the gas phase oxygen. The same types of adspecies were 
detected when using methane as reductant at higher operating temperatures. Probably, higher 
thermal stability of nitryles and isocyanates bound with cobalt cations is one of the reasons of 
ability of cobalt -exchanged zeolites to ensure NOx selective reduction by methane. Indeed, at 
lower operating temperatures and using propene as reductant, such intermediates as isocyanates 
and nitryles were also observed for some Cu-containing systems. Moreover, we have found that 
by using alkaline-earth promoters capable to stabilize isocyanates and nitryles, even Cu-ZSM 
can be made a selective CH4-SCR catalyst. From the structural and energetic point of view, 
such situation is expected: nitryles should be more strongly bound with tetrahedrally coordi
nated cations as compared with a rather weak axial bond with copper (2+) cations while all 
equatorial positions are blocked by oxygen atoms. 
Conclusions. Atomic-scale reasons for specificity of the catalytic properties of Co and Cu
cations in the HC-SCR appear to be different types of cations coordination, various routes of 
hydrocarbons activation as well as stability of C, N-containing intermediates. 
Acknowledgments. This work is in part supported by the RFFI grant N 95~03-09675. 
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QUANTUM SIZE EFFECTS FOR II-VI AND III-V SEMICONDUCTOR 

CLUSTERS ENCAPSULATED IN ZEOLITE MA TRICES 

N.N. Tolkachev, A Yu. Stakheev , and L.M. Kustov 

N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, 

Leninsky prosp. 47, 117334 Russia 

The properties of nano-size clusters of various inorganic and organic materials 

(metal, metal oxides, salts, dyes, etc.) encapsulated in microporous matrices attract 

nowadays attention, because the nanotechnologies provide a means to design and 

synthesize new catalysts, optical devices and other objects with intriguing characteristics. 

One of the most fascinating examples of such systems is the class of zeolites with 

encapsulated inorganic semiconductors of the II-VI (for instance, CdS, Cd Se, ZnS, etc.) 

or 111-V · (Ga-As, Ga-P) types. It is dreamed that the use of zeolites with various 

architecture ( channels or cavities of different sizes and geometry) and with various acid

base properties (cationic or H-forms or neutral lattices) will make it possible to govern the 

synthesis of semiconducting materials in a controlled manner. The most important features 

of such nano-size clusters would be the uniform (regular) and well-shaped structure of the 

cluster superlattices of different dimentionality and the unusual quantum size effects 

because of the very small size of the zeolite voids ( channels and cavities) of the order of 3 

- 10 A 

However, by now the synthesis of encapsulated semiconductor clusters was 

performed only by ion-exchange or MOCVD method. It appears to be attra~tive to use 

simple and waste-free technique of incipient wetness impregnation for preparation of these 

materials. Another objective of this work was to study the effect of different zeolite 
I 

structures on the properties of the materials thus synthesized. This work is focused on the 

synthesis and comparative spectroscopic characterization of CdS and other semiconductor 

clusters encapsulated in the Na- forms of faujasites and mordenites and KL-type zeolites. 
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The samples were prepared (I) by ion exchange or (2) by impregnation from 

aqueous solutions of appropriate salts followed by calcination and sulfidation step or (3) 

by gas-phase reactions of organometallic compounds. Diffuse-reflectance UV-VIS and 

FT-IR spectra were measured using an M-40 Carl Zeiss or IMPACT-410 Nicolet 

spectrometers. Treatments and adsorption were carried out in a vacuum setup. 
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Fig. I . UV spectra of 
CdS clusters 
encapsulated in MOR 
(1),Y (2), and ZSM-5 
(3) zeolites. The Cd 
Joading was 3 wt. %. 
Spectrum 4 
corresponds to the 
bulk CdS sample. 

The data obtained show that in the case of the CdS/NaF AU zeolites prepared by 

both ion exchange and impregnation, nano-size CdS clusters are formed, which is 

evidenced by the shift of the charge-transfer band in the UV spectra from 500 nm for the 

bulk CdS to 250 - 400 nm for the encapsulated clusters (Fig. I). 

The formation of the CdS clusters in the samples prepared by impregnation occurs 

under milder conditions compared to the ion-exchanged samples. However, CdS in 

impregnated samples show tendency to migrate outside zeolite host and form bulk CdS on 

the outer surface after high-temperature treatment. 

On the other hand CdS clusters in ion-exchanged zeolites are less stable upon 

thermal treatment and lose sulfur as H2S. Upon thermal treatment CdS clusters "dissolve" 

in zeolite matrix and Cd2
' ions return to cationic sites which is indicated by disappearance 

of Broensted acid sites (the OH stretching frequency of 3650 cm· 1
) 

It is also shown that the thermal stability of semiconductor clusters in the zeolites 

with a channel structure is higher than in the zeolites with cavities. The important finding 

is also the larger size of the clusters in mordenites, L and ZSM-5 zeolites, as compared 

with the faujasites. 
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REGIOSELECTIVE IODINATION OF TOLUENE OVER ZEOLITES Y 

E.A. Zubkov, E.P. Muzhilov and V.G. Shubin 

Institute of Organic Chemistry, Novosibirsk 630090, Russia 

Iodoarenes are useful reagents in fine organic synthesis. Conventional methods for 

aromatic iodination imply the use of highly toxic heavy metal compounds (Hg, Tl etc.) or 

mineral acids [I] which is undesirable from the ecological point of view. Moreover, these 

methods do not always allow to control regioselectivity of the reaction. Zeolites are reputed to 

increase regioselectivity of electrophilic aromatic substitution reactions including halogenation 

[2]. It has been reported on the use of zeolites in iodination of aromatics [3-5]. However, there 

is a need in better understanding of the mechanism of iodination in the presence ofzeolites. 

We have studied a liquid phase iodination reaction of toluene in the presence of several 

cation exchanged forms of zeolite Y (Table). High para-selectivity observed is obviously due 

to effect of shape selectivity. Electrophilic species formation was simulated by the model 

reaction (1) with the use of the MNDO method (MNDO-92 program [6]). Calculated heats of 

the reaction are given in the Table. 

X 

I 
0 

HO'-. / '----.. /OH 
/Al Sr----._ 

HO I I OH 
+12 - (I) 

OH OH 

X = H, Li, Na, K, Cs 

Table. Iodination of toluene in the presence of zeolites Y (20 °C, hexane, 24 hours) and 

calculated heats of reaction ( 1) 

Zeolite Conversion of 

toluene,% 

HY 0 

LiY 0 

NaY 0 

KY 28 a) 

CsY 64a) 

a) para-Iodotoluene is the only product observed 
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Calculated heat of 

reaction ( l ), kcal/mo! 

- 0.1 

- 1.5 

-11 

-29 
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These results seem to be in agreement with the Raman spectra of iodine adsorbed on 

zeolites Y (Figure). 
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Figure. ~man spectra of iodine adsorbed on zeolites Y 

The bands at 195-205 cm·1 may correspond to "physically adsorbed" iodine molecules 

(cf a band at 210 cm·' for the solution of iodine in hexane). When passing from LiY to CsY 

one can observe intensity increasing of the band at 110-120 cm·1 which probably corresponds to 

iodine molecules polarised by alkali metal cations inside zeolite lattice because "soft" iodine 

mo1ecules are more effectively polarised by "softer" Cs and K cations than by "harder" Na and 

especially Li cations. 

Based on the reactivity and regioselectivity observed as well as on the quantum chemical 

simulations and Raman spectra of iodine adsorbed on zeolites we can presume that iodination 

reaction of toluene occurs inside zeolite cavities, electrophilic species being iodine molecules 

polarised by alkali metal cations. 
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Using of Nickel Complexes with Non-Phosphine Ligands as Catalysts 

of Ary] Halides Reducing Coupling 

N.Ju. Adonin, D.V. Trukhin, V.A. Ryabinin, V.F. Starichenko 

Novosibirsk Institute of Organic Chemistry SB RAS, 

630090, Novosibirsk, Russia 

Reducing coupling of halogen aromatic compounds catalyzed by nickel 

phosphine complexes in the presence of zinc proceeds under mild conditions and 

gives biaryls in high yields1-8. However, with using such systems, the reducing 

coupling demands the use of large quantities of phosphinf ligands, which imposes 

essential difficulties on the target products isolation and purification. This work 

offers a way of overcoming these difficulties by replacing phosphines by other li

gands. 

Transformations of substituted halogen benzenes and some I-halogen 

naphthalenes occur under the action of zinc in the presence of catalytic amounts 

of nickel compounds generated in situ from nickel chloride and such ligands as 

2,2 ' -bipyridine, 1, 10-phenanthroline, I-amino-, 1-hydroxyanthraquinones, ace

naphthenequinone were studied(~): 

NiCl2, ligand 
ArHal --------- ArAJ 

Zn, DMF, 60-8QOC 

Scheme 
ArHal: 4-bromoanisole (65%), 4-bromotoluene (80%), chlorobenzene (81)%, bromobenzene 

(78%), 4-bromo-1-fluorobenzene (78%), 4-bromo-1,2-xylene (75%), 4-bromo-1,3-xylene (79%), 

3-bromo-1,4-xylene (76%), pentamethylbromobenzene (65%), 4-bromo-tert-butylbenzene (76%), 

4-chloroacetophenone(75%), l-chloronaphthalene(65%), 1-bromonaphthalene (70%), 5-

bromoacenaphthene (80%). 

Ligand: 2,2'-bipyridine, 1, 10-phenanthroline, 1-amino-, 1-hydroxyanthraquinones, acenaphth

enequinone. 
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The aryl halides shown above except for 4-chloroacetophenone and 4-

bromobenzaldehyde give dimers in DMF under mild conditions (60-80°C) in high 

yields. 

A different situation arises with 4-chloracenaphtophenone and 4-

brombenzaldehyde. When conducting the reaction in DMF, 4-

chloroacetophenone shows low reactivity. Thus, the conversion extent does not 

exceed 10% within 4 hours. 4-Brombenzaldehyde gives rise to a mixture of prod

ucts, which is likely to be attributable to aldehyde group reduction under the 

conditions similar to ours9. In going from DMF to DMA an essential change in 

reactivity is found. Reducing coupling of 4-chloroacetophenone and 4-

brombenzaldehyde takes 4 hours to give the corresponding dimers with the yields 

of 75 and 80%. 

Complex compounds of nickel with 2,2' -bipyridine and 1, I 0-phenanthroline 

turned to be more efficient then those with I-amino-, 1-hydroxyanthraquinones 

and acenaphthenequinone. Thus in the case of the first mentioned two compounds 

the reaction was performed at 60-70°C, while in the case of quinones - at 90-

l200C. However, mixed nickel complexes generated from nickel chloride, qui

nones and 2,2'-bipyridine (or 1,10-phenanthroline) with a quinone and 2,2'

bipyridine ratio varying from 9: I to 4: I were found to be nearly as efficient as 

nickel bipyridine and phenanthroline complexes. 
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THE ST ABILITY OF DEHYDROGENATION CENTERS 

IN SUPPORTED PLATINUM CATALYSTS 

O.B. Belskaya, N.M. Ostrovskii and Yu.K. Demanov 

Boreskov Institute of Catalysis SB RA'S, Omsk Department, Omsk, Russia 

PPI-9a 

The dehydrogenatiqn function of Pt/ Al20 3 catalysts was studied in cyclohexane 

dehydrogenation as a model reaction. Fresh and coked catalysts were tested in two ranges of 

reaction conditions: 

- model (laboratory) conditions (T=280-340 °C, P=l atm); 

- conditions similar to those of naphtha refonning process (T,,:,420-460 "C, P=l5 atm). 

The identity of intrinsic properties of the dehydrogenation active centers were found 

throughout conditions (see Fig. 1 ). 
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Fig. 1. Dependence of the rate constant k (s-1) on temperature for the fresh (1) 
and coked (2, 3) catalysts Pt/Al2O3 at model and commercial condition. 

The principal result is that the experimental points lie on the same line for both model 

and commercial conditions. It means that the values.of apparent activation energy (E) and of 

pre-exponential coefficient (k0 ) are invariable throughout both ranges of conditions. 

Apparently, such variation of reaction condition does not change the specific properties of 

dehydrogenation active centers. 

As it clearly seen from Fig. I, this result is true not only for the fresh but also for the 

coked catalysts, despite of deactivation. So, the coke deposits only block the,part of active 

centers without its qualitative modification. 

This result permits to test the dehydrogenation function of reforming catalysts (for 

their comparison) in "model" conditions, using model reaction of cyclohexane 

dehydrogenation and laboratory equipment at atmospheric pressure. 

265 



PPil-10 
THE ORIGIN OF NON-FARADAIC ELECTROCHEMICAL 

MODIFICATION OF CATALYTIC ACTM1Y: THE CASE OF 
CARBON MONOXIDE OXIDATION 

V. D. Belyaev, V. A. Sobyanin 
Boreskov Institute of Catalysis 630090, Novosibirsk-90, Russia 

Recently much attention has been paid [1, 2] to the study of oxidative 
conversion of gases (CO, CH4, C2H4, CH3OH) over metal electrode-catalysts in 
a solid oxygen conducting electrolyte cell: 

gas+ 02, metal catalyst I ZrO2 (8-10 mol % Y2O3) I metal, air 

The current passing through the cell (a flow of 0 2- ions through the electrolyte) 
was found to change remarkably and reversibly the activity of the metal catalyst. 
The induced change in the catalytic rate exceeded by several orders of magnitude 
the rate of oxygen flow through the electrolyte. This effect has been termed non
Faradaic Electrochemical Modification of Catalytic Activity (NEMCA effect). 

The NEMCA effect has been already studied for more than 30 catalytic 
systems and it is a general phenomenon [1,2]. This effect was demonstrated for 
carbon monoxide oxidation on Pt [2,3], Pd [2], Ag [2], Au [4] and Ag-25 at% Pd 
alloy electrodes. 

The nature of NEMCA effect was discussed by Vayenas et al. in a number of 
publications [1,2]. According to Refs. [1,2] the essence of the NEMCA effect is 
that the electrode work function changes at polarization of metal electrode, i.e. 
when current is passing through the cell. This leads to changes in the strength of 
the chemisorptive bond of adsorbed oxygen and, hence, in catalytic properties of 
the electrode for oxidation reactions. We have considered this concept as 
questionable [4,5] and formulated a chain reaction mechanism involving 
electrochemically generated oxygen species to explain NEMCA phenomenon [6]. 

Here we would like to discuss the experimental data on NEMCA effect in 
the case of CO oxidation on Pt, Au, Ag-Pd alloy electrodes in terms of the chain 
reaction mechanisms. The chain reaction mechanism might be as follows: 

(at cathodic polarization) 

2Z0 + 02 2Z0 0 
Z0 0 + CO ---t CO2 + Z0 

2Z + 0 2 + 2e ---t 22O-
Z0 + 02 + e ---t Z0O2 -
zo- + Z0 O ---t Z0 02 ~ + Z 

Z0O2 - + CO ---t CO2 + Z0O
Z0O- + Z0 O ---t Z0O2 - + Z0 

zo- + e ---t z + or 

ordinary 
catalytic 
reaction 

initiation 

(at anodic polarization) 

I 
2Z0 + 02 2Z0 0 
Z0 O + CO---t CO2+ Z0 

I 
z + o~- ---t zo- + e 
zo- + Z0 O ---t Z0 O2- + Z 

propagation I Zo02 - + co ---t CO2 + Zoo
Zoo- + Z0 O ---t Z0 O2 - + Z0 

termination J 2zo- ---t 22 + 0 2 + 2e 
ZoO2- ---t Z0 + 02 + e 
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were Z0 is a catalytically active site on the gas-exposed surface of the metal 
electrode; 2 0 0 is atomic oxygen species on the catalytically active site; 2 0 0- and 
2 0 0 2- are charged oxygen species on the catalytically active site; Z is an 
electrochemically active site on the three-phase boundary gas-metal-YSZ; zo-
and 202- are charged oxygen species on the electrochemically active site; O~- is 
the oxygen anion in the bulk of YSZ. 

As example Figs. 1 and 2 show the experimental data on CO oxidation over 
Pt and Ag-25 at% Pd alloy electrode-catalysts under NEMCA conditions and 
results of the calculation at realistic rate constants of steps for above chain 
reaction mechanism. The experimental data are seen to fit satisfactorily the theory. 
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Fig. 1. Effect of potential on the rate 
of CO2 formation over Pt electrode. 
[CO]0 = 0.25 vol%; [02]0 = 11.3 vol%. 
Points - experiment [2]; lines - theory. 

Fig. 2. Effect of potential on current and 
on the rate of CO2 formation over Ag-Pd 
alloy electrode. [COJ 0 = 5 vol%; 
[02)0 = 25 vol%. Points - experiment; 
lines - theory 

So, in the case of carbon monoxide oxidation over metal electrodes in the 
cell with YSZ electrolyte, the chain process involving electrochemically generated 
oxygen species is, most probably, the key factor for appearance of NEMCA effect. 

Acknowledgement: The authors are grateful to INTAS (Grant No. 94-3056) for 
financial support of this work. 
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MECHANISM OF HETEROCYCLIZATION OF BUTADIENE 
OXIDE INTO 2,5-DIHYDROFURAN IN THE PRESENCE OF 

APROTIC SOLVENT AND BIMETALLIC COMPLEX, 
INCLUDING IODIDE OF ALKALI METAL AND TRANSITION 

METAL HALIDE 

LI. Bobyleva, S.I. Krukov, M.A .Abreimova 
Yaroslavl State Technical University, Yaroslavl, 150023, Russia 

Intramolecular cyclization of unsaturated oxides of olefines proceeds 
under the influence of iodocontaining compounds, in particular, iodides of 

, alkali metals . Their activity considerably rises in the presence of transition 
' metal halides. _ __ _ 

CH2 = CH-CH-CH2 ➔ 
\ I 

0 

CH-CH 
I I 

H2C CH2 
\ I 

0 

During the study of heterocyclization of butadiene oxide in the 
presence of aprotic solvent and bimetallic complex, including iodide of 
alkali metal and transition metal halide, the catalytic activity dependence 
of the complex on the nature of alkali metal , transition metal and anion 
bonded with it, and also from the nature of complexating solvent was 
determined. The activity of alkali metal iodides in the complex with zinc 
chloride and N-methylpyrrolidone changes in the following way: 

Lil > Nal > KI 

The dependence obtained satisfactorily correlates with the values of 
the metal electronegativity, which is a combined estimation of their donor
acceptor properties . The higher electronegativity of alkali metal in the 
bimetallic complex, the higher is the reaction rate . "Acid" properties of 
cations weaken from u+ to K+. This leads to reduction of alkali metal 
iodide interreaction both with the basic solvent, and with the transition 
metal halide. As a result, the activity of bimetallic complex iodine anion , 
which functionates due to its high nucleophilic reactivity as a bridge 
during the transfer of electron from bimetallic complex to double bond of 
butadiene oxide molecule, reduces . 
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The study of influence of transition metal nature in the presence of 

lithium iodide and N-methylpyrrolidone shows that the catalytic activity 
of metal chlorides decreases in the following way: 

Zn > Co > Ni > Cu 

The metal with low electronegativity displays the greatest activity. 
Forming unstable complex with aprotic solvent, the metal unites with 
alkali metal iodide into complex salt. The stability of this complex salt 
grows with increase of alka li metal electronegativity. 

Acquiring mobility, the complex salt anions attack the butadiene oxide 
molecule: iodine anion - double bond, transition metal anion - C2-atom of 
oxirane ring carbon, which because of polarization of the butadiene oxide 
molecule assumes partial negative charge, that results in weakening of its 
bond with oxygen atom. The halogen atom with low basicity will be most 
effective for this attack. The breaking of double bond and oxirane ring 
leads to formation of 2,5-dihydrofuran. 
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POL YCONDENSATION OF PHENOL WITH FORMALDEHYDE IN 
THE PRESENCE OF SULPHOCATIONITES BASED ON SILICA 

A.A.Bolotov and T.A.Kremleva 
Tyumen State University, Tyumen, 625003, RUSSIA 

The phenolic alcohols, being the primary products of polycondensation 
of phenol with formaldehyde, are widely used in production of thermoisolation 
materials and for some other purposes. In industry the phenolic alcohols are 
obtained in presence of sodium or barium hydroxide. 

We have elaborated a method of phenol condensation with fonnaldehyde 
using as catalysts sulphocationites based on wide-porous silica. 

The average molecular mass of condensation products detennined by 
the decrease of melting point of camphora is 240 rn.w. when the ratio phenol : 
formaldehyde is J : 1.5. 

The reaction proceeds with practically quantitative yield and very high 
rate in temperature interval 70-95°C. 

There is a sieve effect that limits maximum dimension of molecules 
which are formed in polycondensation reaction. 

The results of experiments permit to generalize that the pore diameter of 
carrier, of catalyst used for preparation, and certain compound of reacting 
substances, directly is defined by linear sizes ( m.w. ) of fanned phenolic 
alcohols. Thus a reasonably narrow fraction of connections with the same 
polymerization degree, that presents doubtless interest from the practical point of 
view. 

Generated reaction products can be easily filtered from catalyst. The 
catalyst is regenerated by washig with acetone and can be used repeatedly. The 
obtained product is notable for its low content of polymeric compounds and 
initial monomers. 
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SURFACE PROPERTIES OF CARBON-SILICA ADSORBENTS 
PREPARED BY PYROLYSIS OF DI CHLO RO METHANE. 

TOPOGRAPHY AND MORPHOLOGY OF CARBON DEPOSITS 

B. Charmas, E. Kobylas, R. Leboda and S. Pikus 

Faculty of Chemistry, Maria Curie Sklodowska University 
M. Curie Sklodowska Sq. 3, 20-031 Lublin, Poland 

The complex carbon-mineral adsorbents (CMA) have become recently 
very attractive materials for many analytical and technological processes as 
well as in many research works [1-5]. The present interest in CMA results 
from the need for utilization of wastes, partially or completely carbonized 
adsorbents and catalysts, application of (properly prepared) CMA as carbon 
adsorbents substitutes or using them for preparation of carbon materials of 
special properties [6]. Great research and application possibilities appear 
using CMA of programmed porous structure, programmed morphology and 
topography of adsorption centers [7]. 

This new type of adsorbents proves to be very useful in adsorption 
processes on a technical scale e.g. in water and sewage purification as well as 
in petroleum derivative products removal from polluted waters [3]. 

The specific properties of CMA: hydrophilic of the mineral adsorbent 
and hydrophobic of the imposed carbon deposit are used in the adsorption 
process. Depending on CMA preparation conditions it is possible to prepare 
adsorbents partially or completely covered with a carbon deposit or the 
materials possessing a mosaic topography of the surface [7 ,8]. 

Because of great possibilities of CMA application, determination of 
carbon deposit morphology and topography is one of the most important 
tasks. Very few of such studies have been carried out so far and their 
analysis suggests the need for more intensive investigations in this field. 

The paper presents the studies of texture and structure of a series of 
carbon-mineral adsorbents (carbosils) differing in carbon deposit contents 
0.8-35.0 % w/w) based on the data of gas and liquid adsorption, electron 
microscopy, small angle X-ray scattering, e.t.c. A theoretical approaches 
presented by Fenelonov et al. [9, 1 OJ and by Kamegawa and Yoshida [I I, 12] 
are used in description of texture models of the complex carbon-mineral 
adsorbents. The results of these studies made it possible to determine the 
shave of carbon deposit in t!Je total porous structure of the complex 
adsorbents. To determine a crystallographic structure of the above 
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adsorbents the small angle X-ray scattering (SAXS) studies were carried out. 
The applicability of the SAXS method for the investigation of the specific 
surface and the pore size distribution function for the studied samples has 
been demonstrated. For the silica gels with small amounts of the deposited 
carbon the diffuse profile of electron density in the boundary has been 
estimated. 

References 

1. R. Leboda, Mater. Chem. Phys., 31 (1992) 243; 34 (1993) 123. 
2. R. Leboda and A. Dabrowski, 'Complex Carbon-Mineral Adsorbents: 

Preparation, Surface Properties and their Modification', in: 
Adsorption on New and Modified Ionorganic Sorbents, Eds. 
A. Dabrowski and V.A. Tertykh, Elsevier, Amsterdam 1996, pp.115-147. 

3. Yu.I. Tarasevich, Khimija i tiechnol. wody, 9 (1989) 699. 
4. W. Rudzinski, A. Gierak, R. Leboda and A. Dabrowski, Fresenius J. 

Anal. Chem., 352 (1995) 6§7. 
5. V.V. Turov, R. Leboda, V.I. Bogillo and J. Skubiszewska-Zieba, 

Langmuir, 11 (1995) 931. 
6. T. Kyotani, N. Sonobe and A. Tomita, Nature, 331 (1988) 331. 
7. R. Leboda, A. Gierak, B. Charmas and Z. Hubicki, 'Complex 

Carbon-Silica Adsorbents: Preparation, Properties and Some 
Applications as Model Adsorbents', in: Fundamentals of Adsorption, 
Ed. M.D. LeVan, Kluver Acad. Pub!., Bostone/London 1996, pp.497-505. 

8. V.B. Fenelonov, 'Poristyj uglerod', Institut Kataliza, Novosibirsk 
1995, pp.320-443. 

9. V.B. Fenelonov, J. Porous Mat., 2 (1996) 263. 
10. V.B. Fenelonov, N.A. Prokudina and L.G. Okkel, J. Porous Mat., 

3 (1996) 23. 
11. K. Kamegawa and H. Yoshida, Bull. Chem. Soc. Jap., 63 (1990) 3683. 
12. K. Kamegawa and H. Yoshida, J. Colloid Interface Sci., 159 (1993) 324. 

272 



PPil-14 
ORGANIC SUBSTANCES OXIDATION IN ELECTROLYSIS 

OF MELTED CATALYST 

Chekryshkin Yu. S., Dukhanin P. S., Khaimenov A. P., Fyodorov A. A. 

The Institute of Technical Chemistry of the Ural Branch of the Russian Academy of 

Sciences, Lenin Street 13, Perm, Russia. Telephone (3422)926237, Fax (3422)924375 

Ethanol and alkylbenzenes oxidation on melted catalysts - the mixture of 

KVO3-V2O5, 1, 3 and 5 mass% solutions ofK3YsO14 and NaOH in eutectic of 

KCI-LiCl - in electrolysis of melted salts during the potential change on platinum 

electrodes from + 1 to -1 V has been studied. 

The experiment was designed so that organic substances should not be 

exposed to oxidation on the electrodes, this being judged about from the 

invariance of the form of volt-amperegram of the melted catalysts studied 

including the conditions of carrying out the process as well. 

The dependence of ethanol oxidation products composition change on the 

value and potential sign of the working electrode indicates that in the conditions 

studied organic substances oxidation goes in the scope of the melted catalyst 

whereas regeneration (reoxidation) of the catalyst occurs as a result of 

electrochemical reactions on electrodes as well as in case of oxygen presence in 

gas phase (Po2 > 0,0125 MPa) at the expense of interaction of oxygen with the 

catalyst. 

It has been shown that changing the electrochemical, oxidation and reduction 

potentials of melted catalyst one may influence its catalytic activity. Ethanol 

conversion and the amount of acetaldehyde fanned from the latter increase at the 

potential changes from Oto 0.45 V. In the area of potentials exceeding 0.45 V in 
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absolute value a sharp increase of ethanol conversion and the amount of CO2 

yield is observed, in addition, acetaldehyde and ethylene yield decreases. 

The dependence of the working electrode potent ial value on partial oxygen 

pressure in atmosphere containing ethanol fumes is not direct. The potential 

reaches O. 7 V in absolute value at partial oxygen pressure of O.012 5 MP a, this 

corresponding to the smallest content of oxygen ions in melted catalyst into which 

the working electrode is immersed 

Variation of the working electrode potential, especially in the anode area, 

almost does not influence the conversion of ethanol when the reaction goes in the 

melted catalyst KCI-LiCl. On the contrary, the selectivity of acetaldehyde 

formation depends on the working electrode potential and is the greater the 

higher vanadate and NaOH concentration is. In fact, ethylene is not formed on 

melted catalysts containing NaOH, however, CO and methane yield is less in 

melted catalysts having vanadates in their composition. 

As it follows from experimental data, in case of electrocatalysis melted 

catalyst composition influences only the conditions (potential, partial pressure, 

oxygen, etc), of performing the process of organic substances oxidation, as all 

inorganic salts and oxides in the presence of oxygen and at definite electrode 

potential are capable of generating oxyg~n ions which ultimately define the 

intensity and direction of oxidation reaction 

The composition of products of alkylbenzenes oxidation depends on the 

catalyst character CO2, H20, benzene, benzoic acid, the ratio of which depends 

on temperature and partial oxygen pressure in gaseous phase are found on K VO,

V 20s catalyst m the products of toluene oxidation. The transfonnat1011 or toluene 

on the catalyst contaming Nc10H proceeds with the fonnation of CO2. H20 . 1,2-

diphenyletlwne and 1,2-diphenylethylene 
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INFLUENCE OF MECHANO-CHEMICAL TREATMENT ON 
PHYSICAL-CHEMICAL PROPERTIES OF ZrNi-H, HfNi-H AND 

Pr-Co-Cu-H SYSTEMS 
P.E. Davydov, N.N. Kuznetsova, V.Y. Lunin 

Moscow Lomonosov State University, Moscow, Russia 

In the recent years investigations of mechano-chemical activation 
of various types of reactions arc carried out. In our research work we 
have obtained some data on influence of mechano-chernical treatment 
on creating active surface of catalysts based on intermetalic compounds 
and their hydrides in reactions of carbon monoxide conversion. 

The catalytic activity was investigated on ZrNi and HfNi systems 
and their hydrides along with PrCoxCu5_x (x = 0;3;5) and corresponding 
hydrides. 

The catalysts based on hydrides have higher activity than 
corresponding interrnetalic compounds, however interrnetalic 
compounds have similar act1v1ty and phase compos1t10n to 
corresponding hydrides after activation process in hydrogen atmosphere. 
Formation of hydride phases ZrNiHx and HfNiHx was shown for ZrNi 
and HfNi, respectively, and formation of Co, Cu and PrH 2 phases was 
shown for systems PrCoxCus-x (x = 0;3;5). 

It was found out that methane and CO2 are the products of CO 
conversion on catalysts based on ZrNi and HfNi systems, but methane is 
the only product of CO conversion on Pr-Co-Cu-H systems, their 
activity is proportional to quantity of copper in initial system in the 
range of investigation. 

Some data on heterophase exchange between gas and hydride 
during rnechano-chernical activation were obtained. 
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DESIGN AND TESTING OF CATALYSTS Ru/SIBUNIT 

FOR AMMONIA SYNTHESIS UNDER MILD CONDITIONS 

Dobrynkin N.M., Noskov A.S., Tsyrulnikov P.G. *, Polukhina lA., 

Shitova H.B. •, Savelieva G. G. •, Dup/yakin V.K. *, likholobov V.A. 

FRC Boreskov Institute of Catalysis, Novosibirsk, 630090, RUSSIA 

*Omsk Branch of Boreskov Institute of Catalysis, Omsk 

E-mail: DOBR@reverse.nsk.su 

Nowadays methods of ammonia synthesis involve nitrogen interaction with 

hydrogen in the presence of various modifications of melt iron catalyst promoted by 

potassium oxide and alumina. Industrial processes are performed at 280 - 320 atm 

and T > 4Q0OC due to thermodynamic and kinetic restrictions. According to [ 1 -3] it 

is possible to design highly efficient catalyst for ammonia synthesis at moderate 

.pressures (5-50 atm) and lower temperatures (250-350°C) using systems containing 

Ru and alkaline or alkaline-earth metals supported on activated carbons. A newly 

designed graphite like carbon material "Sibunit" opens new ways in this field. The 

Sibunit has unique properties and meets a wide application as adsorbent and catalyst in 

many catalytic processes. This study presents the results characterizing new ruthenium

on-Sibunit catalysts for the mild conditions ammonia synthesis. 

Catalysts were prepared using various precursors: nitrates Ru(NO)(NO3)3, 

chlorides RuCl3 * 3H2O and hydrochlorides RuOHCl3. Promoters (K and its 

compounds) were introduced either after Ru deposition and reduction to metal state or 

simultaneously using the single stage impregnation with water solutions of K 

compounds. Catalyst activity was studied in a flow two-reactor setup at 200-40ooc, 

pressure 5-50 atm, volume flow rate (2-30) x 1 oJ h· 1 using mixtures (H2 + N2) in a 

ratio of 1 : 1 or 3 : 1. Chromatography was used to analyze the starting mixtures and 

ammonia. Oxygen admixture content, controlled by "lstok" analyzer, was less than t 

ppm. For comparison commercial ammonia synthesis catalyst SA-S was tested. 

Equilibrium ammonia concentrations were calculated using program II Astral". The 

figure· shows the temperature dependencies of ammonia yield over ruthenium catalyst 

C-4-4. Experiments were performed within 300-400°C, temperature being risen to the 
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maximum one and then lowered back. Both stoichiometric and non-stoichiometric 

mixtures were used. Apparently, equilibrium occurs at low temperatures, ammonia 

yield being maximum at 3S0°C. 

2 

300 '350 

Therefore, experiments show that: 

~OD 

P:: 3 MPa 
H2 : N2 = 1: 1 

'T', oc 

1 . Designed catalysts allow efficient ammonia synthesis at the studied temperatures and 

pressures. 

2. The activity of Ru/Sibunit catalysts significantly depends on ( 1) the choice of (a) 
precursor (main active component is metal ruthenium), (b) promoters; on (2) thermal 
treatment conditions; on ( 3) method of chemical activation of catalyst; on ( 4) support 
activation conditions. 

References: 

1. Aika K.-1., Hori H., Ozaki A. ).Catalysis, 1972, vol.. 27, pp. 424 - 431. 
2. Czuppon T.A., Knez S.A., Schneider Ill R.V., Worobets G. The Kellogg Advanced 

Ammonia Process. First Commercial Application at Ocelot Ammonia Company, 
The 1993 AIChE Ammonia Safety Symposium, Orlando, U.S.A., Sept. 15, 
1993. 

3. Muhler M., Rosowski F., Hinrichsen 0., Hornung A., Ertl G. 11-th Int. Congr. 
Catalysis - 40th Anniversary. Studies in Surf. Sci. and Catalysis, vol. 101, pp. 317-
326. 

277 



PPII-l7 
Structure and Texture of Filamentous Carbon Produced by 

Decomposition of CH4 over Ni and Ni-Cu Catalyst 

1·_H/.-melonor. A.Yu.l>ere1wrnkr11. L<i(Jkke/, / . lf. . ➔ rdena, 

.\h. K.. .'ilwiki111tdi11r11·. 

Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia 

F-mail: dere,·(~ika1a!ysis. nsk.su 

Catalytic filamentous carbons (CFC) produced by decomposition of methane on Ni/1\l:O, 

and Ni-Cu/AbO3 catalysts were investigated by adsorption techniques and mercury 

porosimetry. 

Comparison of the different CFC samples shows that the pore size distribution and its 

evolution depend on the original catalyst (Ni or Ni-Cu). However, generally three ranges of 

mesopores were detected ( Fig. I ). The pore size distributions have two maxima centered at 

d1=3 - 4 nm (region /) and d2=20 - 30 nm (region If) as well as a small wide peak at the 

range of d3> Io~ nm (region II/). In accordance with scanning electron and tunnel inµ 

microscopy data we proposed that the region / corresponds mainly to the pores hct\\'cen 

hemisphere-like surface species of ca. 5 nm in diameter on the filament surface. The region~ 

// and /// were attributed to the pores between filaments with relatively dense and loosely 

packed structure, respectively. The growth of the filaments leads to the continuos filling of 

the large pores (region Ill ) which gradually transform to the pores of type II (see Fig. I). 

During CFC growth the porosity measured was found to approach the upper limit value. 

Appropriate "partial" porosity values of the different type pores were also calculated. 

Comparative approach showed that the CFC samples have a small volume of micropores 

Moreover, it was found that ratio of the micropore volume and surface area of mesopores was 

near constant during the CFC growth. Therefore, it implies that the micropores distribution is 

unifonn on the filament surface. To evaluate the characteristic size of the micropores we have 

compared . the chromatographic and adsorption data measured with different test-molecules. 

Following this way we found that the micropore size is about 0.35 nm, i.e .. very close to 

· interlayer distance in graphite d002=0.345 nm. Furthermore, calculations showed that the 

micropores extend to the filament bulk by ca. 1-2 nm. 
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111 additwn, XRD data pointed the turbostratic structure of the carbons studied. The treatment 

of CFC sampks with various hydrocarbons vapors have affected the XRD patterns that means 

a strong interaction or the hydrocarbons with CFC. An increase of the d011: values after 

treatment ind1cates so111c kind of intercalation process while adsorption. 

Therefore. we !ta\ e sugges;Lcd that 111 addition to closed layer structures recently proposed 

there are also o: ... ·11ed edge planes of graphite on the filament surface. This surface was 

estimated to be ,_·c1 : . 6 °n 01· a total carbon surface. HO\vever, these are most active sites in 

CFC oxidatwn . ..idsornt1on at the micro-concentration level and anchoring of active 

species whi ic pr~r::ic11ir•:1 of catalysts 

In summary. the structure of the filament surface was shown to he reconstructed to a 

depth or 1-2 nm. Such a surface reconstruct1on leads to decreasing of the surface energy 

and made most of the surface (90-98'".,) lo be covered by deformed fragments of basal 

planes of graphite. while the rest of the surface is formed by the edge graphite planes. 

Slit-like pores or sue ck1se to the interlayer distance in graphite were l1kdv formed due to 

the different lengths or these edge planes. Therefore. the hicrarchv m the levels of porous 

structure of the carbon filaments could be class1f1ed c1s follows: I )micropores in the 

filaments: 2) mesopores produced by rough r, lament surface 3) two types of mesopores of 

various size in dense and loosely packed parts of the carbon granules. 
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HIGH TEMPERATURE GAS CHROMATOGRAPHY MOLECULAR PROBES METHOD 

V.B. Fenelonov, M.S. Melgunov. N.A. Baronskaya 

Boreskov Institute of Catalysis 

SB RAS, Novosibirsk, Russia, fenel@catalysis.nsk,su 

In the present work a new technique of mlcropore-size distribution (MSD) research in Carbon· 

Molecular Sieves and other Microporous Carbons is offered (range MSD 0.3 + 2.0 nm). The technique 

is based on retention volume R measurements for molecules-probes of the different size and form by 

high-temperature gas-chromatographic method at "infinite dilution". In this case values of R allow to 

determine Henry's adsorption isotherms factors([). One can make a comparison of obtained r values 

with the results of measurements on nonporous samples. This comparison allows to determine 

micropore volumes Vµ (i}, accessible for different molecular-probes, if Vµ and mesopore surface S for 

one member of the used series is known. This technique has an advantage comparing with any kriown 

techniques of MSD-measurements by molecular-probes. since it solves problems of a) independent 

adsorption inside and outside of micropores; 6) activated diffusion, especially sharp in conditions of 

low-temperature adsorption, frequently used in usual methods. The second problem is solved by 

providing the expe-riment in conditions of high-temperature gas chromatography with reliable Arrenius 

interpolation. We have carried out MSD measurements on a sample of catalytic fibrous carbon CFC-2, 

obtained by CH4 decomposition on Ni-Cu catalyst at 600° C. The series of halogene-containing 

benzene derivatives (CsH5X, where X=H, F. Cl, Br. I) was used in the experiments. Critical Van-Der

Vaals sizes h are various for different molecules. Designed MSD is shown on Fig. 1. 

;:I. 

> 

a) b) 

0.004 

0,002 

0,001 

0,00) 

Maq:xr&S2e □srib..tia, in CFC-2 

0,34 0.35 0,33 0,37 0,38 0,39 0,40 

h(rtj 

Fig. 1 a) Micropores of calibrated size are available for molecules of type A, not available for 

molecules of type B, C; but molecules of all types can be adsorbed on the surface of mesopores; bf 

MSD calculated for CFC-2; 
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Development of Pressure Swing Adsorption (PSA} 

technology for gas separation 

Fenelonov V. B., Zolotarskii I. A., Pokrovskaya S. A., Shubin A.A., Melgunov M. S., 

Derevyankin A. J., Chumakova N. A., Baronskaya NA, Okkel L. G., Plaksin G. V.*. 

Drozdov VA*, Duplyakin V.K.*, Likcholobov V.A. · 

Boreskov Institute of Catalysis SB RAS, 

630090, Novosibirsk, Russia. 

Th_e research and development methodology for Carbon Molecular Sieves 

(CMS) and processes of gas mixtures separation by a PSA method is reported . This 

methodology is based on hierarchical system of models, including experimental 

research and computer modelling at following levels: 

a) Micro-texture element defined as a single void (possibly w;th "windows'') or a site 

of a surface; 

b) Domain of micro-texture elements; 

c) Lattice of domains with expansions and narrowings - windows, simulating a 3-D 

pores labyrinth; 

d) Adsorbent particle: 

e) Layer of particles (adsorber). 

f) Multiadsorber plant flowsheeting. 

Modeling the processes at levels a), b) and c) allows to predict adsorption and kinetic 

parameters that are important for controlled synthesis of adsorbents with an optimum 

structure, and for adequate models construction at levels d) and etc .. 

Given methodology is a basis for the development of adsorbents and PSA processes 

to separate hydrocarbon and other gas mixtures for the following fields: 

a) Micro-PSA (with a capacity of 0.01-1 I/min.; gas generators and purificators for 

laboratory equipment and so on); 

b) Meso-PSA (with a capacity of 1-10 m3/hour; like some kinds of 0 2 generators for 

medicine, N2 or CO2 - for protection atmospheres and so on); 

c) Macro-PSA (with a capacity over 100 m3/hour; industrial technology); 

In this direction the following work was carried out: 
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1. Experimental infrastructure is organized. Methods and equipment for studying 

adsorption kinetics, dynamics and statics at low (1-2.5 atm.) and high (up to 16 atm.) 

pressure are used. New variant of a molecular probes method for the Micropore-Size 

Distribution (MSD) analysis is offered. 

2. CMS texture design for light hydrocarbons separation by a PSA method is offered. 

The first CMS samples with the calibrated size micropores were obtained by 

adjustable phyrocarbon depositing on Microporous Carbon Adsorbents (MCA) . 

(experiments have shown their effectiveness for hydrocarbons separation by PSA) . 

3. Research of industrial and experimental samples of CMS and MCA was carried out. 

Separation characteristics for a number of adsorbents were determined by pulse

chromatography method. Adsorption equilibrium constants and effective diffusivities 

were determined for CO, methane, ethane and so on. 

4. The software for PSA processes modelling was developed. It includes algorithms 

and programs for numerical study of particle and layer dynamics proceeding at typical 

stages of a PSA-cycle. Modelling of a methane-ethane separation on CMS and MCA 

was performed particularly. 

5. A separation of a number of model mixtures by PSA-cycle using CMS and MCA 

were studied on the pilot set~p. The experimental results will be compared with 

numerical experiments. 
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Figure 1. Typical PSA cyclogram obtained on a pilot setup. 
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OXIDATION OF METHANE TO SYNGAS OVER Ni-BASED 
ELECTRODE IN A SOLID OXIDE ELECTROLYTE CELL 

V.V.Gal'vita, VD. Belyaev, V. A Sobyanin 
Boreskov Institute of Catalysis 630090, Novosibirsk-90, Russia 
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Introduction: Recently, much attention have been paid to investigation of catalytic 

selective oxidation of methane to synthesis gas. It was shown that this reaction 
proceeds on supported metal catalysts, including nickel-containing system at high 

temperature. Here we report the results on electrochemical oxidation of methane 

to synthesis gas over a Ni-based electrode-catalyst in a cell with a solid oxygen 

conducting electrolyte, viz. yttria stabilized zirconia (YSZ). Schematically, such a 

cell is similar to the solid oxide fuel cell (SOFC): 

CH4 + N2, Ni I YSZ I Pt, air. 

The electrochemical oxidation of CH4 in SOFC is a new way for syngas 

production from methane. Only few reports are known in this field [1-3). At 

oxidation of methane in the SOFC the methane flow did not contain oxygen. It 

was fed directly into the reaction zone by passing anodic current through the cell. 

In this case o-2 ions are formed at the air electrode. Then, these ions transfer to 

the electrode-catalyst through the YSZ electrolyte, where they can either discharge 

to produce 0 2 or oxidize methane. 

Experimental: Electrochemical cell was a YSZ electrolyte tube, in which two 

porous metallic electrodes were supported on the inner and outer surfaces. A 

working Ni-based electrode-catalyst was inside the YSZ tube and the counter Pt 

electrode outside it. The geometrical area of the electrodes was 3 cm2 . 

The experiments were carried out at atmospheric pressure within the 
temperature range of 750 - 850°C. The methane-nitrogen mixture flow, containing 
3 - 10 vol % of methane, was varied between 0.4 and 1.5 cm3/s. The anodic 

current flowing through the cell was varied in the range of 90 - 400 rnA. 

Results and discussion: The effects of temperature, residence time, methane 
concentration and current (or electrode potential) on the methane conversion, 

product distribution, carbon monoxide selectivity and the yield were studied. The 

typical experimental results are presented in Fig. I. 

In Fig. la the conversion of methane and yield of carbon monoxide are 
plotted against temperature. Practically 100 % conversion of electrochemical 
oxygen pumping to the reaction zone was observed and only H2, CO, CO2 and 
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H20 were detected as the products. The outlet concentration ratio [H2]/[CO] was 

ca. 2. An increasein temperature results in higher CH4 conversion and CO yield. 

Their vaiues are closed to the thermodynamic equilibrium ones at 800 - 850°C. 
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Fig. 1. Effects of temperature (a) and anodic current (b) on CH4 conversion and 

CO yield at electrochemical oxidation of methane. 

Fig. 1 b shows CH4 conversion and CO yield versus anodic current. The 

conversion of methane is 92 % and does not change with increasing current, while 

CO yield decreases from 88 to 64 % . 
These results allowed the conclusion that the Ni-based electrode is an active 

electrode-catalyst for electrochemical conversion of methane to synthesis gas in 

the SOFC system. 

On the basis of the data obtained we will discuss the reaction mechanism and 

prospects of syngas production from methane in the SOFC system with Ni-based 

electrode-catalyst. 

Acknowledgement: The authors are grateful to INTAS (Grant No. 94-3056) for 

partial support of this work. 
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FORMATION OF XEROGEL POROUS STRUCTURE OF THE 4™ 

GROUP OXIDES PREPARED BYPRECIPITATION 

Vladimir Yu. Gavrilov and Galina A. Zenkovets 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk 630090 Russia. 

E-mail: V.Yu.Gavrilov@catalysis.nsk.su 

Oxides of the 4th group of Periodic system (TiO2, ZrO2, SnO2) represent an important 

class of dispersion materials finding wide application in heterogeneous catalysis, adsorption 

and ion exchange, electronic engineering and chemistry of sensors. The peculiarities of these 

objects are connected with an opportunity to vary purposefully their chemical and phase 

structure, and texture-mechanical properties. A method of precipitation allows to carry out 

consistently and in controllable conditions separate stages of formation of primary particles of 

an oxide phase and their subsequent aggregation and crystallization. 

Hydrolysis of initial salt is the first stage of formation of any oxide phase precursors. 

The oxide phase is formed as a result of heterogeneous nucleation at saturation of formed 

polyhydroxo complexes. A morphology and dispersion of particles are defined both by 

individual and general fundamental properties of the oxide phases. 

Our results allow to assert that the ratio of rates of start salt hydrolysis and hydroxide 

phase nucleation renders essential influence on formation of xerogel porous structure. The 

initial components of a nuclear with large probability overcome a power barrier of 

nucleation, thus providing favorable conditions for formation of primary particles and their 

growth when the rate of nucleation exceeds rate of low molecular forms of polyhydroxo 

complexes (LMF) formation. The fundamental property of oxide systems is that the minimum 

size of these globules for the majority oxides is 3-5 nm. Thus, even the dense random packing 

of such globules forms a mesa-porous structure. 

At alternate variant when the hydrolysis rate prevails, there is the excess of LMF at 

simultaneous reduction of number of nuclear primary oxide globules in intermicelliar media. 

Xerogels obtained from such gels should contain appreciable porous volume, the size of 

which is commensurable with the size of fragments LMF, i.e. micropores. Thus, it is possible 

to synthesize purposefully mesa- or microporous structures by changing the ratio of rates of 

oxide phase nucleation and hydrolysis. 

As follows from the heterogeneous nucleation theory lhe rate of nuclear formation (J) is 

supervised by value of free energy of stable nuclear (LiGk): J= A exp. (-LiGk/kT), where A is a 

coefficient defined by properties of steady nuclear and poorly dependent on ~emperature. The 
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value of ~Gk parameter is a specific property of particular system determining a direction of 

process of the _xerogel texture formation. 

Thus, pH of precipitation, determining depth and rate of hydrolysis and also a surface 

charge of dispersion, and temperature of precipitation, determining rate of a phase hydroxide 

nucleation, are the major factors that regulate porous structure of the 4th group oxides. We 

have considered the regularities of porous structure of tin dioxide [I], zirconia [2] and titania 

[3-5] formation. 

Experimental data allow to assert that the formation of microporous stmcture is 

especially characteristic for Sn02, and at pH > 5 extremely micro- and supermicroporous 

structure is formed, which is, however, rather not thermostable. Zr02 displays similar 

properties, though significant volume of mesopore is formed simultaneously with micropores . 

At the same time, the micropores formation is not characteristic for Ti02 obtained from 

hydrochloric acid TiCl4 solution and it is possible to obtain insignificant volume of 

micropores only in special conditions of synthesis [4]. On the other hand, absence of 

significant amounts LMF in Ti02 structure allows to adjust mesopores distribution by 

changing a surface charge of a dispersion [3]. The regulation of surface charge is reached by 

changing ions sorption on a surface of dispersion. It is possible to change purposefully both 

pore volume and pore size distribution in xerogels at drying of hydrogels. For example, we 

have shown [5] that the change of surface charge value allows to vary the porous structure 

from uniform up to bimodal. 

Distinctive peculiarity of researched systems is their rather slow crystallization that 

influences on the porous structure formation. The study of Ti02 porous structure genesis [6] 

demonstrates a role of aggregation-disaggregation processes of crystal phase of anatase on 

final porous structure formation. 
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INVESTIGATION INTO THE POSSIBILITY OF FORMING THE NICKEL-CALCIUM
CONTAINING CATALYSTS WITH DIFFERENT AGENTS AND POSSIBLE USAGE FOR 

PURIFICATION OF EXHAUST GASES. 

El Golosman, G.I. Salomatin., T.N. Smirnova., I.V. Boldyrev., V.N. Efremov, 
I.A. Mamaeva, M.P. Yaroshenko 

NIAP, Novomoskovsk, 301670, Russia. 
Institute of Engines, Moscow, 103055, Russia. 

The rigid operating conditions of catalysts for purification of exhaust gases specify 
that a number of requirements are met. They are as follows: high activity in the wide 
temperature range, thermostability up to 100° C, high strength, low resistance to gas flow, 
resistance to poisoning , avaiiability of raw materials and simple preparation. At present it 
will be noted that there is a lack of designs meeting the requirements in full. The contacts 
are being searched, combining the desired properties. 

The preparation of catalyst by a simple waste-free process has been of particular 
importance. The main way of reducing raw material costs is partial or complete 
replacement of Pt, Pd, Rh, Ru-containing components with more available compounds of 
other transition metals of alternating valence. The problem of low-waste technology can 
be solved to a great extent by mixing in water or other media if there are no noxious gases 
and industria l water wastes. 

The Novomoskovsk Institute of Nitrogen Industry is experienced in developing such 
catalytic systems based on cements (calcium aluminates) for diverse processes. The use 
of cements and waste-free mixing process in water or water-ammonia medium allows to 
prepare contacts of high strength and thermostability. Available investigations of nickel
alumino-calcium catalysts with different agents for gas purification from carbon oxides, 
hydrocarbons and nitrogen oxides allow to make catalysts with the desired properties for 
purification of exhaust gases. 

The complex physico-chemical study of formation mechanisms of nickel-alumino
calcium catalysts with different agents and tests in the process of purification of exhaust 
gases from diesel engines have been carried out. The principal possibility of making 
catalysts with satisfactory physico-chemical properties and low cost in comparison with 
catalysts based on Pt, Pd, Rh, Ru is shown. Selected catalytic composition and 
production process allow a substantial reduction in carbon deposits. For bench tests at 
the Engine Institute (and one of the motor works) the catalysts were used in the form of 
tablets, extrudates and balls. Pilot catalysts batches were prepared at the plant of the 
catalyst department of NIAP. To reduce resistance in the neutralizer, catalysts in the form 
of rings are used. 

The best results were obtained with Ni-Cu-compositions. Conversion of exhaust 
gases (e.g. Ni-Cu-catalysts) developed with some agents CO became 40%, NOx at 20%. 
This is close to foreign results published by scientific centre of Ricardo and Hokkaido 
universities. 

The relationship of some mechanisms of forming catalysts studied with regard to 
their properties in purification process is discussed. The possibility of simultaneous using 
Pd-free catalysts and those containing some Pd has been studied. The new effect of Pd
addition on the function of catalytic neutralizer in general is detected and explained as 
neither additive nor synergetic action of components. The character of this effect is also 
discussed. The results show the perspective of continued study in respect of improvement 
of catalyst performances 
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DETERMINATION OF CATALYSTS AND CATALYST SUPPORTS 

TEXTURE CHARACTERISTICS 

Dr. Janos Gombkoto, SY-LAB/Micromeritics, Purkersdorf, Austria 

Boyarova T., Kharkevitch S., Roumyantsev V., SY-LAB Moscow Office, Russia 

Balzhinimaev B.S., Fenelonov V.B., Institute of Catalysis, Novosibirsk, Russia 

In I 953 at the All-Union conference on the heterogeneous catalysis problems 

G.K.Boreskov at the first time brought publicly forward the thesis about the approximate 

pennanence of specific catalytic activity of the catalysts with identical chemical structure, where 

specific activity is the activity related to the catalyst surface area. This is the basic idea in 

modern heterogeneous catalysis, where it is very important. to know the specific activity, its 

changes in various conditions and factors, causing deviations from permanence of specific 

activity. But in all of these cases it is necessary to determine not only the activity but also the 

specific surface area. 

Besides, the majority of industrial heterogeneous catalysts work in conditions, where the 

speed of process is limited by reagents or reaction products diffusion In these cases it is 

obligatory to measure the porosity and pore size distribution. More detailed measurements of the 

texture characteristics (surface area, porosity, pore structure, pore volume and etc.) are necessary 

when developing of the new catalysts or optimisation the known ones. The success of work in 

this area is mostly depends on accuracy and reproducibility of the texture characteristic 

determination. The old reliable partner of the Institute of Catalysis in the field of texture 

characteristics precise measurements is the firm Micromeritics. The only lack of this firm's 

devices is the frequently upgrade of their models. In a while after of purchase of the last model 

of this firm's device - the new essentially improved models appear. This fast modernisation with 

the use of the last scientific achievements in adsorption, programming, automation of 

experiment and etc. is the feature of firm Micromeritics that is in continuous dynamic 

development from its foundation in I 962. 

It is natural, as one of the founders of this firm was Dr. Clyde Orr - the famou~ specialist 

in the field of porous and_dispersion materials investigation. In 1959 he and lM.:DallaValle 

wrote the monograph "Fine. Particle Measurement" (McMillan,N Y.) where they summarised the 

methods of investigation in this field. In this monograph they proposed some new interesting 

methods (for example improved method of pore size distribution calculation, based on analysis 

of isotherm desorption branch). In that time p~_ysical chemists were forced to build their own 
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apparatus for surface area measurements and to improve the analysis techniques themselves. The 

analyses were very time-consuming and results were inconsistent from one hand-built device to 

the next. 13ut the scientific experiment and its instrumental support very often - are the different 

things. Dr. Clyde Orr found his own solution of these problems - he decided to create the firm 

for manufacturing of modern de\'ices. Probably, it would be very interesting to combine 

G.K.Boreskov and Dr. Clyde Orr together - that would be remarkable team. And now the leading 

scientific centre in the field of catalysis - Institute of Catalysis uses the Micromeritics ' 

equipment for precise investigations. 

As illustration for mentioned above - some information about latest models of the devices 

from this firm: 

ASAP 2010 System - fully automated surface area and porosity analyser (pore diameter 

from 30 to 4000 angstroms); WINDOWS-driven multitasking software; wide variety of data 

reduction techniques including: DFT, BET & Langmuir, BJH, Harkins Jura; easily upgraded to 

Multigas (analysis of low surface area materials by krypton gas), Micropore (measures 

micropores from 3 5 to 30 angstroms) and Chemisorption options (determines metal surface area 

and % dispersion). 

ASAP 2405 - high throughput, 6 port surface area and porosimetry analyser; 12 

independently controlled degas ports; powerful multitasking operating software 

Gemini - fast surface area analyser using adaptive rate static volumetric technique (five

point BET analysis for l O min), no mixed gases required. 

AutoPore III Porosimeter - determines pore size distributions, total pore volume and 

surface area and bulk density; 60,000 psia yelds 360 to O 003 um pore diameter data, 

WINDOWS-driven multitasking software. 

TPDff PR 2900 - desorption, adsorption, reduction, oxidation; temperature rampable up 

to 1100 deg.Cat 50 deg/min; physisorption mode available. 

SediGraph 5100 - automatic particle size measurement by sedimentation technique, 

measurement range from 300 to 0.1 microns. 

AccuPyc 1330 - fast, automatic determination of true density of solids and powders, 

highest accuracy to ±0.00 I glee or better. 

Geo Pye 1360 - determines bulk( envelope) density of irregular shaped objects, uses 

patented displacement technique. 

In Institute of Catalysis are used ASAP 2400, porosimeters - AutoPore and PoreSizer and 

other devices and they have recommended themselves well. 
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METHANOL SYNTHESIS OVER Cu/ZnO CATALYSTS PREPARED 

BY BALL MILLING 

L. Huang, H. Castricum , H. Bakker. G.J. Kramer* , W. Wieldraaijer*, 
D.S. Brands**, E.K. Poels** . 

Van der Waals-Zeeman Laboratorium, University of Amsterdam, 
Valckenierstraat 65 , 1018 XE Amsterdam , The Netherlands 
*Shell Research and Technology Centre, Amsterdam , P.O. Box 38000, 1030 
BN Amsterdam , The Netherlands 
**Department of Chemical Engineering, University of Amsterdam , Nieuwe 
Achtergracht 166, IO 18 WV Amsterdam, The Netherlands 

Introduction: 
Copper containing catalysts are widely used in industry. The main 
applications include methanol production from synthesis gas, oxo-alcohol 
manufacture from hydroformylation processes and fatty alcohol synthesis 
by ester hydrogenolysis. Due to their economic importance considerable 
research efforts continue to be directed towards these catalysts. Another 
aspect contributing to the interest in copper catalysis is the fact that still 
controversy exists on the active site for methanol synthesis [1,2] . What has 
been established is that a good intimate mixture of Cu and ZnO (or Cu-Zn
Al/Cr) must be obtained during catalyst preparation in order to achieve high 
methanol activity (1 ,3]. For the commercial type Cu-Zn catalyst this is 
achieved by coprecipitation of Cu(NO3)2 and Zn(NO3)2 solutions with 
subsequent ageing and calcination [3]. In this poster high intensity 
mechanical mixing of copper powder and zinc oxide without high 
temperature treatment is studied as a novel approach to obtain such well
mixed sytems. 

Obviously, ball milling has long been known as a technique for 
refining particles of a large variety of solid materials . Formation of 
amorphous alloys by mixing on an atomic scale of elemental metallic 
powders and uniform dispersions of oxide particles in metal alloys 
(mechanical alloying) or amorphisation of pre-alloyed intermetallic 
compounds (mechanical milling) and formation of solid solutions by high 
intensity mechanical mixing have also been reported (for a review, see [4]) . 
Recently , mechanical milling has been applied in the preparation of various 
catalysts such as ion-exchanged montmorillonite clays [5]; mixed VPO/Bi 2O3 
and VPO/BiPO4 oxidation catalysts [6] and binary solid solutions of CeO2 
with Zr, Hf or Tb [7]. 

In this poster the influence of the gas phase and milling time on the 
activity of mechanically mixed Cu-ZnO catalysts in the· methanol synthesis 
reaction from a H2/CO/CO2 feed mixture is investigated. The high intensity 
ball milling process is analysed by x-ray diffraction (XRD), nitrogen 
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physisorption , N 2O chemisorption and temperature programmed reduction 
(TPR). 
Results: 
The Cu/ZnO catalysts were prepared by high intensity mechanical mixing of 
copper and zinc oxide powder in air and under vacuum at a Cu/Zn atomic 
ratio of 30/70. During milling in vacuum gradual amorphisation of the 
constituents occurs, as evidenced by broadening of the Cu0 and ZnO 
diffraction peaks in XRD, but the two original phases remain . The result of 
such treatment is a catalyst with low BET area and low Cu metal surface 
area . Consequently , the activity of the vacuum milled samples in batch 
methanol production from synthesis gas (CO/CO2/I-h = 20/5/75) at 50 bar 
and 250°C is low. :t\.1l illing in air leads to oxidation of the copper metal phase 
and much higher BET surface area and, after reduction, also high Cu metal 
area. Some evidence for formation of a solid solution of Cu 2+ in ZnO i's 
derived from TPR and XRD. The activity in methanol synthesis for the air 
milled samples is comparable to a conventional Cu/ZnO catalyst prepared 
by coprecipitation. It is concluded that high intensity ball milling at ambient 
conditions is a promising method to prepare mixed oxide catalysts or 
catalyst precursors . 
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The investigation of catalytic processes in the flame 
doped by dimethyl methylphosphonate 

SERGEY B.IL YIN OLEG P. KOROBEINICHEV. 

Institute of Chemical Kinetics and Combustion, 

Siberian Branch of Russian Academy of Sciences, 630090, Novosibirsk, Russia. 

There are results of investigations on the structure of a premixed flat Hi/02/Ar flame doped 

with dimethyl methylphosphonate (DMMP) at low pressure involving molecular beam mass 

spectrometry (with soft ionization), temperature profile measurements by thermocouples and 

comparison of experimental data with modeling of H2/Oi/Ar flame with 0.2% of DMMP 

carried out using both literature rate constants (Twarowski) and pre-estimated ones. One can 

see on the fig. 1 that in the presence of OPC additives the maximum flame temperature 

increases by several hundred degrees, and also temperature gradient near the burner increases. 

This additive results in flame promotion. The effect on the flame temperature of the heat 

release from additional fuel (0.2% DMMP) is not sufficient to account for an increase of the 

gaseous mixture temperature of several hundred degrees. This is confirmed by thermodynamic 

calculations carried out using the CHEMKIN code. The OPC additive accelerates the 

chemistry and makes the flame approach equilibrium c~mditions more quickly. Ionization 

efficiency curves for the main mass peaks of final products of OPC destruction in the flame 

were obtained. Identified phosphorous oxides and acids: PO (47amu), PO2 (63amu); HPO2 

(64amu), HPO3 (80amu), H3PO4 (98amu) are the main final phosphorns containing products of 

OPC destruction [l]. The possible explanation of promotion is the following. The phosphorus 
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oxides as well as intermediate products of 

DMMP destruction can catalyze H and OH 

recombination according to possible paths 

suggested by Twarowski [2]: 

H+PO2+M➔HOPO+M, OH+H2➔H2O+H, 

H+HOPO➔H2+PO2, H+HOPO2➔PO2+H2O 

PO2+OH+M ➔HOPO2+M. 

The catalytic recombination of H and OH is 

an exothermic process, which increases the 

heat release rate and_ thus the temperature, in 
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turn increasing the reaction rate and the completeness of combustion. A mechanism for 

DMMP decomposition in flame was suggested basing on experimental data. Basing on the 

mechanism cited in [3], OPC experimental profiles and using a mechanism cited by Twarowski 

as well, rate constants of unknown stages can be matched and flame with an additive can be 

modeled. The DMMP additive has different effects in different flame zones. It inhibits the 

consumption of oxygen in a low-temperature flame zone (near the burner surface). As the 

additive concentration increases from 0.2 to 0.4% the inhibition effect increases. DMMP is 

known as a fire retardant to polymers. The inhibition effect of DMMP is possibly connected 

with its influence on a branch termination as a result of DMMP reaction with H and ( or) OH 

atoms (the first stage of above mechanism) diffusing from a hot flame zone. Conclusions: 1. 

The additive of OPC accelerates the chemistry and makes the flame approach equilibrium 

conditions more quickly. 2. Phosphorous oxides and acids are the main final products of OPC 

destruction in the flame. 3. Possible explanation of promotion is the following. The phosphorus 

oxides as well as intermediate products of OPC destruction can catalyze H and OH 

recombination. 4. Modeling demonstrated the main regularities observed in experiments: 1) 

similar concentrations profiles ofDMMP, H2, 02, H2O, H, OH, intermediate and final products 

of OPC destruction; 2) decrease of H concentration in the presence of additive; 3) promoting 

effect of additive and inhibiting effl!ct at the increasing its initial concentration. 

This work was supported by the European Research Office of the U.S. Army under Contract 

N68 l 71-95-C-9060 "Chemistry of destroying chemical warfare agents in flames". 
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A NEW ROUTE TO THE PREPARATION OF NANOPHASE 

COMPOSITES CONTAINING FINE TRANSITION METAL 

PARTICLES 

V.P.Isupov, K.A.Tarasov, R.P.Mitrofanova, L.E.Chupakhina. 

Institute of Solid State Chemistry, Kutateladze-18, Novosibirsk 630128, Russia. 

Nanophase composites containing fine transition metal particles are of interest as 

catalysts. A promising route to the preparation of nanophase composites with fine particles of 

transition metals via layered intercalation compounds of aluminium hydroxide with lithium salts 

has been shown. Their structure consists of positively charged layers, [LiAh(OH)6r, separated 

by intercalated, charge balancing anions X and water molecules [ 1]. In the case of the thermal 

decomposition of intercalates, where X is a complexonate-anion involving a transition-metal 

cation and some carboxylate groups, we presuppose the metal cations to be reduced to 

metal state. Considering that the nearest cations in the initial compound can be far apart from 

each other (0 8 - I nm) , we expected that the process of formation of metal particles from 

atoms is hindered by diffusion To explore the possibility to realize this approach, we used 

intercalation compounds containing [CuEdtaf, [CoEdtaJ\ [NiEdtaf. Edta is an anion of 

ethylenediaminetetraacetic acid forming stable complexes with transition metals. 

In order to synthesize the intercalates by ion exchange procedure, an intercalation 

compound with chloride (LADH-Cl) was used. This compound was obtained by treating of 

crystal gibbsite, Al(OH)3, with a concentrated LiCl solution . Chemical composition of the 

resulting compound was close to [LiAh(OH)6]Cl-1.5l-h0. LADH-Cl was treated with the 

aqueous solutions of sodium salt containing the [MEdta ]2" anions The solid phase was 

separated from the liquid after the treatment, washed with a small amount of water to remove 

the sodium or lithium salt, and dried on the air. Li, Al, Na, Cl and, in some cases, C and N 

contents of the air-dried samples have been detennined. Lithium was determined using flame 

photometry, aluminum with the help of complexometry and mercurimetric technique was used 

to determine er. To measure carbon and hydrogen contents the samples were burned in the 

flow of oxygen in a CHN-3 analyzer. The data obtained ( chemical analysis, IR- and optical 

spectroscopy; XRD) enable to give the following formulae for the synthesized compounds 

[LiAh(OH)5h[CuEdta]-4H20, LiA12(0H)6h[CoEdta]-4H20 and [LiAl2(0H)6]z[NiEdta]-4H20. 

Thermal decomposition of such materials in vacuum or an inert gas has the following stages. 
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At a temperature up to 200°C, removal of molecular water from a crystal prevails. The process 

of dehydration of interstitially located water molecules proceeds in two stages approximately 

at 60-90°C and 140-180°C for all MEdta-intercalates. Subsequent heating ( above 200°C) 

results in destruction of the hydroxide matrix. The process occurs before the decomposition of 

organic anion excepting LADH-[CuEdta], where both processes start to go near-concurrently. 

On a further increase of temperature, the process of thennolysis proceeds differently. For the 

nickel-containing intercalate at a temperature up to 300°C, the decomposition process goes 

with the predominant release of water molecules into the gas phase, whic4 is caused by the 

destruction of hydroxide layers. In the case of the copper and cobalt containing intercalates, 

water removal is accompanied by the simultaneous formation of gaseous products with 

28 and 44 m/e, which were referred to CO and CO2 At temperatures above 300°C, for all 

compounds, one can observe not only the release of CO, CO2 and H20 (18 rn/e), but also the 

appearance of NH3 (16 m/e) and H2 (2 m/e), which indicates the deep destruction of Edta. 

The considerable content of carbon is determined in the products of vacuum decomposition, 

which points to the carbonization of the samples in the course of thermolysis. The C/M and 

NIM ratios show that approximately one half of the carbon and nitrogen content is removed 

from the initial intercalates upon thermolysis. Decomposition in vacuum or in an inert gas 

results in the appearance of nanoscale metal particles (2-50 nm). The data of high resolution 

transmission electron microscopy (HR.EM) confirm the fonnation of round nickel particles 

with a narrow size distribution spread uniformly in the matrix upon the thermolysis ( 400°C) of 

LADH-[NiEdta]. On the nickel particles well regulated lattice lines are seen that testifies that 

the particles are well-crystallized and do not possess inner defects. In the case of the [CuEdta]

containing intercalate ( 400°C), along with the formation of small particles (2-5 run), much 

larger ones (up to 50 run) comprising disoriented fragments form. They placed disorderly in the 

amorphous matrix 
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WASTE-FREE SYNTHESIS OF LITHIUM ALUMINATES 
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Lithium aluminates of various composition, both pure compounds (LiAl5O8, 

a.- and y-LiAlO2,a.- and f3-Li5AlO4) and doped with different elements (Fe, Cr, etc.) are used 

as catalysts, solid electrolytes with lithium conductivity, initial materials to obtain tritium. A 

traditional method of obtaining aluminates is based on ceramic technology which 

incorporates thermal treatment of the mixture of lithium carbonate and aluminium oxide [ 1]. 

This method of synthesis seems to be easily realized. However, in order to obtain the final 

product with high phase purity, prolonged calcination of the mixture at sufficiently high 

temperature and the intermediate cake homogenization are needed. For the purpose of 

decreasing the synthesis temperature and obtaining the products with more homogeneous 

phase composition, the method of precursors is used. Precursors contain the major 

components of the compound to be synthesized, i.e., aluminium and lithium. The most widely 

used approach to the synthesis of precursors is based on their recovery from the solution 

(sol-gel methods, coprecipitation). This method is seen to involve large amounts of solvents, 

often non-aqueous ones. For example, additional amounts of reagents are needed to obtain 

1 t of lithium monoaluminate nitric acid - 3.2 t, (hydrochloric acid - 1.9 t), sodium 

hydroxide - 2 t. The process is accompanied by the formation of 2.9 t of sodium chloride 

(4.3 t of sodium nitrate). This means that the synthesis is accompanied by the formation of 

large amounts of liquid wastes. The formed compounds are gel-like, as a rule. They can 

hardly be filtered and washed off the reaction products. Therefore, the search for new 

precursors and methods of their synthesis free from large amounts of wastes and allowing 

low-temperature synthesis of lithium aluminates is of interest for practice. 

The essence of the proposed approach is that the precursors are intercalation 

compounds of aluminium hydroxide with lithium salts LinXmAl(OH)3-pH2O (LADH-X), 

where X is the anion of either organic or inorganic acid. These compounds can be easily 

obtained in the interaction of crystalline aluminium hydroxide (gibbsite, bayerite) with 

aqueous solutions of lithium salts[2] by the reaction: 

mAl(OH)J(SOLIDl + LinX + aq = LinXmAl(OH)rpH2O(sOLIDJ 

Since aluminium and lithium cations are "mixed" at the molecular level in these compounds, 

the formation of lithium aluminates can take place under more soft conditions of thermal 
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treatment of the mixture containing these compounds than those of the traditional ceramic 

synthesis method. 

The use of the intercalation compound with various Li/ Al atomic ratio and different 

anions X allows reducing the time of the high-temperature treatment of mixture several 

times, decrease in the temperature of treatment by I00-150°C, increased purity of the 

product thus obtained in comparison with the traditional ceramic method of synthesis of 

lithium aluminate from aluminium oxide and lithium carbonate. Unlike the sol-gel or 

coprecipitation technique, this approach allows either excluding salt wastes at the stage of 

precursor synthesis ( the first variant of the synthesis) or decreasing their amount by a factor 

of ? ·(the second variant of the synthesis). The volume of required solvents is thus decreased 

by a factor of 2- 3, and the use of an acid or an alkali is excluded (see the Scheme). Thus 

obtained solid phases are well crystallized which allows to separate them easily from the 

solutions. 

Scheme of lithium aluminate synthesis by intercalation technique 

1. Stage of precursor synthesis: 

variant 1 

mA1(OH)3(SOLID) + LinX + aq = LinX-mAl(OH)3·pH2O(SOLID} 

variant 2 

2Al(OH)3(soLIDJ + LiCI + aq = LiC1·2A1(OH)3· l. 5H2O(soLIDJ 

nLiCl-2Al(OH)3 · l .5H2O(s0LIDJ +NanX +aq = LinX-mA1(OH)3·pH2O(soLIDJ + nNaCl 

2. Stage of aluminate synthesis: 

LinX-mAl(OH)3·pH2O(sOLIDJ + LhCO3 ----> heating----> 

Aluminate + H2O + CO2 (X- organic anions) 

--->< 
a.-LiA1O2 + H2O + CO2 + LinX (X- er , SO4) for the synthesis 

of intercalate used at the stage I 

The present study has been carried out with the financial support of the Russian 

Foundation for Fundamental Research, Grant No. 95-03-09010a. 
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FINE ALUMINIUM HYDROXIDE WITH LOW ALKALINE 

CONTENT. NEW APPROACH FOR WAST-FREE PREPARATION 

V .P .Isupov, L.E. Chupakhina 

Institute of Solid State Chemistry, Kutateladze-18, Novosibirsk 630128, Russia. 

Fine aluminum hydroxide with low alkali content is extensively used for the 

production of carriers, catalysts and sorbents. Traditional method of synthesis of this 

hydroxide is based on precipitation from the solutions. Precipitation includes dissolving 

technnical-grade gibbsite in an acid (alkali) and subsequent deposition with an alkali (acid). A 

shortcoming of this method is irrevocable use of large amounts of acids and alkalis. So, in 

order to produce 1 ton of precipitated hydroxide, it is necessary to use 2.4 t ofHNO3 (or 2 t 

ofH2SO4) and 1.5 t of NaOH In this case, 3.3 t of NaNOJ (or 2.7 t ofNa2SO4) is formed 

which must be utilized. All this necessitates the search of new methods for the production of 

fine aluminium hydroxide without the formation of wastes. The solution of the problem is the 

use of the process of intercalation - deintercalation of lithium salts into gibbsite. It has been 

shown that gibbsite can react with the concentrated solutions of lithium salts with the 

formation of the compounds in the reaction: 

The interaction process involves the intercalation of lithium ions, water molecules and 

anions between aluminium-hydroxide layers of gibbsite [2,3]. The intercalation leads to an 

abrupt increase in the distance between the aluminium-hydroxide layers. The conservation of 

aluminium hydroxide layers at increasing the distance between them causes the appearance of 

elastic stress in the zone of contact between the initial aluminium hydroxide and the reaction 

product. Relaxation of this elastic stress causes dispersion of the initial aluminium hydroxide, 

along the. cleavage planes and displacement of the aluminium-hydroxide layers \relative to 

each other in the plane (001 ). Intercalation is a reversible process. The treatment of LADH

CI with water causes deintercalation of lithium chloride and the formation of aluminium . 
hydroxide [ 4]. The broadening of the diffraction peaks and the bands of valence oscillations 

of OH groups connected by hydrogen bonds indicates the presence of package defects in the 

hydroxide produced. In order to use this approach for the development of fine hydroxide 

production technology, it is necessary to have information on the influence of the most 

important factors on the processes of intercalation-deintercalation of lithium salts and to 

know the possible application areas of the aluminium hydroxide produced . 
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Influence of lithium salts concentration, dispersity of aluminium hydroxide, and the 

process temperature on the intercalation-deintercalation rate were investigated. An unusual 

dependence of the transformation degree on the particle size of aluminium hydroxide is 

observed for every lithium salt. A normal dependence of the transformation degree on the 

particle size must be characterized by the monotonous decrease of the transformation degree 

caused by the increase of the particle size. But lithium chloride, bromide, sulphate and nitrate 

exhibit a reverse dependence for the whole size interval studied (l-20 µm). We considered 

the influence of lithium salt concentration on the degree of transformation during the 

intercalation of LiBr, LiNO3, Li2SO4, and LiCI. At small concentrations, the transformation 

degree is insignificant. It abruptly increases with the increase of concentration then and 

flattens out. We investigated the influence of temperature and lithium chloride concentration 

on the deintercalation process from LADH-Cl . 

As a result of the cycle of intercalation-deintercalation, initial gibbsite is transformed 

into fine aluminium trihydroxide with the specific "layered" morphology and surface area 

from 6 to 8 m2/g. The mean diameter of fine "layered" hydroxide particles is about 10-15 

µm. The mean layer thickness is about O 1-0.2 µm Sodium content of such sampies is less 

than 0.02%. Lithium content may also be rather low, 0.01 - 0.02 %. This method of 

synthesis is essentially clean, since it allows the use of the aqueous solutions of lithium salts 

after deintercalation at the beginning of the process. It is found that the calcination of the 

hydroxide produced leads to practically complete conversion of it (>98%) into corundum 

already at 1190- 1200° C. The specific surface area of the corundum produced depends on 

the temperature and is about 10 m2/g at 1200°C. Sodium content of such samples is less than 

0.02%. 
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EFFECT OF THE POINT AND EXTENDED DEFECTS ON THE CATALYTIC 

ACTIVITY OF La1-xSrxMnO3 PEROVSKITES 
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In heterogeneous catalysis, one of the most complex problermconcerns the effect of the 
chemical composition and parameters of synthesis of various classes of catalysts on their per
formance. Among various aspects of this problem, an impact of the real (defect) structure of the 
surface and bulk of solids on their catalytic properties has recently attracted much attention. For 
oxide catalysts, this problem was considered both for simple as well as complex oxides including 
those with a perovskite structure [ 1-3]. In perovskites, point defects generated by a partial 
substitution of lanthanum by alkaline-earth cations or due to oxygen nonstoichiometry are usu
ally thought to be the most essential for catalysis. However, for manganites [3-5] as well as co
baltites [5,6], extended defects seem to be even more important In particular, strontium substi
tution for lanthanum is capable also to generate a phase transition from a hexagonal to a cubic 
perovskite structure, so that a maximum of activity versus strontium content observed for some 
systems could be assigned to such structural transition. Further, reaction mixture can effect a 
state of the surface or bulk of the samples thus making a problem even more complicated. In the 
work presented, all these problems were considered for 
La1.xSrxMnO3 perovskite system as related to reactions of butane and CO oxidation. 

EXPERIMENT AL 
Samples for study were prepared by ceramic, mechanqchemical and pla:smochemical 

methods. Catalytic activity in the reaction of CO oxidation was estimated using a pulse/flow 
microcatalytic installation and a reactor with a vibrofluidized bed of catalyst Before experi
ments, samples were pretreated in the flow of dry oxygen, and both initial (in the first pulse of a 
reaction mixture l % CO+ 1 % 02 in He) and steady state activities in the temperature range of 
100-227 °C were then determined. Rates of butane oxidation at 400 °C were found in the 
batch-flow installation at a stationary concentration of butane in air equal to 0.2 vol. %. Real 
structure of samples was studied by electron microscopy (JEM - J00CX microscope), X-ray 
structural analysis (URD-6 diffractometer, Cu Ka radiation, range of angles 28 = 22-100°), X
ray Small-Angle Scattering and Mossbauer spectroscopy of the 57Fe tracer. Surface layer com
position was studied by SIMS, and specific surface area was found by Ar thermal desorption 

RESULTS AND DISCUSSION 
Effect of the point defects generated by a partial substitution of Sr for La was studied on 

the La1.xSrxMnO3 samples prepared by a ceramic technique and annealed at a high ( 1100 °C) 
temperature which allows to exclude any possible impact of the genetic nonequilibrium defects 
For the initial low-temperature activity in the reaction of CO oxidation, a moderate maximum 
was observed at x=0 .2. In this case, activity of the most active sample is ca 3 times higher than 
that of the pure lanthanum manganite. Here a maximum of activity was observed within the 
same type of structure, and it clearly does not correspond to any phase transition. Moreo
ver, this maximum is not mirrored in the surface concentration of Mn, which changes monoto-
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nously. Hence, for initial low-temperature activities, point defects really seem to be of impor
tance. The most probable explanation is based upon the model of a charge compensation due to 
a Sr substitution for La. In this case, at a low degree of substitution, cation vacancies in the A 
sublattice appear to be accompanied by a simultaneous increase of a charge of some Mn cations 
from 3+ to 4+ . Due to a lower bonding energy of oxygen with Mn4

+, some increase of activity 
is observed. At a higher degree of substitution, another mechanism of charge compensation via 
generation of the anion vacancies operates [4]. As a result, a number of Mn4

+ cations decreases 
leading to a fall of activity as x increases. Hence, this explanation of a maximum of the initiai 
low-temperature activity is based upon a decisive role of a manganese charge. In the case of a 
high-temperature activity, where a strong effect of the reaction media is expected, such maxi
mum should disappear. Indeed, for this series of samples, no maximum was observed for the 
steady-state activities in both reactions of catalytic oxidation. 

To obtain samples of perovskites with a high density of extended defects, nonequilib
rium methods of preparation such as plasmochemical and mechanochemical were used. The 
most detailed studies were carried out for samples of lanthanum manganite synthesized by these 
methods. A sample prepared via plasmochemical route was found to have the most disordered 
structure due to a high density of both point (cation vacancies in the lanthanum sublattice) and 
extended (small-angle boundaries and twins) defects. According to data of Mossbauer spec
troscopy, extended defects could be considered as thin slabs enriched with manganese, whose 
local structure is of a braunite (~-Mn20 3 ) type. In our experiments, the density of point as well 
as extended defects was changed by a ball milling and/or a thermal annealing. Only at operat
ing temperatures around 100 °C, an initial catalytic activity in CO oxidation seems to be deter
mined by point defects, that correlates well with the behavior of Sr-substituted samples. On the 
contrary, steady-state activity in the reaction of CO oxidation was found to correlate with the 
density of extended defects. Enhanced activity of centers associated with extended defects 
seems to be due to a decreased bonding strength of oxygen located on such clusters of manga
nese cations as compared with that bound with an isolated manganese cation in a regular posi
tion on the most developed faces of the (100) and (110) type. Hence, at middle operating tem
peratures, bulk extended defects are more stable in the reaction media than point defects. 
Only high temperatures of calcination (up to 1000-1100 °C) were found to anneal all genetic 
defects making specific catalytic activities of lanthanum manganite samples of a different origin 
practically identical. 

Hence, in both pure and partially substituted samples of lanthanum manganite, point 
defects play some role in the initial low-temperature activity, and this effect is rapidly annealed 
in reaction media. A steady-state catalytic activity in the reactions of CO and hydrocarbon 
oxidation depends upon the density of extended defects associated with a microheterogeneity 
of the particles. 
Acknowledgments. This work was in part made possible by support from the Russian Fund of 
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Jntroduction 

THE CHARACTERISATION OF ACTIVATED CARBONS USING 
ADSORPTION AND EXCHANGE PROCESSES. 

S, D. Jackson, G J, Kelly and C. Young, 
ICI Katalco R, T & E, PO Box 1, Billingham, Cleveland TS23 lLB 

and 
J. R.Jones and S .. Y. Lu 

University of Surrey, Guilford, Surrey GU2 5XH 

High surface area carbons are used to remove ppm levels of impurities in solvents in several fields. 
This work investigates the adsorption properties of three types of carbon for low levels of two 
substituted aromatics (phenyl acetylene and benzonitrile) in dodecane. The adsorption profiles were 
measured using UV-vis spectroscopy. We also report on the acid/base properties of the carbons 
using _a novel 3H radiotracer technique. 

Adsorption Results 

Three types of adsorption experiments were carried out, injecting small aliquots of the test adsorbates 
into solutions of dodecane containing carbon, i.e. 

(i) Single adsorptions of each of the test adsorbates 
(ii) Co-adsorption, injecting both adsorbates simultaneously, and 
(iii) Pre-adsorption experiments, where the test adsorbate was injected into a solution which 

already contained the other adsorbate. 

In each of the phenyl acetylene experiments O 182 mmoles of phenyl acetylene was injected per gram 
of carbon. For the benzonitrile experiments 0. 196 mmoles was injected in total per gram of carbon. 
The results from the adsorption experiments are shown in Table I below. 

Table 1 : Adsorption Capacities for Phenyl Acetylene and Benzonitrile 

Phenyl acetylene adsorption Benzonitrile adsorption 
mmoles/g carbon mmoles/g carbon 

Single Co-adsorption Pre-adsorption Single Co-adsorption Pre-adsorption 
adsorption with with adsorption with phenyl with phenyl 

benzonitrile benzonitrile acetylene acetylene 

Sutcliffe 0 049 0.049 0.052 ·0.116 0.087 0.024 
DCL 230 

Sibunit 0.093 0078 0.04 0 032 0.102 0.089 
D010 

Norit 0.044 0.068 0.062 0.083 0.086 0.089 
RXJ 
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Physical Characterisation 

The three carbons used were characterised by nitrogen adsorption, mercury porosimetry, and XPS. 
The results from these characterisations are summarised in Table 2 below. 

Table 2 : Characterisation of the Carbons 

BET External Micropore Total Surface 
surface area area (1112g-1) volume Intrusion atomic %0 

(rn2g-') (cm3g-1) volume by XPS 
(cm3g-1) 

Sutcliffe 1513 78 0.12 2.731 11 
DCL 230 

Sibunit 350 39 0.05 1.186 3.55 
D010 

Norit 1336 II 0.27 0.704 6.8 
RX3 

Acid/Base Properties 

The acid/base properties were investigated using two techniques. The first method involved 
measuring the pH by a water extract method. 

The second method investigated the number of replaceable hydrogens present in the samples using a 
novel technique of hydrogen/tritium exchange developed at the University of Surrey. The loss of 
radioactivity is a measure of the number of replaceable hydrogens present on the carbon samples. 

Table 3 : Acid /Base Properties of the Carbons 

% decrease in pH 
radioactivity 

Sutcliffe 20% 345 
DCL 230 

Sibunit 8% 9.67 
D010 

Norit 15% 6.56 
RX3 

Discussion 

The three carbons investigated has very different acid/base properties as shown by two different 
techniques, pH and hydrogen/tritium exchange. The acid/base character has a major effect on the 
adsorption properties of the three carbons. 
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The acidic. Sutcliffe carbon showed a high adsorption ofbenzonitrile in the single adsorption 
experiment, which fell steeply with the coadsorption of phenyl acetylene and again with the 
preadsorption of phenyl acetylene. 

The basic Sibunit carbon showed the opposite behaviour to the Sutcliffe carbon, with a high single 
adsorption of phenyl acetylene falling steeply on the coadsorption of benzonitrile and again with the 
preadsorption of benzonitrile. 

These adsorption behaviours can be explained by polar interactions between the adsorbates and the 
carbon surfaces. The slightly basic N atom of the benzonitrile is attracted to the acidic Sutcliffe 
carbon, whereas the phenyl acetylene, with its acidic hydrogen is attracted to the basic Sibunit carbon. 
Both of these polar interactions, however, appear to be weaker than the physisorption. of the other 
adsorbate, as shown by the coadsorption and preadsorption experiments. Physisorption is more likely 
to be an interaction between the 7t electrons of the aromatic ring and the 7t electrons of the carbon 
rather than an interaction between the substituent of the aromatic ring and the surface. 

The Norit carbon, which is virtually neutral, demonstrates no gross changes between single, 
coadsorption and preadsorption experiments. 
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CATALYSTS FOR THE INTENSIVE OXYDATION OF HEAVY PETROLEUM 
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Application of cataly1ic additives (chlorides and oxides of Fe, Cr, Mn, Ni, Co etc.) in 

the heavy hydrocarbon raw materials oxidation proccess to bitumens is known [1-3]. 

This served as a prerequisite to study the possibility of costly individual compounds 

replacement by the metallurgy wastes. 

An approach to synthesis of polymetallic chloride-oxide additives based on the salt 

chlorinator fi.ision cake (waste of titano-magnesium production) and such not reclamed or 

poorly reclamed wastes as open - hearth and aluminium production slags, scale; salt melts of 

metallic aluminium is worked out. 

By the mechanochemical activation of above mentioned waste mixtures the additives 

are obtained, which effectively carry out the oxidation of heavy hydrocarbon raw materials 

(foe! oils, fluxes, bitumens and petroleum products wash-off from store ponds and so on) to 

bitumens of different marks 

The possibility of bitumens formation rate control in a wide range by the variation of 

the catalyst content of total mass is shown. 

The additives composition substantially influences the rheological properties (for 

example, softening point, penetration) of bitumens obtained. 

Thus, with mcreasing of iron compounds content in an additive the rate of softening 

point growth also increases. Additives with a higher aluminium compounds content allow to 

decrease the drop of penetration rate, substanti!lllY influencing the bitumens quality. 

The kinetics of carboxylic acids and esters accumulation m oxidates was studied. 

It was shown, that the accumulation rates of the saponifiable compounds in bitumens 

are symbatic with softening point and penetration changes. 

Additives, which accelarate bitumens softening point growth, carry out the more deep 

oxidation of the initial hydrocarbon mixture to carboxylic acids and esters. 
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In contrast to 3d metal carboxylates (C21 and more) the accumulation of saponifiable 

compounds in the presence of the studied additives passes monotonously without maxima on 

kinetic curves. 

The possible causes of relationship between the saponifiable compounds content in 

bitumens and their reological properties are discussed in report . 

It is found that the rate of the growth of the ·carbonic acids concentration in the 

oxydate may be described satisfactory by the polylinear equation. Contents of Fe(III), Al, Cl, 

and ratio of the last summer contents of Fe and Al in the additives are the varied parameters of 

this equation. 

The rate of the oxydated tars acidic number increasing may be used as one of the 

quantitative characteristics of the oil bitumen obtaining processes. 

It' s revealed that the system of the two polylinear equations have described 

satisfactorily the rate of the oil bitumen forming process. Variable parameters in this case are 

the additives content factors and rate of the carbonic acids accumulation in the additives 

presence. 

The worked out oxidation process of heavy petroleum remainders can be easily 

realised on standart equipment. 

Obtained results create prerequisites for complex solving of a number of environment 

. protection, resource-saving and power-saving problems during the heavy petroleum 

remainders and different metallurgic wastes processing. 

1. G.L. Kamalov, Yu.V. Gavsevich, G.A. Kipera et all. USSR Pat., NQ 1234415, 01.02.86. 

2. C.Giavarini and S.Saporito. Fuel, 1989, 68, N17, 943-946. 

3. M.Guddus AbdulChem.-Ing.-Tech., 1991, 63, 12, 270-271. 
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INVESTIGATION OF MECHANISM AND CONDITIONS OF H2O2 

ELECTROSYNTHESIS BY REDUCTION OF DIOXYGEN ON THE 
GAS-DIFFUSION ELECTRODES ON THE BASE OF METAL COMPLEX 

COMPOUNDS OF NITROGEN CONTAINING COAL 
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In the present time the creation of electrochemical reactors for industrial synthesis of 

hydrogen peroxide by cathode reduction of dioxygen is restricted by absence of effective gas-

diffusion electrodes with high working . resources. In this respect 

(particularly pyrolized) and their analogs are perspective compounds. 

metalporphirines 

The study of H202 decomposition on the surface of series of heterogeneous metal 

complex compounds of nitrogen containing coals (MCCNCC) synthesised in our laboratory 

[ 1] has shown that most active to H202 decay are those containing Co and Mn, and least active 

are compounds doped with Ni, Fe, and some other metals. Thus, depending on MCCNCC 

composition (nature of metal) they can serve as effective electrocatalysts for oxygen electrodes 

in fuel and metal-air cells as well as for electrosynthesis of hydrogen peroxide (in 

"peroxiders"). 

It is accepted that electroreduction of dioxygen in alkaline solutions proceeds by two 

electron mechanism that can be presented as consecutive reactions: 

02 + e ;::. a; 
o-; + H20 .e H02 + OH

H02 + e ;::: HO;-

(I) 

(2) 

(3) 

( 4) 

Besides the process limiting1 is the reaction (I) of electron joining to adsorbed di oxygen 

molecule. The choice of MCCNCC as material for cathode ·,has been conditioned by the 

following reasons: 

a) electrondonor influence of the nitrogen containing substrate on the metal complex that 

promotes the formation of oxygen ion radical; 
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b) passivity of MCCNCC containing some metals to reactions of catalytic decomposition of 

H202; 

c) their small specific surface that also promotes the stability of generated H202 in reaction 

zone. 

The gas-diffusion electrodes obtained by us according to known procedure 

(hydrophobization, pressing, thermal annealing) were used in electrochemical cells having 

original design. The effect of various conditions of electrosynthesis (rate and pressure of 

dioxygen and electrolyte flow, their concentration, distance and electrical potential between 

electrodes, current density, temperature, type of membrane: , method of electrode preparation) 

on the current effectivity and concentration of H202 in catholyte was studied. The H20 2 

concentration has reached • · about 3% in optimal regimes. The solutions with this content 

of H202 can be used, for example, for cleaning of water from organic contaminations or as 

bleaching agent. 

In the work it is presented also the design of H2O2 electrosynthesis process on the base 

of electrodyalizer-peroxider complex. 

[l], Tavadian L.A., Tonikian A.G., Kinetika i Kataliz, 1989, v. 30, p. 128, (Russ.). 
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The Influence of oxidizing and reducing pre
treatment on Acidic and Basic Properties of 

Zirconium Dioxide Catalysts, Modified by ya+ 
Cations 

A.N.KHARLANOV, V.V.LUNIN, E.V.LUNINA 

Chemistry Department of Moscow State University, 119899, Moscow, Russia. 

Fax: (7-095) 9394575. 

Zirconium dioxide finds a great practical application as a base for supported 

catalysts and as a catalyst in hydrogenation, dehydrogenation reactions and selective 

reduction of nitrogen oxides with hydrocarbons. However, pure ZrO2 is low 

mechanical strength material. It is possible to give new properties of a surface ZrO2 

and simultaneously to improve its mechanical characteristics by way of its modifying 

by oxides of rare earth elements, witch have basic character, for example Y2O3. 

We have been carried out the systematic investigation of the pre-treatment 

influence on Lewis acidic and basic properties of zirconium dioxide surface, modified 

by y3+ cations. The samples were obtained by the respective nitrate solutions 

impregnation of the monoclinic ZrO2 or by co-precipitation method from nitrate 

solution with using NH4OH. Doped oxide containment was varied from 0.1 to 4 % 

weight for samples, which were obtained with impregnation method, and 1 - 10 % 

mol. for co-precipitated oxides. The characterization of this samples was carried out 

by BET, XRD, ESR and IR diffuse reflectance spectroscopy. Acidic properties of 

modified ZrO2 surface ( after vacuum treatment at 400 - 600°c ) were investigated 

by infrared spectroscopy with carbon monoxide as a probe and ESR spectroscopy 

with TEMPO as a probe. 

According to IR data of adsorbed CO and ESR data of adsorbed TEMPO, there 

are two types Lewis electron acceptor centers on the surface of modified ZrO2, which 

are observed and on pure zirconium dioxide also. New types Lewis centers, 

corresponded to y3+ cations on the surface, are not observed. The electron acceptor 

force and concentration of Lewis centers decrease with growth of concentration y3+ 

cations on the surface. 

At concentration above 4· 1018 y3+ /m2 new absorption bands of adsorbed 

carbon monoxide occur with frequencies equal 2096, 2110 and 2122 cm-1. The 

intensity of these absorption bands grows with an increase of modifying oxide 

concentration . It indicates, that in a structure of adsorption centers , which interacts 
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with CO, yttrium cations are included. We assume, that the given adsorption centers 

are basic centers , consisting from bridged oxygen atom and cus cation y3+ with 

different structure. 

According to of I A-spectra of CO, the intensity of absorption bands 2096- 2122 

cm-1 is essentially reduced after reducing pre-treatment of a surface ( in atmosphere 

of a hydrogen 50 Torr, t=500°C) . Thus occur other absorption bands, appropriate to 

interaction CO with partially reduced Zr3+ and Y2+ cations. 

Pre-treatment in oxidizing conditions does not cause appreciable change 

intensity of the absorption bands 2096-2122 cm-1 in a spectrum of adsorbed CO. 

The Lewis acidic centers concentration decreases after reducing pre

treatment, and after oxidizing pre-treatment as well. 

It can be concluded, that doped component concentration and pre-treatment 

technique major affect ZrO2 surface acid and basic sites formation . 

This data may be used for creation catalysts on the ZrO2 base with new properties. 
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Selective C- and O-methylation of catechol by methanol over 

modified y-aluminas 

L. Kiwi-Minsker, R. Doepper and A. Renken 

Institute of Chemical Engineering, Swiss Federal Institute ofTechnology 
CH -1015 Lausanne (Switzerland) 

Alkylation of catechol is an important industrial reaction. Monomethylated derivatives of 

catechol are useful organic intermediates in t~e pharmaceutical and agrochemical industries: 

catechol 
(1,2-benzenediol) guaiacol 3-methyl catechol 

OH 

~OH 

CH3 
4-methyl catechol 

Previous studies in our laboratory [1-3] revealed that vapour phase catechol alkylation by 

methanol over y-alumina takes place in the temperature range 26O-35O°C. This is a promising 

approach to produce selectively guaiacol and 3-methyl catechol. A competition was observed 

between 0- and C-methylation depending on the reaction parameters: temperature, reactant 

concentrations, conversion and acid-base properties of the catalyst used. 

This work intends to correlate the catalytic activity and selectivity of catechol methylation 

with the catalyst acid-base properties, aiming at the increase in selectivity towards 0- or C

alkylated products formation. The catalyst acid/base properties were varied modifying y-Ah03 

with Li', La2+, Mg2
\ B3

+, P5
+ The catalysts were prepared by impregnation of commercial y

A1203 (purity 99. 9%) by nitrate salts or acids, and subsequent calcination in air. Incorporation 

of Li' and Mg2
+ into they-alumina lattice results in spine) formation (as seen by X-ray data) 

and decreases surface acidity (TP A-TPD data). 

Catalytic activity and selectivity towards monomethylated products formation were 

measured at low conversion (X<5%). Under these conditions the monomethylated products 

were formed in parallel pathways and no other products were observed. This allowed to 

evaluate the influence of catalyst acid/base properties and not the influence of reaction 

conditions on the activity and selectivity. 
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Selectivity towards guaia~ol formation (O-alkylation) increased with surface acidity and 

reached 89% over phosphated alumina (270°C). A 20-fold change in the O/C-methylation 

ratio was achieved by varying only the catalyst acid/base properties (see Fig. I). 
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Fig. I . Selectivity towards 0- and C-methylated products as a function of surface basicity 

The C-methylation of catechol was observed to be preferentially in ortho-position 

irrespective of the catalyst used. Catalytic activity, characterised by the differential reaction rate 

was found to decrease with decrease in surface acidity at the same temperature. According to 

TPD of methanol data this effect may be due to the increase of energy for methanol activation. 

Further improvement in the selectivity was found by variation of the reaction temperature 

and the level of conversion. The selectivity towards 3-methyl catechol formation over 

U'/Mg2+-modified alumina (320°C) went up to 90% from 26% for pure y-AhO3 (270°C). 

Surface acid/base properties and catalysts structure characterisation via BET, X-ray, XPS, 

TPD, FTIR measurements of probe molecules (CO2, methanol) was carried out and will be 

reported in detail. 

I. S. Porchet, S. Su, R. Doepper, A Renken, Chem. Eng. Technol., 17 (1994) I 08. 

2. S. Porchet, L. Kiwi-Minsker, R. Doepper, A Renken, Chem. Eng. Sci., 51 (1996) 11 

2933. 

3. L Kiwi-Minsker, S. Porchet, P. Moeckli, R. Doepper and A Renken, in: "Studies in 

Surface Science and Catalysis", vol. 101 A, Elsevier Sci. B. V., 1996, p.171. 
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NANOPARTICLE FORMATION IN A MICROEMULSION MATRIX FOR CATALYST 

APPLICATIONS 

Magali Boutonnet Kizling 1 and Raymonde Touroude2 

1The department of Chemical Engineering and Technology, Chemical Technology, KTH 

, S-100 44 Stockholm, Sweden 
2LERCSI, Universite Louis Pasteur, F-67070 Strasbourg cedex,France 

There is ample evidence that properties of catalysts depend very much on the size and 

uniformity of the particles of the active component which often is a transition metal. The 

preparation of small catalytic particles homogeneous in size is an important task in 

heterogeneous catalysis. By varying the size of the metal particle, changes in the 

catalytic properties of the catalyst can be observed. Usually the activity increases 

when the particle size decreases and a different selectivity may be brought as well. 

Catalysts have to be designed to provide a desired activity and selectivity in a given 

reaction. Thus, many attempts were made to improve the modes of preparation of the 

catalysts. 

A novel method (1 ), based on the properties of microemulsion solutions, for obtaining 

catalysts with very narrow particle size distribution, was developped at the Institute for 

Surface Chemistry in Stockholm in the early ao·s . 

A microemulsion generally consists of a mixture of surfactant, water and solvent. The 

surfactant forms uniform aggregates which can dissolve either solvent or water. By 

varying the amount of the component dissolved in the aggregates, their size is 

modified. Consequently, a microemulsion offers a suitable matrix for the preparation of 

homogeneous dispersions of metal particles. The cores of the aggregates in which the 

precursor is dissolved, serve as nuclei of the particles. 

The preparation of catalytically active metal particles is usually carried out by reduction 

with various reducing agents of a metal salt that has been dissolved in the water pool 

of an oil continuous microemulsion. 

Metal particles obtained from microemulsions were characterized by different 

techniques in order to get information about : 

- the average size and size distribution of the particles (T.E.M.). 

- evidence that a mixture of the two metals in the bimetallic particles is homogeneous 

(E.X.AF.S.) (3) 

- the oxidation state of the metals in the particle (X.P.S.). 

- their catalytic properties, using various hydrogenation and isomerization test 

reactions. 
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In order to use these particles in catalytic reactions (2) which take place at a 

temperature higher than 2so0 c, as in the case of hexane isomerization, for example, 

these particles were deposited on various carriers (Al203, Ti02, Ce02). The 

characterization of the supported catalysts was carried out by the same techniques as 

mentioned above. 

The studies showed that the catalysts prepared from microemulsion displayed different 

properties than those prepared by an impregnation method. For example, the Pt/Ti02 

catalysts prepared from microemulsion did not exhibit strong metal-support interaction 

(SMSI) effects while the catalysts prepared by impregnation exhibited these particular 

properties (4). 

This method could be successfully applied to preparing metal oxide particles. 

In addition, using the microemulsion technique, it was possible to develop a novel 

method of the preparation of a mixed metal- metal oxide catalyst. This method involved 

two steps in the preparation: the first one was the microemulsion technique to prepare 

a suspension of metal particles, in the second . one, the oxide material is prepared by 

the sol-gel process. 

-The combination of the sol- gel process and the microemulsion technique could render 

possible the formation of Pt particle surrounded by ·a fine layer of titanium oxide that 

results in an increase of the interphase metal -support. 

- A Pt-Ti02 catalyst prepared by this novel method (5) has been tested on the 

laboratory scale in the reaction of selective hydrogenation of crotonaldehyde in order to 

elucidate the influence of the mode of preparation on the selectivity of the reaction. 

The characterization of the interface platina-titania in the catalyst was done by X-ray 

Photoelectron Spectroscopy (XPS) and TEM-EDAX. 
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CATALYTIC HYDROSTABILIZATION OF OIL SHALE TAR FRACTIONS 

Koroleyva N.V., Gorshkova O.V., Scheblanova T.N ., Solodovnikova I.V. 

D. I. Mendeleyev Russian University of Chemical Technology, 

Moscow, 125820, Russia 

Oil shale is one of the most convenient sources for oil substitutes production 

namely motor fuels and a great number of chemical products. Chemical composition of 

tar obtained by thermal processing of oil shale is extremely unique, because the 

correlation between hydrogen and carbon in the tar is approximately equal to middle 

correlation for oils - 8.5+8.9 ( for example, the tar of Estonia's oil shale). The 

chemical structure of oil shale tar on the whole is paraffin-naphthene hydrocarbons, 

and such tars may be used for liquid motor fuels and lubricants production. Besides the 

oil shale tars contain a great number of heteroorganic compounds (about 60%), 

including significant for agriculture compounds (for example, alkylrezorzines) and a 

great part of undesirable compounds. The presence of such compounds in tars requires 

to carry out the secondary processing of liquid fractions. 

In this work we suggest a new technology of obtaining benzine and chemical 

products by thermocatalytical processing of vapour-gas mixture (VGM) of oil shale 

semicoking products. 

At present generatory method is the mam industrial method for oil shale 

processing, which allows to produce gas and oil shale tar. The tar yield in generatory 

process is about 18+20 % on the feed (i .e. 120+190 kg/t). At the same time in this 

process another products such as liquid boiler fuel - 90+50 kg/t, gaseous benzine 

7.9+ 10 kg/t, gas - 400+450 cub.m/kg, gas-turbineous fuel - 40+20 kg/t may be 

produced. 

One of the most significant components of oil shale tars is phenols. Their yield 

is about 30 % on the feed. The quantity of water-soluable alkylrezorzines in oil shale 

tars is about 6 %. At present only 50 % of water-soluable phenol from the total amount 

may be extracted from tar. But the cost of production of such phenols is much higher 
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than profit from realization of other products. Therefore it is necessary to increase the 

quantity of phenols in producing tar and also to investigate all ways for increasing the 

grade of extraction from tar. All these allows to bring a good economic effect. 

Traditionally, in all industrial methods for semicoking of oil shale obtained tars 

are processed after condensation. We suggest to process a vapour-gas mixture of 

semicoking products in the presence of catalyst. The . suggested technology makes it 

possible to produce benzine - 30+40 kg/t, i.e. near 40000 tonn/year, to increase in 

2.5 times the yield of alkylrezorzines, to simplify the technology of tars processing. 

Besides in our work we studied the process of hydrostabilization for light oil 

shale tar fraction. This process allows to decrease the quantity of heteroorganic 

compounds and to produce good benzine. 

Similar technologies do not exist, but in some countries (Israel, Great Britain, 

USA) the same investigations are carried out. 

Our technological scheme allows to solve the important ecological problem -

removal of sulphurous compounds. In the above mentioned technology we suggest to 

catch and process these compounds for producing good products. 

Thus, involving the block of catalytic treatment of vapour-gas mixture into 

ordinary scheme allows to increase the yield of benzine-kerosine fraction and to 

regulate the chemical products composition. 
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SELECTIVE CATALYSTS IN HYDROCRACKING PROCESS OF HEAVY 

ORGANIC RAW MATERIALS 

Koroleyva N.V., Kuznetsova L.N., Scheblanova T.N. 

D.1. Mendeleyev Russian University of Chemical Technology, 

Moscow, 125820, Russia 

In accordance with modern opm10ns on heterogeneous catalysis most of 

catalysts for hydrocracking process may be refered to hard acidic catalysts. 

Fundamental investigations in the field of heterogeneous catalysis allow to set a new 

task - to change the catalyst selectivity by alternating of acidic centres strength and 

number. 

G.K. Boreskov in his fundamental works predicted a great future for catalytic 

contacts on the base of a-phosphorous acid, and besides he said about possibility to 

form various hard high-molecular compounds in such contacts. 

Nowadays we have worked out various methods of synthesis of Fe-containing 

inorganic polymeric catalysts with different degree of polymerization, with different 

strength and number of acidic centres, with different contents of Fe as an active 

component in catalysts composition. 

A number of polymetalic catalysts was synthesied, their acidic properties and 

chemical composition were investigated by chemical methods and methods of 

emissional and atomic-absorbtional spectroscopy. CoITelational dependence between 

composition of matrix, composition of Me-catalysts and their activity in the 

hydrocracking processes of heavy oil raw materials (petroleum asphalt; pyrolysis tars; 

sour petroleum asphalts, containing free sulfuric acid; products of oil shale 

thennodestruction) and also in process of hydroliquefication of coal was established. 

Changing concentration (0.2-0.9 mmol/g) and strength of matrix acidic centers 

(0,5-6) leads to alteration of catalyst selectivity rather than activity. Due to a developed 

amorphous heleous structure our catalysts may be used in high pressure processes, as 

they don't have abrasive properties and have good exploitational quality. 
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It is known that incresing of yield of liquid products in oil processing may be 

reached by incresing a depth of oil processing. At present some technological 

processes that allows to produce from 1 ton of petroleum asphalt about 70 % of liquid 

fuel are known. But in these processes special catalysts, containing preci_ous and rare

earthen metals (Pt, Pd, Ru, Mo; Ni) are used. Such catalysts require to cany out a 

frequent regeneration with loss of active components. Deep processing of petroleum 

asphalts with using such catalysts in industry is not used because of their high price. 

Using of our bifunctional catalyst in hydrogenation process of petroleum 

asphalts ('t > 20 h, v = 1 h"1
) allows to produce: 5% (wt.) - hydrocarbon-gas, 20% -

benzine, 50% - liquid fuels, 15% - lubricants, 10% - hard carbogeneous remain on 

catalyst. It is established that such results are associated with high concentration of 

acidic centres of low and middle force . Creation of bifunctional matrix for cracking 

and hydrogenation allows to obtaine good technological parameters of process, to 

increase the selectivity of removal of polar heteroorganic compounds and decrease the 

gas-formating effect and quantity of coking deposits. The degree of sulphur removal in 

hydrocracing process of petroleum asphalts under the condition of 4 MP a and 425 °c 
is about 60-80%; free sulphuric acid is not detected by chemical analyses . 

A number of experiments for hydroliquefication of brown coal (Irsha-Borodinsk 

coalfield) was carried out. Obtained products and catalyst were investigated by means 

of group chemical analysis, UR- and NMR- spectroscopy. Obtained results shows that 

using in process 3% wt/ of catalyst with acidic centres of low and middle strength 

allows to increase the selectivity on lubricants above 60% and besides the conversion 

don't decrease more than 5%. 

On the base of phisico-chemical spectral investigations we can judge about 

individual stages of mechanism of selective hydrocracking of complex heteroorganic 

raw materials on weak-acidic centres of matrix of hard-acidic polymeric Fe-containing 

catalysts. 
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THE INFLUENCE OF PREPARATION CONDITIONS ON 

THE PHYSICO·CHEMICALAND CATALYTIC 
PROPERTIES OF TITANIUM OXIDE SYSTEMS 

N. N.Kouznetsova, SL. Yudina, V V.Lunin 
Chemical Department of the Moscow State Lomonosov University, 

Moscow, Russia. 

The effective catalysts of olefins isomerization, Claus 
process and morpholine synthesis were produced on the base of 
intermetallic compounds of Ti-Ni-H system. 

The influence of preparation conditions upon physico 
chemical properties of Ni-containing titanium oxide systems was 
investigated. It was shown that using as initial substance 
Ti 2NiH2 1 

hydride permits to obtain the samples with developed 

surface ,(300 m2 /g). It was established that the increase of 
calcination temperature leads to the increase of the nickel titanate 
film on the samples surface. According to the X-ray diffraction 
data, the surface of samples calcinated at 773 K consists of nickel 
titanate solely. 

The investigation of obtained samples by 
thermoprogrammed H2-desorption and IR-spectroscopy methods 
showed that calcination temperature essentially influenced the Ni 
valence state at the reduction. Increasing of the calcination 
temperature up to 773 K led to the Ni+ appearance during 
reduction at 723 K. The increase of the reduction temperature of 
samples up to 873 K contributed to reduction of surface Ni 
compounds to the Ni (0). 

Obtained samples had been tested in the reaction of hexene-
1 isomerization. It was shown that migration of binary bond takes 
place on metal nickel containing centres, whereas skeleton 
isomerization passes on centres, including nickel compounds in 
the intermediate oxidation degree. 
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CARBIDOCARBONYL FERH CLUSTERS ON OXIDE SUPPORTS: CHEMISTRY 

AND CATALYSIS OF ALCOHOL SYNTHESIS FROM CO AND H2 

V.I. Kovalchuk, N.M. Mikova, L.V. Naimushina, and B.N. Kuznetsov 

Institute of Chemistry of Natural Organic Materials, Krasnoyarsk 660036, RUSSIA 

INTRODUCTION 
Advances in the synthesis of mixed metal carbonyl clusters allowed to use them 

for the preparation of supported catalysts. It is often the case that these catalysts exhibit 
strikingly higher activity and selectivity in syn-gas reactions compared to the 
conventional systems. It is known that silica supported FeRh cluster derived catalysts, 
with Rh atoms dominating in initial clusters framework, show high activity and 
selectivity for oxygenates in CO hydrogenation [l]. We have prepared a set of silica 
supported catalysts containing FeRh carbidocarbonyl clusters with Fe atoms prevailing 
in cluster framework, characterized them and studied their catalytic properties in CO 
hydrogenation. 

EXPERIMENTAL 
The supported catalysts were prepared by impregnation of silica, alumina and 

magnesia with Rh4(CO)12, [TEA][Rh5Fe(CO)16], Rh2Fe4C(CO)16, 
[TEA][Rh3Fe3C(CO)15], [TEA][RhFe4C(CO)14], [TEA][RhFe5C(CO)16], 
[TEA]i[F%C(CO)16] (TEA = (C2H5)4N) carbonyl clusters dissolved in dry and 
degassed acetone (for ionic compounds) or hexane. 

The catalysts were characterized with transmission electron microscopy (TEM), 
ESR, XPS, Mossbauer (NGR) spectroscopy, FTIR spectroscopy, TPD of pre-adsorbed 
CO and H2. 

The catalytic experiments were performed in a differential fixed-bed reactor. CO 
con- version was maintained within 0.01-0.1%. 

RES UL TS AND DISCUSSION 
The most part of the supported clusters does not change with time in inert 

medium, but partial conversion of [RhFe5C(CO) 16r on the surface of support to 
[RhFe4C(CO) J 4f was observed following impregnation. Conversion of 
[RhFe5C(CO)16f to [RhFe4C(CO)14r is completed at 50°C, with [RhFe4C(CO)i4r 
cluster yielding Rh2Fe4C(CO)16 and [Rh3Fe3C(CO)i5f mixture at 100-150°C on silica 
and alumina and yielding [Rh2Fe4C(CO)15J- on magnesia. At the same time Fe2+, 
Fe3+ surface ions were registered by Mossbauer spectroscopy, XPS and ESR. The 
surface sites of FeRh/SiO2 samples reduced by H2 consist of Rh0 , Fe0 , Fe2+, and fe3+ 
species (NGR, XPS, ESR data) of 5-10 E in size (TEM data). 

A few results for the CO hydrogenation over silica supported cluster derived FeRh 
catalysts have been provided in the table. All the catalysts had initially higher rates for 
hydrocarbons and lower rates for oxygenates, but changed gradually to oxygenates
producing catalysts. In each case, the catalytic activity slightly increased for first 2-5 h 
on stream, then reached steady state and remained constant for subsequent several tens 
hours. 
Rh4"~i<?2 catalysts p~e~ared from Rh4(CO) 12 produced hydrocarbons C 1-C5 in 87% 
select1v1t~. The select1v1ty tow_ard oxygenates in products was 13%; methanol mainly 
was obtamed and some ethanol and propane! were produced. F%C/SiO2 prepared 
from an anion cluster [F%C(CO)i6][TEA]i demonstrated surprisingly high selectivity 
toward ethanol which reached 13% with 20% toward oxygenates in general. 

320 



PPII-37 
Table. CO Hydrogenation on SiO2-Supported RhFe Carbonyl Cluster-Derived 
Catalystsa 

Total Selectivity (wt. ¾)C 
Precursor/SiO2 specific 

activityb CH4 C2-C3 C3+ CHJO C2H5OHCHO 
H H 

Rh4(CO)12 235 21 22 44 8 2 3 
[Rh5Fe(CO)16][TEA] 57 78 9 1 8 2 1 
[Rh1Fe1C(CO) 15][TEA] gd 40 8 I 28 16 6 
Rh2Fe4C(CO)16 lld 55 7 l 15 5 17 
[RhFe4C(CO) 14][TEA] 267d 24 2 <I 33 38 2 
[RhFe5C(CO) 1 <-iJ[TEA] 37 76 7 3 12 1 <] 
[F%C(CO)16][TEA)2 17 21 33 26 5 13 2 

aReaction conditions: catalyst 0.3 g, total metal loading 2 wt.%, reaction temperature 
300°C ± 2°c, CO/H2 = 1, total pressure 5.0 x 106 Pa, space velocity 1000 h-1, prior to 
catalytic run all the catalysts were reduced by H 2 at 325°C for 1 h. bmmolco· 
(molRh+Fetl.h- 1 in 2 hon stream. cselectivities were calculated as follows: 100 x C/i. 
Ci . i - carbon number of the product molecule, Ci - weight concentration of the 
product molecule. d1n 5 h on stream. 

Among hydrocarbon products C3-C4 olefins prevailed. On all FeRh bimetallic 
catalysts with the exception of Fe5RhC/SiO2 prepared from [Fe5RhC(CO)i 6][TEA] 
selectivities for oxygenates were substantially increased. Notably, the selectivity toward 
ethanol was strikingly increased on Fe4RhC/SiO2 and reached 38%. Over-all selectivity 
toward oxygenates on this catalyst was more than 70%. Increased selectivity toward 
methanol was observed for Fe3Rh3C/SiO2 and Fe2Rh4C/SiO2 catalysts. The feature of 
the last catalyst is the marked formation of propanol. The FeRh catalysts promote 
methane formation as well, but relative enhancement of rates for oxygenates was much 
higher than for methane. Accordingly, the selectivities toward hydrocarbons C2+ 
decreased from 66% for Rh4iSiO2 and 59% for F%C/SiO2 to less than 3% for 
Fe4RhC/SiO2. The last catalyst had the highest catalytic activity, which exceeded that 
of Rh4iSiO2. The activities of other FeRh catalysts were close to or even less than that 
of F%C/SiO2 sample. 
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ECOLOGICALY SAFE TECHNOLOGY OF PRODUCING 

CARRIERS AND CATALYSTS BY THE PRECIPITATION 
METHOD 

A.A. Lamberov, A.G. Liakumovich, I.V. Kalinina, R.G . Romanova, 
O.V. Levin 

Kasan State Technological University 
Republic of Tatarstan, 420068, Kasan 

Transition metal oxides are most commonly used as carriers and 
catalysts in petrochemical and petroleum-refining processes. They are 
produced according to the followng scheme: 

I. Me1A + Me2(OH)n ➔ Mei(OH)n J, + Me1A 
2. Me2MeO11 + HA ➔ Me2(OH)1J + Me1A 
where A is an anion, 

Me2 is an alkali metal or ammonia, 
Me1 is a transition metal. 

Complex catalytic systems synthesized by the precipitation method 
may be produced practically in the similar wea. In this case: Me1A = :EMi . 

As a rule, the morphology and physicochemical properties of 
carriers and catalysts are formed at the precipitation stage. When 
hydroxide is precipitated, one of the precipitaiting reagent ions is generally 
in functional use. A counterion becomes most often an "impurity" ion, and 
its content in a catalyst considerably lowers catalytic activity. 
Minimization of foreign ion proportion is detennined by the volume of 
chemically purified water used at the stage of rinsing the obtained 
sediment. Since wash waters are 3-5 % solutions they are not to be 
recuperated, they present the main factor of this technology ecological 
hazard. 

Mixing the solutions with different pH ( a precipitant and a 
precipitating agent) results in local jumps of temperature and pH in the 
mixing zone. The latter process influences the qualitative characteristics 
of the sediment and the technology reproducibility. 

A reprecipitation technology with the elements of applied chemistry 
has been suggested by the authors. The essence of the technology is that 
the precipitating ion (H3 +o, Off) is generated at the reactor - electrolyzer 
electrode when the electrolysis of the metal salt water solution is 
conducted. In the process the following basic reactions will take place at 
the electrodes: 

H2O + e ➔ ½ H2 + Off at the cathode, 
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H2O - e ➔ 2Ir + ½ 02 at the anode. 
In the case when the cathode and anode space of the electrolyzer is 
divided by a partition ( diaphragm, membrane), the generated ions react 
with a metal salt solution, e.g. H3 +o + AIO2- ➔ Al(OH):~,l.. an anode 
chamber, 

3 Off+ Al3+ ➔ Al(OH)3,l.. an cathode chamber. 
Under the influence of an electric field, counterions in this situation 

diffuse into the opposite chamber forming an alkali or an acid respectively 
which are used to prepare starting solutions. 

Na+ +Off ➔ NaOH a cathode chamber, 
So/- + H3O+ ➔ H2SO4 an anode chamber. 
The suggested approach has been realized in order to produce an 

active aluminium oxide according to the aluminate and the sulphate 
precipitation technologies. An active aluminium oxide has the following 
characteristics. A pilot plant (the aluminate version): 

the basic substance content - 99. 8 % 
the content of impurities : 
Na2O - no more than 0.06-0.015 %, 
Fe2O - no more than 0.02 % 
Ssp - 150-300 m2/g 
phase composition of hydroxide (pseudoboehmite) more than 97% 
the total volume of pores - 0.4-0.7 cm3/g 
maximum particle size - 14-34 A. 
The analysis of the economic efficiency of the technology 

demonstrates the active aluminium oxide cost reduction by 20-25 %. 
The approach mentioned has been implemented for the synthesis of 

an extremely pure zink oxide, silica gel. 
The key advantages are ( an active aluminium oxide, aluminate 

version): 
1. The reduction of reagent consumption ( alkali recycle), the 

abandonment of the precipitating acid application. 
2. The elimination of long-run and energy - consuming washing 

operations. 
3. The lack of waste waters. 
4. The possibility of synthesizing aluminium oxide with preset 

properties. 
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SUPPORTED NICKEL CATALYSTS IN THE REACTION OF 
HYDRAZINE DECOMPOSITION 

N .N .Lebedeva, I.R.Fairushina, A. Ya. Yuffa 
Tyumen State University, Tyumen 625003, RUSSIA 

The reaction of catalytic hydrazine decomposition is practically 
important because hydrazine and its derivatives are used as rocket fuel due 
to high heat of oxidation and the formation of gaseous products during 
their decomposition. 

The method of preparation of. new · metallic catalyst for reaction 
mentioned before was worked out in this paper. Catalyst was prepared by 
the reduction of silica-supported nick.el chloride with help of hydrazine in 
alcoholic alkaline solution. Methanol, ethanol, i-propanol, butanol were 
used as solvents. It was found that the reduction of catalyst under 40-80° C 
is preceded by the period of induction, the duration of which is defined by 
the concentration of the alkali and hydrazine in solution and also by 
temperature but only less depends from the origin · of an alcohol. The small 
admixtures of copper chloride to supported nickel chloride promotes the 
reaction of reduction. 

The catalytic properties of our samples in the reaction of hydrazine 
decomposition in liquid phase under. the temperature of 60-80°C and 
pressure of 0, I MPa were investigated. It was concluded that the 
decomposition rate is defined by the hydrazine content and the temperature 
of this process. The gaseous products of decomposition were also 
determined, moreover it was found that the nature of alcohol used as a 
solvent have a strong influence on N2: H2: NH3 ratio in gaseous products. 
In comparison with Reney's nickel and impregnation analogues our 
catalysts have higher specific activity, high stability to the influence of 
water and oxygen. 

On the base of results obtained possible mechanism of the reaction of 
hydrazine decomposition in presence of high disperseq nickel contacts is 
being discussed. 

The catalysts made by us can be active in liquid phase hydrogenation of 
alkenes and alkines after the removing of hydrazine excess. 
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SELECTIVE HYDROPEROXIDE OXIDATION OF LOW REACTIVITY 
OLEFINS IN PRESENCE OF MODIFIED MOLYBDENUM CATALYSTS 

V.N. Leonov, G.A. Stozhkova, B:N. Bobylev 
Yaroslavl State Technical University; "Impulse Co. Ltd", Yaroslavl, Russia 

Cumene hydroperoxide (CHP) epoxidation of low reactivity olefins ( e.g. propylene) 
catalyzed by usual molybdenum complexes (MoO2(diol)2, Mo(CO)6 e.a.) is 
characterized by low selectivity on hydroperoxide. Molybdenum catalysts modification 
by Ph3X ligands (where X - P, As, Sb) or diphosphine oxides significantly increase the 
yield of epoxide (Table). 

There is no influence of the initial structure of molybdenum complexes on the 
ligand modifying effect and, consequently, the catalytic center nature is equal in both 
cases (runs 1-4). It was established that Rh3XO is an active ligand form (runs 4,5). It 
was observed that the relation between initial rates of epoxide formation (We) and 
CHP consumption (Ws) depends on the ligand nature. In the presence of Ph3XO the 
CHP catalytic decomposition is inhibited and the propylene epoxidation is activated. 
Consequently, selectivity increases. This feature can be explained by the fact that 
different catalytic complexes are active species in epoxidation and decomposition 
reaction. Epoxidation active ·intermediate has Rh,XO ligand in molybdenum 
coordination sphere. 

The effect of Rl13XO correlates with ligand (runs 4,6, 7) basicity which increases in 
order Ph3SbO > Ph3AsO > Ph3PO. 

The correlation of the basicity and ligand effect of diphosphine oxides (runs 8-10) 
was shown by NMP31 P. 

The decrease of effective epoxidation constants (ke) in runs 9, 11, 12 is detennined 
by chelate cycle stability. 

The lowest value ke is observed in run 13. This indicates confonnation hidrance 
influence on active species formation. The effect of Rh3X (Rh3XO) and diphosphine 
complexonates on Cp(CO)2MoPh3XHlg activity (Hlg - Cl, I, Br; rnns 15-17) do not 
confirm the traditional epoxidation mechanism. 

We suggest that cytochrorn P-450 model may be more preferable for description of 
our experimental data. 
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Table 

CHP epoxidation of propylene catalyzed by modified molybdenum systems 
T=120°C, solvent - cumene, [CHP] 0 = 0.9 mol/1, [C3H6]o= 4.5 mol/1, [Mo]o = 

5.4x104 mol/1, D:Mo=l:l (mol), reaction time 60 min 
N Catalyst Ligand · Con- Selectivity Wxl04 W,xl04 83lp 

(D) ver- % mol/lxs mol/lxs 
sion (kx 102. 

CHP,% min-1
) 

(k,x 102, 
min. 1

) 

1 MoO2( diol)2 ------- 83 32 ----- ----- -----
2 MoO2( diol)2 Rh3P 90 71 ----- ----- -----
3 Mo(CO)6 ------- 82 38 6,7 2,7 -----
4 Mo(CO)6 Rh3P 91 71 13,3 13,0 -----
5 Mo(CO)6 Rh3PO 99 70 12,3 12,0 -----
6 Mo(CO)6 Rh3As 93 87 16,8 16,7 -----
7 Mo(CO)6 Rh30Sb 92 91 173 17,2 -----
8 Mo(CO)6 (Ph2PO)iCH2 84 83 (4,9) (3,8) 24,6 

9 Mo(CO)6 (Ph2PO)2C2~ 97 83 (9,7) (8,3) 32,5 

10 Mo(CO)6 MP(O)Ph2 I( )I 96 82 (9,2) (9,2) 31,2 

WP(O)Ph2 

(Ph2PO)2C3H6( 

11 Mo(CO)6 Ph2PO)iC3H6 91 76 (6,4) (5,8) 32,5 

12 Mo(CO)6 87 75 (5,9) (5,2) 32,5 

MP(O)Ph2 I( )I 
13 Mo(CO)6 V 85 75 (3,0) (2,5) 30,4 

I 
\P(O)Ph2 

TpaHC· 

(Ph2P0)2CH=CH2 
14 Mo(CO)6 

·-···-······ 86 67 (4,4) (3,3) 21,7 ............. 

------·······-
15 Cp(CO)iMoPh3PCI 85 71 7,8 7,0 -----
16 Cp(CO}iMoPhJAsCl 96 75 15,4 13, 1 -----Cp(CO}iMoPh3SbCl 

17- 99 72 31,6 25,0 -----
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OF CATALYST MASSES. 

Loginov V.Y., Ravichev L.V., Bespalov A.V., Starostina N.G. 
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Russian Chemical-Technological University named after DJ.Mendeleev. 

Moscow, 127047, Russia. 

One-screw extruders are used for moulding of pellets with certain form and 

dimension in the catalyst industry. In the screw-press the catalyst dough-like mass 

flows through dies driven by screw pivoting inside cylindrical corps. Flowing 

through dies mass acquire the necessary mould and the suitable dimension (the 

method of flow-passage moulding) . 

One-screw extruders were used in the sulfoacidic vanadium catalyst 

production (MK-1-6, CBC, CB,U). 

The process of moulding the dough-like catalyst masses can be represented 

by stages which are realised in the following zones of screw-press : charging, 

concentration, dosage ( moulding ), die casting. All of this stages are closely 

interrelated with each other but the whole process is determined by the last two 

stages. 

The processing of dough-like catalyst masses in the screw-press _is 

characterized by sharp increase of pressure in the die zone within certain narrow 

limits of mass velocity of moulding ( output rate ) changes. It is also characterized 

by practically permanent pressure when the velocity is increased further. If the 

critical level of velocity is exeeded, frustration of mass from reef cart occur, 

followed by sharp decrease of the velocity to zero, i.e. complete processing loss. 
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The frustration of mass from reef occurs due to the character of 

development of the shearing deformation process in the dough-like catalyst masses . 

It can result in cohesion discontinuity. 

The stability condition of the moulding process is the following : 

y'<Ycr 

The actual shearing strenght index is calculated on the basis.· of the 

shearing deformation in the most critical axial-flow section of the pressing zone : 

y= o Jtk Ymax dt . 

Hence, for the calculation of the actual shearing strength index it is 

necessary to determine precisely the field of the shearing velocity, field of stress, 

field of the linear velocity in the screw channel in the gap between the flange and 

reef and in the root of the channelling plug. In the proposed model the flowing of 

the mass in the indicated fields is described by separate systems of the 

equations. The solutions of separate systems are consistent for the fields limits. 

Such approach in mathematical simulation make it possible to get the most 

accurate description which takes into account the construction features of the 

screw-press and it's construction opportunities. For the description of the velocity 

and stresses fields in the gap and the root of the·reef a rectangular system of co-

. ordinates is used, for the screw channel- a cylindrical system of co-ordinates. 

According to the above-mentioned mathematical model for the flowing 

dough-like catalyst · masses developed by us is based on the shearing strength 

criteria accurate description of physical-mechanical characteristics of the dough

like catalyst masses and screw-press construction. 
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V.V. GOYDIN, R.A. BUYANOV 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 
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There are known about 100 different heteropolyacids (HPA), which are used 

in acid and oxidizing catalysis [1]. The methods of .their manufacturing, developed 

more than 35 years ago, do not correspond to the modern requirements. In Institute 

of Catalysis a number of new methods of preparing the HPA and HPA based 

catalysts have been developed, including the methods of an electrodialysis and 

mechanochemical activation (MCA). 

The method of electrodialysis consists in electrochemical desalting of a 

solution of the initial components of HPA, in a two-cell electrodialyzer of a flowing 

type supplied with the cation-exchange membrane. The synthesis occurs in the 

anodic chamber, for example: 

-Na• 
Na2WO4 + H3PO4 ~ H3PW12O40 

Changing conditions of electrodialysis, one can obtain from the same components 

different HPA such as: H3PW12O40, HsP2W1sOs2, HsP2W21O11. Technique of 

synthesis a HPA has been developed also for HPA: H4PW11MO40 (M=V,Nb), 

HsPW10V2O40, HsPW11MO40 (M=Ce,Ti,Zr), HsPW11BiO40, H10(PW11 O39)2Ce, 

HsP2Mo1sOs2 and others. The mixtures of the HPA are more easily obtainable and 

they can be used directly as catalysts. The HPA yield is 100% with respect to W or 

Mo and 15-30% to current. The method has passed the pilot-scale test on the 

example of synthesis of HPA H3PW12O40. 

MCA is a method of the direct synthesis of HPA from the ingredients 

subjected to MCA. The MCA is known to increase the chemical activity of oxides [2]. 

MoO3 subjected to MCA is quickly dissolved in solution of H3PO4 with forming HPA. 

Changing the conditions of dissolving it is possible to obtain HPA H3PM012O40, 

HsP2Mo1sOs2 or mixtures of different P-Mo HPA which can be used as acid catalysts 
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without separation into the components. The HPA of composition H3+nPM012-nVnO4o 

(n=1-6) are also easily prepared, and some of them can be prepared directly in solid 

phase without dissolving:- Similarly, the HPA can be prepared as salts. At synthesis 

of P-Mo and P-Mo-V HPA the yield on Mo and V is 100%. At synthesis of 

H4SiM012O40 the yield on Mo achieved 80%. At synthesis of tungsten HPA the yield 

on Wis 10-12%. Other important application of the method is in regeneration of the 

spent catalysts after their calcination, for example, from phases of composition 

P2Os-nMoO3. 

The developed methods of synthesis of HPA are characterized by high 

efficiency, absence of the wastes and the lowered energy consumption. 

1. Maksimov G.M. Russ. Chem. Rev, 64, 480(1995). 

2. Awakumov E.G. Mechanical methods of activation of chemical processes. 

Novosibirsk:Nauka, 1986. 
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PHASE ANALYSIS OF HETEROGENEOUS CATALYSTS 
BY THE DIFFERENTIAL DISSOLUTION TECHNIQUE: 

MODERN STATE AND PERSPECTIVES 

V. V. Malakhov, A. A. Vlasov, N. N. Boldireva, L.S. Dovlitova 
Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 

E-mail: root1@catalysis.nsk.su 

The first information on a reference-free method of phase analysis, differential 
dissolution method (DD) has been published in 1986 year [I]. And in the last IO years intensive 
studies followed four main directions: theory, methodology, apparatus, matters for analysis [2]. 

The DD-method is based on the regularities of a dynamic regime when the 
concentration and/or temperature of a solvent increase during dissolving a solid. In the 
differential dissolution procedure initial data for stoichiographic calculations are a set of kinetic 
curves of the elements dissolution. They transform in a set of stoichiograms. The 
stoichiographic calculations allow to determine:i) the simplest empirical or fragmental formulas 
of phases, ii) quantities of individual phases of the multiphase sample. The equation in terms of 
a model of a contracting sphere is given for a two-phase mixture. It describes a degree of co
dissolution of the phases. Calculations and experiment show that an effective separation of the 
phases can be achieved changing dynamic regime dissolution conditions. 

The following series is a typical set of solvents including water: 
NaOH +- NH4OH +- H2O ➔ HCI (or HNO3, or H2SO4) ➔ 

➔ HCl+HNO3 ➔ HCl+HF ➔ HF ➔ H2SO4+HF ➔ H2SO4+H3PO4+HCIO4 
The solvent temperature can alter in the range from O to 300 °C. Below the main concepts 
working out the DD-technique are presented : (I) dissolution must be performed without an 
occurrence of precipitates and gaseous products; (2) metrological characteristics of adequate 
method determining the elemental composition of the solution formed should not be impaired 
during change of dissolving conditions; (3) variation of temperature and concentration of a 
solvent may be carried out by a given program (for example, linearly) or by stoichiographical 
titration. The stoichiographic titration is a new analytical procedure. This specific high-effective 
procedure allows to optimize differential dissolving of the phases for which no composition, no 
amount, no dissolving rate are known a priori. 

An apparatus, stoichiograph, was designed for the phase analysis of differential 
dissolution. There is no possibility to transform the classic "wet" method to an instrumental 
method of the phase analysis. "Wet" procedures are performed manually, they take much 
attention of a technician and are too unwieldy. The design of an adequate analytical complex 
for differential dissolution is necessary and possible. Such complex named stoichiograph has 
been created in Boreskov Institute of Catalysis. The procedure of phase analysis performed by 
this stoichiograph is very close to that made by the chromato-mass-spectrometer. 

Block-scheme of the stoichiograph is discussed. It consists of containing solvent 
components; peristaltic pumps; electronic device regulating the solvent composition and 
temperature by means of the given program; mixer of the solvent components; flow reactor 
thermostatted; sampling and sample pretreatment blocks; detector-analyzer for elemental 
analysis; block of memory and data-processing. The blocks join together through capillaries. 
The work of the whole complex as well as recording and processing experimental data and 
stoichiographical calculations are performed by computer. If an AES ICP is used as a detector
analyzer, up to 3 8 elements can be simultaneously determi~ed in the solution formed. The 
sensitivity is maintained at the level of~ 1 0·3 µg/ml, the error is 1 - 5%, and the periodicity of 
measurements is ~ I s. The initial information is recorded as kinetic curves of elements 
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dissolution in a differential form. The final information is given as kinetic curves of dissolution 
of individual phases or in the tabulated form. 

DD-method has been used to analyze heterogeneous catalysts, high-temperature 
superconductors, segnetoelectric and magnetic materials, inorganic pigments, native minerals, 
atmospheric aerosols and others. Analyzing the kinetic dependencies an information can be 
obtained on chemical and structural inhomogeneity of mono- and multiphase samples and 
spatial distribution of the phases in the sample. Above 60 elements composed the materials 
covered by this analysis . The main results are presented in the 50 publications of different 
chemical journals. Therefore, there is a good chance to characterize the DD-method as a new 
reference-free, high-performance, chemical tool of the phase analysis of solids. 

The prime importance problem in study of properties of heterogeneous catalysts is 
determining their phase composition. Usually the phase analysis is performed by the physical 
methods, mainly by the x-ray diffraction. Contrib_ution of chemical methods of selective 
dissolution to this problem is infinitesimally small. A new reference-free chemical DD-method 
was used to study the phase composition of several hundreds different catalysts of initial, 
intermediate and final stages of the preparation. The samples had crystalline or amorphous 
structure, and phase compositions of different complexity. Both massive catalysts and 
supported ones with high and low content of active components were in this group of catalysts. 
The variety of the techniques are presented and results of the phase analysis by DD-method of 
multicomponent catalysts consisting from metals, oxides, sulphides of different elements of 
periodic system are shown. Solutions of HCl, HNO3, H2SO4, HF and their mixtures were 
choosen as solvents for the differential dissolution techniques. 

Using multicomponent oxide catalyst Bi-Fe-Co-Ni-K-P-Si-Mo of propylene selective 
oxidation detail study has been made to optimize the dynamic regime conditions, to analyze 
the solution formed during dissolving, to. prepare the sample analyzed . The order in which 
stoichiographic calculations _ of qualitative and quantitative phase composition of this catalyst 
must be performed is shown. The phase composition of the catalyst was at a time investigated 
by the x-ray diffraction to compare the information with the DD-method results. New data was 
obtained on the elemental composition, stoichiometry and quantities of the complex molibdate 
phases of this catalyst using DD-method. Amorphous and varying composition phases were 
also detected in catalysts. Composition and amounts of products resulting from an interaction 
between the catalyst carriers (SiO2, Alz03) and the active components of these catalysts were 
determined. Factors limiting and leading to problems of the phase analysis of heterogeneous 
catalysts by DD-method are discussed_ · 

Interpretation of the differential dissolution results is valued in the case of complete 
separation of the phases. The main factors which lead to an incomplete separation of phases 
from a multiphase sample were determined. They were: close values of their chemical 
potentials, non-simultaneous contact of the phases with the sol~ent, a broad spectrum of the 
particles which differ in real structure. 

The long-term purposes developing the DD-method are achieving a level similar to 
that in modern chromatography, chromato-mass-spectrometry and voltammetry. It is clear that 
it may be realized only at the scaled extending of this method. To do this we focus our efforts 
on developing all directions mentioned above. 

References 
I. V. V. Malakhov, Dokl. Akad. Nauk SSSR, 290, No. 5, 1152-1156 (1986). 
2. V. V. Malakhov, A. A. Vlasov, Kinetika i Kataliz, 36, No. 4, 503-514, (1995) . 

This work has been supported by Russian Foundation of Fundamental Researches 
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THE NEW IRIDIUM CONTAINING CATALYTIC 
SYSTEMS ON METALLIC CARRIERS 

G.D. Malchikov, N.I. Timofeev, V.I . Bogdanov, A.V. Ermakov, 
N.A. Rasshchepkina, E.N. Tupikova, E.V. Fomicheva 

Samara State Aerospace University, 443086, Samara, Russia 
Ekaterinburg non-ferrous metals processing plant, 

620014, Ekaterinburg, Russia 

It is known that iridium shows low activity in the majority 
of catalytic reactions. However, its use in combination with 
other platinum metals allows to obtain more efficient catalysts 
for some processes , for instance, reforming. Besides, partial 
replacement of high-priced platinum and palladium by cheaper 
iridium contributes to reducing catalyst cost. The aforesaid 
affords ground to suppose, that using iridium in new catalytic 
systems on metallic carriers we have developed will allow to get 
perspective catalysts for a number of industrial processes. 

Mono- or polymetallic Ir-containing catalyst samples (Ir, 
Ir-Pt, Ir-Pd, Ir-Pt-Rh, Ir-Pd-Rh) on metallic carriers (nickel 
and chrome steel, stainless steel, aluminum) are obtained by 
joint reduction of platinum metals ammines by intersphere 
ammonia in autoclave conditions. Total content of platinum 
metals in samples is 0.05-0.2 wt.%. 

For samples on nickel and chrome steel and stainless steels 
data are received by their initial activity in model reactions of full 
oxidation n-hexane in mixtures with the air. It is found that. 
temperature of beginning of reactions over Ir-containing 
catalysts is 250 °C, that is I 00 °C higher, than for similar 
platinum or palladium samples. In the interval of temperatures 
250-350 °C the conversion of n-hexane is near 40-90%. At 
400 °C and above, degree of oxidation of n-hexane, for the 
majority of explored samples, reaches 99.9%. Following 
dependencies have been determined: using a carrier nickel and 
chrome steels as a carrier is more preferable than stainless steels; 
Ir-Pt, Ir-Pd bimetallic catalysts are more active samples, than 
those containing only iridium, moreover composition Ir-Pd is 
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more efficient than iridiuin combination with platinum; the 
addition of a third componenRh practically does not change 
activities of catalyst. 

Samples, containing Ir, Ir-Pt, Ir-Pt-Rh on the aluminum 
carrier are explored in reactions of hydrogehation of model 
hydrocarbon (toluene). Reaction was realized in the pressure of 
hydrogen 0.25 MPa, for the flow speed of hydrogen 10 000 h-1, 

concentrations of toluene 4-5 g/m3, temperature 30-150 °C. 
Conversion of toluene in methylcyclohexane (selectivity of 
reaction is I 00 %) over the catalyst Ir/Al is 86 % at 150 °C. 
Similar platinum sample at the same temperature shows smaller 
activity (degree of conversion of toluene is 71.3 %). Ir-Pt/Al or 
Ir-Pt-Rh/Al samples at the given temperature transform toluene 
in methylcyclohexane completely. Polymetallic samples show 
high hydrogenation activity even at 30-50 °C. The yield of 
methylcyclohexane at 50 °Cover Ir-Pt/Al catalyst is 98 %, Ir-Pt
Rh/ Al it is 70 %. 

The results obtained can be used for making efficient and 
cheap catalysts of leave gases peeling from organics and 
hydrogenation of hydrocarbons. 
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THE PROMOTION EFFECT OF INACTIVE COMPONENT IN 
BIMETALLIC Rh-CATALYSTS . 

Mikhalenko I.I., Yagodovskii V.D., Razvodova N.M., Dezire 0. 
(Madagascar), Aluna R. (Congo) 

People's Friendship University, Moscow 

The addition of inactive second metal to transition metal catalyst can alter 
act1V1ty, selectivity, resistance towards poisoning due to formation of 
bimetallic clusters (Sinfelt model) with electronic interaction between two 
metals. Rh-catalysts doped by metals nonmixed with Rh such as Cu and Ag 
and also rare earth metals (REM) are the interesting systems because Rh is 
a good catalytic converter in CO oxidation and hydrogenation .. 

The goal of our study was the investigation of the adsorption and 
catalytic properties of supported and film-like Rh-catalysts modified by Cu, 
Ag, lanthanides (Gd, Ce, La) and Y. 

The experimental part included the study of adsorption of carbon 
monoxide and hydrogen (isotherms, kinetic data of adsorption and 
desorption and IR spectrum have been obtained) in vacuum conditions and 
catalytic experiments in flow condition with chromatographic analysis. 
Some quantum clusters calculations (EHT-Hoffmann method) were carried 
out. 

A different effect of Cu and Ag in CO methanation on film catalysts 
was found. The apparent activation energy of methane formation is 
decreased in case of Rh-Cu system and increased in Rh-Ag, as well as Rh
Gd catalyst (see table 1). 

Table 1. 
Processe Ea , kJ/mol 

initial state after oxidative treatment 
Rh RhAg RhCu RhGd Rh RhAg RhGd , . 

CO+H2 46 21 60 78 (44) 37 5 80 (38) 
CHx+ H2 50 58 100 50 (78) 116 78 (80) 
.desorption initial state after reaction CO+H2 

CO 33/250 - 228(207) -/100 Abs. 17/190 
H2 70 36/250 9/60 Abs. 6/128 

) - values for Rh in case RhGd or RhCu catalysts ; / - two forms 

In case of Gd modifier the great increase of CH4, C2H4 and 
C2H6 formation was obtained that became more intense after oxidative 
treatment IlworkedP catalysts. On the contrary, Cu and Ag decreased the 
activity without formation Ci-products. The promotional effect of Gd is 
connected with activation of surface carbon (Chx particles titration by H2) -
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its bond energy decreases in Gd presence. Cu and Ag with oxophylic 
properties also didn't show such effect. 

Energy bond of reactants. (activation energy of desorption) also is 
changed: Gd addition (10% from Rh surface) decreases Ea.des H2 and CO 
and reactivates the adsorptive ability. New information has been obtained 
by work function measurements: on Rh co+cr , H+cr ( forms of adsorption 
dominate in catalytic conditions, but on RhGd - co-cr and H-cr forms . 

FTIR spectrum of CO demonstrates the increase in the ratio of bridge 
forms of CO to linear forms and appearance of carbonate-carboxylate 
forms. 

In CO+O2 reaction the promotional effect of REM (Ce, La, Gd) 
results in shift of the temperature area to low temperature region for both 
Rh/SiO2 and Rh films (Gd on Rh films inhibits the catalyst deactivation). 

The same promotional effect has been found for yttrium, but its 
degree depended on ratio CO/O2. Experimental bond energy COaas 
increases on 24 kJ/mol (50 for Rh and 74 for RhY), that is in good 
agreement with quantum calculations made for Rh13/100/, Rh13/1 l l/ clusters 
(Rh-CO, Rh-O, Rh-CO-O), where adsorbates and Y atom were placed in 
different positions with varying the adsorbate-metal distance. In all cases Y 
is in form y+3_ In Y presence the bond energy CO-Rh in Rh/100/-O-CO 
system increases, but bond energy O-Rh decreases greatly. For Rh/111/ 
bond energy of CO and O decreases. 

The data obtained for RhCu supported and film catalysts of CO 
oxidation reaction agree with D.W.Goodman et al. results [J.Cat.1994, 
v.145) obtained for Cu/Rh(IO0): activation energy of reaction did't change 
up to 1 ML of Cu. In flow condition Cu doesn't influence the area of 
reaction, but alter essentially CO2 formation on Rh/SiO2 catalyst at low 
temperatures (see data for T=373 Kin table 2). 

Table 2. 
Catalysts Rh RhCu(30% at.) RhCu(50%) RhCu(75%) Cu 
Relativeactivity 1 7,1 7,8 11.2 0.3 

Adsorption data show that Cu induces the growth of COads quantity 
with temperature increase and stimulates COads .· to dissociate resulting in 
CO2 fonnation. 

The explanation of modification effect for inactive metal added to 
active base metal has been proposed: thermodynamic analysis of surface 
two-dimensional electron gas state shows the rise/lowering of the metal 
electron density near neutral or charged adatom (modofier), that leads to the 
change of adsorptive potential and its turn the change of the catalytic 
properties. 
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In recent years, new direction in polymer chemistry employing the 

immobilization of metallocomplex catalysts on a solid support appeared, namely the 

polymerization filling of polyolefins. In this case the support not only plays the role of 

site where the catalyst is fixed but is also simultaneously incorporated as a filler in the 

polymer formed on its surface and , finally, in the polymer composite produced. To 

date, a number of new materials having specific properties was developed on the base of 

polymerization-filled polyolefins. 

The fillers used for polyolefins ( various oxides, salts, metals, carbon black and 

polymeric materials) are substantially different in nature, chemistry of surface and 

structure. All of these factors are important in the selection of a method of formation 

and type of supported metallocomplexes to be employed for formation on the surface of 

a filler-support of centres active in olefin polymerization. Attempts have been made to 

use in the synthesis of filled polyolefin composites virtually all supported catalysts 

known. 

In this paper, we consider the efficiency of various methods of immobilization of 

catalysts based on transition metals on the surface of various filler-supports. We also 

consider the relation between the nature of filler-support, the type and composition of 

immobilized active species, the peculiarities of their catalytic properties (kinetics of 

olefin polymerization on activated surfaces), the structure and characteristics of 

polymer formed. 

One of the essential factors that governs the catalytic properties of such 

systems is the nature of the interaction of the transition metal compound with the 

surface of support. The catalysts containing isolated complexes in which transition 

metal is covalently bonded to a support display lower activity in polymerization of 

olefins than supported catalysts involving nM tCb associates [I, 2) or donor-acceptor 

complexes of transition metal with surface alkylaluminoxane obtained by reaction of 

alkylaluminum and surface water of support [3]. The influence of surface structure of 

catalyst is most pronounced in propylene polymerization ( both activity and 

337 



PPII-46 
stereospecifity) [4] and relative reactivity of ethylene and propylene in copolymerization 

[5]. 

The characteristics of the active centres formed when the catalyst is immobilized 

on the surface might be affected not only by the neighboring molecules of the transition 

metal compound but also by the surface atoms of the support (filler). It was shown that 

the general problem of heterogeneous catalysis - the effect of the nature of support on 

the catalyti~ activity of1 -.immobilized catalysts is especially important for the task of 

polymerization filling of polyolefins. 

The nature and composition of supported catalysts influenceSthe structure of a 

macromolecule, one may control the structure and properties of the polymer matrix of 

the composite produced directly in the course of synthesis. A striking example of such 

control is the synthesis of filled isotactic and frost-resistant polypropylene . with 

supported titanium [4] and vanadium [6] catalysts respectively . 

I. Kovaleva,N.Yu., Krasheninnikov,V.G.,Gavrilov,Yu.A.,Novokshonova,L.A. 

Polymery, 1989, vol.34, 6/7,293. 

2. Gul'tseva,N.M., Ushakova,T.M., Krasheninnikov, .G., Meshkova,I.N., 

Polymery, 1989,vol.34,6/7, 247. 

3. Enikolopov. N.S., D'yachkovskii F.S., Meshkova .. N.,Ushakova.T.M.,USSR 

Inventor,s Certificate no. I 066193, Byul.Izobr., 1985, no. I I, p. I 99. 

4. D'yachkovskii, F.S. and Novokshonova, L,A., Usp. Khim., 1984, vol.53, no2, 

p.200. 

5. Ushakova, T.M., Gul'tseva, N.M., Larichev, M.N. and Meshkova, I.N., 

Vysokomol. Soedin., Ser.A, 1996, vol.38, no 2, p. I 97 
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no. I 0, 1994, pp.1357-1366. Translated from Vysokomol. Soed .. 
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ACTIVE CARBONS AS CATALYST CARRIERS IN 
LARGE-SCALE PRODUCTION OF POLYMERIC MATERIALS 

V.F. Olontsev, V.V. Solntsev, N.V. Limonov 

Technological Research Institute of Carbon 
Sorbents, Perm, 614113, Russia 

Active carbons (ACs) find wide and successful use as catalystcarriers for 
the organic synthesis such as the gas-phase synthesis of vinyl chloride and 
vapor-phase synthesis of vinyl acetate. The most high performances 
(catalytic activity and working time of synthesis plants) are shown by AC 
impregnated with zinc acetate or with combination of zinc, cadmium or 
vismuth acetate in the synthesis of vinyl acetate and by active carbon with 
mercuric chloride (sublimate) applied on it in the synthesis of vinyl chloride. 

The synthesis of vinyl chloride is carried out in static catalyst bed tubular 
reactors at a temperature of 120-220° C. Sublemate catalyst (the mean 
content of sublemate is 10% by weight) is distinguished by high activity and 
selectivity: the conversion of acetylene is > 99% and the selectivity for vinyl 
chloride is > 98-99%. The production rate of the reactor is 2-10 ths. tons in 
year. As catalyst carriers granular ACs (AfH-1) are used . 

According to the character of carrying out the synthesis of vinyl acetate 
from acetylene and acetic acid either coarse granular ACs in static catalyst 
bed plants or crushed ones in fluidized bed plants are used. 

In this case AC as a carrier, the character of its porous structure, physical
chemical properties and uniformity of its surface play an important part in 
the two catalytic systems. · 

The properties of the catalyst can be improved by acting on the chemical 
surface of carbons-carriers. In preparing AfH-2 carbon-carrier 
ethylenediamine is added to the charge. In order to increase stability of the 
sublimate catalyst, at the stage of preparing a carbon-resin composition and 
in place of ethylenediamine we used chemical modifier-carbamide, which 
interacting with carbon on heating decomposes into carbon dioxide and 
ammonia to increase chemical uniformity of the surface of the carbon
carrier. In contrast to ethylenediamine used for production of AfH-2 
carbamide also is non-toxic, less costly and produced in large sales . 

Porous structure and sorption properties of the carbon-carrier are 
determined largely by the choice of starting carboncontaining material and 
its preparation. The advantages of the carboncarrier based on raw charcoal 
are evident, however its drawback is the non-optimized porous structure due 
to the texture of starting wood. The macropore volume is excessive and 
amounts to 70-80% of the total pore volume that decrease bulk density and 
strength of AC, very important characteristics. At the same time the coal
base ACs exhibits good strength and small macropore volume, but activity 
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of the catalysts on their base is lower. Advantage of the useful properties of 
different types of carboncontaining starting material has been taken in the 
development of AfH-3 AC-carrier. In preparing carbon-resin compositions 
the mixture of ground coal and raw charcoal in an amount of 5-30% by 
weight was used. To improve the surface uniformity chemical modifier, 
carbamide, was added in amount from 3% to 10% by weight. Characteristics 
of the carboncarriers are shown in the table below. 

Porous structure of active carbons as catalysts carriers 

Characteristics Grade of AC 
AfH-1 AfH-2 AfH-3 

Bulk density, g/1 559 504 498 

Mechanical strength, 78.0 75.0 71.0 
% 
Total porosity, cm3 lg 0.60 0.65 0.80 
Pore volumes, cm3/g 
V - micro 0.30 0.33 0.40 
V - meso 0.03 0.05 0.07 
V - macro 0.27 0. 27 0. 33 

Characteristic 
adsorption 
energy in micropores, 17. 5 17. 1 14.4 
Eo, kj/mole 

The prepared AfH-3 active carbon-carrier combines good strength and 
small macropore volume inherent in the coal-base Acs and good catalitic 
activity characteristic of the wood-base Acs. Chemical modification 
improves the surface uniformity of the active carbon-catalyst carriers for the 
synthesis of vinyl chloride and vinyl acetate. 
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MODEL CATALYSTS INVESTIGATION. TESTING OF ACTIVITY 

N.M. Ostrovskii, O.B. Belskaya. 

Boreskov Institute of Catalysis SB RAS, Omsk Department, Omsk, Russia. 

The program of model catalysts investigation in BIC includes preparation of supported 
platinum catalysts InCatPt-1, InCatPt-2, InCatPt-3 [1 ], their characterization by different 
physical methods, and activity testing in the reactions of benzene hydrogenation, cyclohexane 
dehydrogenation, pentane isomerization and heptane reforming. The catalysts differ by 
support, Pt loading and "metallic" (Pt0

) and "ionic" (Pt") platinum contents: 

Catalyst Support %Pt % PtsURF % Pt" 

InCatPt-1 Si02 3.1 50 0 

InCatPt-2 y-Al20 3 2.6 84 60 

InCatPt-3 y-Al20 3 0.3 71 65 

The specific activity is reported as turnover number (TON, molecules / at PtsURF · sec): 
Two types of TON were determined: TONt - referred to the total surface platinum Ptst; and 
TON0 - referred to the "metallic" surface platinum Pts0 . 

The principal results have been formulated as: 
1. In benzene hydrogenation only "metallic" exposed platinum atoms take part in the 

reaction .. TON0 values and activation energies are close, excluding EuroPt-1 (fig. 1). The 
presence of "ionic" platinum increases the catalyst stability in poisoning by sulfur. 

2. In cyclohexane dehydrogenation a strong dependence of TON0 vs. platinum surface 
concentration is observed (fig. 2). The influence of this parameter is much more important 
than the "ionic" platinum content. The "ionic" platinum promotes catalyst stability in coking 
rather than in poisoning. 

3. In pentane conversion the selectivity of terminal hydrogenolysis is attributed to the 
"ionic" platinum, that leads to the lower isomerization selectivity. After the poisoning of 
catalyst by sulfur the isomerization selectivity is increased sharply on the samples with Pt" but 
practically remains constant on Pt0

• 

Bz hydrogenation, 70 C CH dehydrogenation, 300 C 
0.6 ,---- 14 

0.5 lnCatPt-2 12 
~oCat~-3 

":- 0.4 
lnCatPt-3 lnCatPt-1 10 ., 

[ 
,;, 8 lnCatPt-2 

o0.3 0 z 
EuroPt-1 

z 6 
- ~CalPl-1 go.2 g 4 

0.1 2 
EuroPt-1 

0 0 

0.3 2.7 3.1 6.3 0.3 2.7 3.1 6.3 
% Pt % Pt 

1. Duplyakin V.K., Belyi A.S. - Abstr. of EuropaCat-II, Maastricht, 1995. 
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PEROVSKITES AS CATALYSTS . OF HIGH-t'EMPERA TURE METHANE 
OXIDATION IN THE STOICHIOMETRIC MIXTURES 

S. N. Pavlova, V. A. Sadykov, N. F. Saputina, S. F. Tikhov, G. N. Kustova, S.V. Tsybulya, 
P .N. Tsybulyev*, P.N. Voronin* 

Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia, 
E-mail: root@catalysis.nsk.su 

* Institute of General and Inorganic Chemistry NAS of Ukraine, Kiev, Ukraine 

Mixed oxides with perovskite structure of ABO3 type have attracted much attention as 
promising catalysts for complete oxidation of hydrocarbons (in particular, methane) and 
CO [l]. For mixtures with the excess of oxygen, rather thorough studies of the effect of the 
nature of transition metal cation, its charge, partial substitution in the A or B sublattice and 
nonstoichiometry have been carried out On the contrary, for stoichiometric mixtures and/or 
mixtures with an excess of hydrocarbons, such data are scarce though being of great 
importance for such ap'plication as ·fuels combustion. The present work aims at filling this gap 
by comparing catalytic properties of cobaltites, manganites and cuprates of lanthanum in the 
reactions of complete oxidation in mixtures with excess of oxygen and stoichiometric ones. 

EXPERIMENTAL 

Perovskite samples were prepared by arc plasma thermolysis of the mixed nitrate 
solutions with a subsequent calcination at 900° C in air. Phase composition of the samples 
before and after high temperature experiments in stoichiometric methane + oxygen mixtures 
was studied by X-ray diffraction (XP A) and infrared spectroscopy of the lattice modes (IR). 
Catalytic activities were determined using a batch-flow reactor for CO and but.ane oxidation in 
the oxygen excess ( operating temperatures not higher than 400° C), while an integral plug-flow 
reactor was used to study methane oxidation. In the latter case, experiments were carried out 
in the temperature range 700-850° C (not reached in any of the previous works) and at contact 
times in the range of 0. 144-0.02 sec with mixtures containing 7-12% of methane, 3.5-6% of 
oxygen in He, keeping as a rule a degree of methane conversion not higher than 30%. Before 
experiments, samples were calcined in a He flow for 2 h at 850°C. Any possible impact of a 
homogeneous reaction was minimized by using quartz chips to fill a free volume of the reactor. 

RESULTS AND DISCUSSION 

According to XP A and IR, in all samples before experiments a perovskite phase 
predominates. For lanthanum cuprate La2CuO4, IR data correspond to a orthorhombic phase, 
while XPA indicates also admixtures of LaCuO3, and, probably, CuO. A structure of 
lanthanum manganite LaMnO3 was found to be of a distorted orthorhombic type. Lanthanum 
cobaltite LaCoO3 has a rhombohedral structure, and some admixtures of Co3O4 were revealed 
by both methods. 

For CO and butane oxidation in mixtures with the excess of oxygen, a following order 
of activity was found for both reactions: La2CuO4 < LaMnO3 <LaCoO3. While activities of 
manganites and cobaltites are comparable, a lanthanum cuprate activity is more than an order 
of magnitude lower. In general, activities of perovskites in the reactions of complete oxidation 
appear to be mainly determined by a nature of a transition metal cation, being comparable to 
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activities of corresponding simple oxides [2]. In most cases, activities of copper and cobalt 
oxides in the reactions of complete oxidation are closely allied [3]. Hence, some drastic 
changes of the copper reactivity are observed when inserting it into the perovskite structure. 
Usually, catalytic activity of oxides in the reactions of complete oxidation is determined by the 
bond energy of the most reactive surface oxygen. The results obtained here might indicate 
some drastic modification of this parameter for copper in a perovskite structure as compared 
to that in pure CuO (tenorite). At the molecular level, this phenomenon can be explained by a 
change of the copper coordination, its charge state or atomic structure of the most developed 
surface faces. 

For the reaction of the high-temperature methane oxidation in. stoichiometric mixtures, 
the same trend of activity of various perovskites as that found for the low or middle
temperature oxidation reactions under oxygen excess was obtained (vide supra). Moreover, 
the same activity scale ( cuprate is ca. an order of magnitude less active than cobaltite and 
manganite) was maintained. It is not so trivial taken into account high operating temperatures 
in the case of methane combustion as well as some changes in the perovskites phase 
composition due to a weakly reducing reaction media effect. Namely, a segregation of 
transition metal oxides accompanied by a rearrangement of the parent perovskite structure 
was observed. Hence, even at high operating temperatures, catalytic properties of perovskites 
studied here seem to be mainly determined by their properties before reaction despite of the 
clearly visible effect of reaction mixture on the phase composition. 

The most interesting kinetic feature observed for perovskites in the methane oxidation 
is a sharp dependence of the selectivity of various products formation upon contact time. For 
all samples, at a small contact time methane is converted exclusively into carbon dioxide and 
water. As contact time increases, CO, hydrogen and C2 appear, at last becoming predominant 
products. It means that for these systems, primary selectivities are determined by the reaction 
of methane oxidation into water and carbon dioxide. At a higher contact time, a secondary and 
more slow endothermic reaction of methane reforming (by steam as well as carbon dioxide) 
takes place generating carbon monoxide and hydrogen. Probably, some inhomogeneities in 
the temperature pattern along the catalyst layer due to a highly exothermic nature of the 
methane oxidation reaction could favor a local reduction of the transition metal to lower oxides 
(or even to a metallic state), which act as active sites for methane reforming. From this point 
of view, perovslcite structure ensures high-temperature stability of such reduced patches by 
keeping them in a highly dispersed state and suppressing a carbon formation. 

CONCLUSION 
Catalytic properties of perovskites in the high-temperature reaction of metliane 

combustion in stoichiometric mixtures appear to be determined by the chemical nature of 
transition metal cations along with the effect of perovskite matrix on their charge and 
coordination. Primary reaction is methane oxidation into carbon dioxide + water followed by 
more slow endothermic reactions of methane reforming. High temperature stability of 
perovskites in weakly reducing reaction mixtures is demonstrated. 
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STRUCTURE AND SURFACE COMPOSITION OF NEW HIGH POROUS 

CELL-TYPE CARBON SUPPORT FOR CATALYSTS 

Plaksin G .V., Semikolenov V.A., Zaikovskii V.I., Moroz E.M., Boronin A.I., 

GavrilovV.Yu. 

Boreskov Institute of Catalysis, Prospekt Akademika Lavrentieva 5, 

Novosibirsk, 630090, Russia. Fax: 7(383)2 355766 

Porous carbons (Sibunit) produced by hydrocarbons pyrolysis on carbon black 

surface [I] as well the filamentous carbons (CFC) prepared by CH4 decomposition over 

Ni (CFC-I) and Ni-Cu (CFC-2) catalysts [2] are of considerable interest as a supports 

for the catalyst preparation. Recently, the new carbon with unusual cell-type structure 

was discovered [3]. In present communication the results of the structure investigation 

of cell-type carbon in the comparison with a regular carbon supports Sibunit, CFC-I 

and CFC-2 are presented. 

Samples of cell-type carbons (CTC) were grown up on the walls of outlet line of the 

flow reactor charged with carbon black during propane - butane mixture pyrolysis at 

the temperatures 700-1250 K. Prepared samples have the cylindrical shape with 

diameter 40 mm and 30-50 mm length. 

The chemical analysis of the CTC gives the molar ratio H/C = 1/4. This ratio can be 

achieved in the planar regular polygonal fragment of graphite net consisting of 37-44 

benzene rings . In view of C-C distance in graphite 0.142 nm, the dimension of such 

fragment was estimated to be 1.56-1.70 nm. 

The density of CTC determined by helium displacement is equal to density of 

pyrolitic carbon deposed on carbon black (1.82 g/cm 3) and much less then the density of 

Sibunit (2.08 g/crn3), CFC-I (2.05 g/cm3) and CFC-2 (2.06 g/cm3). The pore volume of 

CTC (66 cm3/g) calculated from the helium density and bulk density (0.015 g/cm3) is 

about 100 times higher then that of regular carbons. According to the low temperature 

N2 adsorption data CTC has a smooth surface with specific area 4.2 m2/g. 

The results of X-ray diffraction analysis show that CTC has a graphite-like 

structure with the biggest interplanar spacing (do02 = 0.356 nm) and smallest crystallite 

size (La < 1.0 nm, Le = 2.0 nm) to compare with Sibunit, CFC-I and CFC-2. The 

crystallite represents a packet of 5-6 graphite nets. 
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The texture of CTC was investigated by scanning electron microscopy, high resolution 

transmission electron microscopy, electron microdiffraction methods. It was shown, that CTC 

matrix is formed by carbon layers with thickness 30-150 nm. Carbon layers are connected in 

knots making up the threedimensional net. Carbon layers consist of graphite-like 

microcrystallites oriented by basal plane to each other. The edges of basal planes of this 

microcrystals are exposed to the surface. The basal plane of carbon microcrystals are 

predominantly oriented along the longitudinal direction of the carbon layer. 

Thus, CTC combines the defects of small microcrystallites with the regularity of their 

arrangement in carbon matrix. 

The· ESCA data show the great difference of CTC surface composition to compare with 

Sibunit, CFC-1 and CFC-2. In Cls spectra of CTC were observed four components (BE = 

283.5 eV, 284.4 eV, 286.0 eV and 289.0 eV), attributed to C atoms of graphite structure, 

electron-donor and electron-deficient carbon atoms. The number of the surface oxygen species 

and their concentration depends on the sample microstructure. The Ols peak (BE= 532.5 eV) 

was observed in spectra both CFC-1 and CFC-2. Two Ols peaks (532.5 eV and 531.1 eV) 

were presented in Sibunit spectra. The Ols peak intensity for CTC is much higher then that for 

Sibunit, CfC-1 and CFC-2. This is in a good agreement with results on CTC structure study. 

The edges of small packets of graphite nets, decorated with fragments of hydrocarbon 

molecule can easily react with oxygen giving the high concentration of surface oxygen groups. 

CONCLUSION 

The new cell-type carbon material possess the unique porous matrix morphology, microcrystal 

structure and surface chemical composition in contrast to Sibunit and CFC carbons. The cell

type carbon can be a promising support for studying the problems of catalysts preparation. 
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Application of plasma spraying in preparation of metal supported catalysts 
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Metal supported catalysts are very promising to use in high temperature catalytic 

processes where high heat transfer is required or in car converters [I]. Preparation of 

catalysts on metal substrates usually includes the preliminary washcoating of the metal 

surface by chemical methods [2]. The catalysts developed are widely used today, but the 

room for the further improvement of catalyst chatacteristics still remains. 

Plasma spraying, or plasma powder coating techniques, gives unique possibility to 

synthesize the washcoating layer on the metal surface wi th rather strong adhesive and 

high thermal stability properties. But, notwithstanding the fact that alumina coatings 

deposited by different plasma spray technologies on metallic substrate are rather 

common, the problems of sufficient stability of such coatings still exist. This is connected 

with problems of adhesion and cohesion strength, inherent to this methods, and with the 

dependence of permanent stability of coatings on its crystalline structure. 

The crystallinity defines the functional properties of the coating in high 

temperature and aggressive media and stability under conditions of cyclic loadings . So 

the examination of different methods of plasma spraying of alumina coatings and study 

of their fine structure are useful both for the further development of possibilities of such 

method and for the reason of raising the competition with other gas-thermal methods. 

There is general disadvantage of the conventional DC plasma spray torches to the 

effect that deposition of the coating is performed in the condition of turbulent plasma jet 

outflow which meets the significant difficulties for production of the homogeneous 

structure and phase composition coatings with required porosity . 

The subject of this paper is the use of DC plasma torch (3] with interelectrode 

insert and "diffusive" (distributed) attachment of arc on an anode surface for the 

deposition of the alumina coatings under different regimes of a jet outflow (laminar, 

transient and turbulent) on the metal substrates of different geometry (plates, foams) for 

consequent synthesis of perovskite catalysts. 
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These modes were provided by the variation of the plasma-forming gas (air) flow 

rate over a wide range (from 0.5 up to 2 g/s) that has made it possible to change the 

particles velocity and their aggregate state, and hence, the coating micro- and macro

structure over the wide range. 

The alumina coatings deposited on a metal surface under laminar, transient and 

turbulent regimes of a jet flow were characterized by a complex of physical chemical 

methods: XRD, BET, SEM and TEM. The BET data showed that specific surface area 

of coatings did not depend on the regime of a jet flow used. The coatings consisting of a

alumina had BET surface of 0.2 m2/g magnitude. On the contrary, SEM and TEM 

revealed that the morphology of sprayed alumina layer strongly depended on the regime 

of a jet flow used . 

The LaCoO3 catalysts were synthesized on metal surface covered by sprayed 

alumina layer by the use of two different methods: direct impregnation of sprayed 

alumina layer by La and Co nitrates with subsequent calcination, or impregnation of 

sprayed alumina by La and Co nitrates with preliminary modifying of sprayed layer by 

La-containing y-alumina with subsequent calcination. LaCoO3 phase was detected by 

XRD analysis in the samples synthesized by both techniques. The distribution of active 

component in the sprayed alumina coatings was studied by SEM. 

The data obtained show that the application of plasma spray technique is 

perspective in the development of metal supported catalysts to be used in high 

temperature combustion. 
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For decreasing a chemical interaction between a support and a catalytic 

multicomponent oxide coating produced by chemical wet process it is necessary to 

lower the temperature of heat treatment required for the formation of crystalline phase, 

for example, perovskite or spine!. This is reached by decreasing the particle sizes of 

initial simple oxides or their precursors. Using the precursors with EOE1
- and EOROE1

-

linkages (E, E1 
- chemical elements, R - organic biradical) is more preferable way. The 

well-known Pechini method based on this way is very complicated, expensive and 

inconvenient for the production of coatings. 

We have studied the process of producing catalysts via the alkoxyacetate resins 

(AR). The synthesis of AR is simple. It consists in heating the mixtures of different 

acetates and high-boiling alcohols having more than one OH-group (for example, 

ethylene glycol, glycerin, di- and triethanolamine, etc). During the synthesis acetic acid 

and water are distilled. The following reaction of the process is the main one: 

M(OAc)n + M1(OAc)m + HOROH ➔ (AcO)n-1MOROM1(OAc)m-I + 2AcOH, 

where Ac - C(=O)CH3; R - CH2CH2, CH2CH(OH)CH2, C2H4N(C2H4OH)C2H4, etc; 

M, M1 
- metals, for example, Co, Cu, Cr, La, Sr, Ce, etc. 

The substitution of the AcO-group by the ORO-linkage continued until the formation 

of AR which contained polymeric chains, rings, sheets and three-dimensional network. 

AR have some advantages: 

(I) the higher solubility in water and alcohols (the solubility of many acetates is less 

than 10%); 

(2) capability to form amorphous films after an evaporation of solvents (the separate 

crystallisation takes place in the mixtures of the acetates); 
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(3) binding property that can be used at producing catalysts (many acetates have no 

binding property). 

The process of the transformation of AR in the oxides LaCo03, Lao.9Ceo.1Co03, 

CuCri04, etc and producing the catalytic oxide coatings have been studied. Using of 

AR and using of the mixtures of the acetates have been compared. It was found that the 

self-ignition of AR began at approximately 300 °C and the temperature rose up to 800 

0c and above for a short time (a few seconds). This effect is very important because 

interaction between generated coating and support decreases. 

Catalytic activity of the prepared powders and coatings has been studied in the 

process of CO oxidation to CO2. It was found that catalysts based on AR were more 

active than those from the mixtures of acetates. For example, the CO conversion on the 

LaCo03 powders prepared from AR and from the mixture of acetates achieved I 00% at 

185 and 255 °C respectively. 

Our approach permits to produce multicomponent oxides of different chemical 

elements in any proportion at lower temperatures. For the preparation of AR not only 

acetates but different inorganic salts may be used ((i) precipitation of hydroxides, 

carbonates or hydroxycarbonates, (ii) dissolving precipitates in acetic acids, (iii) heating 

with high-boiling alcohols). It is important from practical point of view. 
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Alumina used as catalytic supports or catalysts is often prepared by Bayer process (the 

synthesis of sodium aluminate from sodium hydroxide and some alumina containing 

minerals followed by it decomposition) or by the alkoxide sol-gel process (the 

hydrolysis of aluminium alkoxides produced from aluminium and alcohols). 

We have been carried out the synthesis of aluminium hydroxide using some 

elements of these processes. The synthesis was carried out by heating mixtures with 

different quantity of the components of the aluminium-triethanolamine-water system at 

I 00 °c. A liquid part (thin slurry) of the reaction mixture was periodically separated 

from aluminium and diluted with water. The precipitated aluminium hydroxide was 

filtrated, washed with water, dried at 20 - 100 °C. The filtrate was concentrated by the 

evaporation and added to aluminium. Thus, the synthesis of aluminium hydroxide may 

be carried out uninterruptedly with the addition of aluminium (foils, granules) from 

time to time. The synthesized aluminium hydroxide was hydrated boehmite containing 

about 70-75% alumina. The surface areas of alumina generated from these aluminium 

hydroxides were about 250 and 85-150 m2/g after a thermal treatment for 2 hat 500 and 

900 °C respectively. 

Some experimental facts indicate that the reaction of dissolving of aluminium 

includes a generation of aluminate as in Bayer process. The formation and subsequent 

hydrolysis of aluminium alkoxides, as in the alkoxide sol-gel process, are less-probable. 

Some correlations between reaction and heat treatment conditions, on the one 

hand, and catalytic properties and texture of alumina produced, on the other hand, 

have been studied. 

The following advantages of this process are: 

1) the higher safety in distinguish with the alkoxide sol-gel process; 

2) an absence of any sodium impurity in aluminium hydroxide in contrast to Bayer 

process; 

3) nontoxicity and sufficient cheapness of triethanolamine having high boiling point. 
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HIGH-ORDER POLYNUCLEAR COPPER COMPLEXES WITH 

ORGANIC DONORS AS CATALYSTS FOR CONVERSIONS OF 

HALOGENATED HYDROCARBONS 

T.N. Rostovshchikova, V.V. Smirnov, E.N. Golubeva, A.I. Kokorin 

Chemistry Department, Moscow State University, Moscow, 119899, 

Russia 

N.N.Semenov Institute of Chemical Physics RAS, Moscow, 117421, 

Russia 

Polynuclear mixed-valence copper complexes with organic donors open 

up new possibilities in creation of effective catalysts for chemical 

reactions. The presence of metal ions of different oxidation states can 

favour the process of electron transfer wich is the limitation stage of many 

catalytic reactions . The energy of electron transfer appears to be minimum 

if it proceeds between the centers of one complex without significant 

change of its geometry. The mechanism of catalytic action of polynuclear 

copper complexes with organic N-, S-, P-donors may be close to that one 

of natural Cu-containing enzymes . Some low-weight copper complexes 

with organic donors could be considered as analogues of related biological 

systems. Therefore studies of structures and catalytic properties of these 

complexes are of great importance . 

The formation of mixed-valence copper complexes with dialkyl sulfides 

or triphenylphosphine in catalytic isomerisation of dichlorobutenes was 

investigated by kinetic and spectroscopic (UV-Vis, IR, ESR, NMR) 

methods. Complexes containing 3 or 4 copper ions in different oxidation 

states, substrate and donor molecules were found to play a key role in 

catalysis. Chloroolefins with allylic chlorine atom may stabilize mixed

valence complexes as bridging ligands between Cu(I) and Cu(II) . The 

effect of self-organization was observed in these systems. The nuclearity 
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or oxidation state of Cu in precursors is not significant: in the reaction 

media in presence of 0 2 for Cu(I) and in presence of some excess of 

phosphines and sulfides for Cu(II) the same active polynuclear mixed

valence complex is formed. The activity of this complex is one or two 

orders higher than activity of mononuclear analogues. 

The immobilization of these complexes on surface of inorganic 

supports gives additional possibilities both in theoretical studies and in 

technological use. The main structure of polynuclear center and a part of 

ligands remain in supported complex. At the same time coordination with 

active centers of surface allows not only to fix active forms but to control 

catalytic activity. 

Supported catalyst formed on Si02 from solution of (CuC12)2.(dmf)4 as 

precursor is an active catalyst for new reaction of halogen exchange 

between alkanes and halogenalkanes. In the case of supported polynuclear 

bridged catalyst we also observed the maintaining of the optimal ratio 

metal-ligand: in reaction conditions a part of dmf was lost and 

simultaneously reaction speed increased. Further slow loss of ligand 

resulted in decreasing of catalytic activity. The removal of dmf by 

vacuuming or heating the catalyst or forming the supported catalyst from 

precursors not containing dmf are followed by forming considerably less 

active form. Therefore, all factors are responsible for high catalytic 

activity: polynuclear center, organic donor and surface. 

The reaction velocity is decreased significantly by adding phenols or 

02. The products of recombination of radicals are found in reaction 

mixture. So the radical-chain mechanism of the process is suggested. 

The use of solvated or supported polynuclear copper complexes as 

catalysts in halogenated hydrocarbons is very perspective for development 

of new catalytic technologies. 
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TECHNOLOGY 

Yu.A. Sakharovsky, B.M. Andreev, E.P. Magomedbekov, 
Yu.S. Park, M.B. Rozenkevich 

Mendeleev University of Chemical Technology of Russia 
Miusskaya Sq. 9, Moscow 125190, Russia 

Progress in nuclear industry has made very important the problem of 
environmental protection from hydrogen radioactive isotope - tritium. Another to
day's important problem of hydrogen isotope separation is utilization of deuterium 
containing wastes of conversion and disarmament programs of Russia. 

Theoretical analysis shows that both problems can be effectively solved by using 
the method of chemical isotopic exchange for hydrogen isotopes separation in the 
system "hydrogen-water''. This process requires a catalyst which must have high 
catalytic activity and stability. The hydrophobic platinum catalyst is suitable for this 
system. 

The height of transfer unit (HTU, hoy) is the important characteristic of the 
process effectiveness. The HTU value depends on both the catalytic activity and the 
conditions of reagent transport and the rate of phase isotopic exchange between 
vaporous and liquid water. The investigations show the HTU doesn't depend on the 
catalyst activity if the latter one is more than 5 s-1

. In this case the process of 
isotopes separation is limited by phase isotopic exchange. 

During the investigations it was shown that hydrophobic platinum catalyst on 
copolymer of styrene with divinilbenzene as a support has to obtain the hoy values in 
the range of 8-15 cm under the catalyst temperature 313-363K and hydrogen 
pressure 0.05-0.15 MPa. The catalyst activity was stable during several thousand 
hours run. The special series of experiments with tritium containing water has shown 
that catalytic activity doesn't changed after irradiation with integral dose more than 1 
MGy. 

The usage of this catalyst give us the possibility to develop several installations 
for economic reprocessing of heavy water wastes. One of these installations is 
presented in this report, it has no analogy in the world and gives the possibility to 
produce about 2000 kg conditional heavy water with deuterium concentration 99.98 
mol. % and tritium content less than 3 mCi/1. The catalyst in this installation contains 
about 15 g of platinum. 

The effectiveness comparison of distillation and chemical isotopic exchange 
methods for solving the same problems is made in the final part of report. The 
conclusion about the preference of the last method has been done. 
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CATALYTIC OXIDATIVE CONVERSION OF METHANE FROM 

NATURAL GAS TO C2- HYDROCARBONS ON CATALYSTS FROM Mo 
AND W HETEROPOLY COMPOUNDS OF 12 SERIES 

G.A. Savelieva, S.A. Tungatarova, A.S. Sass, G.M. Bekbaturova, 

N. M. Popova, K. Dosumov 

Institute of Organic Catalysis and Electrochemstry, Academy of sciences 

of Kazakhstan, Almaty,480100 Republic of Kazakhstan . 

Light alkanes (C1-C4) form a part of natural and accompanying oil gases 

and do not find wide application in practice. They are used as fuel, in 

industrial processes, for producing synthesis-gas and carbon, for noncatalytic 

pyrolysis and other, but are mainly burned as a part of exhaust gases in 

"torches". 

Catalysts for removal of hydrocarbons from industrial and automobile 

exhaust gases by deep oxidation are developed. An alternative method of 

utilization of alkanes by catalytic partial oxidative conversion to commercially 

useful products is of interest. 

The catalytic action of supported catalysts, prepared by using Mo and W 

heteropoly acids (HP A) of 12 series as an active component with Si central 

atom and their salts of 1,2 groups elements of Periodic system was investigated 

in reactions of partial oxidation and oxidative dimerization of CH4 to oxygen -

containing compounds and C2 - hydrocarbons. Tests were made in reaction 

mixtures containing CH4, 02, inert gas (N 2. Ar) with or without water vapour. 

CH3OH, CH2O, C2H6, C2H4, H2. CO2 were found to have formed. The 

sequence and discreteness of formation of these products as the temperature 

increased, were shown. The products form the following series according to 

optimal temperatures of formation: CH3QH (300-350°C), CH2O (600-650°C), 

C2H6 (650-750°C), C2H4 (750-800°C), H2 and CO2 (above 700 and 800°C). 

Influence of HP A content over the support on the yield and selectivity of 

C2H4 (800°C) and CH2O (600°C) formation from CH4 was established for 0,5 -

20% HPA I aluminosilicate (HPA: H4SiM012O40, H4SiW12O40) . Curves for 

yield (C2H4, CH2O) and selectivity have polyextremal character for low -· 

percentage ( <5% mass. HPA) catalysts. The yield and selectivity changed little 
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on a further increase in the HPA content. It was shown by IR - spectroscopy 
and TPR methods that the polyextremal change of the catalytic properties is 
due to formation of compounds in the HPA - support system. The latter 
caused change of the binding strength, reactivity of structural oxygen in the 
catalyst and its acid - base properties. Correlation between the yield and 
selectivity of CH2O formation in the process of partial oxidation of methane 
and the content of Broensted acid centers of certain strength (ESR, ionization 
potential 7.55 - 8.12 eV) was established. Positive effect of water vapour on 
this process was noted. 

Influence of the nature of an acid - forming cation (Mo, W) and 
substituent of proton on the activity and selectivity of their action in the 
reaction of partial oxidation of methane to formaldehyde (POMF) or 
oxidative dimerization to ethylene (ODM) were studied for [SiW12] - and 
[SiM012]/ aluminosilicate catalysts. The catalysts based on HPA of 12 series of 
Mo had maximum activity and selectivity in the process of partial oxidation of 
methane. The yield and selectivity of CH2O formation somewhat increased 
on passing from HPA to its salts in the following sequence of elements: Mg> 
Ba> Li> H > Sr. 

The supported catalysts based on HPA of W had maximum activity and 
selectivity in the process of ODM. The yield of C2H4 on the catalyst from 
[SiW12] - HPA salts depended on the nature of the cation in the salts and 
decreased essentially in the series of salts of the following elements: Mg > Ca > 
Na> Fe, H. 

Catalysts based on Mo and W HPC supported on aluminosilicate showed 
thermal stability on POMF (Mo - containing) and ODM (W - containing) 
processes at 650°C and 800°C, respectively, at long operation in the presence 
of water vapour. 

Study of the genesis of supported catalysts by X-ray spectroscopy, IR -
spectroscopy, electron spectroscopy diffuse reflection methods showed that 
under optimal conditions, at 2-30 % mass HPC concentration a part of 
heteropoly compound gets linked with the support, and stabilization of its 
structural fragments before 700°C (SiM012) and 800°C (SiW12) occurs. The 
reactive form of oxygen is easily regenerated at the moment of reaction in 
those structural fragments by the effect of reactive components (02, CH4, water 
vapour). 
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A NEW CATALYST FOR PURIFICATION OF WASTE GASES 

V.P.Sevostianov, R.I.Kuz'mina, S.Ye.Molina, 
S.G.Shcheglova, and L.P.Mukhina 

Saratov State University's Institute of Chemistry 
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Systems composed of metal plate supports with a composite 
covering are proposed as catalysts for purification of indust
rial and exhaust waste gases. 

A porous material (the Russian name FNS-5) containing iron. 
chromium and nickel, on which aluminium, copper, and extra nic
kel were applied, was used as a support . Aluminium was applied 
by means of diffuse fusion to obtain coverings connected with 
the metal backing most closely while copper and nickel were de
posited by means of impregnation of aqueous solutions of the 
corresponding salts [l]. 

To apply an aluminium layer on the support, our experience 
of aluminizing steel things by the contact method in solid-gra 
nular burying with an addition of ammonium chloride was used . 

The burying had the following composition: aluminium powder 
- 10%, aluminium oxide - 88%, ammonium chloride· 2%. The inert 
addition of aluminium oxide was necessary to prevent sintering 
of aluminium powder at high temperatures. Ammonium chloride was 
added to pickle the surface of aluminium powder and the covered 
surface in order to eliminate the effect of the oxide layer [2. 
3]. 

The catalytic activity of the obtained systems was examined 
on a running-type set under atmospheric pressure within 200-600 
~C with the volume velocity of gas within 800-5000 h- 1

• The mo
del gas mixture was proportioned from the average actual con 
tents of carbon monoxide, nitrogen oxides, and hydrocarbons in 
exhaust gases of automobile Diesel engines. 

Under these conditions, the elaborated catalysts provide the 
degree of carbon monoxide conversion from 40 to 100% within 350 
-600°C and the range of its content in the gas mixture from 1.5 · 
to 2.5 vol %. In the specified temperature range, the degree of 
nitrogen oxide conversion was 50-100% at the NOx content of 1.3 
-1. 5 vol % . 
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A study was made on pure-metallic plate catalysts modified 
by transition metal compounds. It has been shown that their 
high-temperature annealing (600°C) in air flow raises their ac 
tivity sharply, up to the activity of the deposited alumo-pla
tinum catalysts. At 450-550°C the annealed catalysts are even 
more active with respect to reduction of nitrogen oxides. 

This increase in activity is associated with formation of 
spinel-structure compounds (NiAlOx, CuAlOx, FeAlOx> on the ca
talyst surface . 

The results obtained show the developed catalysts on a plate 
metal support to be promising for purification of waste gases. 
Moreover. such properties as high heat conductivity, the abili
ty to be used as a convenient construction material and to form 
different composite structures on the surface, let these sys
tems simultaneously perform a double function, namely, as a ca
talyst and as a construction material for exhaust gas neutrali
zation for internal-combustion engines. 
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DEVELOPMENT OF METHODS OF TOP LA YER FORMATION ON 
DIFFERENT ALUMINAMEMBRANE SUPPORTS 
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It is known that the properties of membrane supports: the pore structure, 

defectness, gas permeability, etc. determine the properties of membrane. 

In the last 10-20 years alumina ceramic materials and articles are applied as 

membrane supports for membrane technologies. 

As shown previously [1,2], the porous structure of alumina ceramics can be 

controlled without using the burning out additives, but on the basis of variation of the 

properties of initial aluminum containing components and their correlation in extrusion 

mass. 

The properties of alumina ceramics as membrane support in the tube shape were 

discussed in [3] .. 

Single tubes on the base of alumina ceramics were used for the preparation and 

study of membranes. 

Sol of aluminum hydroxide with pseudoboehmite structure was used for the 

preparation of y-alumina top layer on the a.-AhO3 tubes. This sol formed during reaction 

between hydroxide and nitric acid serves both as binder and source of y-AhO3 after 

calcination. The results of experiments allow to choose the optimal preparation conditions 

for the formation of y-alumina top layers on the alumina ceramics tubes. These parameters 

include: concentration of anhydrous alumina in the sol; amount of HNO3; dipping time; 

number of dipping; drying and calcination heating rate. 

Structural characteristics of membranes were studied by SEM and TEM . 

The properties of prepared optimal membranes with y-AhO3 top layer are given in 

the Table. It is seen that the variation of synthesis procedure leads to the variation of 

thickness of top layer and to the change of pore structure of membranes. Properties of used 

ceramic tube support and y-alumina substrate as well as properties of membranes with 

other top layers studied are also given in the Table. 
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Properties of membrane tubes. Table. 

Size, mm Phase 
composition 

D0u1=lO SiC/a-Ah03 
Dinn= 5 

Dou1=lO SiC+Zr02/cx-Ah03 
Dinn= 5 

Dout = 5 a-AhOJ 
Dinn =2,5 (support) 

non-supported y-AhOJ 

Dout = 5 y-AhOJ /a-Ah03 
Dinn =2,5 

Dout = 5 C /a-Ah03 
Dinn =2,5 

REFERENCES 

SaET Pore structure Thickness 
m2/g · V101, Def, Porosity, ofmembr. 

cm3/g mkm % layer, mkm 

1.3 0,15 D1~15 35 5-15 
Di~0,3 

3.2 0,25 D1~15 50 15-20 
Di~O,O1 

3,2 0,17 0,16 40 

210 0,35 0,011 58 

5.7 0,23 -0,15 48 5-15 

8.1 0,28 D1~O,15 55 5-15 
Di~0,003 

1.R.A.Shkrabina, B.Boneckamp, P. Pex, H. Veringa, Z.R.Ismagilov, 
React. Kinet. Catal. Lett., 54. 181 (1995). 

2.R.A. Shkrabina, B. Boneckamp, P. Pex,H.Veringa, Z.R.Ismagilov, React. 
Kinet.Catal.Lett.,54.193 (1995). 

3 .Z.R.Ismagilov, R.A.Shkrabina, A.A.Kirchanov, A.A.Koryabkina, H . Veringa, 
P.Pex, React.Kinet.Catal.Lett. 1997, (in press). 
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CATALYTIC INFLUENCE OF COPPER TO THE IRON 
PHTHALOCY ANINE SYNTHESIS 

E.E. Sirotkina, A.P. Ilyin, T.A. Fedushak, V.S. Sedoy 
Institute of Petroleum Chemistry, SB RAS, Tomsk, Russia 

Metalphthalocyanines are well known owing to the semiconductor 
properties, high dying ability, catalytic activity in different reactions. 
The effectiveness of phthalocyanine application depends on the type of 
crystallographic modification, dispersity that, in its tum, is determined by 
the conditions of their production. Iron phthalocyanine (PcFe) can be 
synthesized at 300° C from phthalonitrile and ferrocene . 

The purpose of this study in the development of the method for the 
production of PcFe from l-amino-3-iminoisoindolenine (Is) and ultrafine 
Fe powders produced by electroexplosion of wire (EEW). At the 
production of powders there have been used iron and copper plated iron 
wires with the diameter 0.5 mm. The iron content was 99.9999-99.0000 
%, the value of the introduced specific energy was 0.8-1.0. In 
accordance with the RF A data the composite powders represent solid 
solutions of Cu in Fe and of Fe in Cu, intennetallides have not been found . 

The direct contact of the electroexplosion Fe powder with Is in the . 
DMF A medium at the boiling temperature of the solvent does not lead to 
the PcFe formation. At the same time, in analogous conditions PcFe is 
formed at the quantity yield. The reaction takes place through the 
formation of the soluble complex ( A =690 mn). At the complection of the 
interaction the metal copper is deposited on the reactor walls. 

The attempt to produce PcFe using the mechanic mixtures of 
electroexplosion Cu and Fe powders in the proportion I: 100 did not give 
the positive result. Probably, the conditions of the electroexplosion provide 
more intense dispersion and more close contact between copper and iron, 
therefore, the electrochemical mechanism of the phthalocyanine formation 
involving the galvanic couple Fe-Cu becomes possible /1/. 

References 
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compounds. Kishinev, 1990. p .13 7. 
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Nowadays there are no data on biological and chemical evolution as well as physical 

conditions proceeding on the Earth surface for the first 700-800 miHion years of its existence 

because of destruction of the primary crust under the geological processes and cosmic 

bombardment. At the same time ancient geological rocks dated as 3.5-3.8 billion years old 

manifest rather earlier spring of Life. The main difficulties of extraterrestrial synthesis of 

prebiotic ·molecules are the absence of the biotic organic forms discovered anywhere save the 

Earth as well as rapid destruction of complex organic molecules in Space. The property of 

homochirality as well as the thermodynamic problem 'from being to becoming' appear to be 

the most common ones for all the approaches to the sources of prebiotic molecules. 

These difficulties made us to suggest a new approach to the problem of sources and the 

origin of Life from the point of view of search and study of a global chemical reactor, where 

synthesis of prebiotic molecules took place. Our basic idea is that the whole dust-gas cloud, 

where and from which the planets of the Solar system were formed for 60 million years, was 

namely such a reactor. 

The Sol was born in a cloud for approximately I million years under the gravitational 

collapse. Therefore the energy and possibly the substance from the solar thermonuclear reactor 

came to the planetary nebula reactor. Abundance of chemical elements was supposed as a 

primary composition of the dust-gas cloud with H2, He and CO chief components. The dust 

seems to be composed mainly of particular metal ~mpounds of the 'iron peak' which appear 

to be the classic catalysts of synthesis of complex organic molecules from the most abundant 

reagents mentioned above. Taking into account the loss of H2 and He, we have found that 

more than 1 o28g of organic substance with regard to CO was incorpo;ated into the mentioned 

global organic synthesis. The appearance of more than 10I 8g of dry biotic substance on the 

Earth surface represents only a "fluctuation" at the space - Earth interface as compared to the 

above giant flows of organic compounds. Due to considerable predominance of H
2 

over other 
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substances, the reactions with formation of CH30H, CH20, NH3, HCN, hydrocarbons and 

other prebiotic molecules should prevail. Intensive mixing and separation of molecules at the 

rotation of accretion disk round the Sol, electric charges of the dust, availability of large scale 

electromagnetic fields, intensive solar irradiation, central and distributed gravitational fields, 

etc. provided the required conditions to make the state of the global chemical reactor far 

remoted from the equilibrium as well as generation of the "advantage factor" [l] for 

appearance of the molecular homochirality. These prebiotic organic and other chemical 

molecules appeared in a lot of ion-molecular, gas-phase, heterogeneous catalytic and other 

reactions. Computer simulation, lab-scale experiments and a verification made on the basis of 

some astrophysical and astrochemical data are the subsequent steps in the study on the sources 

of prebiotic molecules. 

The goal of our study on the first stage is to find the distribution of H2, CO, dust 

concentrations and substance accretion in the solar nebula, where Solar is presented as a 

singularity. Thus we intend to reproduce by a computer simulation the energy- and mass 

exchange in the heterogeneous chemical reactor of the solar nebula and to define the temporal 

changes of the chief macroscopic and thermodynamic parameters in the parasolar space at the 

initial stages of the solar system evolution. These parameters are found by a set of equations 

that manifest the main conservation laws for a two-phase medium with regard to the solar 

gravitational field . 

The results of the computer simulation of the dust precipitation toward the equatorial 

plane and formation of the protoplanetary disk at the dust-gas dynamics with a rotation are 

presentel The flow in the protoplanet disk is followed by development of a collective 

instability with respect to the medium fragmentation to separate macroscopic bunches. Such 

dust-gas bunches, being the future primary protoplanetary condensates, heat up under the solar 

irradiation and dissipation of mechanical energy. The above condensates become the centers of 

the catalytic synthesis of methanol and formaldehyde on the dust grains 

1. Avetisov, V.A. et al.: 1991, Physics Today. July, 33. 

362 



PPil-59 

HOMOGENEOUS CATALYST FOR EPOXIDATION OF OLEFINS WITH 
ORGANIC HYDROPEROXIDE 

G.A. Stozhkova, T.V. Nikiforova, S.I. Krykov, V.N. Leonov 
Yaroslavl State Technical University, Yaroslavl 150023, Russia. 

Transition metal compounds of V and VI groups of Mendeleev's table are 
used as catalysts of hydroperoxide epoxidation. Today generally accepted 
oppinion is that molybdenum-containing catalysts are the most active for this 
process. But "active" catalyst is not always selective. So, catalytic properties of 
molybdenum catalyst depend on ligands in coordination sphere of central atom. 
Therefore, a catalyst active and selective during the whole epoxidation process 
can be synthesized by purposeful exchange of ligand nature. 

Molybdenum catalyst modified by boron-containing substance is offered for 
olefins epoxidation with tertiary butyl hydroperoxide (TBHP) and cumene 
hydroperoxide (CHP). It is shown that this catalytic system acts best of all in 
epoxidation of easy polymerized olefins, for instance styrene. Thus, epoxidation 
of these olefins in presence of common molybdenum catalyst (temperature 100°C, 
reaction time 60 min) is characterized by hydroperoxides conversion less than 
80%, yield of styrene oxide 70%, the polymere yield based on styrene 20%. In the 
presence of boron-containing substance, CHP conversion achieves 85%, TBHP -
90%, yield of styrene oxide equal 80 and 85% accordingly. The yield of polymers 
decrease to 5 ... 8% (CHP) and 3 ... 5% (TBHP). 

The investigation of boron-containing substance influence the activity of 
molybdenum catalytic systems in styrene epoxidation (by CHP), on catalytic 
CHP decomposition and on styrene polymerization have been made. Phenol and 
acetone formation is the main way of CHP decomposition catalyzed by 
molybdenum complexes. The reaction has heterolytic nature. Curves of CHP 
decomposition have autocatalytic feature. Introduction of boron-containing 
substances decreases the initial rate of CHP decomposition and increases the 
finished hydroperoxide conversion. The main products of CHP decomposition 
are phenol and acetone. 

The influence of boron-containing substance on styrene polymerization 
(without CHP) in similar condition have been studied. It was defined that in 
presence of these substances styrene polymerization decreases from 40% to 7%. 

The kinetic study of model olefin octene-1 (unlike styrene this olefin is not 
polymerized) with CHP using molybdenum-boron-containing catalysts has been 
made. It was shown that octene-1 is not oxidized by CHP in presence of boron 
substance only (without molybdenum catalyst). And therefore boron 
compounds play role of modifier, but not of catalyst. Dissociation compiex 
constants K 8cHP, KMcHP, K 8oL, KMoL and epoxidation rate constant in presence 
of molybdenum catalyst and molybdenum-boron catalytic system have been 
calculated. 
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Constant Catalytic system 
molybdenum molybdenum-boron 

K 8cHP, mol/1 0.37 0.57 
KMcHP, mol/1 0.62 1.11 
K 8oL, mol/1 8.70 14.30 
KMoL, mol/1 14.69 27.82 

ko, s-1 126.33 320.00 
Thus, boron-contammg substance mcrease acid properties of molybdenum 
catalyst at olefins epoxidation by organic hydroperoxides. 
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THE ACID-BASE CATALYSIS IN 
THE BIOLOGICALLY ACTIVE COMPOUNDS SYNTHESIS 

Sulman E.M., Shkileva I.P., Sannikov O.B., Ankudinova T.V. 
Tver State Technical University, Tver, Russia 

Acidic catalytic reactions are quite widely used in the organic synthesis. The study of 
such reactions is of great theoretical and practical interest because the determination of their 
mechanism is a difficult problem and the reactions themselves are the stages of many 
processes. Two reactions lying in the base of important technological syntheses and 
catalyzed by acids are considered in the report - the allyll transformation of 3-
methylpenten- l-in-4-ol-3 to 3-methylpenten-2-in-4-ol-1 and hydrogenation of 9-(2,3,4-
trimetoxy-6-methylbenzoyl)nonane acid ethyl ether carbonyl group to methylene one. 

Cys-isomer of 3-methylpenten-2-in-4-ol- l is a semiproduct in vitamin A synthesis. 
It's obtained by isomerization of3-methylpenten-1-in-4-ol-3 . 

Nowadays the industrial isomerization of 3-methylpenten-l-in-4-ol-3 to cys
isomer is carried out in toluene medium with the addition of diluted sulphuric acid. The yield 
of primary acetylene carbinol is about 70%. It is known from the literature about the study 
of 3-m~ylpenten-1-in-4-ol-3 to 3-methylpenten-2-in-4-ol-1 allyl regrouping using petroley 
ether as an organic solvent in the presence of nitrogen and temperature influence ( 60-65 °C) 
during 1 hour. 

Catalyzed by solid acid method for 3-methylpenten-2-in-4-ol-l cys-isomer 
obtaining by ally! regrouping has been offered. Water has been the solvent and the yield 
of cys-isomer has reached 78%. The isomerization has been carried out in the presence of 
homogeneous and heterogeneous catalysts. The kinetics of isomerization has been studied. 

Liquid-phase catalytic hydrogenation of 9-(2,3,4-trimetoxy-6-methylbenzoyl)nonane 
acid ethyl ether (A1) carbonyl group to methylene one with obtaining of 10-(2,3,4-
trimetoxy-6-methylphenyl)decane acid ethyl ether (A2) is one of the stages of new 
technology for obtaining of 2,3-dimetoxy-5-methyl-6(oxydecil)l,4-benzochinone 
(idebenon) - the biologically-active compound, the field of medical application of which is 
connected with cerebrum functions disorders treatment. 

In the course of the experiments carried out the activative acid action at the process of 
A1 hydrogenation (the reaction doesn't take place without acids) and the influence of carbon 
support nature on the activity of Pd-catalysts used have been determined. The most active 
and hydrogenation selective in conversion of carbonyl group A1 to methylene 
was-4% Pd on the carbon material "Sibunit" support . 

• The solvent nature was determined to influence considerably on the reaction 
investigated: isopropanol has been found to be the best of the solvents studied. The process 
has been studied in the wide temperature, concentrations and hydrogen pressure intervals. 

The kinetics and physico-chemical investigations of catalytic systems and substrates 
have been conducted have permitted to suppose that both reactions are carried out by 
carbonium-ionic mechanism. 
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KINETICS AND MECHANISM OF SELECTIVE C-C-BOND CLEAVAGE 

IN THE CATALYTIC OXIDATION OF LIGNINS BY OXYGEN 

V. E. Taraban'ko N.M. Ivanchenko, E.P. Pervishina, 
B. N. Kuznetsov, D.V. Petukhov, I.I. Ilyina 

Institute of Chemistry of Natural Organic Materials SB RAS 
Akademgorodok, Krasnoyarsk, 660036, Russia 

Fax 7-(3912)-439342; E-mail VETA@NCHEM.KRASNOYARSK.SU 

Lignin is one of the main wood components. Its oxidation by oxygen is used in the 

processes of vanillin production and cellulose bleaching. In both cases catalysts are applied to 

increase selectivity of the processes. Several hypotheses on the mechanism of lignin oxidation 

were suggested the cleavage of carbon-carbon bonds by alkali-promoted retrograde aldol 

reaction; pathway beginning from the oxidation of benzylic group of lignin structure; oxidation 

via dioxetane formation. The origin and mechanism of catalyst influence on the selectivity of 

oxidation was not discussed practically. 

In the present paper the influence of catalyst, pH and temperature on the vanillin yield and 

the rate of oxygen consumption has been studied and a new mechanism of vanillin formation m 

the alkaline catalytic oxidation of lignins has been suggested. 

The experiments were carried out in a 0.1-liter stainless-steel shaken reactor at 110 - 160 ° C 

and partial pressure of 02 0.2 Mpa. Commercial Syas paper-mill (Leningrad region, Russia) 

fermented sodium-base spent sulfite liquor produced from softwood were used as substratum .. 60 

ml of mixture consisting of 180 g/1 solids of spent liquor, 120 g/1 NaOH, and CuSO4 solution 

were charged into reactor. Samples of reaction mass for the analysis of vanillin concentration 

were taken out through a special valve during the experiments. 

Some experimental data are summarized in Table 1. They indicate that the conditions affect 

the rate of oxygen consumption and the vanillin yield in the process by principally different 

pathways. Hence catalysts do not accelerate oxidation of substratum, but change the pathways of 

some intermediate conversion. To explain the results obtained we have combined the well known 

mechanism of catalytic conversion of hydroperoxides and oxyradicals in autooxidation processes 

and the data on quinone methoxide chemistry (see the scheme). According to scheme the 

reaction begins with dehydration of the lignin origin structural unit to styrene (I). Its oxidation 

with oxygen gives consequently the methomeric radical (II) and hydroperoxide (IV). The latter 

is reduced by Cu(I) to the oxyradical (V) with a subsequent fragmentation to the methomeric 

radical anion (VI) followed by oxidation into vanillate ion (VII). The mechanism suggested 

includes formation of radical anion (VI), which, according to the literature data on similar 
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Table. 1. The influence of catalysts and temperature on the initial rate of 0 2 consumption and 

parameters corresponding to the maximum of vanillin concentration. 

No 

1 
2 

3 

4 

5 

6 

7 
8 

9 
10 

Catalyst, g/1 T°C Initial 
g/min 

- - 160 0.094 
Cu(0H)i 3.24 160 0.110 

Cu(0H)2, 6.51 160 0.136 

Cu(0H)i 9.75 160 0.080 

Cu(0H)i 16.3 160 0.103 

Cu(0H)2 26.0 160 0.137 

- - !IO 0 018 
Cu(0H)i 9.75 110 0.050 

Ag0H, 12.5 110 0.042 
Cu(0H)2 9.8 + 110 0.092 

Ag0H, 12.5 

-o-1))-cH=1-R 

CH 3 0 OR' 

(I) 

(Ila) 

rate, Parameters for the 
02 maximum of 

vanillin yields 
[V], g/1 Time, Final 

min. oH 
6.5 60 9.7 
8.7 60 10.4 

11.3 40 9.8 

13.9 40 9.9 

14.7 40 10.9 

11.4 20 10.6 

5.4 70 -
7.7 70 9.9 

5.7 70 9.5 
7.0 90 10.0 

~ ·o~CH= 1 - R ~ 
CH30 OR' 

(II) 

(III) 

RH __. 
-R· 

CH 3 0 OH OOH CH-0)- OH 0 
_ ~ I I cu+ Q I I 

--. o -\Q/--cH-c-R __. -o CH-TR --. 

I OR' 
(IV) OR I (V) 

--. -0 i)>- ~H 

CH3 0 OH 

(VI) (VII) 

semiquinone species, could be rather stable. Radical intermediate with life time approximately 5 

min. has been registered in the process by ESR method. The value of the radical g-factor (g = 

2.0040) corresponds to the proposed structure of intermediate (VI). The structure of copper 

catalyst in solution is discussed. 
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FORMATION OF COPPER-, NICKEL-, COBALT-, AND ZINC-
, 

ALUMINA CATALYSTS PREPARED BY INTERACTION OF 

ACTIVATED ALUMINUM ALLOYS WITH WATER 

VJ. Yakerson. Zh.L.Dykh. A.N.Subbotin, B.S.Gudkov, S. VChertkova 

(N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 117913 

Moscow, Russia), 

A.N.Radin, E.A.Boevskaya, Z.A. Tertichnik, E.Z.Golosman 

(Novomoskovsk Institute ofNitrogen Industry, 301670 Novomoskovsk, Russia), 

R. G. Sarmurzina 

(Chemical-Metallurgical Institute, National Academy of Sciences of the Kazakhstan Republic, 

Alma-Ata, Kazakhstan) 

The catalysts distinguished by absence of non-controlled impurities, in 

particular of catalytic poisons, can be prepared by interaction of activated 

aluminum alloys with water. As source compounds there are used the aluminum 

alloys and the activators such as gallium and indium.- We investigated the 

formation of new generation of Cu-, Ni-, Co-, and Zn-alumina catalysts, prepared 

by the interaction of activated aluminum alloys with water, using the methods of 

thermal analysis (DTA-DTG), XRD analysis, adsorption, thermoprogrammed 

reduction, IR spectroscopy, and XPS. At the hydroxide stage there are formed the 

pseudoboehmite (PB) and bayerite (B). The ratio between PB and B dependson 

the temperature of interaction of alloys with water and on the concentration and 

nature of active components. Besides it, after the interaction of alloys with water 

we detected the phases of intermetallides (aluminides) of Cu, Ni or Co (but no 

Zn), metallic In, Al, Zn, and Cu, copper oxide, and zinc hydroxoaluminate. With 

an increasing concentration of active component (Cu or Co), the relative content 
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of bayerite increases while that of pseudoboehmite decreases. The PB phase 

predominates when the concentration of active component is low or moderate. 

After thermolysis PB and B transform. into various low-temperature 

modifications of AhO3, zinc hydroxoaluminate converts to solid solution ZnO

AhO3 with liberating of ZnO excess. In oxidative conditions the metallic In, Zn, 

and Co forms below 550°C In2O3, ZnO, and CuO, respectively. At the higher 

temperatures ( ~ 1000°C) m oxidative conditions the high-temperature 

modifications of AhO3 and aluminum spinels ( of Cu, Zn, Ni) are formed. In 

reductive conditions below 650°C In2O3 transforms to In, while Co3O4 and Co

containing compounds do to J3-Co; CuO and Ni-containing compounds change to 

Cu and Ni, respectively. 

On the example of Cu-containing catalysts it was shown that the 

concentration of In at the surface is lower than in the bulk. Unlike indium, gallium 

is distributed more or less uniformly between the surface and the bulk and cannot 

be revealed as a separate phase by XRD. 

Lewis acidity (revealed by pyridine adsorption) of activated Cu-containing 

catalysts is a function of the surface concentration not only of Cu, but In and Ga 

too. The catalysts with Cu, Ni, Co or Zn exhibit at hydroxide and oxide stages 

developed surface arear(l 00-300 m2/g) and diverse porous structures. The surface 

of these catalysts is rather thermostable and its specific area hardly changes 

within the wide temperature interval (120-600°C). With increasing of the content 

of various metals under consideration, the specific surface area of catalysts 

decreases similarly. 

The investigation was carried out under partial supporting of the Russian 

Foundation for Fundamental Researches (grant 94-03-08611 ). 
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PHOTOADSORPTION AND PHOTOCATALYTIC REACTIONS 

ON THE ALKALINE EARTH METAL OXIDES MIMICKING COMPONENTS OF 

TROPOSPHERIC AEROSOLS UNDER EARTH ATMOSPHERE CONDITIONS 

V. S. Zakharenko, V. N. Parman 

Boreskov Institute of Catalysis, Siberian Branch of Russian Academy of Sciences 

Novosibirsk 630090, Russia, E-mail; root@catalisis.nsk.su 

Tropospheric conditions are favourable to photoadsorption and photocatalytic 

reactions for several reasons [ 1]. Indeed, in the Earth troposphere, the intensity of solar 

radiation with wave lengths more than 300 nm is rather high, while concentration of solid 

aerosols, composed predominantly of insulator oxides Si02, Ah03, MgO, CaO and 

semiconductor oxides Fe20 3, Ti02, ZnO, Sn02, etc., exceeds 10·5 g/m3. The specific surface 

area of solid aerosols is more than 10 m2/g. Note also that high tropospheric concentration of 

oxygen and the presence of water vapours are favourable to photoadsorption and 

photocatalytic oxidation reactions. 

On the other hand, photoadsorption and photocatalytic oxidation have a negligible or 

even negative activation energy; it is known also that photocatalytic reaction can occur at very 

small concentration of an oxidizing component. For these reasons, photoadsorption and 

photocatalytic reactions can result in efficient decomposition or chemical transformation of 

most types of various compounds polluting the Earth atmosphere. 

Traditionally before performing experiments or using in various chemical processes, the 

surfaces of adsorbents and catalysts (including photoadsorbents and photocatalysts) are 

exposed to a rigid pretreatment of various kinds. It can be a pretreatment in vacuum, in an 

appropriate gas environ~ent, at a certain pressure and temperature, etc. with the purpose to 

obtain either reproducible results of other researchers or the maximum of adsorption or 

catalytic (accordingly, photoadsorption or photocatalytic) activity. It is essential that the rigid 

pretreatment of a surface may result in some sufficient changes of chemical composition of the 

adsorption layer, stoichiometry of the surface and near-surface layers. 

On the contrary, the aerosol particles in the natural atmospheric conditions are not 

exposed to any rigid pretreatment of the above mentioned types. So the state of their surface 
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corresponds approximately to the state of a surface oxide obtained in rather soft conditions 

after long-duration contact with air. 

In this work we studied an influence of illumination on the chemical interaction of some 

freons of the methane set (CFCh - freon 11, CF2Cli - freon 12, CHF2Cl - freon 22, CHF3 -

freon 23) and the ethane set (C2F3C'3 - freon 113, CH2FCF3 - freon 134•), and aiso CHCh and 

CH2ClCH2Cl with the surface ofMgO contacted with air for a long time. Note that magnesia is 

one of the basic solid aerosol components of the troposphere. 

The atmosphere exposed magnesia was found to adsorb light in the near-UV spectrum 

region (shorter than 400 nm) with a distinct band adsorption at 360 nm [2]; a magnesium 

hydroxylcarbonate diffusive reflection being the reference standard. After a long-time oxygen

vacuum treatment of MgO we observed neither photoadsorption of freons nor a band 

absorption at 360 nm. For pure MgO the red boundary absorption lies at 1 78 nm. 

The revealed absorption at 360 nm is retained after a long-time evacuation of MgO at 

620 K, resulting in the removal of "natively" adsorbed nitrogen oxide from a surface oxide. 

Therewith experiment shows the desorption of ca. 1 % monolayer of 2NO + N2, 10% 

monolayer of CO2 and one mono layer of H2O. 

It is established that under illumination an efficient nonreversible destructive 

photoadsorption of many mentioned freons takes place, the spectral dependencies of the 

quantum yield of the photoadsorption of the freons coinciding with the long-wave band 

absorption of magnesia. 

The performed studies suggest that the atmosphere exposed magnesia possessed a 

pronounced photoadsorption activity towards hydrocarbonaceous compounds containing 

simultaneously fluorine and hydrogen atoms. Most likely, the photoadsorbed freons cover the 

MgO surface replacing the lattice oxygen of magnesia by fluorine anions. 

References 
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PHYSICO-CHEMICAL PARAMETERS OF ORETO RIVER WATER AND · 

PHOTOCATALYTIC DEGRADATION OF ORGANIC POLLUTANTS 

DISSOLVED IN ITS WATER 

F. Anfuso\ V. Augugliaroh, R. Cerauloa, V. Loddo\ G. Marci\ S. Messina\ S. 

Natoli\ A. Orecchio8, L. Palmisano\ M. Schiavellob and A. Sclafanib 

aistituto Tecnico Industriale Statale "Ettore Majorana", Via Astorino 52, 

90100 Palermo (Italy) 

1nipartimento di Ingegneria Chimica dei Processi e dei Materiali, Viale delle Scienze, 

90128 Palermo (Italy) '"-' 

Oreto river is one of the source from which the city of Palenno derives its water 

supply. The river has been subjected in last years to a dramatic pollution due· to 

uncontrolled civil and agricultural activities. The present paper reports a systematic 

analytical investigation carried out on four sites and in different seasons. The main 

physico-chemical parameters that were detennined are: temperature, pH, dissolved 

oxygen (DO), specific conductance, COD, BOD5, concentration of nitrogen containing 

species (NH/, No2-, NO3), phosphorous, anionic surfactants. 

In particular, the temperature of the river ranged between ca. 8 and 23 °C, the pH 

between 7.5 and 8.5, the dissolved oxygen between 8 and 126 (saturation percentage), 

the specific conductance (detennined at 20°C) between 418 and 1248 µS-cm-1, the . 

COD between 2 and 640 mg-t1
, the BOD5 between negligible values and 130 ~g-i-1, 

NH/, No2- concentrations between negligible values and 38.1 and 8.5 mg-i-1, 

respectively, NO3- between 0.4 and 26.3 mg-i-1
, phosphorous (as P2O5) between 

negligible values and 14.0 rng-i-1, the anionic surfactants between negligible values and 

12.4 mg-J-1
. 

The significant oscillations observed were mainly due to the different flow rate of the 

river, depending on the season. It has been noticed that the highest values of the 

parameters above reported, i.e. the highest pollution level, was found in the vicinity of 

the mouth and of small villages and fields. 
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In order to prove the effectiveness of the photocatalytic method to degrade organic 

pollutants dissolved in actual aqueous effluents, some selected experiments were 

carried out in a commercial Pyrex batch reactor ( 1. 5 L) by using two different 

photocatalysts: a polycrystalline TiO2 sample Degussa P25 (mainly in the anatase 

phase) and a home prepared polycrystalline TiO2 sample. A medium pressure Hg lamp 

(500 W, <l>i = 19.3 mW·cm-2) immersed within the photoreactor was used and oxygen 

was continuously bubbled during the runs. The solid was suspended in the water 

samples withdrawn from the river and the total organic carbon concentration (TOC) 

was monitored at different time of irradiation of the suspensions. 

The photocatalytic method has been successfully used for the degradation of many 

organic molecules in heterogeneous aqueous systems in which polycrystalline 

semiconductors have been suspended and the potentiality of the method has been 

highlighted by several authors [1-2). Synthetic aqueous solutions of a large number of 

single pollutants or mixtures of them have been successfully treated but to-date only 

few studies dealing with actual aqueous effluents or reporting the scale-up of 

photoreactors for the remediation of polluted sites do exist [3-5]. 

The results obtained in this work showed that TOC (1.3-2.7 mg-i-1
) became virtually 

zero after ca. 7 hours of illumination and no significant differences were observed for 

the home prepared and commercial TiO2 specimens. 

[1] Aquatic and Surface Photochemistry, Helz G.R., Zepp R.G. and Crosby D.G. Eds., 

Lewis Publishers, Boca Raton, U. S .A 

[2] Photochemical Conversion and Storage of Solar Energy, Pelizzetti E. and 

Schiavello M. Eds., Kluwer Academic Publishers, Dordrecht 1991. 

[3] Turchi C.S. and Ollis D.F. J. Catal. 119 (1989) 483. 

[4] Marci G., Sclafani A, Augugliaro V., Palmisano L. and Schiavello M. J. 

Photochem. Photobiol., A: Chem. 89 (1995) 69. 

[5] Bockelmann D., Goslich R., Weichgrebe D. and Bahnemann D. In "Photocatalytic 

Purification and Treatment of Water and Air", Ollis D.F. and Al-Ekabi H. Eds, 

Elsevier, Amsterdam, 1993, pp.771-776. 
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CATALYTIC SYSTEM BASED ON HPCM FOR CLEANING ENGINE 
EMISSIONS 

Antsiferov V.N., Makarov A .M .. Filimonova I. V. , 
Kalashnikova M.J., Porozova SE., Karasik A .S. 

Research Institute of Problems of Powder Technology and Coatings 
at Republican Engineering - Technical Centre of Powder 

Metallurgy 
(RETC PM) 

614013, Perm, Russia 

From 1977 in RETC PM catalysts based on high porosity cellular 
materials (HPCM) are developed, in particular unique catalysts for 
convertion of fuel for supersonic flying apparatus and stabilization of gas 
environment in super-power laser were developed. Since 1990 were 
developed and passed through industrial tests catalytic systems for clearing 
gas exhausts from metallurgical and chemical manufactures, transport, 
power objects. In 1994 RETC PM carried out export de- livery of catalysts 
to Austrian firm "Chemi-Liriz" and for the first time in Russia and NIS 
received the certificate of conformity on catalytic convertor of engine 
emission . 

In 1995 an experimental party of 40 convertors of engine emission to 
automobiles ZIL-130 for municipal transport in Moscow was supplied and 
resource test in 150 thousand km of covered distance was completed by 
convertor of engine emission to the diesel engine of the automobile 
KAMAZ-5511 in Perm. 

In 1996 RETC PM carried out 2 contracts on delivery of pilot-scale 
samples of convertor of engine emission to carburettor engines for Japanese 
firm "Honda" and within the framework of joint work supplied filters
afterburner of soot and hydrocarbons in exhaust gases from diesel engines 
for Indian National Institute of Researches in the field of guards of an 
environment and Kharkov NPO named in honour of Malishev - the main 
producer of diesel engines in Ukraine. 

In 1996 at Kirov NPO ( Perm) catalytic set up developed in RETC 
PM with heating blocks from current-conductor HPCM for afterburning of 
engine emission from reactors, working in conditions of dynamic vacuum 
(1-10 millmeter of Hg) started to operate, that expanded opportunities of 
application catalytic afterburning of exhaust gases at low temperature and 
concentration of toxic organic compounds, and allowed to refuse from 
complex system for absorbtion of flying organic compounds, which put out 
of action working bodies of pumps and poisoning an atmoshere at industrial 
apartments. This catalytic system can find application at cleaning of 
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exhaust gas from chemical reactors, biochemical installations, in varnished 
manufactures, in fuel tanks, in furnaces for reburning wastes, installations 
for casting accordint to burning models, engines of internal combustion at 
cold start-up. 

At present at Perm enterprises the following systems for cleaning of 
gas emission in atmosphere based on HPCM are established: 

1. Joint-stock company "Kamkabel" - four-year operation of 
catalytic systems for reburning ejections from porcelain wires, replacement 
of import catalytic blocks and their regeneration. A degree of reburn is 90 
%. Cleaning of exhaust gases on chromate bay (clearing up to PDV of 
chromium anhydride) cleaning of exhaust gas in foundry site. 

2. Kirov NPO - cleaning up to extreme permissible exhaust 
emissions from manufacture "Akril" on filters-absorber, catching 
dioctylphthalate from manufacture of penoplen and oil-cloth on filters of 
exhaust gases, degree of cleaning is 60 %, reburning and catching of 
acrolein in emissions from vacuum pumps of chemical reactors in 
manufacture of pitches. 

3. Joint-stock company "Kamtex" - HPCM in systems of fire · 
barrier and catching filters of acids and alkalis aerosols . 

4. Joint-stock company "Velta" - pilot-scale catching filter of 
chromium anhydride from electrolytic manufacture. 

Experience of operation of systems for cleaning gas exhausts based on 
HPCM shows that quality of cleaning gases and the resource of work 
corresponds to the best world samples at smaller material capacity. 
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NO CONVERSION UNDER INFLUENCE OF OXYGEN FROM 

YBa2Cll306+x• 

Bolshakov A.M .• Rebeko A.G., Khmelevskaya L.V., Pavlik E.V., 

Buslaev Ju.A. 

Institute of General and Inorganic Chemistry RAS, Leninski prospekt 31, 

Moscow 117907, Russia 

The superconducting ceramic YBa2Cu3O6+x catalyzes NO reduction 

in the presence of oxygen excess [1 ]. The molecular oxygen in gas 

mixture allows even to rise NO conversion for another catalysts [2]. 

In the present work the catalytic NO decomposition (1 % NO, 99% 

02) on the ceramic YBa2Cu3O6+x (x=6,9 l for A-sample and x=6,68 for B

sample) is studied to reveal the role of its nonstoichiometric oxygen. It is 

found that there are two areas of oxygen thermodesorption for A-sample 

(with peaks at 500 and 630°C) and only one for B-sample (the peak at 

630°C). We believe that it is connected with different forms of weakly 

bonded oxygen. The NO conversion curve like the oxygen 

thermodesorption curves. The reaction goes according to 2NO->N2+O2 
stoichiometry. The start and finish of oxygen thermodesorption coincide 

with start and finish of NO conversion. It is obvious, that the 

nonstoichiometric oxygen escaping (Orlattice->O-ads.->O2) is a part of 

conversion process and provides the NO reduction and, probably , 

appearing of active centers due to the formation of new anion vacancies in 

ceramic studied . 
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Peculiarities of the Selective Reduction of NO with Alkanes in Presence of CO over 

Multicomponent Oxide Catalysts 

Tatyana N. Burdeynaya, Margarita N. Davidova, Leonid S. Glebov 

Industrial Ecology Department, I.M.Gubkin State Academy of Oil and Gas, 

65 Leninsky prosp. 117917 Moscow, Russia, Fax: + (095) 135 8895 

Valentin F.Tretyakov 

A.V.Topchiev Institute of Petrochemical Synthesis Russian Academy of Sciences, 

29 Leninsky prosp., 117912 Moscow, Russia, Fax:+ (095) 230 2224 

Selective catalytic reduction (SCR) as a method of reducing NOx content in 

exhaust emissions from both mobile and stationary sourses attracts intent 

attention nowadays in connection of using hydrocarbons as possible alternative 

reducing agents instead of toxic ammonia and its derivatives. Basic achievements 

in this field of ecological catalysis are connected with working out new zeolite: 

catalysts containing ions of differ_ent metals [1-3]. 

However, from our point of view, the investigations don't cover a wide 

field of commercial catalysts that don't relate to SCR process.We fill in this gap 

in our research where we investigated commercial oxide catalysts that don't 

contain neither zeolites nor noble metals. 

Peculiarities of redox reactions in the process of NO reduction with alkanes 

(CH4 or C3Hs) in presence or absence of CO were investigated over 

multicomponent metal oxide (Cu, Fe, Cr, Ni, Zn) catalyst (MC) in laboratory 

flow reactor with fixed-bed catalysts in a flow of N2. The catalyst was prepared 

from only commercial materials. Activity tests were carried out in a on-line 

tempe~ature range 200-500°C at GHSV range 10'000 - 17'000 h -1 with gas 

chromatograph ( Chrom - 5 ) and gas analyser ( TestTerm). The model gas 

mixtures contained 

(I) 400 ppm NO; 0.38 % vol. C3Hs; 3.8 % vol. 02; balance N2; 

(2) 300 ppm NO; 0.32 % vol. C3Hs; 0.34 % vol. CO; 3.2 % vol. 02; balance N2; 

(3) 400 ppm NO; 0.35 % vol. C3Hs; 1.0 % vol. CO; 6.0 % vol. 02; balance N2; 
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(4) 440 ppm NO; 0.047 % vol. CH4; 0.08 % vol. CO; 3.0 % vol. 02; balance N 2; 

(5) 290 ppm NO; 0.12 % vol. CH4; 0.05 % vol. CO; 3.8 % vol. 02; balance N2; 

Our results show that propane is more effective at nitric oxide conversion 

than methane over MC catalyst. In mixtures (2,3) containing propane the 

maximum conversion value is higher ( XNo ~ 73 %) than the same for the model 

mixtures ( 4, 5) containing methane(XNo ~ 32 %). 

Oxidation of hydrocarbons and CO to CO2 over MC catalyst run 

quantitatively at temperature ranges 350-500°C and 250-500°C accordingly. 

Adding CO into the mixture, containing C3Hg as a reducing agent, increases 

conversion of NO from 40 % (for mixture 1) up to 73% (for mixtures 2,3) and this · 

effect doesn't depend on concentration of CO in 0.34-1.0 % vol. range. 

Functions of conversion from temperature for NO, CO, CH, 02 are shown 

in Fig . I in comparison with the data received over Cu-ZSM-5-59 catalyst [3]. 

The upper results show that the multicomponent oxide catalyst has high activity 

and selectivity that translates to its high three-way performance. 
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Fig. I Conversion of NO, CO, HC, 02, as function of temperature over Cu-ZSM-

5-59 with propene (I) or propane(□) [3] and over MC catalyst with propane (0). 
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The multicomponent catalyst was examined for lean-burn NOx reduction 

in real exhaust gases of a gasoline engine with carburator without addition of 

supplementary reduction agents. Efficiency of decreases in content of toxic 

components in real exhaust gases consists NOx - 55 %, CH - 67 %, CO - 75 %. 
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Nitrogen oxides, in addition to SO2, are among the most common gaseous emissions 

which pollute the air and environment. Their source is essentially the thermal 

combustion of fossil fuels, various mechanisms are involved in their formation. The 

reverse reaction NO ➔ ½ N2 + ½ 0 2 , which is thermodynamically preferred, is however, 

nearly completely inhibited by the high activation energy. The modest yield can be 

increased if it is possible to lower the activation energy through the use of catalysts. 

Since the 1970s, increasing international effort has been directed toward the 

establishing of selective catalytic decomposition (SCD) on an industrial scale, as this 

mechanism is in principle superior to other nitrogen oxide control measures 1
. Currently 

the main objective is to produce catalysts with sufficiently high SCD ac\ivity which at the 

same time offer acceptable service lives on a laboratory scale. At the present, the fact 

that the associated mechanisms are largely unexplained is a major obstacle to 

developing catalysts for SCD on a fixed time schedule. 

Recently copper ion exchanged zeolites have been under investigation as catalysts for 

NO decomposition 2
. Following recent studies the catalytic copper species should be 

Cu(I) 3
, as fact which also was topic of our research. 

Although much work was done on kinetic studies, there is little known about the 

molecular properties of the catalytic process. Our aim was to investigate the molecular 

level of NO decomposition in order to evaluate the catalytic mechanism. 
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The work was done with the Gaussian 94 program, using mainly its OFT feature to 

determine structures and energies of intermediatessuch as Cu+-NO, ON-Cu+-NO, 

Cu+-ON and NO-Cu+-ON at a high level of theory. 

As reported in several publications 4 the Si/Al-ratio in ZSM-5 is of great influence to the 

catalytic activity. We also evaluated the effects of the zeolite environment on the 

stability of Cu(I). This work was done with semiempirical methods, because of the large 

number of calculated atoms. 

The results confirm the nature of the catalytic mechanism and the oxidation state of the 

involved catalytic sites. 

1 Proceedings of the US-Dutch International Symposium, Maastricht, The Netherlands, 1982, Studies in Environmental Science 21 , 

Ed. by T. Schneider and L. Grant, Elsevier, Amsterdam, 1982; H. Bosch and F. J. J. G. Janssen Catalysis Today4 (1988) 1. 

2 M. Iwamoto Studies Surface Science and Catalysis 54, .,Future Opportunities in Catalytic and Separation Technology", 

Ed. by M. Misono et al., Elsevier, Amsterdam, 1990, p. 121; J.-S. Yu, L. Kevan J. Phys. Chem. 98 (1994) 12436. 

3 M. Iwamoto Stud. Surf. Sci. Cata/. 60 (1991) 327. 

4 M. Iwamoto, H. Yahiro; K. Tanda .Successful Design of Catalysts", Ed. by T. lnui, Elsevier, Amsterdam 1988, p 219; 

A. Miyamoto, M. Kubo, K. Matsuba, T. lnui Comput. Aided Innovation· New Mater. 2, Proc. Int. Conf. Exhib. Comput. Appl. Mater. 

Mol. Sci. Eng., 2nd Meeting 1992. 
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The novel conceptions in application of dense fixed, moving and 
fluidized beds of granular catalysts-adsorbents for adsorptive-catalytic and 
thermocatalytic decontamination of volatile organic compounds (VOC) from 
industrial exhaust gases ai-e suggested. 

Some findings of theoretical and experimental research studies of 
mechanical, structural, and physico-chemical properties, micro-and 
macrokinetic adsorptive, catalytic and regenerative characteristics of 
heterogeneous low-percentage catalysts applied for decontamination of such 
typical industrial VOCs as alcohols, ethers, phenols, aldehydes, ketones, 
aromatic hydrocarbons and their mixtures in different concentrations and 
contents are reported. Basic results on fluid and solid dynamics, heat and mass 
transfer in fixed, gravity-moving, and fluidized catalyst beds functioning in a 
new gas cleaning equipment are presented. Correlations for calculation of the 
parameters under investigation are proposed. Fundamental results obtained in 
research were used as guidelines in the development of advanced industrial 
systems and equipment for VOC decontamination. 

The schematics are shown and operating principles of novel energy
saving (I) adsorptive-catalytic with gravity-moving, fluidized beds and 
pneumatic conveying system, (2) thermocatalytic · with a quasistationary 
fluidized bed, and (3) thermocatalytic with a fixed catalyst bed and deep 
intercyclic heat-recovery technologies of industrial toxic VOC decontamination 
are described. 

It is shown that at the optimal calculated design and operation 
parameters of the suggested VOC decontamination systems, their dimensions 
may be essentially decreased, high value of gas cleaning efficiency (up to 98-
100%) and thermal energy (heat) recuperation (up to 96%) are attained. 
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NEW COMMERCIAL CATALYST FOR 
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Catalyst is a factor certifyng the level of techn9logy for a phthalic anhydride production 

plant. It is obvious that the process equipment and auxiliary facilities should be able to use 

fully the catalyst employed. Protection of catalysts from thermal destruction or slow 

deactivation is a common problem for reactor designers and catalyst producers. Despite design 

limitations, especially referring to efficient heat exchange, increasing expectations from phthalic 

anhydride producers resulted in the solution of the problem. 

I. Reaction gases containing over 60 g/Nm3 of hydrocarbons cause no risk of catalyst's 

thermal destruction. Modelling a catalyst bed contributed to solving this problem 1
• Using of 

two catalyst beds of different activity specifications slows the reaction down in the reaction 

gases feed zone. Hence, the temperature of hot spot is lowered. The temperature profile along 

the catalyst bed reveals the second peak which is located in the catalyst's bottom layer. More 

uniformly distributed reaction rate did not reduce the overall yield of phthalic anhydride 

2. For economic reasons, the prevailing process solutions are those which assume 

complete conversion of a-xylene. Hence, the phthalic anhydride product is accompanied in the 

reaction outlet gases only by the products resulting from over -oxidation: maleic anhydride, 

benzoic acid, citraconic anhydride and carbon oxides. In this case, even the yield of phthalic 

anhydride is 75-80 % mo!., about 50 % of reaction heat is formed during oxidation of a-xylene 

to maleic anhydride and carbon oxides. Attempts to define the reaction network2 pointed to the 

new direct preparation of the catalyst with results: 

- increased selectivity to phthalic and maleic anhydrides; 

- decreasd selectivity to carbon oxides. 

Lower exothermic effect allows one to use very high concentrated reaction mixture and 

tC? increase production capacity of phthalic anhydride. 

1 MGalantowicz, "CHISA 96", Praha, Mapret 1211996, J. Novosad (ed). 
2 MGalantowicz andS.Karpinski, in EUROPA(:A! l!, BookAbstr., Maastricht, 1995, p.154 
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Instability of technological gas performance and fluctuations of its components contents 

are the main features of metallurgical off-gases that can lead to decreasing of their utilization 

efficiency. As applied to elemental sulfur recovery from sulfide roaster gases, the actual 

efficiency of Claus catalyst unit at Norilsk Copper smelter plant was investigated. The data set 

of a large-scale (35000 m3/h of feed gas) pilot catalytic converter survey that was performed 

during routine manufacturing of elemental sulfur in operation periods of 1993-1994 was used. 

The obtained results of measurements and their analysis show that the activity of the 

traditional alumina based Claus catalyst with grain size above 5 mm towards the recovery of 

elemental sulfur is low. Indeed, the experimental data show that elemental sulfur yield (about 

75 rel. %) is maximum at 250 - 280°C, whereas in line with equilibrium model, the highest 

yield is supposed to achieve almost 100 % at lower temperatures. The characteristic difference 

between the equilibrium model forecast and experimental data at temperatures below 280°C 

allows to identify the principal route and limitation mechanism of the process. 

The main reason for impairing of the activity towards the recovery of elemental sulfur 

from both hydrogen sulfide and sulfur dioxide is the catalyst aging by sulfation that occurs 

mainly because of stoppages. Using data sets on catalyst converter survey, we have found the 

catalyst activity increases from O to 90 % of maximum activity during 10 hours of continuos 

operating on line. Thus fact can be interpreted as an evidence of the catalyst regeneration in the 

reduced sulfide gas environment. 

The available statistical data on malfunctions make ti possible to estimate the elemental 

sulfur yield losses because of catalyst sulfation. It was found that in practice the mean yield of 

elemental sulfur in real metallurgical off-gas utilization processes is one-third or one-forth less 

than in non-stopped one. 

Another significant result of our investigations is that when real catalysts are employed, 

the effect of the reducing agents to oxidants ra!io in feed gas on conversion coefficients of 

H2S, CO, COS, H2, SO2 is negligible in comparison with the agreed-upon opinion. This fact, 
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form our point of view, is a result of kinetic limiting conditions due to the low activity of the 

real catalyst. 

By using varying intervals between sampling (the method of varying sampling frequency) 

the spectral power density of fluctuations of concentrations for the main components of 

technological gas in the frequency range 1 o-s - 10-2 c/s was measured. Basing on the spectral 

density measurements and our empirical model for conversion coefficients as functions of 

technological gas composition, we arrived to a conclusion that there is no need in designing 

and using a special monitor and adjustment system to control the feed gas (metallurgical off

gas) composition. 

Generally the results oflarge-scale pilot catalytic converter survey show that the catalytic 

activity diminishes greatly under unsteady operating conditions, for example, in the studied 

case of metallurgical off-gases utilization technology. 
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Introduction 

The industrial catalyst for oxidation of S02 is in the oxidized state well described by 
the model system K2S201-V 20s. It has therefore been of great interest to investigate 
this system in order to establish the phase diagram and identify the compounds formed 
in the melt. At rather low vanadium concentrations the phase diagram was established 
by using electrical conductivity and DSC. However, at higher concentrations this was 
very difficult due to the dark colour and high viscosity combined with ability to form 
glasses in stead of crystalline compound in the V 20s rich side of the phase diagram. 
Only recently it was possible to measure the liquidus temperatures in this concentration 
interval by recording 39K high temperature NMR spectra at several temperatures for 
each composition. By plotting the line width versus the temperature two almost linear 
region were found and the intercept taken as the liquidus temperature. 

During operation the catalyst is partially reduced to V(IV) by S02 which at tempe
ratures below around 430 °C precipitates into crystals like Ki(VO)J(S0 4)s . However 
very little is known about the V(IV) complexes in the liquid state. In order to 
investigate the V(IV) complex formation a potentiometric cell has been constructed to 
measure the sulphate coordination to V(IV) in. 'the liquid state. 

Results 

The phase diagram of K2S201-V 20s is presented in figure I. Two compounds are 
formed at X(V20s) = 0.25 and 0.33 . Additional crystallographic work has shown a 
compound is formed at X(V20s) = 0.5. The melting points are 352 °C, 398 °C and 425 
°C respectively. The compounds may be formulated as K3 VO(S04)3, Ki(V0)20(S04)4 
and KV02S04. Three eutectics are found at X(V20s) = 0.17 (melting point 314 °C), 
X(V20s) = 0.27 (melting point 348 °C) and X(V20 5) = 0.39 (melting point 366 °C). 
This phase diagram deviates significantly from diagrams published by others1

•
2 where 

only one eutectic has been found and with peritectics and no maxima. These diagrams 
are however made by thermal methods which are not reliable due to the glass forma
tion. 

A potentiometric cell consisting of two chambers separated by an electrical conducting 
sintered glass filter disk was constructed. The measuring chamber contained K2S20 7 

almost saturated with K2S04, the reference chamber contained K2S20 7 completely 
saturated with K2S04. Small crystals of V20s was added to the measuring chamber in 
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an atmosphere of 1 bar of S02• The potential was measured with a 6½ digit multi
meter (internal resistance> 10 MO.). The coordination number defined as number of 
sulphate ions coordinated per vanadium atom is plotted versus p([Sol·]). The curve 
approaches a coordination number of 1.5 for increasing sulphate concentration. This 
result is consistent with the following reaction: 

V205 + s2ol" + s02 +sol·= 2vo(S04)/· 
VO(S04)/" + sol= VO(S04)t 

An EPR spectrum recorded on the sample at highest V concentration (0.075 M) at 450 
~C confirmed that V(IV) indeed is a monomer complex. 
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Figure 1. Phase diagram of the K2S20-r-ViOs system. 
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Figure 2. Coordination number of SO/ to V(IV) at 450 °C, C(V) < 0.075 M 
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At nuclear material processing plants in Russia and the USA there are large 

quantities of accumulated mixed organic wastes of complex composition containing 

industrial and vacuum pump oils, used extractants and their solvents and various 

hazardous organic compounds contaminated with uranium, plutonium and their fission 

products . These wastes represent a threat to the environment upon their storage and 

treatment because of the combination of inflammability, explosiveness, toxicity and 

radioactivity. Development of environmentally clean technology for destruction of these 

wastes is an urgent problem. The method of high-temperature flame incineration is 

hazardous for the environment becau~e it leads to secondary waste streams and 

generation of sub-micron radioactive particles emitted into the atmosphere. 

At Boreskov Institute of Catalysis (BIC) a method of environmentally clean fuel 

burning and destruction of hazardous wastes using flameless catalytic fluidized bed 

combustion has been developed [I, 2]. A unique feature of this method is the possibility 

of total oxidation of organic compounds in stoichiometric mixtures with air at low 

temperatures (600-750°C) to prevent thermal NOx formation. This technology was 

tested in pilot and prototype plants for combustion of various fuels and organic wastes, 

including spent scintillation fluids . The tests revealed the following main advantages of 

the proposed waste incineration technology: high efficiency of waste destruction; 

suppression of the formation of pollutants (NOx, CO, HC); elimination of secondary 

waste streams. 

We have initiated the project "The development of technology of catalytic fluidized 

bed destruction of mixed organic waste containing radionuclides'' in cooperation with a 

number of nuclear processing enterprises of Russian Ministry of Atomic Energy 

(Minatom) [2-5]. The purpose of the project is to develop a new, environmentally 

safe process of destruction of mixed wastes and create a prototype demonstration plant · 
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with a capacity of 50 t per year at the Plant of Chemical Concentrates in Novosibirsk. 

The other institutions participating in the project are nuclear material processing plants 

in Tomsk-7, Krasnoyarsk-26, Krasnoyarsk-45 and Angarsk, and foreign collaborators 

from USA, UK and France. 

Initially the experiments on catalytic destruction of model mixtures representing 

mixed wastes from nuclear material processing plants were carried out. For this purpose 

the experimental setup was built at NGPII VNIPIET for the study of simulated waste 

· catalytic oxidation and purification of exhaust gas from acid gases and dust particles. It 

includes catalytic reactor, cyclone, jet scrubber, two absorber-condensers and aerosol 

filter. At the BIC efficient catalysts were developed, and catalyst batches were 

manufactured for the joint studies of waste catalytic destruction in this installation. The 

experiments on fluidized bed destruction of various oils (Al-50, VM-4 etc.) and 

tributylphosphate solution in hydrocarbon solvents, supplied from nuclear material 

processing plants were carried out. The experiments showed high efficiency of waste 

destruction. Environmentally clean flameless catalytic oxidation combined with efficient 

gas cleaning system provided low concentrations of pollutants in the exhaust gas . The 

process optimization allowed to bring down the concentrations of NOx to 5-30 ppm, CO 

to 1-20 ppm and SO2 to 1-10 ppm. The tests.carried out on the experimental setup at the 

Plant of Chemical Concentrates confirmed high efficiency of the method of catalytic 

fluidized bed combustion for destruction of real radioactive wastes of the Plant. 

Basing on the results of these experiments technological scheme and design 

documentation of the demonstration plant for mixed waste destruction were developed. 

Currently the construction of the plant is in progress. 
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Copper-titania oxide catalysts are active in reactions of deep oxidation and 

selective catalytic reduction (SCR) of NO by ammonia. It was shown that the 

activity of the catalytic system depends on the nature of impurity in parent titania. 

There are two main industrial ways to prepare Ti02: sulfuric acid treatment and 

chlorination of titania-containing raw materials. As a result of these ways of 

preparation Ti02 contains either S04 
2

- or er anions. According to literature data 

impurities of those in Ti02 influence distribution of acid-base sides of anatase 

surface. 

The aim of the work was to study the influence of titania modifying by er 
and S04 

2
- ions on properties of Cu-Ti-0 catalysts. It includes study of acid-base and 

adsorption properties of modified carriers and catalysts, states of copper ions in 

catalysts and catalytic activity at SCR of nitric oxide by ammonia. 

Impregnation of anatase by copper nitrate, chloride or sulfate solutions and 

adsorption from copper-amino complex were used to prepare the catalysts. The 

carriers were pure titania or one specially modified by chloride or sulfate ions as 

well as industrial samples prepared via sulfate or c}iloride technologies. 

Adsorptive and acid-base properties of carriers and catalysts surface were 

studied by IR-spectroscopy and TPD of CO, NO, NH3 used as test molecules. 

Interaction of er ions and· Ti02 was shown to block strong Lewis centers 

completely. According to NH3 adsorption data Bronsted acid sites were found out at 
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introduction more then 1 wt. % of er ions in the carriers. The coordination of 

sulfate adspecies with anatase depends on a concentration of sulfate ions on 

surface. Finally as the SO/ concentration increases the formation of a phase of 

titanyl sulfate occurs. It was accompanied by growth of Lewis and Bronsted acid 

sites. The introduction of er and So/· ions influences spectra TPD of NO 

variously. In the case of chloride ions the bond strength of NO with titania surface 

was decreased. At the presence of sulfate ions on titania surface new high

temperature peaks were observed in TPD spectra. 

States of copper ions in catalysts were studied by diffuse-reflectance UV-VIS 

spectroscopy, TPR by H2, X-ray analysis, ESR. The described changes of surface 

TiO2 properties at introduction of the anion additives was shown to be reflected in a 

specific interaction of the modified carrier with copper salt used and in catalytic 

properties of catalysts synthesized. Various states of copper ions on titania surface 

were described and its contents were appreciated. 

The introduction of chlori~e anions at · synthesis of catalysts reduces a 

catalytic activity at SCR of NO by ammonia within the temperature interval (150-

. 400°C). Modifying of the initial carrier by so/· ions decreases the activity of the 

catalysts in the low-temperature region (150-200°C) but increases it in the high

temperature one (250-400°C). The · catalysts synthesized by above mentioned 

technique are stable to poisoning sulfur oxides. 

Thus various influence of sulfate and chloride impurities on acid adsorptive 

property as well as on catalytic activity of Cu-Ti-O catalysts has been shown. 

Multiformity of copper ions states and their relative content was shown to depend 

on contents and nature of anion additives as well as concentration of copper salts 

and method of catalysts preparation. So the knowledge received enable to synthesize 

new catalysts with required properties. 
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Several kinds of fuel and tail gases contain H2S that must be separated to satisfy 

the sanitary and technological demands. Selective oxidation by 02 to sulfur is the most 
desired way to purify of gases from H2S. But in some cases especially for detoxication of 

waste gases containing toxic organic and sulfur organic substances complete oxidation 

to CO2 and SO2 is suitable method for gas cleaning. 
In both cases of deep and selective oxidation, the sulfation of the surface of 

catalysts is the main reason of reduction of the activity, surface area and mechanical 

strength. The formation of metal sulfates is detected by XRA, XPS and chemical 

analysis of samples of catalyst treated in the atmosphere containing oxygen and sulfur 
compounds. Mixed oxide catalysts were found more stable against sulfation. Copper 
chromite in the form of spine! demonstrates good stability in both cases and don't loose 

greatly its potential during long time experiments. 
By selective oxidation of H2S to sulfur in the temperature range I 20-200°C the 

fall of the activity of catalysts takes place due to the adsorption of sulfur on the surface 

of catalysts. The catalyst may be regenerated to initial activity by evacuation of sulfur in 
different ways. By use commercial chromite catalysts (IKT-12-8 K-16U) it is possible to 

oxidize H2S without visible oxidation of hydrocarbons, that is important for 

purification of natural gas. 
The choice of catalyst of high selectivity to produce sulfur shows that typical 

catalysts of deep oxidation demonstrate high activity in H2S oxidation, but low 
selectivity. According to the Boreskov's conception oxide catalysts contain surface 

active oxygen bound with ions of transition metal in high oxidation state. This oxygen 
is responsible for oxidation catalyst activity. In the case of H2S, the interaction with 

such oxygen gives SO2 and SOJ molecules. As it was noticed by operations with V2O5-

catalyst partial removal of active oxygen increases the selectivity of sulfur production. 
Possibility of 2 regimes of reaction yielding sulfur or SO2 was shown. Periodic changes 
of parameters may be registred in the course of time. The mechanism of oscillations 
may be connected with the competitive processes of sulfur and oxygen adsorption on 
the surface of catalysts. On the base of laboratory and pilot scale experiments of H2S 

oxidation some recommendations are given for technological applications of the 
processes. 

Acknowledgment. The authors are grateful to Russian Fund of Fundamental Research 

(Grant No 96-03-33660) for the support of this work. 
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It is known that industrial catalysts of oxidative cleaning of exhaust gases 
of benzene and diesel engines contain palladium. Due to increased 
requirements to the cleaning of gases from hydrocarbons, improvement of 
SPAK-0,5 (0,5% Pd) palladium catalyst supported on granulated alumina 
has been carried out using teta-AhO3 as a support, palladium acetate as a 
starting compound, impregnation in a flow-circulation apparatus from 
toluene solutions with addition of acetic acid and its salts. Optimal 
conditions of synthesis of catalysts with a decreased content of palladium 
(0, 1-0,2%) have been determined: the palladium concentration in the 
impregnation = 0, 19-4,37 g/1; the mole ratio of palladium acetate to acetic 
acid = l :(0,25-3,3); the circulation rate of the impregnating solution = 
25-100 h· 1 with the subsequent drying in nitrogen and reduction in a 
nitrogen - hydrogen mixture or heating in air at 300-400° C. Compared with 
SPAK-0,5 the above catalysts provide better cleaning of exhaust gases from 
CO (89-97%) and hydrocarbons (62-86%) at ratio of air: fuel ~ 0,96 under 
thermal cyclization conditions on a panel within 80h (1,2]. 

With the new method of preparation, Pd and Pd with Co (in the mixed 
catalyst) are uniformly distributed to 0, 1-0,25 mm (in Pd/AhO3) and 0,4-0,5 
mm (Pd-Co/AhO3) depth which does not change on high-temperature 
heating (900° C, 25 h in air). 

The pilot technology of Pd catalysts has been implemented on the 
equipment of the Katalyzator Company. 

The electronic state, dispersity, and morphology of palladium particles 
and palladium structure as well as resistance to sulfuric anhydride has been 
studied by EXAFS, XPS, TPR, IR, electronic microscopy and X-ray low
angle scattering methods. It is shown that with the new method of 
preparation on the supp~rt surface there from clustw particles of Pd(O) 
uniform in size (40-60 A for Pd/AhO3 and < 20 A for Pd-Co/AhO3), 
different from SPAK-0,5 (impregnation by Na2PdCl4 solution + ethanol, 40 
to 120 A Pd particles). Those particles do not aggregate due to their surface 
oxidation with formation of associat~d polyhedra of PdO4 with a reduced 
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(2,70-2,74 A) Pd-Pd distance and, perhaps, mixed palladium and cobalt 
oxides. This creates active sites on the support surface for simultaneous 
activation of oxygen (PdO or mixture of Pd and Co oxides), carbon 
monoxide (Pd(O)) and a double propylene bond (Pd-Pd). 

Introduction of cobalt into the catalyst hinders the formation of sulfates of 
active elements and aluminium causing poisoning of catalysts [3,4]. 
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Coal desulfurisation - some models for organic sulfur removal 

William R. McWhinnie, Karanbir Badyal, and Margaret M. T. Wright 
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Catalysts for the hydrodesulfurisation of oils are well established but 

relatively little is known of the mechanism by which they operate. The 

organic desulfurisation of coal presents an even greater chemical and 

practical challenge. 

It is believed that the bulk of organic sulfur in coal is present within 

"benzothiophenic" and "dibenzothiophenic" environments. It is known 

that there exist metal complexes which can actually desulfurise thiophene 

under mild conditions, but the reactions of these materials with benzo

and with dibenzothiophene do not proceed to the desulfurisation stage. 

Investigations with compounds containing other group 6 elements (Se, 

Te) suggest that the difficulty presented by the more condensed thiophenes 

is thermodynamic rather than mechanistic in origin. 
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Catalytic methods of removal of low concentrations of VOC have a serious 

drawback - a considerable energy consumption for heating a gas mixture to maintain a 

required temperature in a reaction zone. Ozone-catalytic process is most economical on a 

large-scale purification of low-concentration gas exhausts. The reason is that the ozone 

amount which should be supplied to a reaction zone is proportional to the VOC coqtent in the 

gas phase, while in conventional catalytic oxidation (at :;l ight adiabatic heating) energy 

consumption for gas heating is proportional to the total gas volume. Therefore a development 

of the method of deep ozone-catalytic oxidation of VOC, permitting a sharp decrease in 

operation temperature, is of great practical importance. The process holds much promise, 

since owing to the extraordinarily high chemical activity of ozone the temperature threshold of 

catalytic oxidation of organic compounds significantly decreases. 

We have studied the process of deep catalytic. oxidation of hydrocarbon vapors by 

ozone over a mechanically activated copper (II) oxide catalyst ICT-12-9 promoted by 3-5% 

mass. Al2O3 (specific surface is 30±5 m2/g), not containing noble metals. Studies have 

shown that at the initial aromatic-hydrocarbons concentration up to 150 mg/m3, process 

temperature 40-60°C and GHSV of 10000 h-1 the oxidation degree is no less than 94%. The 

catalyst is highly active in dry and moderately moist gases. 

Using a chromatographic mass spectrometer it has been established that under above 

conditions a deep hydrocarbons oxidation by ozone over ICT-12-9 yields no intermediate 

products. 

The ozone-catalytic oxidation of toluene vapors shows that the rate of the process 

performed at 60°C is equal to the rate of the conventional catalytic reaction carried out at 

225°C. Thus, using ozone permits one to decrease the process temperature for about 200°C 

under the same reaction conditions, which is of great importance for practical application of 

the process. 
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The direct proportional dependence of conversion on the residence time indicates a 

zero order of the reaction. This is explained by the strong toluene vapors adsorption on the 

catalyst surface at low temperatures. Using a zero-order equation for a reaction, the rate 

· constants for the ozone-catalytic oxidation of toluene were calculated from the experimental 

data: the activation energy E=l4050±1070 J/mol, pre-exponential factor k0 =62.87. 

Most industrial off-gases are multicomponent, which is caused by using complex 

solvents and mixing of gas exhausts from various technological processes in the same 

ventilation system. 

To reveal the regularities of oxidation of hydrocarbons of various types oxidation of 

both individual components and their mixtures have been studied. Oxidation of the acetone

toluene vapors mixture was performed at T=6o0 e, gas humidity of 9 g/m3
, GHSV =10000 h-1 

and ozone concentration of I 000 mg!m3. 

The positive results of the laboratory studies of the ozone-catalytic oxidation of 

organic-compound vapors over a copper oxide catalyst IeT-12-9 were used in the design of a 

pilot installation OKA-3000 of 3000 m3/h capacity for the "Sever" Production Incorporation 

(Novosibirsk). 

For efficient performance of ozone-catalytic voe oxidation, the developed catalytic 

reactor with separate ozone introduction into each catalyst layer was used. 

Placement of various catalysts in the adjacent sections permits detoxication of a • 

variety voe. Moreover, the catalyst in the last section may be used for ozone 

decomposition. A distinctive feature of the OKA-3000 installation is the presence of a passive 

element - adsorption dampher which is a layer of sorbent functioning under isothermal 

sorption-desorption regime. This approach leads to a sharp diminishing of fluctuations in 

voe concentrations of .the inlet to the ozone - catalytic reactor and, consequently, to 

reduction of ozone waste. The setup advantages.,include relatively low process temperature, 

low energy consumption, possible oxidation of gas mixtures or selective oxidation of 

individual component, efficient operation with variable initial concentrations, possible 

purification of moist gases, and no emission of unreacted ozone. 
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THE LIQUID CATALYTIC METHOD "SLP" FOR PURIFICATION 
OF INDUSTRIAL GASES GONTAI~'lNG TOXIC COMPOUNDS 

Z.P.Pai, A.Yermakova, O.K.Alanalova 
Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 

The nature-destroying character of industrial development has 
made scientists unite and work out the conception of so-called 
sustainable development. One of the requirements of this conception 
is environmental protection. So, the survival of mankind cannot be based 
on the existing technologies. 

A number-of-years study of our researchers culminated in the 
method-SLP (Simultaneous liquid purification), which provides a basis 
for the technologies meant for the purification of industrial gases from 
SOx, H2, HCN, As2O3 and NOx. 

The method was originally designed for cleaning "tail" gases of the 
Claus plants. 

Unlike conventional absorption-reduction methods, the SLP 
process provides the Claus reaction in the liquid phase in the presence 
of a homogeneous catalyst. 

Usually an up-lifting gas bubbler is used for chemisorbing SO2. 
and H2S from gases using the solution of ammonium phosphates and 
thiosulfates at T=20-60°C, pH = 6.5-4.5. H2S : SO2 ratio in the gasses 
supplied should range from 1.5 to 4.0. 

Later, three versions of the SLP technology were suggested for 
processing the metallurgy gases [1]: 
SLP-2: sulfur recovery from "low-concentration" sulfur containing gases 
( <3.5 vol.%); 
SLP-3: complex processing of "low-concentration" and "high
concentration" sulfur containing gases to produce sulfur; 
SLP-As: complex cleaning of gases containing sulfur and As2O3 to 
produce sulfur and arsenium sulfide (III). 

To process acidic gases (H2S + CO2) produced by the coke
chemical and petrochemical manufactures, we suggest the SLP-COKE 
technology [2]. For the processing of acidic gases containing HCN, 
the method allows one to convert HCN absorbed into ammonium 
rhodanide under particular conditions of Claus reaction in the liquid 
phase. The application of this method is limited by the capacity of 
sulfur producing plant. Unlike conventional gas-phase Claus processes 
the technology becomes profitable if the plant capacity is below 15 
thousand ton of sulfur per year. 
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The latest version of the technology is SLP-HPP (Heat power 
plant) which allows a complex cleaning of flue gases from SOx and NOx 
[3] . 

For all versions, the commercial products obtained allow one to 
return current operation expenses, while for plants processing the acidic 
gases (H2S + CO2), the production of sulfur will return the capital 
expenses in 2-3 years. 
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The certain metallurgical slags have a high content of transition metal oxide 

compounds (Mn, Fe, Cr, V, Ti). Slags are characterised by a high thermostability, 

mechanical strength and low cost. These reasons allow to consider the metallurgical 

slags as· raw materials for gas-phase oxidation processes catalysts preparation. 

Catalytic activity of slag depends on itschemical and phase compositions and 

process for application selected. Because of low specific surface area of the slags and 

including of the transition metal ions in the thermodynamically stable silicates the 

original samples have poor catalytic activity. 

With the aim to increase the catalytic activity slags were treated by aqueous 

solutions of mineral and organic acids. The interactions between different phases of 

slags and solvent used take place with a different rates. The specific surface area, 

chemical and phase compositions of the slags 

solving" and catalytic activity increased sharply. 

changed as a result of "differential 

After pretreatment by acid solution metallurgical slags were promoted with cobalt, 

copper and chromium by impregnation of the samples in aqueous solutions of 

appropriate salts. During thermal treatment of the samples the interaction between 

promoters and active components of the slags can take place. 

Original (I), acid treated (II) and promoted (III) slags were teste_d as catalysts for 

different processes of deep oxidation. I and II - for high temperature fuel combustion 

and for the process of fuel gases purification from soot. II - for gas-phase naphthalene 

purification by catalytic oxidation of the more active admixtures (in the process of 

"precontact" production of the phtalic anhydride) ; for high temperature exhaust gases 

403 



PPII-78 
purification from CO and organic compounds. III - for purification of exhaust gases 

from polycyclic aromatic compounds in the processes of cable and phtalic anhydride 

production and coal tar and coal pitchcoke plants. 

The data on catalytic activity of different slag catalysts are present in the Table. 

Tabie. 

The temperature (0 C) of the 100 % -conversion on the various types of slag catalysts. 

(fixed bed reactor, 1 % vol. in air, SV 10000 h"1
) 

Catalyst 2-methylnapthalene o-xylene co 
I 850 500 700 

II 520 450 - 500 

III 400- 420 400 - 420 220 - 280 

The slag catalysts posses a very good thermostability and mechanical strength, they 

are less expensive in comparison with the ordinary catalysts of deep oxidation 

processes. 

Production of slag catalysts is organised on AO "ZAPSIB". 
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PHOTOCATALYTIC TREATMENT OF PAPER PULP BLEACH 

EFFLUENTS 

M. Perez, F . Torrades 
Departament d'Enginyeria Textil i Paperera, ETSEI de Terrassa, UPC, 

c/Colom, 11, 08222 Terrassa(Barcelona), Spain 
X. Domenech and J. Peral 

Departament de Quimica, Edifici Cn, Universitat, Autonoma de Barcelona, 
08193 Bellaterra(Barcelona), Spain. 

Heterogeneous photocatalysis, one of the so called Advanced 
Oxidation Processes (AOP's), has been tested as a method for treatment of 
paper pulp bleach effluents. The manufacturing of paper pulp generates 
heavily polluted waste waters containing high levels of TOC (total organic 
carbon), AOX (adsorbable organic halides) and color. The destruction of 
such contaminants by conventional biological methods is not well 
developed. 

On the other hand, the AO P's are based on the generation of hydroxyl 
radicals (HO), very powerful oxidizing species which are able to promote 
complete degradation of any organic to CO2. Photocatalysis uses powdered 
semiconductors (Ti02, ZnO, Fe203, CdS, ... ) and near-UV to generate highly 
reactive hole-electron pairs which are the responsible for HO production. 

Remarkable decreases in TOC, AOX, and color levels have been 
obtained when irradiating synthetic and real samples of paper pulp bleach 
effluents in presence of Ti02, a safe (non-toxic), stable and non-expensive 
material. The kinetics of the photocatalytic process follows a zero order rate 
equation as expected for and heterogeneous catalytic reaction governed by 
the Langmuir-Hinshelwood mechanism in presence of a large concentration 
of reactants. Other parameters like temperature, initial TOC levels, pH or 
mass of catalyst employed have shown little influence in the course of the 
reaction. The data has been collected· in batch bench-scale and continuous 
flow pilot-scale reactors, and in both cases the results have been compared 
with the performance of oth~rs AO P's like oxidation with Fenton reagent 
(H202 + Fe(II)) and ozonization. The yields of pollutant removal indicate 
that photocatalysis could be successfully applied for the treatment of large 
volumes of effluents. 

Nevertheless, the combination of at least two AO P's (e.g. photocatalys 
plus ozonization) renders the best results in terms of largely reducing the 
reaction time. · 
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SURFACE ADSPECIES ON THE Cu-ZSM-5 CATALYST AT THE 
SELECTIVE REDUCTION OF NO WITH PROPANE 

E. V. Rebrov•, A. V. Simakov, N. N. Sazonova, 0 . V. Komova 

· Novosibirsk State University, Novosibirsk, 630090, Russia 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 

E-mail: rebrov@catalysis.nsk.su 

Cu-ZSM-5 catalyst is used as a model system to study the reaction of selective 

reduction of NO with propane. By now a reaction kinetics has been studied on this catalyst, 

states of copper have been investigated, various schemes of reaction have been proposed. At 

the same time each of offered schemes has limitations that does not permit to select the 

ultimate mechanism. 

To understand the conversion of surface intermediates in reactions of 

decomposition/reduction ofNO it is useful to investigate a joint adsorption of reagents. 

In the present work the interactions of NO, NO2, N2O, 02 and C3Hs with surface of the 

Cu-ZSM-5 catalyst have been studied by TPD. 

Cu-ZSM-5 (1.3% Cu, Cu/Al=0.28) was prepared from H-ZSM-5 (Si/A1=19.5) by the 

traditional ion-exchange procedure between zeolite and aqueous solution of copper-amino 

complex (0.07M). 

Several types of surface species have been observed at adsorption of NO on initial 

zeolite H-ZSM-5 and on catalyst. As the temperature increases decomposition of some of 

them occurs yielding N2O. The ratio of adspecies depends on initial pretreatment of a sample 

and presence of reductants or oxidants at adsorption (Table 1 ). The adspecies observed in TPD 

spectra ofN2O after NO adsorption are varied from those in TPD spectrum of adsorbed N2O. 
I 

The interaction of NO and 0 2 at their joint adsorption changes spectra TPD of NO and 

oxygen. A desorption at high-temperature peak has been increased in spectrum of NO. A low

temperature desorption peak disappeared but high-temperature one related with decomposition 

of nitrite also increased in spectrum ofoxygen (Table 2). 
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Table 1. Amount of N20 desorbed from H-ZSM-5 and Cu-ZSM-5 

adsorption Amount ofN2O (µmol/g) desorbed at 

135-160°C 215-220°C 270-275°C 320-365°C total 

H-ZSM-5 
N2O•• 1.3 - - - 1.3 
No•+C3Hs (0 2 vol%) - 5.5 0.4 1.5 7. 5 
No • 5.0 4.8 1.6 11.4 
No•+o2 (2 .2 vol.%) - - - 1.3 1.3 

Cu-ZSM-5 
N2O•• 9.0 - - - 9.0 
NO*+C3H8(0.2 vol. %) 8.6 12.0 1.2 3 .8 25 6 
No• - 3.2 1.0 3.7 7.9 
NO.+O2(2.2 vol.%) - 2.7 1.0 3.3 7.0 
NO2 .. +O2(2.2 vol.%) - 1.2 0.9 3.5 5.6 
NO content was equal to 0.04 vol.% mall expenments 

•• 500 µl of pure N20 or N02 were passed through sample bed at adsorption 

There has been a new desorption peak with maximum at temperature about 260°C in 

spectra TPD of NO and C3Hs after their joint adsorption. A desorption activation energy of the 

peak equals 3 6. 0 kcal/mo! and pre-exponent factor does I• 1013 s" 1. This peak was not 

observed in spectra after separate adsorption of reagents. NO and hydrocarbon appears to be 

involved in this surface complex. The ratio of carbon and NO in the complex is close to 3. The 

formation this complex has been accompanied by simultaneous decrease of amount of surface 

nitrite. 

Table 2. Amount of NO desorbedfrom nitrosyl and nitrite species after joint 
adsorption of NO and oxygen at 50°C 

Content in feed gas at adsorption (vol.%) Amount of NO (umol/!] ) desorbed 
02 NO from nitrosyl from nitrite total 
2.5 0.019 7.0 30.4 38.1 
5.9 0.019 3.6 36.8 40.4 
11.0 0.019 0.2 43.4 43 .6 
11.0 0.047 0.0 49 .2 49.2 
11.0 0.087 0.0 49.3 49.3 

Thus the interaction of reagents with catalyst depends on initial state of a surface and 

oxidative action of reagent adsorbed. The quantitative analysi_s of interrelation of concentration 

of surface intermediates and reaction rate of selective reduction of NO with propane has been 

carried out. 
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SILICAPHOSPHATE GLASSES AS SUPPORT FOR COPPER 
CATALYST OF CYCLOHEXANOL DEGIDROHENATION 

A.G.Sarmurzina, O.E.Lebedeva, A.A.Taltenov, A.E .Dubovichenko 
Kazakh State National University, Almaty, Rep . Kazakhstan 

Copper-magnezium systems are well-known and widespread industrial 
catalysts for cyclohexanol degydrogenation, one of the important stages of 
caprolactam production. In those systems copper is considered to be the active 
and hence indispenable component while a search for new support, other than 
magnesia, is still of interest. 

The present study deals with cyclohexanol conversion over copper
containing catalysts where silicaphosphate glasses are a second component . 

Silicaphosphate glasses in different forms were obtained from the wastes 
of electrothermoproduction of phosphorus - phosphorus slags. Three types of 
silicaphosphates were studed : original slag (calcium-magnesium 
silicaphosphates), slags treated with strong mineral acid (silicaphosphate 
samples with low calcium and magnesium content) and slags subjected to ion 
exchange for sodium (sodium silicaphosphate) . 

Varied techniques of catalysts preparation were used: silicaphosphates 
impregnation with copper salts solutions, mechanical activation of copper oxide 
- silicaphosphates mixtures, ion exchange of sodium for copper. All the catalysts 
were reduced in hydrogen flow at 300°C. 

Cyclohexanol conversion was carried out in a flow fixed-bed reactor 
operating at atmospheric pressure . The catalysts were tested at 2so0c, 
WHSV=2,4-3 ,6 h·l _ 

The reaction products were analyzed by gas chromatography. 
All the samples were found to have an essential catalytic activity. 
Among them the activity of copper oxide - silicaphosphates mixtures was 

the Lowest one (up to 55% conversion of cyclohexanol) Mecanical activation 
of the mixtures was shown to increase the activity of and especially the 
stability of the catalysts. Only the products of cyclohexanol dehydrogenation 
were detected . 

The samples obtained from original slag by an impregnation with copper 
salts were demonstrated to have both high activity (65-75% conversion) and 
high selectivity in cyclohexanol dehydrogenation. 

The highest conversion over the saples containing slags treated with 
acids was associated with the moderate selectivi1y towards cyclohexanone. The 
majior by-product was cyclohexene. Acidic treatment appears to decrease basic 
properties of slags due to the elimination of 80-95% of the initial calcium and 
magnesium content. 

Thus the silicaphosphate glasses obtained from electrothermophosphorus 
slags were proved to be the effective component of the catalysts of cyclohexanol 
dehydrogenation. 
The request for a patent of Kazakhstan was done and the positive decision has 
been already obtained. 
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99,9 % SULPHUR RECOVERY WITH A TOTALLY CATALYTIC 
. ROUTE 

S. SAVIN 6, Olivier LEGENDRE a, Ch. NEDEZ a and J. NOUGAYREDE 6 

a RHONE-POULENC RECHERCHES, 52 rue de la Haie-Coq, 93308 
Aubervilliers Cedex, France 

6 ELF AQUITAINE PRODUCTION, Lacq, France 

Oil and Natural Gas contain harmfull sulphur components which 
must be separated before use. These so-called *sweetening* treatments 
produce streams of *acid gas* containing hydrogen sulphide, which is 
recovered as elemental sulphur. Constant development work in the field of 
acid gas treatment make it now possible to industrially reach an overall 
sulphur recovery from 95 - 99 up to - but not exceeding - 99. 7 % . That 
means than non neglictible parts of huge amounts of sulphur are still 
released to the atmosphere, leading to atmospheric pollution in form of 
acid rains. A more definitive answer is still needed to get rid of this 
pollution : 99.9 % or more overall sulphur recovery. 

The 99.9 % performance is presently achieved by wet processes 
through an overall catalytic conversion into H2S of the sulphur compounds 
remaining in the tail gas, followed by solvent absorption. Although 
efficient, these wet processes are expensive, namely for high flowrates of 
tail gases, and generate liquid wastes to be treated. 

'Hence Elf Aquitaine Production and Rhone-Poulenc decided to 
pursue their successful cooperation in the field of Sulphur Recovery in 
joining their knowledge and efforts to develop a new catalytic process able 
to allow an overall recovery of 99.9 ·% in a more economical way. 

This new tail gas catalytic process is based on the Direct Oxidation 
Reaction of H2S to Sulphur using a new catalytic formula . Typical 
Laboratory studies .will be disclosed to ·show the feasibility of this new 
process: the *Advanced DOXOSULFREEN*. 
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EFFECT OF THE PHASE COMPOSITION OF ALUMINA SUPPORTS 
ON THE PROPERTIES OF THE Mn-Al-0-CATAL YSTS FOR 

HIGH-TEMPERATURE OXIDATION 

L.T. Tsykoza, Z.R. Ismagilov, R.A.Shkrabina, N.A.Koryabkina, N.V.Shikina, 

D.A. Arendarskii, V.A.Ushakov, A.V.Kalinkin 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 

The MnO/ Alp3 system is known as a highly efficient catalyst for deep 

oxidation, whose basis property is drastic activity growth after calcination at 

900-1000 ° C (a thermal activation effect), as compared with the samples 

calcined at 500-600 ° C [I]. The previous results of our study of the Mn-Al-O

catalysts supported on modified y-alumina were presented in [2,3]. It was 

shown that the effect of the modifying dope on the catalytic activity determined 

as the butane oxidation rate at 400 ° C depends on the sample calcination 

temperature. For the catalysts with the same chemical composition the absolute 

values of activity depend on the method of the raw alumina production. 

The present work aims at synthesis and study of the properties of the 

modified MnO/ AlP3 catalysts, depending on the phase composition of 

the alumina (y-Al2O3, y-Al2O3 with the various x-phase content, both pure 

and modified ones, and a- AIP3), provided by its production conditions. 

At all calcination temperatures (500, 900 and 1300°C) the nonmodified 

Mn-Al-O-catalysts prepared on a-Al2O3 basis were revealed to show the 

maximum activity. 

Independently of the y-alumina production method (reprecipitation or 

thermal decomposition} affecting the x- phase content in this support, the 

Mn-Al-O-catalysts on y-AIP3 modified with MgO, La2O3, CeO2, SiO
2 

or TiO
2 

follow the same regularity: among the samples calcined at 500, 900, or 1300 ° C 
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the maximum activity is revealed for the La-containing, nonmodified, and Mg-

and/or Ce-containing catalysts, respectively. The absolute values of activity are 

maximum for the catalysts containing 15% x-phase in the support. However, 

after calcination at 1300 ° C the maximum activity is observed for the Mg-Ce.

containing catalyst based on y-Alp3 with 35% x-phase. It this case absolute 

value of activity is close to that for the nonmodified a-Al2Orbased sample 

calcined at the same temperature. 

Some regularities of the effect of the double and triple modifying dopes 

on the activity of the Mn-Al-O-catalysts with the different_ y-alumina phase 

composition have been shown. 

The correlation between the data of X-ray phase analysis and X-ray 

photoelectron spectroscopy, and the catalytic activity have been considered. 
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Catalysts for Diesel engines with high emission of soot particles 

Wlodzimierz Tylus, Krystyna Syq:ewska, Anna Musialik, Jerzy Zabrzeski 

Laboratory of Surface Engineering of Technical University of Wroclaw 
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tel.(071) 20-35-95, e-mail: Tylus@novell.itn.pwr.wroc.pl 

Summary 

It is well known that solid particles emitted by Diesel engines are among the most 

dangerous constituents of exhaust gases produced by motor-cars. It has been found that the 

solids contain over 10000 chemicals compound . The most hazardous of them are the 

mutagenic and cancerogenic cyclic aromatic hydrocarbons. That is why in the closest future 

many countries will increase their legal requirements in respect to emission of solid particles, so 

called "Diesel soot". One of many activities, aimed at reduction of emission of the Diesel soot, 

is purification of exhaust gases. The most effective seem to be the solutions based on "catching" 

and further combustion of soot in regenerable catalytic filters. However, up-to date effective 

and economic filter/catalysts are not produced. Facing at the need for reduction of emission, to 

meet the future legal requirements, many renowned manufacturers begun implementation of 

simple flow-through oxidation catalysts in the form of typical open monoliths with a washcoat 

and an oxidation catalyst. The catalysts, operating at temperatures over 100°C, provide 

combustion of the hydrocarbons, which otherwise (below 50°C) would participate in emission 

of Diesel soot. The possibility for application of such catalysts for older heavy duty engines of 

city buses . in Wroclaw Communal Enterprise has been examined by the Laboratory of Surface 

Engineering of Wroclaw Technical University. Exhaust gas compositions of the buses: with and 

without catalysts were compared for various loads of the engines. There were examined new, 

used and regenerated catalysts. It has been noted however, that in case of the catalysts 

characterised by reduced activity (used, regenerated) further locking of active centers by soot 

resulted in emission of hydrocarbons. Particularly, emission of aldehydes and aromatic 

hydrocarbons considerably increased. 

Simultaneously, there were also tested filter/catalysts designed by the Laboratory of 

Surface Engineering of Wroclaw Technical University. The filter/catalysts, developed for the 

older engines still used for communal transport purposes, consist of a catalytic filter for catching 

of soot particles, an electric heating system for boosting of regeneration of the filter during 
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operation of the bus and catalysts providing oxidation of carbon oxide and hydrocarbons. The 

filter consists of a pack of compressed heat-resisting steel wool covered by V /Cu catalytic layer, 

which reduces ignition temperature of soot below 400°C. The filter/catalysts were characterised 

by small flow resistance and by approx. 80% effectiveness of combustion of soot particles . 

Currently, mechanical design of the filter/catalysts is somewhat modified, to prevent collecting 

of soot in dead voids what may result in too exothermic combustion of the Diesel soot. 
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SYNTHESIS OF POLY AROMA TIC AMINOPHENOXYPHTHALIC ACIDS: THE 
REGULARITIES OF THE LIQUID PHASE CATALYTIC HYDROGENATION OF 

CORRESPONDING NITROCOMPOUNDS AND A MATHEMATICAL 
DESCRIPTION OF THIS PROCESS 

M .V. Dorogov, L.A. Derevyagin, V.E. Vasilyeva, V.V. Plakhtinskii 
Yaroslavl State Technical University, Yaroslavl, 150023, Russia 

Recently, there has been a development in the use of aminophenoxyphthalic acids 

(APPA) as homopolycondertsation monomers for polyimides (PI) and polyamidoimides 

(PAI). The improvement of the conversion of PI and PAI has been achieved by extending 

molecules of APPA, i.e. at the expense of increased distanse between aniline a~d phthalic 

acid groups. Applications of this type of homopolycondensation monomers have several 

advantages, most importantly, it is not necessary to regulate equimolar correlation as in 

traditional pairs diarnine-dianhydride. We obtained several APPA with a general for_mula 
COOH 

H2NtjO--Ar-O--©( 

COOH 
. CH

3 

whereA<=--@- .---©-. ---o-<o>--or~ 

and NH2 - in meta- or para- position in regard to oxygen. APPA were obtained by the 
liquid phase catalytic hydrogenation of corresponding nitrophenoxyphthalic acids 
(NPPA). Another technological advantage of APPA is the possibility of obtaining it from 
NPPA, not in organic solvents, but in aqueous solvents with pH>7,5. We have established 
the basic regularities of catalytic hydrogenations of NPPA in aqueous solutions and 
propose a universal equation for the prognostication of the work of the periodical mixed 
reactor in sythesis APPA: 

(l +AzPHi) ln-2-x +A1X ci 
't = 

This equation determines the time of the reactions (t), necessary for the achievement of 
some conversion of NPPA (x), in accordance with hydrogen pressure (PH2), initial 
concentration of NPPA (CN°) and coefficients A,, A2 and K, which were determined for 
different conditions on the basis of absorption and kinetic data. We disc~ss the influence 
of the main parametres of the reaction (the type of catalyst, temperature, hydrogen 
pressure, initial concentration of NPPA and influence of a type of alkaline agent, pH and 
nuances of isolation upon the reaction rate, selectivity and yield of APPA and its use in 
the synthesis of PI and P Al. 

This work is supported by Ministry of general and professional education (grant N2 
95-0-94-39). 
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INFLUENCE OF TEMPERATURE INCREASING 

ON SCR REACTION DYNAMICS ON -A CATALYST PARTICLE 

E.S: Borisova, N.A. Chumakova and A.S. Noskov 

Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090 RUSSIA 

For the reverse-process of NOx selective catalytic reduction (SCR) with NH3 on a 

vanadium oxide catalyst, the transient behaviour of a single catalyst particle is very 

informative because of influence of catalyst adsorption capacity on the system dynamics [ 1,2]. 

Let us take a catalyst particle the active surface of which is covered with adsorbed 

ammonia. Then we put it into the air-NOx mixture, heat the system from 60 to 360°C with a 

constant rate V and keep the temperature of 360°C after that. Ammonia previously adsorbed 

acts in two reactions: (a) interaction with NOx from the gas phase and (b) oxidation with 

oxygen from the air. In the paper the influence of the rate of the temperature change on the 

system dynamics is studied for a particle of different size and shape ( a sphere or a plate with 

radius R0). The ratio q> of ammonia amounts (which was previously adsorbed inside the 

catalyst), which has reacted with oxygen in reaction (b) and with NOx in reaction (a), is found 

out as well. 

In the mathematical model the processes of gaseous NHJ and NOx diffusion within the 

particle, the reversible desorption of ammonia and both reactions (a) and (b) are taken into 

account. We assume that there is no diffusive limitation of oxygen and the particle is always 

isothermal. In developed numerical algorithm the collocation method is used for simulation of 

the transient behaviour. 

In all cases the desorption ofNH3 is found out to be negligible. The dynamic properties 

are rather different for a big catalyst particle and a small one. 

The transient behaviour of the process on a big particle demonstrates following 

properties: 

• there are two specific zones inside the particle, namely one is near the outer surface where 

the reaction (a) takes place and the other is in the central part of the particle where mostly 

the ammonia oxidation is carried on (the former reaction starts at the temperature about 

280°C); 

• the rate of reaction (a) goes through a maximum at a time ta that is different from the 

similar time tb of the secol).d reaction (b ); it is due to the difference in activation energies; 

Fig. l shows the reaction rates dynamics on the spherical catalyst particle while Fig. 2 

corresponds to the plate, curves 1 for the reaction (a) and curves 2 for the reaction (b); 

Ro=5 mm, V=5 Klsec; 
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Fig. I. Reaction on the spherical catalyst particle. Fig. 2. Reaction on the catalyst plate. 

• rate of temperature increasing affects significantly the maximal values of both reaction 

rates and the time difference "1t=ta-tb (the higher V corresponds the higher maximum 

reaction rates and smaller L1t); 

2 

cp 

0 

2 

5 
V, Klsec 

10 

• the ratio cp depends strongly on the shape of the 

catalyst particle: at any temperature increasing 

rate V the value cp for the plate is higher then for 

the spherical catalyst of the same size and cp 

increases with faster temperature change ( see 

Fig. 3, curve 1 for the sphere and curve 2 for the 

plate, Ro= 5 mm). 

On a small particle on the contrary, it 

is impossible to find a specific zone for 

only one of the reactions; at fast temperature 

Fig. 3. increase, the maximum rate of each reaction is 

achieved at the temperature of 360°C; L1t is small as a rule; for rather slow change of the 

temperature, the value L1t may be as high as 30-60 seconds. 

Conclusion. By means of mathematical modelling, it is shown that the forced change of the 

catalyst particle temperature effects significantly the ratio of amounts of previously adsorbed 

ammonia which reacts in different SCR reaction routes. 

References: 
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2. E.S. Borisova, A.S. Noskov, L.N. Bobrova. Effect of unsteady state catalyst surface on the 
SCR-process. Catalysis Today, 1997 (in press) 

419 



PPII-85b 
DETERMINISTIC APPROACH TO KINETIC CHAOS MODELLING 

IN HYDROGEN CATALYTIC OXIDATION 

G.A. Chumakov and N.A. Cbumakova * 

Sobolev Institute of Mathematics SB RAS, Novosibirsk 630090, Russia. 
E-mail: chumakov@math.nsc.ru 

•soreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia. 
E-mail: chum@catalysis.nsk.su 

Investigation of periodic and chaotic oscillations in different catalytic systems has 

developed very rapidly in recent years [ 1]. This paper will discuss a new scenario of kinetic 

turbulence (chaos) appearence. We mean the phenomena of chaotic behaviour of the 

heterogeneous reaction rate which concernes the nature of catalytic system, the mechanism of 

chemical interactions. One of the most important properties of the deterministic chaos is 

"sensitive dependence on initial conditions". 

Let us consider the mechanism of the heterogeneous reaction of hydrogen oxidation 

on metallic catalysts [ I , 2]: 

H2 + 2 [Me] B 2 [H Me] 

02+2[Me] B 2[0Me] 

2 [H Me] + (0 Me] ➔ 3 [Me] + H20 

H2+[0Me] ➔ [Me]+H20 

[Me-v] + [H-Me] B [Me-v JI]+ [Me] 

[Me-v] + [O Me] B [Me-v O] + [Me] 

(I) 

Here [Me] and [Me-v] are a vacant active site on the catalyst surface and an atom in the 

subsurface layer, respectively, [H Me], [O Me] and [Me-v HJ, [Me-v O] are hydrogen and 

oxygen atoms adsorbed on the surface and dissolved into the subsurface layer of the catalyst. 

We shall study the case when the activation energies of the third and fourth reaction steps 

may depend linearly upon the concentration of the reactants in the subsurface layer and upon 

the concentration of oxygen adsorbed. 

The dynamic behaviour of the CSTR system is described by a set of 6 ordinary 

differential equations, presenting the concentrations of hydrogen and oxygen adsorbed on the 

metal surface (x1 and x2), dissolved into subsurface layer (x3 and "4) and in the gas phase (x5 

and X6). Moreover, the rate constants of the 3rd and 4th steps are as follows 

14(x)=I4o exp (µ.i2 x2 + ~3 X3 + µ,w "4), 

where the parameters k30, 140 are positive and µij are real numbers. Note that the gradients 

of dissolved reagents are suggested to be small. 
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After some simplifications we can obtain several simpler models keeping the physical 

and chemical sense of the catalytic system dynamics and peculiarities which are of high 

importance to dynamic systems of complex irregular behaviour. In that sense, a general 

kinetic model of more simple kind looks as follows: 

'5 x = f(x,y,z), y = g(x,y,z), z = c h(x,y,z), (2) 

where 8 and E are small parameters, x, y, z are identified as fast, intermediate and slow 

variables, respectively. 

In the paper a new route from periodic behaviour to chaos is suggested, some reasons 

of chaotic behaviour appearence in the system of type (2) are given as well. We would like to 

point out: 

X 

0.5 

0.4 
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0.2 

(i) an attractor ofa special structure is presented in the phase space of the system; 

(ii) a subregion on the attractor exists with a high sensitivity to the initial conditions; 

(iii) infinite times the trajectory comes back into this subregion. 
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Figure. Examples of weakly stable dynamics. 
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THEORY OF FAST AND SLOW HEAT WAVES 

CREEPING IN A CATALYST FIXED-BED 

A.P. Gerasev and N .A. Chumakova 

Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia 

Theoretical development and industrial applications of some new catalytic 

processes under periodical gas flow reversals stimulated the interest in studying the 

heat waves prop~gation phenomenon in a heterogeneous medium such as a 

catalyst fixed-bed blown with a chemically active gas mixture . A heat wave is a 

spatio-temporal structure that can form and exist in the catalyst fixed-bed as a 

result of self-organization. We analyze the basic regularities of the heat waves in 

the case of a single catalytic reversible first order reaction. The simplest pseudo

homogeneous mathematical model was used like in [ 1,2]. Besides the well known 

so-called slow heat waves (SHW), fast heat waves (FHW) are found to propagate 

in a sufficiently extensive bed. 

In the coordinate system moving with the heat front the model is a system 

of two nonlinear ordinary differential equations. According to the theory of 

dynamic systems on the plane [3] a bounded solution of the problem under 

consideration (if it exists) converges in infinity to a singular point of the system. 

That may be either a thermodynamic equilibrium point or a point with the 

temperature equal to zero because only there the reaction rate is equal to zero. 

The only FHW phenomenon is observed if the inlet conditions correspond 

to a thermodynamic equilibrium state, but the initial temperature T11 of the catalyst 

is different from inlet one [ 1,2]. 

FHW moves only in one direction with the gas stream. If the inlet 

conditions correspond to the inflection point I of the thermodynamic equilibrium 

curve , FHW are shown to exist at any T11 • Otherwise, there is an interval of 

temperatures T 11 containing I, for which FHW does not exist. The FHW velocity is 

calculated directly from the integral laws of mass and energy conservation and 

does not depend on heat and mass exchange processes in the catalyst bed and on 

the chemical reaction kinetics. FHW is an automodel solution of the first type 

according to classification used in [4]. 

422 



PPil-86 
If the inlet temperature is low enough for chemical reaction rate to be 

negligible (though chemical reaction affinity is non zero) the SHW forms and its 

creep velocity is less than the heat mark transfer velocity in a fixed bed of an inert 

material. 

Usually to study this phenomenon either the reaction has to be stopped at 

the temperature lower a special value ("a cutting temperature") or one should 

consider a semi-infinity reactor with a "cold plug" [4]. We have shown that if the 

inlet temperature is 'equal to zero the mathematical model has a one-parametric 

set of solutions. There is only single function physically reasonable which is SHW 

image. In SHW the reaction mixture comes to a thermodynamic equilibrium state 

with high temperature . Structure, maximum temperature and creep velocity of 

SHW are dependent on the heat and mass transfer processes in the catalyst bed 

and on the chemical reaction kinetics. SHW can be considered as an automodel 

solution of the second type [4]. 

We have obtained equation for entropy production in the heat front using 

methods of non-equilibrium thermodynamics. The surface of local entropy 

production has been studied in the FHW and SHW. 

We have shown the local entropy production to be equal to zero at plus and 

minus infinity and to be a positive function in the heat front. 

ACKNOWLEDGEMENT. The authors wish to thank the Russian Foundation for 

Basic Research for financial support (Grant No. 94 03-08205). 
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CONTROL OF UNSTEADY STATE OF CATALYST 

IN PARTIAL OXIDATION REACTIONS 

Eugene A Ivanov, Alexei A. Ivanov and Sergei I. Reshetnikov 

Boreskov Institute of Catalysis, SB RAS, Novosibirsk, 630090, Russia 

E-mail: ivanov@catalysis.nsk.su 

The problem of control of an unsteady state of the catalyst is connected with 

technological and chemical aspects of catalysis and follows G.K. Boreskov's conception 

of influence of reaction conditions on a catalyst state. According to this concept the 

catalyst composition or, in the more general sense, its state under the effect of reaction 

mixture does not remain unchangeable [1]. This state depends on the surrounding rea

gents and the temperature. 

The rate of reaction is determined by both catalytic steps, including the formation 

of active complexes, and various secondary processes such as diffusion processes in 

catalyst volume, phase transformation and so on. The secondary processes affect the 

state of the catalyst. Each of these processes is characterised by definite duration, i. e. 

relaxation time. For this reason changes in composition or temperature of the reaction 

mixture may have different effects on catalyst state and, consequently, on reaction rate, 

thus causing complex dynamic behaviour of the catalytic system. 

The efficiency of the process can be increased considerably if the reaction is per

formed with the catalyst in unsteady state [2-3]. State of the catalyst can be controlled 

in two ways: (i) by the time-dependent regulation ( or periodic operation) when the rea

gents concentrations, gas flow rates and/or temperature are changed periodically in fixed 

bed catalytic reactor input [4-5]; (ii) by spatial regulation when the input and output 

characteristics of reactor do not change with time, and the catalyst moves in a field of 

variable reagent concentrations and temperature either in fluidized bed [6] or a dual

reactor system [7]. 

In this paper we present the results of mathematical modelling of partial oxida

tion reactions in a dual-reactor system on the base of a simple kinetic model. 

The peculiarity of this model is that partial oxidation and deep oxidation 9ccur on 

the sites differing by their physical-chemical origin. These sites are able to transform into 

each other depending on reaction conditions. Reaction selectivity is determined by the 
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ratio of sites. If we create such reaction conditions that the number of sites of the partial 

oxidation will be higher than in steady state, then the process selectivity shall incre~se. 

We have chosen such a model because using the simplest kinetic laws at a minimum 

number of steps we can demonstrate essential selectivity growth under unsteady _state 

conditions. This scheme is a model of many reactions of partial oxidation. 

The dual-reactor system consists of two reactors. Reaction mixture flow goes con

sequently through both reactors. Catalyst circulates between the reactors, so that the 

catalyst particles from the first reactor go to the second reactor, while the particles from 

the second reactor go to the first reactor. Each reactor contains a heat exchanger for 

temperature regulation. 

Under circulation the catalyst particles move from one reaction conditions to 

other and permanently change their catalytic properties. Thus the catalyst can be in un

steady state with respect to reagents depending on the ratio between the time of catalyst 

stay in the reactor and the chemical relaxation time. In this case the concentration of 

active sites will differ from that at the steady state. Therefore, for mathematical model

ling it is necessary to consider how the concentrations of intermediates change. 

Using a simple kinetic model involving two types of active sites, we have analysed 

two ways how to increase the selectivity of partial oxidation reactions over unsteady 

state catalyst. The first way is periodic operation of temperature in reactor. The second 

one is using the dual-reactor system with catalyst circulation between the reactors. We 

can essentially increase the selectivity and desired product yield. As the contact time in 

the second reactor increases, the concentration of active sites for partial oxidation grows 

in the first reactor thus increasing the selectivity and desired product yield. 
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o-XYLENE OXIDATION TO PHTHALIC ANHYDRIDE 

OVER UNSTEADY STATE OF THE CATALYST 
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Nowadays V 2O5/TiO2 catalysts with promoters are usually used for o-xylene oxidation 

to phthalic anhydride (PA). Using of the best catalysts in industry for last 15 years allows to 

achieve phthalic anhydride yield of 80-82%. Presently improvement of the ·catalyst quality 

seems to be impossible. Reaction performed at the unsteady state of the catalyst opens new 

ways for the increasing of the process selectivity [l]. 

The unsteady state of the catalyst may be regulated in the non-isothermal fluidized bed 

[2], where the catalyst particles move in the field of reagent concentrations and temperature. If 

the characteristic time of particles movement is less .than that of the catalyst chemical 

relaxation, the catalyst transfers into the unsteady state. Setting definite concentration and 

temperature profiles along the reactor height, one can affect the catalyst state and optimize the 

output reactor parameters. 

In the present report we present the results of o-xylerie oxidation over unsteady state of 

the catalyst in the non-isothermal fluidized bed [3]. The experiments were carried out in the 

glass reactor with 32 mm diameter and 1500 mm reaction zone height. The catalyst used in 

study was composed of V2O5+K3PO4/TiO2/SiO2, S8ET=l3 m2/g. Figur1;: presents the· 

temperature profiles along reactor height and the corresponding PA yields. In all experiments 

conversion for the maximum yields was about 99%. 

Except experiment 4, the presence of the "hot" zone in the -bed leads to a significant 

increase ofthe_PA yield, as compared with the isothermal bed (experiment 1). 

The results obtained in the non-isothermal bed cannot be explained by the temperature 

alteration only, since the selectivity of partial oxidation, according to the kinetic data, does not 

depend on the temperature. The PA yield increases, because in the fluidized bed the catalyst 

particles move chaotically along the reaction zone height in the temperature field and transfer 

into a high-selectivity unsteady state. The latter forms at the reduced temperature, while the 
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main reaction proceeds in the "hot" zone. The unsteady state of the catalyst forms due to the 

slow side processes, whose characteristic time is comparable to the time · of the catalyst 

particles movement in the fluidized bed and is about several dozens of minutes. 
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The spontaneous appearance of instabilities in heterogeneous catalysis has been 

modeled by Monte Carlo simulations of the elementary reaction steps. 

Temporal reaction oscillations and spatial wave propagation on the catalyst 

surface have been investigated for the CO oxidation and the NO-CO reactions 

on metal surfaces of the Pt group. The known elementary reaction steps were 

implemented on a two-dimensional lattice model and have been studied over an 

extended range of the basic parameters, the partial pressure and the desorption 

rate of CO. Surface reconstruction proves to be a necessary ingredient for 

observing unstable reactions for the CO oxidation reaction. Similarly, the 

vacant site requirement for NO dissociation is crucial for instabilities of the 

NO-CO reaction. Global temporal oscillations and wave propagation on the 

catalyst surface only appear in a narrow range . of the phase diagram. Su~face 

diffusion, interaction between adsorbed molecules and pick-up processes are 

easily included in the simulations; they don't lead to any qualitative changes. It 

is straightforward to implement defects on the catalyst surface, to trigger the 

spatial patterns as in the experiments. 
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The allowable S02 concentration in waste gases is defined now in most of the 

countries as 100 ppm. To achieve such concentration new effective methods of S02 catalytic 

oxidation are needed. 

A method of sulphur dioxide oxidation in sulphuric acid production is offered in 

Boreskov Institute of Catalysis [I]. This method allows to lower the S02 concentration in 

waste gases to 50 ppm. That is possible due to the use of the unsteady state of the catalyst. 

The main difference of this method from conventional methods of "double contact - double 

absorption" is the organization of the second state. It consists of two catalyst beds (fig. I). The 

feed to each bed is cycled between air used for catalyst activation and gas mixture after 

intermediate absorption. The directions of air and gas mixture filtration are different. The air 

after catalyst bed is fed to sulphur burner. 

absorption 

, 
I I ,----,,----...---, I I 

+ - - - -t - Ji r L - ,- - - ·-. sulphur L __ J air supply 
burner - ._ _ _._ ___ ___._....,_ 

Fig. I. Schematic diagram of 
the second state of "double contact -
double absorption" method [l]. 

This report is devoted to mathematical modeling of this scheme taking into account 

unsteady state of the catalyst. The unsteady state kinetic model of S02 oxidation over 

vanadium catalyst [2] is used to describe the dynamics of the catalyst state. One dimensional 

heterogeneous mathematical model [3] is used to describe the processes in the catalyst bed. 

This model assumes plug flow in the reactor and takes into account the inertia of the liquid 

phase concentration of S03 and of the reaction intermediates, the inertia of the solid phase 

temperature. Equilibrium states of fast processes of reactants dissolution in the melt and those 

of active component formation are present in the model. 

Figure 2 shows the dependence of the S02 conversion on the input temperature of gas 

mixture and air when gas mixture is blown through the catalyst bed. Line I represents the 
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results of mathematical modeling of the offered scheme (the air blow direction is opposite to 

the gas mixture one). Line 3 corresponds to the case when the air blow direction and the gas 

mixture one are the same. There are two cases without air blow as well: conventional steady 

state process (line 4) and reverse-flow process (line 2). 
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conversion on the input temperature for 
different processes. Space time= 4 c.; 
Cycle duration = 600 c.; 
Cso

2 
= 1 %vol., C02 = 9 %vol. (when gas 

mixture supply); 
Co

2 
= 21 %vol. (when air supply); 

The dependencies represented above clearly indicate that the SO2 conversion is higher 

and input temperature can be chosen lower in offered method than in conventional ones. We 

can explain the reasons of these observations in the following way. Large quantities of SO2 

are sorbed onto the active component of vanadium catalyst when it is exposed to gas mixture 

after it has been contacted with air. Sorption of SO2 results in a reduction of catalyst activity. 

It may be explained by the formation of inactive vanadium complexes. When after that air is 

fed into the catalyst bed the SO2 desorbtion starts and the catalyst activity increases ( compare 

lines 1,3 for processes with air blow and lines 2,4 for processes without air blow). If the air 

blow direction is opposite to gas mixture one the high temperature zone does not leave the 

catalyst bed, so the process can be effectively carried out even under low input temperature 

(compare lines 1 and 3 respectively). 

References: [I]. Goldman O.V., Bunimovich G.A., Zagoruiko A.N., Lakhmostov 

V.S., Vemikovskaya N.V., Noskov A.S., Kostenko O.V. II Russia patent application 

N95108561 with priority-30.05.95, positive expert decision-26.03.96; [2].Balzhinimaev B.S., 

Ivanov A.A., Lapina O.B., Mastikhin V.M., Zamaraev K.I.//Faraday Discuss. Chem. Soc., 87, 

133-147, 1989; [3].Bunimovich G.A., Vemikovskaya N.V., Strots V.O., Balzhinimaev B.S., 

Matros Yu.Sh. //Chem. Engng. Sci., v.50, No 4, pp. 565-580, 1995. 
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