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KL-1
Perspectives of Nanodimension Catalysts

in the Oil Processing Industry

Lothar A. HEINRICH
marcotech oHG, c/o Center for Nanotechnology, Muenster, Germany

lothar.heinrich@marcotech.de

Catalysis relying on nanotechnology covers a wide spectrum of opportunities, from new
forms of catalysts to the tailoring of catalysts for specific roles in EOR and upgrading
processes. UOP has filed a patent which claims nanometer crystallites for in-situ slurry
cracking of heavy hydrocarbons in oil sands [1]. Is, Karna and Khoirul applied
ZrO,-montmorillonite to crack crude oil fractions of heavy hydrocarbons at low temperatures
[2]. Mesoporous MCM-41 and nanocrystalline HZSM-5 were successfully used as catalysts to
crack polyolefines [3]. Liu D.K. claims the use of nanodimension catalysts as suspension for
hydrocracking for heavy oils [4]. Bayer MaterialScience (Germany) applies nano-catalysts to
manufactures 300 tons per year carbon nanotubes from gaseous hydrocarbons like off-gases
from oil processing [5]. Langdon provides a method for recovering petroleum products at
120 °C dispersing nanocatalysts into heavy hydrocarbons bearing formations [6]. Chemical
additives injected into the reservoir comprising alkaline compounds, nonionic surfactants,
and, optionally, alcohol, reduce the oil-water interfacial tension and achieve the release of
heavy oils. A reduced viscoelasticity of the oil-water interfaces has been observed at high pH

which may be due to the release of naturally occurring surfactants [7].

A current research project is targeted to the use of modified catalytic nanoparticles of acidic
silica/alumina oxides. The lipophilic surface modification enables the catalytically active
nano-particles to access the oil containing pores and ganglia within the reservoir developing
their cracking activities under the typical underground temperatures near and larger than
100 °C. The water-oil interfacial tension decreases, as well as the viscoelasticity by the
partially occurred crack reaction within the oil phase. Promising results were obtained from
preliminary screening tests with nanocrystalline lipophilic HZSM-5 and montmorillonite.
Therefore, suspensions of lipophilic nanoscaled crack catalysts can enhance the efficiency of

crude oil processing by water and steam injection.
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Despite of the growing industry based on renewable resources the global demand on fossil oil
and the up-graded products increase. Nanotechnology applied on catalysis provides huge
chances to improve the efficiency in oil processing, and can pave the way for new valuable

products.
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Modern Problems of Catalysis: A Glance from Russia

Valentin N. PARMON
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia

parmon@catalysis.ru

The presentation concerns several interrelated problems which are considered in Russia as /ot
zones of heterogeneous catalysis. First of all, under discussion is the relation between
heterogeneous catalysis and new nanoscience which includes indeed the problems both of
preparation of ultrasmall size-uniform catalytically active species and of elucidation of
correlations in their catalytic properties with the size. Thorough studies of many processes of
deep oxidation over supported precious metal catalysts reveal a pronounced size dependence
of the TOF parameter with the TOF maximum at the nanoparticles size of ca. 2 nm. It is
shown that the most probable general reason for this dependence could be the dependence of
chemical potential of the active component nanoparticles on their size. The second extremely
important issue is selectivity of the nanoparticles based catalysts operation. The latest results
of some sophisticated studies on the activity and selectivity of hydrocarbons oxidation over
metal nanoparticles are discussed, which allow the problem of the so-called oxygen poisoning
of such catalysts to be resolved. Again, the possibility of a sufficient change in selectivity for
some catalytic reactions without changing chemical composition of the catalyst is
demonstrated. An unexpected result in this area is experimentally approved possibility of
direct insertion of light alkanes, including methane, into longer linear alkanes. This
phenomenon generates new approaches for resolving an urgent Russian problem of the

transformation of a large excess of light alkanes into heavier liquid hydrocarbons.
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Poccuiickue TeXHOJIOTHM KATAJIM3ATOPHBIX IPOLECCOB HedTenepepadoTKu

Baagumup M. KAITYCTHUH
OAO «BHUIIHnepmby», Mocksa, Poccus
VMKapustin@rambler.ru

[IpousBoacTBO KaTanmszaTtopoB HedTenepepaboTk B Poccum ceromHsi E€MOHCTPUPYET
MacIITaOHBIN CHaj, 4To MPEACTaBIIAET NOTCHIUAIBHYIO ONTACHOCTh MOTEPU TEXHOIOIMUECKON
U DKOHOMHMYECKOW HE3aBUCHUMOCTH HedTenepepadaTbIBaOmero M HePTEeXUMHYECKOTO
KOMIUIEKca CTpaHbl. Jlo HacTosIero BpPeMEHHW HE JOCTHTHYT pPalMOHAJIBHBIN OajaHc
HMHTEPECOB MEXIY I'OCYJIapCTBOM U HE(QTSIHBIMH KOMIIAHUSIMM, KOTOPBIH CIIOCOOCTBOBAN Obl
Pa3BUTHIO 3TOTO HamnpasieHus. HecMoTps Ha Bo3pociiee BHUMAaHHUE CO CTOPOHBI TOCYJapCTBa
K pEIICHUI0 TpoOIeMbl TPou3BoACTBa B Poccuu kaTtanm3aTopoB miis HedremepepaOOTKH, B
cuily npeoOiaJaHusi KOMMEPYECKOT0 MOJAX0/Aa K Pa3BUTHIO MPOM3BOJCTBY KaTalU3aTOPOB
CErofHsI CKJIaJpIBaeTCs IPOTUBOPEUNBAs CUTyalLlUsl B TON OTPaCIIH.

C OonHOHM CTOpOHBI, BJIOKEHHE KOMIAHMAMHU TPeOyeMbIX CpPEACTB OeCHepCHEeKTHBHO H3-3a
OOJBIINX CPOKOB OKYIAaeMOCTHM HMHBECTHIIMHA, YTO BEJET K JalbHEHIIeMy pacIIMPEHUIO
MMIIOPTA 32 CUET COKpALIEHHUs] COOCTBEHHOI'O IPOM3BOJICTBA U, KAK CJIEACTBHE, B IEPCIIEKTUBE
K JIMKBUJALMK STOM BaKHEWIIeW A OTEeYeCTBEHHOM MPOMBILIUICHHOCTH MOAO0TPACIN
HaponHoro xossicTtBa. C apyroil cTopoHbl, B Hacrosiiee Bpems B Poccuu pazpabGoraHbl
KOHKYPEHTOCIIOCOOHBIE KaTaJM3aTopbl JUIsl BaXKHEHIIMX KPYNHOTOHHAXHBIX IPOLIECCOB
nepepaboTku HeDTH.

BaxHbIM acnekToM MOJAEpPHHU3ALMU OTPACIH, CBA3aHHON ¢ HEOOXOAMMOCTBIO NMPOU3BOJICTBA
BBICOKOKAYECTBEHHOW  MPOAYKIIMH, COOTBETCTBYIOIIEH TpeOoBaHUSIM TEXHHUECKOTO
perimaMeHTa IO TOIUIMBaM, sBIseTcs ee olecneueHue KaTaiuszaropamu. Paspaborka u
CO3/IaHHME KaTaJIU3aTOPOB HOBOI'O IOKOJEHHS TPEOYIOT COBOKYMHOCTH 3HAHMM PAa3IMYHBIX
Hay4YHbIX HAalpaBIE€HUIH, HalIU4Msl BBICOKOTEXHOJOIMYHOM HMHCTPYMEHTaJIbHOH O0a3bl u
Joporocrosimux  ucnelTarenbHblx — HeHTpoB.  Cerogus  50-70%  karanu3aTtopoB
HedTenepepaboOTKu U HePTEXUMUU MOCTaBiIsOTCS B Poccuio 3apyOexxHpiMu ¢upmamu. B
TE4YEeHUE BeChMa JJIUTEIHLHOIO BPEMEHHU BelleTcsl 00CYKAEHUE BOIpoca 0 co3aaHuu B Poccun
rOCyJIJapCTBEHHOT'O KaTaJIM3aTOPHOTO XOJAMHIA, KOTOPBI OyIeT Npu3BaH MPOBOAUTH €IUHYIO
MapKETUHTOBYI0O M HAy4YHO-TEXHMYECKYIO TOJMTUKY IO MPOU3BOJACTBY, UCIOJIB30BAHUIO U
pa3paboTKe OTEUECTBEHHBIX KaTaJu3aTOPOB, U CMOXXET MPOTUBOCTOSTH HUMIIOPTY

KaTaJau3aTopoB B Hally cTpaHy. OcoOyIo akTyallbHOCTb, CBSI3aHHYIO C YBEJTUUEHHUEM ITyOHHbI
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nepepaboTKu He(TH, yKECTOYEHMEM 3KOJOIMYECKMX TpeOoBaHMH K He(TempoaykTam u
OpoAyKTaM  He(PTeXHMMHH, NPUOOPETaloT  OTEYECTBEHHBIE  KOHKYPEHTOCIOCOOHBIE
KaTaJu3aTopbl Ul ILEJOro psAa TEXHONOrWid HedTenepepabOTKM, B TOM YHUCIE
KaTaJIUTUYECKOTO KPEKUHIa, THIPOOYUCTKH, U30MEPHU3ALIUH.
Mukpocdepruieckne pOCCHHCKHE KaTalu3aTOpbl KaTaIUTUYeCKOro KpekuHra cepun KMI]
«JIrokey, paspadorannsie UIIITY CO PAH u BuHeapennsie Ha OAO «Owmckmit HII3» He
YCTYyHaloT JIy4IIUM 3apyOeXHbIM aHayioraM. Bbixon OeH3MHOBOW (pakuMU C OKTaHOBBIM
ymcioMm 81-82 (MOY) — neneBoro npoaykTa — Ha JaHHBIX KaTaJu3aToOpax COCTaBISET OKOJIO
54 -60 %. Ilpu sToM pacxon KaTanuzaropa He npesbimaer 0,3 Kr/T CbIpbsi, a €ro HAaChIITHAs
IIOTHOCTH cOCTaBiIsieT 760 Kr/m.
Jlns poccuiickoi MPOMBIIITIEHHOCTH OOJIBbIION MHTEPEC MPEACTABISIET KaTaIu3aTop rIyOOKon
runpoounctkn UK-I'O-1, paspaboranneiii UK CO PAH, no3Bosnstomuii Npou3BOIUTH
JM3EIIbHOE TOIUTUBO C coziepkaHueM cepbl He 6osiee 50 ppm. [IpombinuieHHOE TPOU3BOJICTBO
Takux KaTtanu3atopoB ocBoeHO B 3A0 «lIpomblluieHHBIE KaTaIM3aTOPbD), OHU
aJalTHPOBAaHbl K THUIIOBBIM POCCUHCKHM YCTAaHOBKAM M INPUMEHHMBI JJIsl MPSMOTOHHBIX
JIM3EIBHBIX U KEPOCHHOBBIX (PPAKINH, a TAK)KE CHIPhSI BTOPUIHOTO IMPOUCXOXKICHHS.
KaranuzaTtopsl n3omepu3anuu Jerkux 6eH3uHOBbIX (ppakiuit CU -2 ¢ akTUBHOM MJIaTHHOHN Ha
Cyib(paTUpOBHHOM IIMpKOHMH, pa3pabdoranHsie HIIO «Hedrexum», BHeapenst Ha 11 HII3.
[IpenmymiecTBOM JaHHBIX KaTaJIM3aTOPOB SBISETCS UX BbICOKAsl aKTUBHOCTh, YCTOMUNBOCTD K
JENCTBUIO CEPBI, a30Ta U BOJBI, MOJIHASI BOCCTAHABINBAEMOCTb 10CIIE pereHepanuu. /laHHbie
KaTaJn3aTopsl He TpeOyloT MOJauyd KHUCIOTHOTO KOMIIOHEHTa, TPeOYIOT MOHMKEHHOTO
pacxona Bomopona. Cpok ciykObl KaTanmm3aTopa cocTaBisgser He MeHee 10 mer mpu
3-X JIeTHEM MEeXpEereHepaluoOHHOM Ipobere.
BoinbIoit nHTEpEC ¢ TOYKM 3peHUs yriryOJieHHs MepepadOTKH He(TH 3a cueT mepepadoTKu
TSOKETTBIX HEPTSHBIX OCTATKOB MpeicTaBisieT TexHosorus, npemnaraemas MHXC PAH mo
THJIPOKOHBEPCUM TSKEJIOr0 HE(TSAHOTO ChIpbSl Ha HAHOPA3MEPHBIX CYCHEINPOBAHHBIX
KaTajau3aTopax.
Takum oOpa3oM, cieayeT OTMETUTb, 4TO0 B Poccum pa3paboTaH U BHEApPEH B
IOPOMBIIIJICHHOCTh ~ PsZl COBPEMEHHBIX KOHKYPEHTOCHOCOOHBIX Ha MHPOBOM  pBIHKE
KaTaJIn3aTOPOB M TEXHOJIOTHI HedrenepepaboTku. Bompockl yckopeHHs MOAECpHHU3AIHNU
poccuiickux HedTenepepadaThHIBAIOIIMX 3aBOJOB TECHO CBS3aHO C IOBBIIIEHHUEM POJIH
OTEYECTBEHHBIX KOMITAHUN Ha POCCHHCKOM pBIHKE HedrerasonepepaboTKu M HE(YTEXUMUH.
Peanun3zanus 370l 3a1a4n MOXET CTaTh PeaIbHOCTHIO JIUILb IPU HaJla)KUBaHUH 3(P(HEKTUBHOTO

B3aUMOICUCTBHUS rocyaapcrsa, 6I/ISHGCa, IIPpONU3BOACTBA U HAYKH.

11



KL-4

Raw Material Change in the Petrochemical Industry? Impact of Biomass

Willi KEIM
Institute for Technical and Macromolecular Chemistry, RWTH Aachen University,
Aachen, Germany

wrkeim@t-online.de

The backbone of todays petrochemical industry rests on fossil oil and gas as major raw
materials. Ensuring their availability at reasonable prices represents one of the great
challenges. Increasing population growth, increasing demand for oil and gas in emerging
countries and concern regarding carbon dioxides emissions raise the question of the future
availability of fossil raw materials. In their search to guaranty the needed raw material supply
the chemical industry investigates various strategies looking at biomass as a source for
renewable raw material. In Germany about 10% of biomass is already used by the chemical
industry.

Current use of biomass is mainly based on sugar, starch and natural fats and oils, which are
summarized under "first generation use of biomass". However, the first generation use of
biomass approach brings the chemical industry in competition with nutrition for man and
animal. Therefore, the use of "non-food-biomass", namely lignocellulose, is essential for
further developments. Here technical routes are lacking and much more research and
development is needed, but results look very encouraging.

One approach is the lignocellulose biorefinery (LCF). The biomass raw materials are
separated into cellulose, hemicellulose, lignin and extracts. From these components chemical
or enzymatic processing techniques yield sugar, fats/oils and refined products of lignin. These
intermediates are subsequently fermented to produce such platform chemicals such as ethanol
or lactic acid and polymers such as polyhydroxybutyrates. Also new platform chemicals such
as 5-hydroxymethylfurfural could become the pillars for completely novel chemicals
revolutionizing the chemical industry.

In an other approach biomass is gasified to synthesis gas. Subsequently the synthesis gas can
be converted to olefins and paraffins via Fischer-Tropsch technology.

A third approach converts synthesis gas to methanol and a follow-up industry "methanol
approach" provides basic chemicals such as ethylene and propylene or ethanol and many

others.

12
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Also liquefaction of biomass to a liquid oil (bio-oil), gas and a solid via pyrolysis is under
investigation.
For the mid-term (up to 2050) fossil oil and gas will continue to be the main raw material for
the chemical industry. However, long-term (beyond 2050) it can be envisaged that fossil oil
and gas will be gradually complemented and replaced by biomass. A "mixed-feedstock-
economy" is thinkable.
All these developments will depend on the future raw material use of the energy providing
industry. One shouldn’t forget that only 5-10% of the fossil oil and gas is used by the
petrochemical industry. Success in replacing fossil oil and gas in the energy field - for
instance, going electric, energy-efficient constructions of home and houses or energy-efficient
process optimizations - will extend the availability of fossil oil and gas for the chemical
industry for a long time to come.
The fate of the chemical industry will be determined by research and developments, which are
challenged to provide the necessary technology for both energy and chemicals. The right

technology must be available when needed.
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MI/IpOBaﬂ Heq)TeXPIMI/IH, HOBbBIC TCXHOJIOI'NIN

Yceun M. JUKEMWUJIEB
Hnemumym negpmexumuu u kamanuza PAH, Y¢a, Poccus

E-mail: ink@anrb.ru

B nokmame OyamyT paccMOTpeHBI  pa3BEJaHHBIC 3amachl  MHPOBBIX ~ MCTOYHHKOB
YTIEBOJOPOAHOTO ChIphsl (He(dTh, ras, yroiab, Omomacca), a TaKKe TEMIBbl JOOBIYM U
noTpeOJIeHUsT  YIJIEBOJOPOJOB HAa  PAa3IMYHbIX KOHTMHEHTaX M B  TOCYJapcTBax,
pacroJararonmx 3TUMH PeCypcaMi.

bonbmoe BHMMaHue OyJeT YAEICHO COMOCTABUTENBHOMY AaHAIN3y TEMIIOB JOOBIYH U
NOTpPEeOJICHUST YTIIEBOJOPOAHOTO CHIPbS B Pa3MYHBIX He(TeTOOBIBAIONIMX pPErHoOHax,

BKItouasi Poccuro u AzepOaiimkas.

MUPOBbLIE 3AINACbl HE®TU U OBBbEMbI NMEPEPABOTKU

3anacut Heghbmu ITompeo6.1eHue Hedhmu

TuxookeaHCKUM1 .
TuxooKkeaHCKUMn

3anapHas Espona 0,3 Amepuka, Adpuka 0,2
3anagHasn
20 19 22 EBpona
BocTouyHasa
EBpona,
BKNnoYas 8 BnvkHumn
4,3
Poccuio BRI ’ BocTtok
Boctok /59,7 20
12 BocTtouHas
EBpona,
CeBepHas BKNoYan 34,5 Cesepnan
Amepuka Poccuro Amepuka

OcoOblif UHTEpeC W MPAKTUYECKYIO IIEHHOCTh MPEICTABISIOT JaHHBIE O HETPAIUIMOHHBIX,
BO300HOBJISIEMBIX HCTOYHHKAX YIJIEBOJAOPOJHOTO CHIPbS, KOTOpble B OyIyIleM MOaydyaT
HauOobIllee pPa3BUTHE U TOTPEOYIOT CO3MaHUS TNPUHIUIHAILHO HOBBIX TEXHOJIOTHI
nepepaboTKH ATHX MOTCHIUATBHBIX HCTOYHUKOB B IIEHHBIC YTIICBOIOPOIBI.

Hakownen, B gokiaze miaHupyeTcss oOCylIUTh HOBbIE XMMHUYECKHE TEXHOJIOTHWH, a UMEHHO,

TCXHOJIOI'MH 6yz[ymero, 6a31/1py101unec;1 Ha IPUMCHCHUU BO300HOBIISIEMOTO ChIPbA.

Pabota Bemonnena npu ¢punancoBoit noanepxkke [pesunenta PO (I'pant HI-2349.2008.3).
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Ionic Liquids in Industry: Versatile Reaction Media and Catalysts

Alexander A. OLIFERENKO, Kenneth R. SEDDON
The QUILL Centre, School of Chemistry and Chemical Engineering,
The Queen’s University of Belfast, Belfast, United Kingdom
a.oliferenko@qub.ac.uk

Ionic liquids made their debut about 10 years ago and since then have been rapidly emerging
in almost all areas of science and technology. Technically, ionic liquid (IL) is a generalization
of the well known concept of salt. Unlike the normal inorganic salts cations and anions of
ionic liquids are bulkier organic, asymmetric species able to delocalize the charges and to
attenuate the Coulombic forces, which results in extremely low melting points — at or even
below room temperature. A wide range of liquid state, negligible vapour pressure, unique
solvation properties plus enormous structural diversity make ILs highly promising for many
stoichiometric and catalytic processes where they are used either as neat liquid phases or solid
supports. Ionic liquids have already been successfully tested as solvents, catalysts and co-
catalysts in oligomerisation of olefins, hydrogenation of aromatics, Friedel-Crafts alkylations,
and Diels-Alder reactions. They improve rate constants and selectivity of transition metal-
catalyzed reactions. ILs are able to solubilise metal nanoparticles and carbon nanotubes. They
are also known to dissolve large amounts of gases such as CO,, H,S, SO,, and N,O. As
unique selective solvents, ILs can do important industrial separations such as desulfurization,
removal of sour gases and mercury from natural gas, removal of naphthenic acids from oil,
and separation of aromatic hydrocarbons from alkanes. Ionic liquids can do many other
interesting things: dissolve elemental sulfur, selenium, tellurium, and phosphorus; dissolve
cellulose and other biopolymers, sustain and accelerate enzymatic reactions, etc. They can be
used in the manufacturing of synthetic fibers, biofuels, and pharmaceutical ingredients.
Evidently, ionic liquids are a prospective technology platform for chemical and petrochemical
industry. But what is more important — environmentally benign, recyclable ILs form a basis of
a truly green technology which is highly relevant to the emerging era of global challenges and

global responsibility.
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Bifunctional Catalyst-Stabilizers for Stereoregular Polymerization of

Butadiene: from Laboratory to Industry

Akif H. AZIZOV, Nazil F. JANIBAYOYV, Fuzuli A. NASIROV

Mamedaliyev Institute of Petrochemical Processes
of Azerbaijan National Academy of Sciences, Baku, Azerbaijan

ipcp@baku-az.net

A new high activity and stereoregularity nickel and cobalt-containing homogeneous and
heterogenized bifunctional catalytic dithiosystems have been developed for obtaining of low
and high molecular 1,4-cis-, 1,4-cis+1,2- and crystalline syndiotactic 1,2-polybutadiene. They
are based on the organic dithiocompounds of nickel and cobalt (O,0-dithiophosphates,
N,N-dithiocarbamates and xanthogenates) in combination with aluminum organic compounds
(alkylaluminummono- and dihalogenides, trialkylaluminums and alkylaluminoxanes). The
main distinguishing feature of these systems compared to known catalytic systems is their
ability to preserve the produced polybutadiene from thermo- and photo-oxidative ageing.
Furthermore they are characterized by: a) high catalytic activity and stereoselectivity; b)
decreasing the amount of metal complex component (almost by one order); c) sharply
increasing the output of the product amount (by 4-5 times); d) using the butadiene fraction
with low content of basic substance (fraction C4) in the process.

Dependence of process outcomes on the nature of ligands of nickel- and cobalt-compounds,
catalyst components concentration and ratio, as well as the influence of temperature on
catalyst activity and selectivity are presented. Particularly, these homogeneous catalysts in
toluene solution have shown very high activity and stereoregularity in butadiene
polymerization: catalyst productivity — 10-110 kg polymer/g Me-h, butadiene conversion —
50.0-99.0 %, 1,4-cis content-80-96 %, 1,2-content- 94.0-99.0 %, intrinsic viscosity -
1.3-3.5 dl/g; crystallinity — 63.0-98.0 %, syndiotacticity — 93.0-98.5 %, melting point —
175-212 °C. The optimal parameters of synthesis of low- and high-molecular mass
polybutadienes with various microstructures were established.

Cobalt-containing bifunctional catalytic dithiosystems have been heterogenized on various
supports (such as silica gels, aluminum oxides, zeolites, carbon black, etc.) by the methods of
direct impregnation or pre-alumination. The received data demonstrate that the heterogenized

bifunctional cobalt-containing catalytic dithiosystems prepared by the pre-alumination method
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show very high activity in gas phase polymerization of butadiene. These catalysts productivity
reaches up to 650.0-2200.0 kg PBD/g Co-h, which is much higher than the output of solution
process using the same homogenous catalysts (57.0 kg PBD/g Co-h) and the known gas phase
process using the heterogenized neodymium-catalysts (500.0 kg PBD/mol Nd-h).

In this report the results of kinetic regularities, MMD analysis, mechanism of catalytic
actions, stabilizing efficiency and other investigations will be presented.

The systematical investigations of these systems in the processes of synthesis of
polybutadiene with different stereoregularity enable us to create the new bifunctional catalyst-
stabilizers with simultaneously high catalytic and stabilizing efficiency.

It will be discussed the results of the developed dithiosystems testing beginning from
laboratory pilot plant up to industrial production scale.

By the efficiency of thermo- and photo oxidative stabilizing action the cobalt-containing
catalytic dithiosystems significantly surpass the commercial antioxidant Agidol (NG-2246)
and this is explained by the effect of catalytic inhibition in the dithiosystems. In their
combined use the good compatibility of two antioxidants and synergistic actions has been
found.

High activities of homogeneous and heterogenized bifunctional nickel- and cobalt-containing
catalytic dithiosystems allow developing principally new ecologically favorable and
economically beneficial technology of butadiene solution and gas phase polymerization

Processces.
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OxkuciaurteabHoOe npeBpalcHue a.lm(l)aanecmlx CIIMPTOB Ha

MOAU(PUIHMPOBAHHBIX HEOJIUTAX
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itpcht@itpcht.ab.az

I'eTeporeHHO-KaTAIMTHYECKOE OKHUCIICHUE aTr(aTHIeCKUX CIUPTOB OTHOCUTCS K KIJIACCY
CIIOKHBIX MHOTOCTAIMMHBIX XUMHUECKUX MPOIECCOB, B PE3yNbTaTe MPOTEKaHUS KOTOPBIX
00pa3yroTCcsi albJIeTUIbl, KETOHBI, KapOOHOBBIE KHCJIOTHI, CIOXXHBIC 3(PHPBI W TMPOTYKTHI
rI1yOOKOro OKHCcieHHs. B kauecTBe KaTaau3aTOpOB ISl ATUX MPOIECCOB MPUMEHSIOT METAJLIbI
(Cu, Ag, Au, Fe, Mo u ap.), okcubl iepexoaubix MetamuioB (CuO+Cuy0, V;,0s, Cr,03, MoOs
U JIp.) U CMECHU OKCHJIOB U COJIM MEPEXOTHBIX METAIIIOB (BaHAIaThl, BOIb(PaMaThl, CTAHHATHI U
MOJIUOIATHI IIMHKA, KOOAIbTa, BHCMYTA U JIp.). [IpoIecchl MpOTEKArOT B TUAITa30HE TEMITEPATyp
300-450°C ¢ OTHOCHUTENBHO HU3KOU CEIEKTUBHOCTBIO T10 I[EIEBOMY HPOYKTY.

Metomom MK-CrieKTpoCKOIIMU  BBISBIIEHA POJb OpPEHCTEAOBCKMX KHUCIOTHBIX IIEHTPOB
okcuaHbIX Katamu3aTopoB (Cr—-Mo—O, MoO;) B reTeporeHHOM MapIUalbHOM OKHCICHUU
amuaTHIecKuX CIHUPTOB. YCTAHOBIEHO, YTO AaHAJIOTHYHO KUJAKO(DA3HOMY BapHaHTy
mpolecca, KOTOPbIi MPOTEKaeT B KUCIOTHOW Cpejie ¢ y4acTHEM MPOTOHOB uepe3 00pa3oBaHUs
MIPOMEKYTOYHOTO COSAMHECHHS XpoMmaT d(dupa, MPU reTePOreHHOM MMaPIUATBEHOM OKHCICHUN
Takke OOpa3yrTCsl TOBEPXHOCTHBIE THIIBI AalKOKCHUIOB, KOTOpbIe (OpPMHPYIOTCS mMpHU
B3aMMOJICHCTBHH OPSHCTEIOBCKUX KUCIIOTHBIX IICHTPOB CPEAHEH CHIIBI C aJICOPOUPOBAHHBIMU
HAa TIOBEPXHOCTM KaTajgu3aTopa MoJIeKyJdamMH anudaTuyeckux crnupToB. Peakius
TeTePOTreHHOT0 MaPIHAILHOTO OKUCICHHS aTu(paTHIeCKUX CIIMPTOB MPOTEKAET B PE3yiIbTaTe
B3aMMOJICHCTBHSI ATHX AQJKOKCHIHBIX OOpa30BaHUN C TMOBEPXHOCTHBIM HYKIJICOPHIbHBIM
KHUCIIOPOJIOM.

Pa3zpaboTka 3¢(HeKTUBHBIX CITOCOOOB MONYYCHHS alIbIETHI0B, KETOHOB, KAPOOHOBBIX KHUCIOT
U CIOXHBIX 3(QHPOB OKUCICHHWEM HU3MUX amu(paTUIECKUX CIUPTOB, MPEICTABISET Te-
OpETUYECKHI MHTEpeC, KOTOPbI 00YCIOBJIEH TEM, UYTO B JIUTEPAType OTCYTCTBYIOT paboTHI,
MOCBSIIEHHBIE MOAOOPY AKTUBHOTO MOIU(MUIIMPOBAHHOTO IICOJUTHOTO Karajau3aTopa |
U3yYCHHIO MEXaHM3Ma M KHHETUYECKHMX 3aKOHOMEPHOCTEH  peakuuil  OKHUCICHUS
amudaTUIeCKUX CIIUPTOB HA ITHX KaTaau3aTopax.

Pesynbrartel Hammx wucciaeaoBaHuii 3a mocienHue 30 JeT mo pa3paboTKe IEOJIMTHBIX
KaTaJau3aTOpPOB IS pEeaKIUi OKUCIICHUS aTu(aTHUYEeCKUX CIHPTOB IMOCTYXKUIA OCHOBOU IS

CO3MaHMS TPHUHIMUIIOB KOHCTPYHUPOBAHUSA BBICOKOI(D(PEKTUBHBIX MOIUPYHKIIMOHATIBHBIX
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MOJIM(ULIMPOBAHHBIX IEOJUTHBIX KAaTATU3aTOPOB ISl STUX PEAaKIUil Ha OCHOBE M3BECTHBIX
KaTaJTUTHYECKUX CBOMCTB MEPEXOJHBIX METAJUIOB M (PU3HKO-XMMHUECKUX CBOWCTB IICOJIUTOB.
VYcTaHOBIIEHO, YTO MPHUPOAHBIE IICOJIUTHl KIMHONTWIOIUT U MOPJEHUT, a Takke
cunternueckue reonutsl A, X, Y, HY, ZSM-5, HZSM-5, B-moaudunupoBaHHble KATHOHAMU
M U MaIafus METOAOM MOHHOTO OOMEHa MPOSBISIOT BBICOKYIO aKTUBHOCTH B PEAKIUAX
NapLUUaJbHOTO OKUCJIEHHS METHUJIOBOIO, ATHJIOBOTO, H-IPOMMJIOBOTO, W30IMPONUIOBOIO,
H-OyTHIIOBOTO, M300yTHUIOBOTO, BTOPOYTHUIIOBOTO M W30aMUJIOBOTO CIHUPTOB B albICTUIBI,
KETOHBI, KAPOOHOBBIE KUCTOTHI U CIIOKHBIE 3PUPHI KAPOOHOBBIX KUCIIOT.
B pesynbrare mpoBeNEeHHBIX HCCIEIOBAHUN BBISBIECHO, YTO CyMMAapHYIO CXEMYy peakIuil
napo(a3HOro OKUCJIEHUS HU3IIMX aTu(paTUYecKHX CIUPTOB HAa MOAUDUIIMPOBAHHBIX

HECOJMUTHBIX KaTaJln3aTopax MOXKHO IMPEACTABUTH B CICAYIOIIEM BUJIC:

Cu®’, Pd'/ueomur Cu?", Pd* /neomur LIEOIUT

112 0y 1LO » RCHO 120, » RCOOH TRCH,OL _HZOV RCOOCH,R

RCH,OH

Jns Bcex Tpex CTaauil 3TOro MeXaHW3Ma OJHUM W3 aJICOPOIMOHHBIX IEHTPOB SIBISFOTCS
OpeHCTEZIOBCKHE KHUCIOTHBIE IEHTpbl. M3 nuTepaTypbl u3BecTHO, 4TO mapodaszHas
STepUPUKAIMS YKCYCHOH KHCIOTBI OSTWJIOBBIM CIIUPTOM MPOTEKAeT Ha IIEOJUTHBIX
KaTaJln3aTopax ¢ OpEeHCTETOBCKMMHU KUCIOTHBIMH IEHTPAMH CPEIHEH CHIIBIL.

C uenpio pa3pabOTKU MPUHIIUIIOB KOHCTPYHUPOBAHMS aKTUBHBIX KaTAJIM3aTOPOB JIJISl PEAKIIHA
OKHCIUTEIBHOTO  MpeBpalleHuss  anupaTUYeCKUX  CIOHUPTOB  HAMU  HCCJeIOBaHa
KaTaJINTUYECKas aKTUBHOCTh OKOJ0 40 pa3HbBIX IIEOJIUTOB B peakiuu napodazHoit
ATepU(PHUKAIINN YKCYCHON KUCIOTHI STHJIOBBIM CIIUPTOM.

C WCHONB30BaHMEM JKCIEPUMCHTAIBHBIX KHHETUYECKUX JAaHHBIX COCTABICH  PsiX
KAaTAIMTHYECKOM AaKTHUBHOCTH HCCJIEIOBAHHBIX LIEOJUTOB B peakuuu mnapodaszHon
STepUPUKAIINH YKCYCHOW KUCIIOTHI C ATHJIOBBIM CITUPTOM, Ha OCHOBE KOTOPOW pa3pabOTaHBI
14 BBICOKOS((EKTHBHBIX KATATH3AaTOPOB, LEONUTHI, MOAM(HUIMPOBAHHBe HoHamu Pd™" u
Cu”" MeToIOM HOHHOTO OGMEHA, JUTS PEaKIMil CENEKTHBHOIO OKHCIHTEIBHOTO PEBPAICHAS
ann(paTHUECKUX CHUPTOB B allbJETH/AbI, KapOOHOBBIE KUCIOTHI U 3¢upsl. Meromom IIIP
UCCIIC/IOBAaHA pOJb HWOHOB MEIW B PEAKIHUU OKHUCICHHS alu(paTHYeCKHX CIHPTOB.
IKCIIEPUMEHTANBHO HCCIENOBaHEl pomn Pd™" i GpeHCTEOBCKMX KHCIOTHEIX HEHTPOB B
PEaKIK OKUCIUTEIHFHOTO TPEBPAICHHS TH()aTHIECKUX CITUPTOB.

Ha ocHoBe aHanmu3a JIUTEpaTypHBIX MAaTEPHAJIOB M IOJYYEHHBIX HAMU SKCIEPUMEHTAIBHBIX
JAHHBIX TPEJIOKEH CTAAMUHBIA MEXaHU3M ISl peaKIUi OKHUCIMTEIBHOTO MPEBpAIICHUsT Ha
MOIU(HUIMPOBAHHBIX LIEOJUTHBIX KaTain3aTtopax. Ha OCHOBE 3TOro MexaHW3Ma COCTABIICHBI
0000IICHHBIC TEOPETUYECKH OOOCHOBAHHBIC KHHETHYECKHUE YpPAaBHEHHS IJisi 0Opa3OBaHMS

AJIbACTHUA0B U KCTOHOB, Kap6OHOBBIX KHCJIOT U CJIOXKHBIX 3(prOB.

19



KL-9
Synthesis and Study of Nano- Metal Catalysts by Metal Vapor Method in

Hydroconversion of n-Alkanes
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Chemical materials in the nanometric range have attracted a great deal o f interest due to their
unusual properties that differ m arkedly from those of bulk system s. They continuously are
occupying a prom inent place in both funda mental and applied research . The synth esis o f
nanoscale metals and metal ox ides has received considerable attention in view of their great
potential for the design of highly efficient catalysts with spec ific dim ensions and
compositions. W e have used the first tim e the metal vapor techniques (MVM) to produce
highly effective m etal and m etal-oxide containing catalysts [1-3]. Co-c ondensation of the
metal vapors, such as Ni, Co, Ti, Zr, Pd, Pt, Ru, Re, Rh, Mo etc., with molecules like toluene
yields the “m etal solutions”. Physico-chem ical analysis of these solu tions showed that the
produced particles are mostly in the nanometric range. This talk is focused on development of
synthesis of advanced nano-m etal catalytic systems by MVM and inve stigation of their
catalytic properties in hydroconversion of n-alkanes [4].

Saturated hydrocarbons are among the least reactive and chemically most stable of all organic
materials with their known abundant rese rves. Activation of carbon-hydrogen and carbon-
carbon bonds under mild conditions will be th e most fundamental step in any catalytic cy cle
designed to convert these vast sources into useful chemical materials. We have shown that the
“nano-metal solutions” enable to activate C-H and C-C bonds in alkanes at low temperatures.
For exam ple, Ni-solution reacts with n-Pent  ane at -13 0°C. Counterbalancing of these
advantages, however, is short period usability ~ of “nano-m etal solutions” for the cataly tic
conversion of alkanes u nder homogeneous conditions: metal atoms easily aggregate yield ing
inactive bu lky m etal p articles. To overcom e this prob lem, the “metal solu tions” were
interacted with supports with different surface acidity and pore structures, resulted in
synthesis of some novel nanostructured solid catalysts containing one or two different metals.
By appropriate com bination of m etal and supp ort the catalysts can be prepared possessing
high isomerization activity and internal C-C bond cleavage selectivity in hydroconversion of
Cs-Ci6 n-alkanes. The overall activity of these  catalysts in com parison with conventionally

prepared samples, showed a pronou nced increase: these catalysts so r eactive that noticeab le
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conversion of tested hydrocarbons takes place even below100°C. These catalysts produce
significant differences in all product distributions. There are considerable changes from one
alkane to other and to cycloalkanes. On the other hand, the activity and selectivity of the
catalysts undergo significant changes in depending on the nature of the second metal and
structure of support. One of the most important advantages of nano-metal-supported catalysts
is their high stability and they, in contrast to the soluble analogs, can be used over a long
period.

The reactivity of n-alkanes with respect to both hydroisomerzation and hydrocracking
reactions increases with increasing molecular weight. The final product slate of reaction
depends mostly on the chain length of n-alkane and pore morphology of supports. With this
respect, zeolites with different pore sizes (ZSM-5, Y, B, M-41) were used as support in
preparation of catalysts to investigate these effects in detail. According to consecutive
reaction mode, if there are no shape restriction and diffusion limitation, high n-alkanes can
undergo successive conversion into mono-, di-, and tri-branched intermediates inside support
pore before cracking. In the case of cracking of multi-branched intermediates, only
iso-alkanes of gasoline range will be produced, which is of utmost interest for production of
eco-clean high octane gasoline. On the other hand, as the support pores are getting smaller,
the formation of bulkier multi-branched isomers will be restricted. Under these conditions of
hydroconversion, the selectivity of less branched isomers high alkanes can be increased up to
85-90%, which is important to produce lubricant oils with good cold flow properties.

Reactivity of methane towards MVM-made nano-structured catalysts is sharply different from
its homologues and can be easily polymerize to high alkanes and aromatics depending on the
nature of transition metal and conditions of the process. Methane forms CHx species on the
catalyst surface at temperature range 200-350°C, which can be condensed into high alkanes
by hydrogen treatment. Combination of Ru with Re and Pt gives the best results. The yields of
C,-Cg under optimal conditions achieves up to 30%. Increasing the reaction temperature up to
700-750°C causes the one step conversion of Methane into aromatics: Benzene was the main

reaction product in this case.
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Solar hydrogen production from renewables such ethanol and water is one of the promising
methods for fuel generation either for direct combustion or to power fuel cells. Gold catalysts
with finite nanoparticle size have been shown active for many dark catalytic reactions and in
particular for oxidation reactions [1]. Their potential as active materials for photoreactions
has received sporadic attention, however [2]. In this work we have prepared Au catalysts
deposited on anatase and rutile TiO, nanoparticles of similar sizes in order to study their
activity for the photo-production of H, from ethanol alone as well as in presence of varying
amounts of water. The catalysts have been studied by BET, XRD, HRTEM, XPS, and TPD
while their catalytic reaction was followed in liquid slurry under UV illumination by GC. Au
mean particle size between ca. 3 and 30 nm size were prepared on both supports. Our study
indicated the following

1. While small Au particle catalysts are more active than larger ones the photocatalytic
activity tracks the amount of Au without particle size effect in contrast to dark
reactions.

2. The rate of the photocatalytic reaction is largely determined by the bulk electron-hole
recombination of the TiO, support. For the same Au particle size and the same TiO,
particle size the rate of H, production on anatase is about 100 times faster than that
observed on rutile.

3. Moreover, we have investigated the effect of the particle size of the support. To
conduct this we have tested two types of Au/TiO, anatase catalysts. Both catalysts
contain the same loading of Au (2 wt.%) with similar particle size dsitribution (5-7nm)
but one with TiO; particle size of 10-15 nm and the other with TiO, particle size of ca.
150 nm. No effect on the reaction rate was observed once the rate is normalised per

unit area [3] and figure 1.
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4. Extraction of reaction rates from the best performing catalyst indicates that a
production of ca. 5 L of H, min™' kg” Catal. can be obtained. This production rate

puts these catalysts as promising materials for Hogeneration for applied devices.
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Figure 1: H; production as a function of time using two types of catalysts: Au/TiO; (micro-
size) left Y axis and Au/TiO, (nano-size) right Y axis. In both catalysts Au particle size is
about 5-7 nm and Au load is 2wt.%. The BET surface areas are 10 m*/g for the micro-size
particle and 105 m?/g for the nano-size particle (adapted from reference 3). The two insets are
TEM images of the catalysts. The one for the micro size is a bright field TEM image where
the Au particles are indicated by arrows, the one for the nano-size catalyst is a dark field TEM
image to highlight Au particles as their size is close to that of TiO, particles. The rectangles
in both TEM images are of the same dimension.

References:

[1] Chen, M.; Goodman, D.W.; Chem. Soc. Rev. 2008, 37, 1860; and references therein.

[2] Bahruji, H.; Bowker, M; Davies, P.R.; Al-Mazroai, L.S.; Dickinson, A.; Greaves, J.; James, D.;
Millard, L.; Pedrono, F. J. PhotoChem PhotoBio A: Chemistry, in press

[3] Nadeem, M. A.; Murdoch, M.; Waterhouse, G.I.N.; Metson, J.B.; Keane, M.A.; Llorca, J.;
Idriss, H. J. PhotoChem PhotoBio A: Chemistry, in press.

23



KL-11

buoMmuMeTrHyecKui KaTajans B P€AKIIUHU OKUCJICHUSA IMTEPOKCHI0OM BOAOpOaAa

Todpur M. HATUEB
Hucemumym xumuueckux npoorem um. M. ®@. Haeuesa HAHA, baxy, Azepbaiioxcan,
Aszepoatiodcanckas Hayuonanvnas uyuxnoneous, baxy, Azepbaiiosxcan

t nagiev(@ azeurotel.com

B mMmuTannoHHOM KaTanu3e KOHCTPYUPYETCS peajbHas MOJenb (MMUTATOP), UMUTHPYIOIIAS
O0BEKTHI W TPOIECCHl (HEPMEHTATUBHOTO KaTajim3a I10 OCHOBHBIM (HO HE TIOJHBIM)
XapaKTepUCTHKaM (CEJIEKTUBHOCTh, MSTKOCTh YCJIOBHM, MEXaHU3M pabOThl aKTUBHBIX
HEHTPOB U T.7.). [IOCKONBbKY UMHUTHPYIOTCS TOJIBKO OMpENeNEHHbIE CBOICTBAa (hepMeHTa, TO
3l1eCh HE BO3HHMKAET TPETEH3MHM Ha TOJHOTY OINUCAaHUS OOBEKTa-dH3MMA, XOTS HE
UCKITIOYACTCS BO3MOXKHOCTh JOCTIDKEHHS ONTHMyMa II0 €ro OTAEIbHBIM CBOHCTBAM.
HmuTarionHas Mozieinb pepMeHTa MO3BOJISET MOIYYUTh BIOJHE MPUEMIIEMbIE KaTalu3aTophl,
UCIIOJIB3YS IOJ9aC HETOUHYIO M YACTHYHO MPOTHBOPEYUBYIO HH()OPMALIUIO.

[onmaBnsromee OONBIIMHCTBO OMOMMHUTATOPOB (YHKIHMOHHUPYET B KuAkoM daze. Ux
AKTUBHOCTh 3aBHCHT OT TMIPHPOJABI PACTBOPHUTENS, PEAKIIMOHHON CpeIbl M KICTOYHBIX
3 dexroB. OT 3TUX BIUSAHUA B 3HAYMTEIBHON CTENEHM CBOOOIHBI ra3odasHble MPOIECCHI
OKHUCJICHUS, KOTOpBhIE B TMEPBOM MPUONMKEHHH MOXHO paccMaTpuBaTh KaK OKHUCICHHE B
KBa3UUJICATBHBIX YCIOBUAX. Pa3ymeercsi, OECCMBICICHHO TOBOPUTH O (epMEHTATHBHBIX
peakusix B razoBod (aze. OgHAKO MOAETHPOBATH KAaTATUTUYECKHE (PYHKIMU CHUCTEMBI B
ra3oBoi (paze MOKHO, YTO BO MHOTOM OOJIETYHT PacIIu(PpPOBKY PEaKIIMOHHOTO MEXaHHU3Ma,
HEYCIOKHEHHOTO (PaKTOpaMH, COMYTCTBYIOMIMMHU KUAKO(PA3HOMY OKCHIICHHIO.
Nmurammonnele  mojenu  (epMEHTOB,  HECOMHEHHO,  JIOJDKHBI ~ COOTBETCTBOBATh
OTpeNeI€HHBIM  (PU3UKO-XUMHUYECKAM OCOOCHHOCTSAM 00BeKTa-dH3uMa. OTIMUUTETEHON
4epTor JH000T0 OMOMHMMHKA SIBJISIETCSI €r0 OTHOCHUTEIBLHO HEOOIBIIONW pa3Mep W Oojee
pocTasi CTPyKTypa.

OTnuuust GepMEHTOB OT XUMHUYECKHUX KATAIU3aTOPOB 00YCIOBICHBI IPUINHAMH, IO KOTOPHIM
WX KaTAIUTUYCCKUE TPYIIBI MPOSIBISIIOT CBOMCTBA, HE XapaKTEPHBIC JJIT HUX B CBOOOJIHOM
COCTOSIHMHM, a camMu (epMEeHThI Topasno Oosnee 3¢GGEKTHBHBI, YeM JIIOObIe TOMOTEHHBIC
KaTanu3aTopsl. [IpeumMyIecTBO reTeporeHHO-KaTaTUTUYECKUX CUCTEM Tepe]l TOMOTC€HHBIMU
COCTOMT B TOM, YTO OHU MOTYT 32 CUET KHUCIOTHO-OCHOBHBIX TPYII HOCHUTENS-MaTpHKCa

MOACIINPOBATE AHAJIOTHUYHBIC KATAJIUTUUCCKHUC LCHTPLI OEIKOBOM YacTH q)epMeHTOB, B TO
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BpeMs KaK Yy TOMOTEHHBIX KaTaJu3aTOPOB Takash BO3MOXHOCTb JINOO OTCYTCTBYET, OO 3a
C4€T pacTBOPHUTENS U BBEACHHS 100aBOK yAaéTCs JOCTUYD HEOONMbIIHNX IPPEKTOB.
B nensix 1OCTHXKEHHS BBICOKOW CENEKTUBHOCTH HEOOXOIMMO peann3oBaTh (hepMEHTATUBHBIN
MEXaHM3M MpeBpalleHus cyOcTpaTa, KOrJa BCe KaTAIUTUYECKUE TPYMIbl aKTUBHOTO IIEHTpa
JEHCTBYIOT Ha CyOCTpaT OJHOBPEMEHHO, MpEBpallas €ro B KOHEYHBIM MpOAYyKT. [ToaTomy
HAaHECEHHBIN KaTATUTUYECKUH IIEHTP OMOMMUTATOPA JOJIKEH 00J1aaTh CBOMCTBAMHU, KOTOPbHIE
MPOSIBISIIOTCSA TOJNBKO B aHCaAMOIle ¢ KHUCIOTHO-OCHOBHBIMH KaTaIUTUYECKUMU rpynmnamu. B
IIPOTUBHOM CJIy4ae LEHTP OKaKETCS HEAKTUBHBIM B KaTaJu3e.
g OMOMHMETHMYECKOro KaTalu3a OY€Hb Ba)KHO, YTOOBl YYAcTKH IPUCOECTUHEHUS U
OTILIECIUICHHUS TPOTOHOB OBUIM pa3lieleHbl XUMUYECKUMH CBS3SIMHU, MPETEPHEBAIOLIIMU
NEpPECTPOMKY: pacUICIUICHME M BO3HUKHOBEHHME CBSI3€M B AaKTUBHOM  KOMILIEKCE
OCYUIECTBIISIETCS 3a CUET alNbTEPHUPYIOLIETO U3MEHEHNUS KpaTHOCTH +1. Takas COBOKYIHOCTh
CBsI3ei Ha3BaHa Ienblo nepepacnpenenenus cpszeit (LI1C).
B rereporeHHbpIX OMOMMHUTATOpAaX MPUHLUUIUAIBHO BO3MOXKHO IMONYYUTH OoJjiee WM MEHee
yctoiuuBsie cTpyKTypbl LIIIC, ocobeHHO Korja aacopOIMOHHBIE U KaTAIUTUYECKUE LIEHTPHI
COBMEUIAIOTCA, T.€. OJHM W Te JK€ AaKTHBHbIE ILIEHTPbl HeCcyT B cebe o0e ¢GyHKIMH —
yAEpKUBaHUS U MIPEBPALLEHUS cyOCcTpaTa.
B rereporennsix Mmojenax (OmouMuTaTOpax), TA€ KaTAIWTUYECKHE TPYIIbl AKTUBHOTO
HeHTpa (UKCUPOBAHBI HE CTOJNIb YMOPSIOYEHHO, KaK B (pEpPMEHTaX, 4acTh KaTaTUTHUYECKUX
rpymnm, Onarojapst MX AMCIEPCHOCTH Ha TOBEPXHOCTH HOCHUTENs, OyIeT pacrojoXeHa B
no3unusax, OmaronpustHeiX aig oOpasoBanus LIIC. Otcroma BbITEKaeT BechbMa Ba)KHOE
CJIE/ICTBUE: TIeTEPOreHHOCTh OMOMMHMTATOPOB SBJSIETC HEO0XOAMMBIM Ka4eCcTBOM,
ol0ecrneynBalOIIMM (PUKCHPOBAHHOCTb KATAJIUTHYECKUX IPYIII.
PaccMoTpeHbl BaxkHEWIIME TOCTHXKEHUS B ITOW OO0JIACTH KaTalu3a, B YaCTHOCTH HOBBIC
MOJIXOJbl K CHHTE3Y M HCCIIEJJOBAHMIO OMOMMHTATOPOB KaTaja3HbIX, MEPOKCUAA3HBIX U

MOHOOKCHUTE€HA3HBIX PEaKIUi JJ1s Ta30(ha3HOTO OKUCICHUS ITEPOKCUIOM BOJIOPO/IA.

Jlureparypa:

T.M.Nagiev. Coherent Synchronized Oxidation Reactions by Hydrogen Peroxide. Elsevier.
Amsterdam. 2007. p. 325.

T.M.Harues. B3aumopelicTBie CHHXpOHHBIX peakluii B XUMUU 1 ouonorun. baky. M, 2001, ctp.
404.
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KaramuTnueckoe okucienue C;-C, a1KkaHOB B IPOMBIILJICHHO BasKHbIE

NPOAYKTHI

Kycman JOCYMOB
Hnemumym opeanuuecrkoeo kamanusa u snexkmpoxumuu um. /.B. Coxonvckozo,
Anmamet, Pecnybauxa Kazaxcmarn

orgcat@nursat.kz

[Tpupoanslil u HeTAHBIE MOMYTHHIE I'a3bl (OCHOBHBIE COCTABIISIIOIIME AKaHbI - METaH, TaH,
nponaH, OyTaHbl) B OCHOBHOM MHCIOJB3YIOTCSA B BHUAE TEXHMYECKOTO IPOMBIIUIEHHOTO
MOTOpHOTO, OBITOBOrO ToIUIMBa. MccinenoBanus mo pa3paboTKe CIOCOOOB MPEBpaIICHUS
C;-C4 ankaHOB B TIOJI€3HBIE TOITYIPOAYKTHI U MPOAYKTHI SIBISIETCSI OJJHUM M3 TIEPCIIEKTHBHBIX
W aKTyaJIbHBIX HamnpaiieHuid. Pabotel npoBoastcs B CIIA, Anonun, Kurae, Poccun (MKCO
PAH, UX® PAH), Vkpaune (UI', U®X AH) u np. B nmanHoii paboTe mnpeacTaBieHbI
pe3yabTaThl MCCIEIOBAHUS OKUCIUTENbHONU qumepu3anuu Metana (OAM), OKHCIUTEIBHOTO
nerugpupoBanus 3taHa (O/19), okucnurensHoi koHBepcuu npomnana (OKII), 6yrana (OKB)
u cMecu nponaH-OyraHn (OKIIb) B pasnmuuHble TPOMBIIUICHHO BaKHBIE MPOTYKTHI
XMMHUYECKONH TpOMBIIUIEHHOCTH. Iloka3aHbl OCHOBHBIE HAaIpaBICHHUS IYTH IOJyUYEHHS
OTIPENICJICHHOT0 BHJA MPOAYKTa M3 KOHKPETHOTO CHIPbS IOCPEICTBOM HCIIOJIb3YEMOTO
KaTajau3aTopa.

OCHOBHBIMU HAIIPABJICHUSIMH OKHCJICHUS MeTaHa sABistoTcs: C,Hy+C,Hg \C3H5 /C02+H20
f
H2+C 4_C1-C4_> CO+H2

CEJICKTUBHOE KaTaJMTUYECKOE OKHUCIICHHME, IIapOBOU U CYyXOW AW
CH;OH = C,Hy  HCHO

pudopMHHr 10  CHHTe3 ra3a (HaMuH  pa3paboTaHbI

KaTaJIu3aTophl, I/le AOCTUIAIOTCS ONTUMalbHbIX cooTHomeHui CO:H,=2, ceneKkTuBHOCTBIO
(S) mo CO u H;, paBuoit 80-100%); rirybokoe OKHCIEHHE 10 AMOKCHAA YIIIEpO/a U BOIBI
(momyuennt 98-100% mnpespamienue); OJIM no stana u stunena (Beixon C,Hs4 mocturaer
14-19%, kouBepcust 23-32% u cootHomenuu B npoaykrax C,H4/C,He=3,6-9); okucnenue no
dopmanpaeruna (mpsMoil OJHOCTAIUIHON KOHBEPCUEH MOTYYEHbl YCTOMYMBBIC BBIXOJBI 10
4,0-4,75% 3a omuH mpoxon ¢ mnpoumsBoauTenbHOCThIO 300-1395 T1/kr'u) W MeraHoIa
(manbobIe BbIxo sl gocturaiot 2,0%, npu kouBepcuu 1,0-5,5%, cenektuBHoCcTh 80-100%);
pas3jioxeHue 10 yriaepoaa u Bojpopoaa. B mpouecce O/lD B OCHOBHOM MOMyYaroT ATHIEH U
BOZOPOJ (IIOJMyYeH BBIXOJ JSTWJIEHA B pacyeTe NPONYIIEHHBIM 3TaH paBHbIA 46,4%,

cesnektuBHOCTD 89,5%). B mpouecce OKII, OKB u OKIIb nocTUrHyThl BBIXOABI: 110 3TUJIEHY
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34,0%, 32,4-36,0% u 39,9-56,1%, S=42,5-60,3%; nponmiena 17,6%, 9,0% u 26,9%,
S=36,8%; BbIxoa cymmbl okcureHatoB (C3-Cy4 CIHMPTHI, alleTaabAeTHa, MypaBbUHAs KUCIIOTA)
pasex 2,5%, 8,8% u 27,0%, S=31,0 coorBercTtBenHo. OKIIb Bappupyemoro cocraBa naet
BO3MOKHOCTh nosryueHust C4Hs—18,6%, S=23,0%.
Ponb mpuponbl aKTHBHOCTH KaTajdu3aTOPOB B OKWCICHMM MeETaHa Ha KaTallu3aTopax
MeO/nocurens mposBisercs ancopbuueit CHs Ha ee TOBEpXHOCTH U OTPHIBOM

) . . _-e _ B
obOHapyxeHHbIX paaukanoB CH; u CH3;0, B razosoii daze CH,Me*'0” — CH;Me*'+H"...0°
CH; Me?* =5 CHy+Me?*
2CH.3—>C2H6—0> C2H4+H20

nocpeacTBoM meruaporenusamuu obpazyercss CoHy. s 2CH 07— 2CH0,— CO+CO;
Me"'+ Oy — Me” O7

obecrieueHnsT BBICOKOW CEJIEKTUBHOCTH MO (C)-COCNMHEHMSIM, TO-BHIUMOMY, HEOOXOJIHUMO,

(TI14, TIIB), xotopeie aumepusytorcs B C,Hg mamee

YTOOBI CKOPOCTH €11a00a7cOpOUPOBAHHOTO O 2,5 OBLIA HUXKE, YEM CKOPOCTh ero Auddysuu B
cTpykrypy Me* 0% ¢ o6pasoBanmem O,

AxtuBanmio C,-C4 anmkaHoB Ha kKaranmusaropax rerepornonukucioTa (I'TIK)/HocuTens MOXKHO
XapaKTepU30BaTh IMPEANONOKUTEIbHON CXEeMe MPOTEKAIOIIUX peaKIuid HIYIuX [0
CIIO)XHOMY TOMOT€HHO-TETEPOreHHOMY, pPaJWKabHOMY MEXaHH3My, 00 3TOM MOTYT
CBUJICTEILCTBOBATh MOJUIKCTPEMATbHBIA XapakTep 00pa3oBaHUsl MPOIYKTOB, MO BIUSHUIO
teMriepatypsl peakuuu u conaepxkanus [ TIK na nocurene. [Ipennonaraercs, uro aacopOoius u
aKTHBallMs ajJKaHa HJET Ha MOBEPXHOCTH KaTajlu3aropa (C y4acTheM KHUCIOTHBIX LEHTPOB U
pasHbeIx ¢GopM Kuciopona). B3zaumonelcTBue alKaHOB MOXKET MPOXOAUTh C MOCTUKOBBIM
¢pparmentom T'TIK M/OWM 10 600°C (kucmopon | u 2 CTpyKTyp), a IPU TEMIIEPATyPe BBIIIIE
600°C paGotaeT rereponoaunonobuas crpykrypa MO (kucnopon 3 u 4 crpykryp), no UKC,
TIIB. B xome pekoMOMHaNuWM pajvKajioB B Ta30BOH (aze MOTYT MPOXOIAUTH CIETYIOIINE
romoreHnbie peakuuu: 2CH, — C,Hy; CH, +30—CO,+H,0; H+H —H; u np. Pereneparus
KaTajan3aTopa MPOMCXOAUT 3a CUYET MapoB BOABI M KUCIOPOa U3 PEAKIIMOHHOW CMECH.
OcHOBHBIE BBIBOJBI UM PEKOMEHJIAIMH IO TPOLECCY OKUCIUTEIHHONH KOHBEPCHH aJKaHOB
(OKA) C;-C4 B cnenyromeM. B psny OKHCISIEMBIX allKaHOB BBIXOJ, CEJICKTUBHOCTh H
MPOU3BOJUTENLHOCTD MpOIlecca MO MPOAYKTaM BO3pACTalOT Mo Mepe yMeHbleHus E paspriBa
cesisu  C-H, T.e. BO3pacTaHMs coAep)KaHUS aTOMOB  yrjepoja B  MOJIEKYJIE:
CH4<C,H4<C3H3<C3Hs+CoH4<C4H, ¢ u HaOmogaeTcs cHuxenue ontuMansHoil T, ot 800 no
600°C. Tlokazano, uTo axkTHBUpoBaTh mpouecchl OKA 10 TONy4YeHHIO IIPOMYKTOB
1enecoo0pa3Ho MyTeM BBEACHHS N00aBOK K ankaHy (OCOOEHHO TPYTHO OKHUCISIEMOMY) -

JpYyTUX aIKaHOB, TUOO0 01e(pUHOB, a TAKIKE BOJIBI.
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Karanurnyeckue npouecchbl OKMCJINTEILHON 0YMCTKH YIJIeBOAOPOIHOI0

ChIPbSI OT CEPHUCTHIX COeTMHEH Uit

Axmer M. MA3I'APOB, Aszar ®. BUJIB/IAHOB

OAO «Bcepoccuiickuii HaQyYHO-UCCe008aMENbCKUL UHCIMUMY M Y2N1e8000POOHO20 CIPbILY
(OAO «BHUNYC»), Kazanwv, Poccus

vniius@mail.ru.

O06beM a00bIMM ©  TepepabOTKM  CEPHHUCTHIX  MEpKanTaHCOAEpXKallux HepTed u

ra30KOH/ICHCATOB HEYKJIOHHO yBelIMuuBaeTcs kak B crpaHax CHI', Tak u B apyrux crpaHax

mupa. Huskomonekynsipueie Mepkantanbl C;-C; u  cepoBoaopoJ 007aJal0T BBICOKOH

TOKCUYHOCTBIO U JIETyYECThIO, HENPUATHBIM 3alaxoM, KOPPO3HMOHHOW aKTHBHOCTBIO.

HaunbGonee »ddextuBHBIM cmocoOOM OYMCTKH HePTeH, ra3oB M HEPTENPOIYKTOB OT

CepOBOJIOPOZIa M MEpKAINTaHOB ABISETCS MX JKUAKO(DA3HOE OKUCIEHHWE B IPHUCYTCTBUU

(dTanonnaHMHOBBIX KaTaJH3aTOPOB.

CuHTe3upoBaHbl M HCIBITAHBI HAa AKTUBHOCTh B pEAKLUUU OKHUCIEHUS MEpPKAalNTaHOB U

CTaOWJIBHOCTh B BOJHO-IICIOYHOW cpeme Oonee 50 00pas3noB MeTamuio(TaaorMaHuHOB.

CKOpOCTb OKUCITUTENBHON AECTPYKIUH JUCyIb(odTanonnaHiHa KoOaabTa UMEET BUJL:
1=0.258 - 10° - exp (-54680/RT) - [[ICPK]

Paspabotansl nBa crioco0a yBeIMUYEHHS CPOKa CIIy)KObI (WJIM yMEHBIICHUS JIE3aKTHBAIIUH)

TOMOTEHHBIX (PTAIOLIMAHUHOBBIX KaTaJlIU3aTOPOB:

a) IleJIeHANpaBJICHHbI CHUHTE3 HOBBIX CTAOMJIBHBIX (PTAJOLMAHMHOB KOOadbTa 3a CYET

BBEJICHUS 3aMeCTUTENel B OEH30JIbHBIC KOJIBIIA,

0) MHrUOMpOBaHHE PEAKIMU OKUCICHUS (PTAJOLMAHMHOB KOOalbTa MyTEM HEMpPEPHIBHOTO

BBEJICHUS B PEAKTOP HU3KOMOJIEKYJIIPHBIX CEPHUCTBIX COEAMHEHUH.

B pesynprate = QyHImaMeHTaNbHBIX ~ HCCIAEAOBaHWN  pa3paboTaH  OTEYECTBEHHBIN

¢dranounannHoBbIl KaTamuzaTop UBKA3, koTopslil B 2-4 paza akTHBHEe M CTaOWIIbHEE, YEM

3araiHble aHAJIOTH.

Bnepsbie B mupe paspadoran u BHeapeH Ha CII «Tenrusmespoitn» npouecc AMC-1 mns

O4HUCTKU TEeHTH3CKOW HEPTH OT HU3KOMOJICKYJISIpHBIX MepkanTaHoB C;-C3 ¢ HCTIOIB30BaHHEM

rOMOTeHHOTO (ranionraHuHoBoro katanuzatopa UBKA3. /Ige ycranoku JIMC MOIIHOCTBIO

110 4 MJIH.TOHH B IOl 3KCIUTyaTupyroTcs ¢ 1996 rona.
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C wucnonp3oBanueM ¢ranonuannHoBoro karaimuszaropa MBKA3 paspabGoTtansl mporiecchl
JIMJI-2K  (mmst oumctku  yraeBomopoaoB ot  HoS+COS+CS,+RSH), AMJ-1  (ans
JneMepkantanu3anuu kepocuHa) U Cepokc-W (s OYMCTKH CTOYHBIX BOJl OT CEPHUCTBIX
COCTMHECHMUI).

Jlunensun Ha nporneccel JAIMC u JIM /] nponansl HedTsiHoit komnanuu Upana (RIPI).
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CBY-TexHO0/I0rMH B reTePOreHHOM KaTaJju3e

KOpuii H. JUTBULUIKOB
Hncmumym xumuuecxux npooaem um. M.®. Haeueea HAHA, bBaky, Azepbatioxcan

chem@science.az

KommuiekcHyto mpobieMy sHeprocOepekeHusl U palliOHAIBFHOTO UCIONB30BaHUS TIPUPOIHBIX
pecypcoB B HedrenepepaboTke u HePTEXUMUU HEOOXOIMMO pelaTh, MEepexois Ha
TE€XHOJIOTMH HOBOTO THIIA, IyTEM CO3JaHMsI HOBBIX KJIACCOB MPOIECCOB, 0a3UPYIOMIMUXCS Ha
bu3NYeCKUX SIBICHUSAX, TMOBBIIAIOMNX 3PPEKTUBHOCTh XUMUYECKUX TMPEBpAlllEeHuNd U
HHEPrOMaccoOOMEHa.

B otoii cBsi3u HauaBmieecss mnpumepHo 40 eT Hazaag NPUMEHEHHE TEXHOJIOTHH,
UCIIOJIB3YIOUIUX JHEPrui0  CBepxBbicokouacToTHOro wu3nydenus (CBY) B numieBoit
MPOMBINIIICHHOCTH, CEIBCKOM XO34WCTBE, MEIUIIMHE W OWOJIOTHH, B TEPBYIO OuYepelb B
TEXHOJIOTMYECKUX Ipolieccax HarpeBa M CYIIKH, B MOCJIEIHUE TOJbl MPOJOKAET YCHEIIHO
pacmlpoCTpaHsAThCS B OOJACTH HAYKOEMKHX TEXHOJOTUH, B TOM 4YHCIE — TMPOILECCOB
IIPUTOTOBJIEHUS KaTaJU3aTOPOB U OCYILECTBICHHS KaTATUTHYECKUX MPEBPALLECHUN.

[TosToMy, mnpoBeAeHHE WCCIAEAOBAHUM, CBA3AHHBIX C MW3YYEHHEM aCIEKTOB BO3JICHCTBUSA
MHUKPOBOJIHOBOTO U3TyYECHHUS Ha MMPOTEKAHUE Psiia XUMUYECKUX M HE(PTEXUMUUECKUX MPOLIECCOB,
B YaCTHOCTH T€TEPOT€HHO-KATATUTHUYECKUX, SIBJISIETCS] BAXKHBIM U aKTyaJbHBIM HAIpPaBJICHUEM HX
MHTCHCU(PUKAINH, KaK B JJAOOPATOPHOM, TaK U B TIPOMBIIIIIIEHHOM MacIiTaoe.

B noknage 000OIIEHBI CYIIECTBYIOLINE COBPEMEHHBIE MPEICTABICHUS O MPOIECcCe MHKPO-
BOJIHOBOT'O HAarpeBa pa3jM4HbIX MaTE€pUaioB OTHOCAILIMXCS K KJAcCaM JAMAJIEKTPUK—METaIL,
TUDIIEKTPUK—TIONYTIPOBOJHUK,  COCTABISAIONIMX  OCHOBY  MOTEHIUATbHO—3()(PEKTUBHBIX
TFeTEPOreHHBIX KaTAIN3aTOPOB HAHECEHHOT'O TUIIA.

[IpuBonsiTCS  pe3ynabTaThl HCCIENOBAHUW TEPMOJIM3a PA3JIMYHBIX COJIEH  METaJJIOB
nepemeHHo# BasieHTHOCTH [V nepuoaa B mone CBY ¢ oO6pa3oBaHueM OKCHIHBIX COCAMHEHUI
— KOMIIOHEHTOB AaKTHBHOW MAacChl pa3pabaThIBAEMbBIX KAaTalU3aTOPOB, a TAKKE BIHMSHUS
CBY-uznyyeHuss Ha TEKCTYpHbIE XapaKTEPUCTUKU HOCUTENSI — OKCHAA aJIOMHHUS,
dbopMupyromerocss MyTeM JEKOMIIO3UIIMU pacTBOpa alllOMMHAaTa HATPUs B THAPOTEIb
TUAPOKCHUIA ATIOMUHUS U MOCIEIYIOMIEH ero TepMUIECKO 00pabOTKHU.

Ha nmnpumepax npuroToBiI€HHsT MHOTOKOMIIOHEHTHBIX  T€TE€POr€HHBIX  KaTalu3aTopoB
KHUIKOPA3HOTO OKUCIICHUS! KCUJIOJNOB, JEATKIITUPOBAHUS AIKIIAPOMAaTHYECKUX YTJIEBOIOPOIOB
C BOJITHBIM TTAPOM, BOCCTAHOBHUTEIIEHOTO aMUHUPOBAHUS KAPOOHOBBIX KUCIIOT U aMUHOCIIUPTOB,
a TaK)Ke OCYIIECTBIICHUS TIEPEUUCIICHHBIX, U HEKOTOPBIX APYTUX PEaKIUi B JIEKTPOMArHUTHOM
noine CBY-mmanazoHa MpoaeMOHCTPUPOBAHBI OCOOCHHOCTH MHUKPOBOJIHOBOTO HAarpeBa, u
MIPEUMYILECTBA UCIOIB30BAHUS TOr0 MCTOUYHMKA SHEPIUU MO CPABHEHUIO C TPATUIMOHHBIMU

criocodamu TCPMHUICCKOT'O BO3JICHCTBHUS Ha PCAKIITUOHHBIC CUCTCMBI.
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ILnaTuHOBBIE KaTaJdu3aTopbl NIPEeBPpalICHUsA YyIJI€BOAOPOA0OB

Baagumup A. JINXOJIOBOB
Hncmumym npobaem nepepabomxu yeneeooopooos CO PAH, Omck, Poccus

val@ihcp.oscsbras.ru

[InatuHycoaepxkalme KaTaiu3aTopbl IUPOKO UCIIONIB3YIOTCA B OCYIIECTBICHUM BaKHEUIIINUX
nporeccoB HedrenepepabOTkH, HEPTEXMMHUHU, OPraHMYECKOTO CHHTE3a, MPOU3BOJCTBA
SHEPTUU, MPUPOJOOXPAHHBIX TeXHOJOTUM. CyMMapHO, HA 3TH LEIH B MHUPE HUCIOJIb3YETCs
okosio 40 % mpou3BOAMMON TUTATHHBI. 3aHUMAas BEAYIIUE MO3UIUU 1O CBOEU CTOMMOCTH,
miaTMHA TEeM He MEHee, Oyiarojaps YHHKaJIbHOMY HAOO0pYy CBOMX (DH3UKO-XUMHYECKUX
CBOMCTB JO CHUX TIOp SBISETCA HE3aMEHUMBIM KOMIIOHEHTOM KaTalu3aTOpOB  JUIsS
OCYIIIECTBIICHUSI KIIIOUEBBIX M CHUCTEMOOOpA3yIOMIMX JJIs COBPEMEHHOH IUBUIM3AIUU
mpoiieccoB. B CBs3M C 3TUM HE TEpSAIOT CBOKO aKTyaJbHOCTh HAyYHBIE M HH)KCHEPHO-
TEXHOJIOTHYECKUE MCCIICIOBAHUS 110 TOBBIMICHUIO 3(PHEKTHBHOCTH MCTIOIB30BAHUS TUIATHUHBI
B TaKHX Ipolieccax.

B nokmage paccMOTpeHO COCTOSTHHE HUCCIICIOBAaHHWA B OOJNACTH MPUTOTOBJICHHS, M3yYEHUS
CTPOCHUSI U KATATIMTUYECKUX CBOMCTB IUIATHHA-AJIFOMOOKCHIHBIX CHCTEM KakK 0a30BbIX ISt
MOJIYYEHUSI KaTau3aToOpoB pPUGOPMHUHTA, CKEICTHOW W30MEpH3allid, JICTHIPUPOBAHUS,
TUAPOTeHOoNn3a aakaHoB U JAp. OCHOBHOE BHHMaHHUE yJeJIeHO paboTaM MO HCCIEeIOBaHHUIO
MOJIEKYJISIPHBIX MEXaHH3MOB OOpa30BaHMS Ha MOBEPXHOCTU OKCHUIHOTO HOCHTENS TEX WU
UHBIX (GOpPM TUIATHHBI (METAJUIMYECKOH, KJIACTEPHOH, HMOHHOH), OTBETCTBEHHBIX 32
MPOTEKAaHUE PaA3IMYHBIX TpaHcPopMaluii MOJIEKYJ YIJIEBOJOPOIOB, pa3pabOTKe METOIOB
pPEeryJIUpOBaHUsI COOTHOLICHHS KOHIEHTpAaui »TUX (OpM IUIaTUHBI, HIESHTU(DUKALNN
MPUCYIINX UM (PU3UKO-XUMUIECKUX CBOMCTB.

C ucCnonbp30BaHUEM COBPEMEHHBIX MeTOo10B uccienoBanus (IR-, RDF-, NMR-Pt'? , EXAFS,
XPS, HREM wu np.) aetraqbHO WM3Yy4Ye€H MPOIECC B3aMMOJEHCTBHS XJIOPUIHBIX KOMIUIEKCOB
IUTATUHBI ¢ OKCUIOM QIIOMHHHS. JTO MO3BOJIUIO UISHTU(DUIIMPOBATH MO KpaiiHell Mepe Tpu
COCTOSTHUS a7ICOPOUPOBAHHBIX (POPM KOMILIEKCOB IJIATHHBI, PA3IMYAIOIINXCS COOTHOIICHUEM
XJIOpP-TUIATUHA, YHCJIOM MECT KOOpAMHAIIMM W HYKJI€apHOCThI0. DOpMBI KOMIUIEKCOB
IJIATUHBI, CBSI3AHHBIE C MOBEPXHOCTHIO OKCHAA ATIOMHUHUA HECKOJbKUMH CBA3SIMH, TPYIHO
BOCCTaHABIIMBAIOTCS BOJOPOJAOM M SIBISIIOTCS aKTUBHBIMM B JETHIPOLIMKIN3ALMH AJIKaHOB.

Hx OTHOCHUTCJIBHOC KOJINYCCTBO MOXXHO YBCIIMYUTD, MMpoBOJs CIICIHUAJIbHY O
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THAPOTEPMATBHYIO 00pabOTKY CUCTEMBI «OKHCH ATFOMUHUSI-XJIOPUIHBIM KOMIUIEKC TUTATHHBDY
WIH yBEINYUBas AePEKTHOCTh MOBEPXHOCTH HOCUTEIIS.

C uenblo peleHus BOMPOCA O CHIDKEHHHM COJEpXAaHUS IUIATUHBI B MPOMBIIUICHHBIX
KAaTATUTUYECKUX CHCTEeMax W3Yy4YeHO BJIMSHUE BBEJCHUS TNalagusi B  IUJIaTHHA-
AJTIOMOOKCH/IHBIE KaTanu3atopbl. HaliieHo, 4To mayutaginii CylmecTBEHHO BIUSET Ha MPOLIECC
dbopMUpPOBaHUS AKTUBHBIX IUIATMHOBBIX LIEHTPOB M TO3BOJSET JO OIMpPENEJICHHOW CTErneHU
3aMelleHUs] YMEHBIIUTh COJICpKaHUE TIIATHHBI B KaTanu3aTrope 0e3 moTepy UM HeOOXO0IMMBIX
KaTaJIMTHYECKUX CBOMCTB.

C 11eNbI0 YMEHBIIICHUS KPEKUPYIOIIEH aKTUBHOCTH TIJIATHHA-ATFOMOOKCHIHBIX KaTaIu3aTOPOB
BBITIOJTHEHO UCCJICIOBaHUE CHUCTEM Ha OCHOBHBIX aJIFOMOOKCHIHBIX HOCHUTENSAX (CMEIIaHHBIX
MarHHUii-aTIOMUHUEBBIX OKCHIaX). B 3ToM ciyudae yaanoch HalTH yciaoBusi (pOpMHpPOBaHUS
KaTaJM3aTOPOB C MJIOCKUMH YaCTULIAMH ILJIATUHBI, MOKA3aBIIUX MOBBIIIEHHYIO aKTUBHOCTDH B
peakiuu  Cs-IeTUAPOLMKIN3AIMN AJIKAHOB M TOHW)XKCHHYIO AaKTUBHOCTh B PEAKIUU HX
TUJIPOKPEKUHTA.

OtnenbHass YacTh JIOKJIAJa MOCBSIIEHA PAacCMOTPEHHMIO BOIPOCOB  HCIOJIb30BAaHUS
pe3ynbpTaToB (hyHAAMEHTATBHBIX HCCIEAOBAHUN ISl YCOBEPIICHCTBOBAHUS TPOMBIIUICHHBIX
MJIATHHOBBIX ~KAaTaJIM3aTOPOB TMpEBpaIlleHus YrieBoaopooB. [loka3zaHbl BO3MOXKHOCTH
CO3/IaHUSl KATAJIUTUYECKUX KOMIIO3MIMKA JJIi TIOBBIIICHHUS BBIXOJIa apOMATHYECKUX
COCIMHEHUH, MOHWXEHUS coJepKaHus OEH307a, BOBICUCHHS] B MPOIECC apoMaTH3AIUU
JIETKUX aKaHOB, THApOoU3OMepH3au pudopMuHr-6eH3MHa U psina apyrux. Hekotopeie u3

p33pa6OTaHHBIX KOMHOBI/IHI/If/'I MMPONIIN MUJIOTHBIC U ONBITHO-IIPOMBIIIJIICHHBIC UCIIBITAHUS.
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Karanutnyeckuii KPEKUHI METAJJICOACPIKALIECTO CHIPbI

Cepreii B. JIBICEHKO, 9nyapa A. KAPAXAHOB

Mocrkosckuii eocyoapcmeennwiii ynusepcumem um. M.B. Jlomornocosa,
xumuueckuil ¢paxkyromem, Mockea, Poccus

Is@oil.chem.msu.ru

[TepepaboTka KaTaIUTUUECKUM KPEKMHIOM METAJUICOJEPIKAIIEro ChIpbs, TaKOro Kak
IPSIMOTOHHBINA BaKyyMHBII Ta30iib ¢ KOHIOM kuneHus 10 580°C wium cmecu masyra C
ra3oiIsiMA, B OCH3MHOBBIC W JW3EJIbHBIC (PAKIMUA C BBICOKUMH TEXHHKO-DKOHOMHUYECKUMHU
NOKa3aTeIsIMM TPEJICTaBIsAeT COOON B HACTOsALIEEe BpeMs aKTyaJbHYIO 3ajaudy. TsKelble
METaJUIbl, NPEeXJae BCEro, HUKEJIb M BaHAJMNA, KOTOpPBIE COJEpXKATCi B YKa3aHHBIX BHJAX
CBIPbsI, IIPH NepepaboTKe OTKIABIBAIOTCS Ha KaTaau3aTopax KPEKUHIa U OTpaBiisiioT ux. [Ipu
TOM YMEHBIIAETCS BBIXOJ IIEJIEBBIX MPOJYKTOB, YBEJIMYUBACTCS BBIXOJ HEKEIATEIbHBIX B
nporecce Kokca U Bopoposaa. CoelMHEHMS HHKENs KaTalIW3UPYIOT JEerUApUpOBaHHE
yIJI€BOAOPOAHOTO ChIpbs. OKCHIBl BaHaJMsl, KOTOpble 00pa3yloTcs B pereHeparope,
pa3pylialoT I[EOJIMT — AaKTUBHBIM KOMIIOHEHT KaTajau3aTopa KpekuHra. bopeOy c
OTPaBJISIONIMM  JIEWCTBUEM METAJNIOB  OCYLIECTBISIIOT, IJVIaBHBIM ~ 00pa3oM, IyTeM
JeMETaNIN3alM ChIPbsl, MCIIOJIb30BAaHUEM CIIELMANbHBIX KaTaJau3aTOpPOB M IacCHBaLUEH
TSOKETIBIX METaJUIOB Ha KaTaiu3aropaX. [IpuMeHeHue yka3zaHHBIX CHOCOOOB IO3BOJISIET
BOBJIEUb B MPOILECC KAaTAIUTUYECKOIO KPEKHMHIa METaJUICOAEP)KAIIEE CBIPHE, TEM CaMbIM
yrayouth  mepepaboTky He()TH W TPOU3BOAUTH  JOMOJHHUTEIBHOE  KOJIUYECTBO
BBICOKOKaU€CTBEHHOI'0 TOIUIMBA U MPOTYKTOB HE(PTEXUMUU. AHATU3UPYIOTCS TOCTOMHCTBA U
HEJIOCTAaTKU KaXKA0ro U3 crnoco6oB. Mcnonb30BaHue NaccuBaTOPOB — CHEIMAIbHBIX BELECTB,
KOTOpble ao00aBisitorcss B KosnmdectBe 10-50 r Ha TOHHY mnepepabaThiBaeéMOro ChIPbS,
IPAKTUYECKH HE TpeOyeT KanMuTaJdbHBIX 3aTpaT, B 3HAYUTENIbHOM CTEHNEHH YMEHbILIAET
JI€3aKTUBALMIO KAaTaJIU3aTOPOB KPEKMHIA M JAa€T BO3MOYKHOCTb IPHU MepepabOTKe TAKEIOro
CBIPbsI Ha KQXKJIOM U3 YCTAaHOBOK MOJIYy4aTh JAOMOJIHUTENIBHYIO PUOBLIb, KOTOPAst UCUUCISETCS
MUJUJIMOHAMH J10J11apoB B rofl. Hapsany ¢ aurepaTypHbIMU JaHHBIMU, IPUBOISATCS PE3YIbTAThI
COOCTBEHHBIX HCCJIEIOBAaHUM, B TOM YHCJE UCHBITAaHUN pa3pabOTaHHBIX MAcCHUBAaTOPOB Ha
OMBITHO-ITPOMBILIEHHON YCTaHOBKE C HCIOJb30BAHUEM B KaueCTBE ChIPbS CMECH MasyTa C

BaKyyMHBIM Ta3oilyiem.
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of Azerbaijan National Academy of Sciences, Baku, Azerbaijan

spinel@azeurotel.com

Hydrogenolysis of C;-C; alkanes over Ni-containing bimetallic solid catalysts using of in-situ
EMR (electron magnetic resonance) in combination with chromato-mass-spectrometric
analysis of gas phase products is studied and the results are presented. Constructed system
based on Jeol JES-PE-3X ESR spectrometer, GC and flowing micro-catalytic reactor allowed
to obtain the simultaneous kinetic and spectral data directly about magnetic species (stable,
intermediates), sites of catalysts, and reaction products. The main attention is paid to
registration of magnetic state and phase transitions of active components and mechanism of
reaction as a function of reaction condition. The main features of the investigated systems:
Para/superpara-ferromagnetic phases coexist over a wide range of temperature.

The peculiarities in behaviour of the resonance fields for each of the phases near the
temperature boundaries of the phase coexistance region are observed. The resonance field for
the paramagnetic phase becomes dependent on the shape of the sample, the saturation
magnetization and the fraction of the ferromagnetic phase. The geometry of a phase
distribution depends on an external magnetic field.

Active component shows particles size-sensitive selectivity in hydrocarbon reactions.
Essembles of a certain size are essential for some reactions to occur (hydrogenolysis,
isomerization, carbonaceous layer formation). Hydrogenolysis prevails and the extent of
multiple (consecutive) reactions increases substantially over the catalysts with more content
of Re(Mo). Multiple reactions are also enhanced with decreasing of the Ni particle size of
catalysts.

XRD phase analysis, XRF element microscopy maping of active component before and after

interaction with reaction mixture as a function of temperature and duration are under way.
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Iepaur u 00cuanaH Kak 3¢ PpeKkTUBHBIC KATAJIU3ATOPLI A/

OKCHXJIOPHPOBAHNS YIJI€BOAOPOJAOB B PeaKTOpPe KUNSIIEro CJI0si

M.C. CAJIAXOB
Hucmumym norumepnvix mamepuanoe HAHA, Cymeaiivim, Azepbatioscan

salahoy jnustafa@mail . ru

OO01Ien3BECTHO, YTO HIMPOKO UCTIOIB3YEMbIEC B IIPOMBIIIUIEHHOCTH PEAKIUH 3aMECTUTEIILHOTO
XJIOPUPOBAHMS YTIIEBOJIOPOJOB COIMPOBOXKAAETCS BBIACICHUEM XJOPHUCTOrO BOJOpPOJA, Ha
00pa30oBaHUs KOTOPOTO PACXOIyeTCsl MOJOBUHA BCTYMUBILIETO B peakiuio xjopa [1].
CnH[2n+2]+[2H+2]C12 — CnC1[2n+2]+[2H+2]HC1
Jis  OJHOBPEMEHHOTO  WCIIONB30BAaHUS  BBIACTHMBINETOCS  XJIOPUCTOTO  BOJOPOJA,
1eJ1ecOo00pa3HO OCYIIECTBISATh PEAKLUI0 OKHCIUTEIBHOIO XJIOPUPOBAHUS, MO3BOJISIONIYIO
COTMPOBOXKAATh PEAKLHI0 METATETICUH OKUCICHHEM 00pa30BaBLIETOCS XJIOPUCTOTO BOAOPOIA
B XJIOp C IPUMEHEHHUEM CIeMaTbHBIX H30UpaTEIbHBIX U JOCTYIHBIX KaTanu3aTopos. [lepaut
¥ 00CH/IMaH UCCIIEOBAaHbl U UCIOIB3YIOTCS B MPOU3BOJICTBE CTPOUTEIBHBIX MAaTEpPHAJIOB, B
CEJIbCKOM XO3SHCTBE (NEPIUT), OPArolleHHbIX KaMHEH U XUPYyprU4eCKHX HHCTPYMEHTOB M
np.(oocuanan). CBeneHus 00 UX HCIOJB30BAaHMM B KAaueCTBE KaTalM3aTOPOB IPOILIECCOB
XJIOPUPOBAHMS U OKCUXJIOPUPOBAHHS MTPAKTUYECKH OTCYTCTBYIOT.
Hamm cucremaTnueckue HCCIEIOBaHUS MO XJIOPUPOBAHHIO YIJIEBOJOPOJIOB B PEAKTOPE
KUIIALIETO CJI0S MEIKOANUCIIEPCHBIX KOHTAKTOB MPHUBENIM K BO3MOKHOCTH HCIIOJIb30BAHUS pa3-
JUYHBIX TPUPOAHBIX MHUHEPAsIoB (aKTMBHUPOBAHHBIA Yrojb, KBapIleBbI Mecok, memsa) [3],
CpeIy KOTOPBIX OOCHIMAH U MEPIUT OKa3aduch Oosee 3pPEeKTUBHBIMU KaTaIn3aTOpaMH ISt
OCYILECTBIICHUS PEAKLIUU OKHCIUTEIHHOTO XJIOPHUPOBAHUS YIIeBOA0poAoB [4]. B HacTosmem
JIOKJIJIe  TIPE/ICTABJICHBI HEKOTOPBIE WTOTH WCCIICAOBAaHUWM, TPOBEAEHHBIE B 3TOM
HalpaBJIeHUU. YCTAHOBJIEHO, YTO XJOPUCTBHIA BOAOPOI B PEAKTOPE KHUIISAIIETO CIIOS
MEJIKOJUCIIEPCHOrO 00CHaMana W Imepiura npu Temmneparype Boime 250°C KOIM4eCTBEHHO
npespauiaercs B xJjop [5].
DTOT MpOoIEeCcC COBMEMIAICS ¢ OKCUXJIOPUPOBAHUEM TIPOIUJICHA 10 XJIOPUCTOTro ayumiia [6] u
M300yTHIJICHA JI0 XJIOPUCTOTO U30KPOTHIIA [7] C UCTIOJIB30BAaHUEM CBOOOIHOTO XJIOpa, a TAKKE
XJIOPUCTOTO BOJIOPO/a, 00pPa30BaBIIETOCS B MPOIIECCE XJIOPUPOBAHUS U KUCIOPOJa BO3AyXa.
Peakuuy OKMCIIEHUS XJIOPUCTOTO BOJIOPOJA M OKHCIUTEIHHOIO XJIOPUPOBAHUS MPOIUIICHA U

H306YTI/IH€H3 CHavaJia MmpoBOAWIIM B CTCKIIIHHOM PCAKTOPC KHUIIALICTO CJI0d C AUaMCTPOM
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50mMM, a 3areM, Ha OpHUMEpPE OKCHUXJOPUPOBAHHUS MPOMMIIEHA [0 XJIOPUCTOTO aJuIMia,
UCTIBITHIBAJIA B MUJIOTHOM METAIIMUECKOM peakTope ¢ auamerpoM 1500MM mpu TemmepaType
300-500°C. VYcTaHOBIEHO, 4YTO OKCHUXJIODUPOBaHME NPONWIEHA C MCHOJIb30BAaHUEM
OKBUMOJISIPHBIX KOJMYECTB PpEarupyrolux KOMIIOHEHTOB B PEAKTOPE «KHIIALIETO CJOs
menkoaucrepcHoro (60-100mm) mepimura npu t=450°C  obecnieunBaetr 90%-HbIA BBIXOJ
[EJIEBOTO MPOAYKTA.
[lepnmutet u oOcuauaHbl - O3TO CTEKIOBAThle BYJIKAHUYECKHE TMOPOABI  LIUPOKO
pacmpocTpaHEHHBIE BO BCEM MHUpE, B TOM uncie U B Asepbaiimkane [8]. Huke npuBoasres
HEKOTOpPhIE CBOMCTBA M XMMHUYECKHH COCTAB HCIBITAHHBIX 00pa3ioB A3epOailiKaHCKOTro
MECTOPOKICHHsSI 0OcuIuaHa U MepiuTa: yAeIbHbIH BeC HEBCIIyYEHHBIX oOcuanaHa (4epHO-
onectsmmii)-2, 32; u nepaura (CBETNIO-cephlii)-2,31.
XUMHUYECKUN COCTAB:
O6cunnansl: Si0,-74,70; THO,-0,08; A1,05-13,41; Fe,05-0,71; Fe0-0,91; MnO-0,03;
Ca0O-1,01; Mg0-0,32; Na,0-4,32; K,0-0,06; H,0-0,44; P,05-0,06
[Mepmuter:  Si0,-72,44; Ti0,-0,22; Al,05-12,78; Fe,03-0,94; Fe0-0,35; MnO-0,12;
Ca0O-1,34; Mg0-0,39; Na»0-2,99; K,0-0,12; H,0-4,64; P,05-0,02
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Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
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azmea_nkpi@box.az,;anipcp@dcacs.science.az

I[J'IH MmoJIMMEpHU3aliu OJ'IC(l)I/IHOBI)IX U JUCHOBBIX YIJICBOAOPOAOB HIMPOKO HCIIOJB3YETCA
TOMOTEHHBIH KaTajau3 ¢ MPUMEHCHHEM KaTATUTHUECKUX cucteM Tuma [lurinepa-Hatra.
Hapsinmy ¢ mpemmyiectBamul (BBICOKasi CEJIEKTHBHOCTB, OOJBINAs CKOPOCTh PEAKIWU W T.I.),
TOMOTCHHBIA KaTajiu3 00JaJaeT HEKOTOPHIMH CYNICCTBEHHBIMU HEIOCTATKAMHU, TaKUMH Kak
OJTHOPA30BOE HCIIOJIb30BAaHUE KaTaIM3aTOpOB, HEOOXOMMMOCTh TPOMBIBKM TOJIMMEpa OT
OCTATKOB KaTaJIM3aTOpPOB, UMEIOIIMX B COCTaBE TsDKENbIE METaUlbl, 00pa3oBaHHE OOJBIIOTO
KOJIMYECTBA CTOYHBIX BOJ, YTO CO3/AET HEOIAronoIyqHyIO SKOJIOTHYECKYI0 00CTaHOBKY BOKPYT
NPOU3BOJICTBA, CJIOKHOCTh CO3[aHUSI HENPEPHIBHOTO TPOU3BOJICTBA, NPUMEHEHHE B KAueCTBE
pacTBOpuUTEIIs OOJBIIOTO KOJMYECTBA APOMATHYECKUX YTIIEBOIOPOIOB (OEH30I1, TOIYO).

Hamu Obuti co3maHbl OM(YHKIIMOHAJIBHBIE TOMOTEHHBIC KaTaIU3aTOPBI-CTA0MIN3aTOPBI,
pa60Ta}0H11/Ie KaK aKTHBHBIC W BBICOKOCCJICKTHBHBIC KAaTAJIUTHYCCKUC CHUCTCMbI B ITPOLICCCC
NOJMMEPH3alMA TUCHOBBIX YTIJIEBOJAOPOIOB, KOTOPhIE OCTaBasCh B TOJMMEPHON MaTpHIIC,
IPOSIBJIIIOT BBICOKYIO CTaOMIIM3HPYIOUIYI0 3(PPEKTHBHOCTh MPOTHUB TEIIOBOM W CBETOBOU
nectpykuuu — monuMmepa.  CraBuiach — 3aJada  TIOMCKA — «TETEPOTEHU3UPOBAHHBIX)»
KaTaJIUMTHYCCKHUX CHUCTEM, 06J'I3,I[aIOHII/IX NpeuMymeCcTBaMu IrOMOTCHHOI'O W I'€TCPOICHHOIO
katanm3a. Mcxons w3 3TOro, HamMu ObUTM  pa3pabOTaHbl «TETEPOrCHU3UPOBAHHBIC
KaTaJTUTHYECKUE CHUCTEMBI ImyTeM (ochopocepHEHUS CHIIMKArensi C IOJy9eHUEeM
KOMIUIEKCOB MeTasioB nepeMenHoi BaneHTHOCTH (Ni, Co, Cu, Fe, Cru T. 11.).

N3BectHO, uTO (hochopocepHerne criupToB U GeHonoB ¢ P,Ss mpoucxoaut 3a cuetr Bogopoaa
TUAPOKCWIBHON TpyMNIbl, HMEMoIIeldcs B uX Mojekyne. CHIMKarend Takke HWMEIOT
THUAPOKCUJIBHBIC I'PYIINBI B CBOEM COCTAaBC U, B IIPUHIUIIC, MOKHO OCYIICCTBUTL PCAKIIUIO UX
dochopoceprenus, cunTesupoBaTh 0,0- au3aMenieHHbIE TUTHOPOCHOPHBIC KHCIOTHI,
XUMHYCCKU CBA3AHHBLIC C HOCUTCIICM, HAa OCHOBC KOTOPLIX MHOJYYUTH MCETAJIOKOMIIJICKCHEBIC
COCIMHEHUSL.

[Ipomecc docdopocepHeHUS OCYIIECTBISUTA MEXAy OC3BOJHBIM cuiMkarenem u P)Ss B

cycneHsuu Kcuionos mpu 135-140°C mo monHoro Beiaesnenust H,S, KOTOpBId mporyckaics
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yepe3 BomHbI pacTtBop CdCl, ¢ momyuenumem ocanka CdS, Mo KOIHYECTBY KOTOPOTO
paccuUMThIBAIOCH KONIMUYECTBO BblAesneHHOro HoS. [lns mnonHoro ypanenus H,S wu3
PEaKIIMOHHOW 30HBI MPOIECC MPOBOIWIN MO HeOoJmbmuM BakyymMoM (600 — 650 mm Hg).
[locne 3aBepiieHUst peakMM Macca NPOMBIBAIACH TOPSYMM 3TaHOJIOM. B 3TOM ciyuae
peakurMoHHasi Macca IMOJIHOCThIO OCBOOOXkAanach OT ocTtatkoB P,Cs, T.K. 3TaHON aKTHUBHO
B3aumojeiicteyer ¢ P,Ss nmaxke nmnpu  HOpManbHOM —TemmepaType C IOJy4YEHHEM
0,0—guTrnauTHOGOoCHOPHON KUCIOTHI.

JutnopochOopHIMpOBaHHbIA CUIMKATEb CYIIMICA MO BakyyMoM npu 60-70°C, u 3atem Ha
ero cnupToByto cycrensuto npu 80-90°C momasajicsi CIUPTOBBIA PACTBOP HEOPTAHUYECKUX
coneit metamioB. [locne oxnaxaeHus TPOAYKT peakiuy OT(PUIBTPOBLIBAICS U CYIIUJICS MPU
60 -70°C o BaKyyMoM.

HcxoaHast KUCIIOTa U METAIJIOKOMITJIEKCHBIE COEIMHEHUSI aHAIM3UPOBAIUCH aHATUTUYECKUM
nyteMm (coxepxkanue P, %), a taxxke meronamu —MKC, OIIP, pentreno—da3zoseiii JITA u
ONTUYECKass MUKPOCKOIUSA. BblI0 yCTaHOBIEHO, U4TO U B Tpolecce pochopocepHeHust u npu

MMOJIYYCHHUHN MCTAJUIOMKOILUICKCOB B CTPYKTYpPC CHIIHKArejaId MNpOUCXOAAT 3HAYUTCIbHBIC

-o-[/S
n3MmeHeHus1. Tak, B UK- ciekTpax mosiBisitoTCs KoJeOaHusl, MPUCYIIIUE TPyIIaM \, S—-H,
a B METaJNIOKOMIUIEKcax — Me-S, a Takke CMeIIeHHe MOJIOC MOTJIOMICHUSI OCHOBHBIX T'PYIII
UCXOJHOTO CHJIMKAreJsl.
Takue e U3MEHEHUs MPOUCXOIAT B (Pa30BBIX MEpeXonax OT HCXOTHOTO CHIIMKAress 0
obpaszoBanuss MetasiokomiuiekcoB. [lo mamaeiM  JITA  cymiecTBeHHBbICE HM3MEHECHHS
HaOJIIOMAl0TC. M B TEMIIEPATypHBIX XapaKTEPUCTHKaX C TMEPEXOJOM CHJIMKareis B
METaJUIOKOMITIICKCHI.
MukpocKonMYecKrue UCCIeI0OBaHUsS TOKa3aiH, YTO MPU 3TOM HaOII0/IaeTCcsl pa3phiB Kapkaca
CHITMKAreis, YTO MPUBOIUT K YMEHBIICHHUIO Pa3MEPOB €TI0 YaCTHII.
Cunre3upoBaHHble cunukareiab-qutuodocharusie  komrmiaekcsl Co(I1) u Ni(IT) Owumu
MCCIICIOBAaHBI B KAY€CTBE KOMIIOHEHTOB B PEAKIIUHU MOJIMMEPU3aIli OyTaeHa B COUYCTaHUU
C aIFOMOOPTaHMYECKUMHU COCTUHEHHSIMH TIpH cooTHomeHuu 1:100 B cycrnieH3uu U B Ta30BOi
daze. Jlns cpaBHEHHs B TeX e YCJOBUSAX MCCIENOBATACh T'OMOTCHHAs KaTaJIUTHYeCKast
cucrema 0,0-mudpenungurnodpocpar Hu(Il) u 0,0-au-4-metundennnauruodocdar Co(Il).
bbulo ycTaHOBIEHO, 4YTO ''Te€TEpOreHM3UpOBaHHbIE" CHCTEMbI O0JIAJAIOT AKTUBHOCTHIO
CEJICKTUBHOCTHIO, HE YCTYMAaIOIIMe TOMOTE€HHBIM KaTalUTUYeCKUM cuctemam. HHTepec
NPEICTaBIsET TO OOCTOATENBCTBO, YTO Ha Ni-COAEpKAIIMX CHCTEMax YIAeTcs MOJTYYHTh
BBICOKOMOJICKYJISIPHBIN MOIMOYyTaJAueH C BBICOKHM cofepxaHueMm 1,4-1iuc - 3BEHBEB, YTO

MPAKTUYCCKU HEBO3MOXXHO ITPU TOMOI'€HHOM KaTaJIn3cC.
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Dehydrogenation of 4-Vinyl Cyclohexene to Ethylbenzene and Styrene on
the Carbonized Pentasil Modified by Platinum and Gallium

Kh.M. ALIMARDANOYV, A.A. ALIYEVA, M.F. ABBASSOV, O.A. SADIGOV,
N.A. JAFAROVA

Mamedaliyev Institute of Petrochemical Processes
of Azerbaijan National Academy of Sciences, Baku, Azerbaijan

aliyeva.amea@rambler.ru

Pentasils as well as mesoporous zeolite-containing systems, modified by Ga and Pt, Ga, show
high activity and selectivity in aromatization of unsaturated hydrocarbons, alkylation of
benzene by propane or isopropanol, dehydrodisportionation and dehydroalkylation of C7-Cg
alkyl-substituted cyclohexanes by methanol, etc. However, these catalytic systems have not
been studied enough in processes of dehydrogenation of hydrocarbons, including alkylarenes.
This report gives results of oxidative dehydrogenation of 4-vinylcyclohexene (4-VCH) and
ethylbenzene (EB) on nanocomposite systems, prepared on the basis of zeolites modified by
Pt, Ga and Gd, and hydrocarbon nanoparticles immobilized in them (HNI).

Investigations were carried out on laboratory plant at 0.lmPa. Hydrogenous forms of
HNa-mordenite (HNa-M, Si0,/Al,0;=X=10), HNa-ZSM (X=30) and HNaY (X=4.8) were
used as initial zeolites. Decationation degree is 75 mass %. Catalyst samples containing
3.0 mass % of Ga,03, 2.0 mass % of Gd,Os and 0.5 mass % of Pt, were used in experiments.
For comparison of activities, Pt-Ga-Gd-samples applied on HNI without zeolite matrix and
zeolite without HNI, were prepared as well.

As a result of investigations it was established that in the course of the process on a
freshly-prepared sample, yield of products of dehydrogenation first rises, and then slightly
falls. Activity and stability of used samples after their regeneration (in air stream at
450-500°C within 4h.) significantly exceed data obtained on freshly-prepared catalysts.

Ratio and yields of products of dehydrogenation of 4-VCH (EB and styrene) depend on
structure and degree of carbonization of zeolites. From zeolite catalysts in nonstationary state
the largest quantity of EB at 470°C was obtained on Pt, Ga, Gd/HNaY (51.9%) and that of
styrene was obtained on Pt, Ga, Gd/HNaM (20.4%).
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For study of catalytic properties, Pt, Ga, Gd/HNaZSM, containing 5 and 20 mass % of HNI
were selected. Ratio and yields of products of oxidative dehydrogenation (OD) of 4-VCH and
EB with this sample depend on catalysis conditions and hydrocarbon : oxygen molar ratio.
Unlike noncarbonized Pt, Ga, Gd/HNaZSM, on carbonized samples, conversion of 4-VCH
starts at a lower temperature (320-340°C). Here the main product of dehydrogenation of
4-VCH is ethybenzene. Styrene forms, starting from 370°C temperature, and intensification of
its accumulation occurs at 400-425°C. The maximum yield of EB, and styrene (39.8-44.8 and
20.4-22.3%, respectively) is achieved on a nanocomposite system of Pt, Ga, Gd/HNaZSM
containing 5 mass % HNI at 425-470°C. Upon the given system, OD of EB starts at 370°C,
and a higher yield of styrene (52.5-55.2%) with (88.7-89.1%) selectivity is achieved at
470-500°C.

It should be noted that dehydrogenation of EB on zeolite-noncontaining sample of Pt, Ga,
Gd/HNI starts at a lower temperature (320-350°C), as in the case of 4-VCH, however,
activity of this system is low and the maximum yield of styrene doesn’t exceed 39.0% (at
470°C). Immobilization of carbon particles on zeolite matrix of HNa-ZSM results in
synergism of their action. Probably, this is conditioned by their mutual action upon
distribution of metal cations in modification process.

On noncarbonized samples, dehydrogenation of 4-VCH is considerably followed by
isomerization and disproportionation of initial hydrocarbon and products of dehydrogenation.
Here isomerization of 4-VCH results only in conjugation of double bonds in molecule, with
no changes in structure of initial hydrocarbon, i.e., formation of mixture of
3-ethylidenecyclohexene-1 and isomers of ethylcyclohexadiene-1,3. The latters easily

dehydrogenate to EB and styrene.
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Karanutnueckas KOHBEPCUSA HU3IIUX CIIUPTOB

B.®. TPETHAKOB, A.M. WJIOJIOB, P.M. TAJIBIIIIMHCKHW, K.B. TPEThSIKOB

Hnemumym negpmexumuueckozo cunmesa um. A.B. Tonuuesa PAH, Mockea, Poccus

talyshinsky@list.ru

N3yuenne MHULIIMMPOBAHHOTO KATAJIUTHUYECKOTO AETUIPUPOBAHUS METAHONIA B OPMaIIbJIECT 1T
OTKPBIJIO BO3MOXKHOCTb IPUMEHEHUS MEpOKCHAAa BOJOPOAA B KayecTBe HMHULMATOPA
KOHBEPCUM HM3IIUX CHOUPTOB. MeXaHNW3M BO3HHMKAIOLIEH NPHU 3TOM MHAYKLHU CBOAMTCA K
IEPEHOCY MOOWJIBHBIX AKTHUBHBIX TI'MJIPOKCUIIOB, T€HEPUPYEMBIX MEPOKCHIOM BOAOPOAA B
NEPBUYHON peakuuy, K aKTHBUPOBAHHOM BTOPHYHOM peakuuu. JTO NPUBOJUT B UTOre K
CHIDKEHHIO aKTHUBAIIMOHHOTO Oapbepa oOpasoBanus Qopmanbaeruna. CeneKTHBHOCTh
KAaTAJINTUYECKOI0 Ipoliecca Mo BIUSHUEM MHULMaTopa noseimaerca ot 60-70 go 80-85%
IIPU CHUKEHUM TEMIIEpATyphl MPU 3aJaHHOU cTerneHu npespaieHus Ha 100 rpamycos.

Hamu ycraHOBIEHO, YTO (PYHKLIMOHAJIbHOE [JEHCTBHE MEPOKCHIA BOAOPOAA CBOJUTCA K
MHHULMUPOBAHHUIO IIEJICBOM pEAKIMH, MOIU(PHUIMPOBAHUIO MOBEPXHOCTH MOOWIBHBIMU
THJIPOKCWIBHBIMM ~ IpyHIaMu W K  OJIOKMpoBaHMIO Kokca. OTcrofma  BO3HUKAeT
CUHepreTuueckui  s¢pdekr  mpu  coueTaHMHM ~ BO3ACHCTBHS ~ WHHUIMATOpa U
KpeMHUiicoaepKalero Kataiuzaropa. McciaenoBaHue BO3MOXKHOCTH — MHULIMMPOBAHUS
HNEpOKCUIOM BOJIOpPOAA TMpolecca IOJy4YeHUs JAMBHHWIA W3 OSTaHONA II0Ka3ano, uTo
TeMIeparypa peakiuu Takke cHuwkaercs ot 420-430°C mo 360-380°C. Ilpu 3TOM BBIXOX
JUBHHUJIA OT TEOPETUYECKOro 3HA4YEHUs IMOBbIMIAETCs OT 75%, HMEIoIEro MecTo B
npousBoAcTBe 10 90-92%. Bo Bcex mepeuncieHHbIX cllydasx, Kak B cllydae METaHoJIa, TaKk U
JUIs 3TaHOJIA, KOHIIEHTpaLUs IEpOKCHIa BOJOPOA B cucTeMe cocTasisieT 1%.

N3yueHHoe B KOHBEPCUM METaHOJIa U 3TAHOJIA BIMSHUE BOABI B KOHIIEHTPALMH, COM3MEPUMON
C KOJMYECTBOM, BHOCHMBIM M3 pacTBopa HEpOKCHIA BOAOPOAA, MOKA3aJl0 MPaKTHYECKOE
orcyrctBue BinusHuS H,O Ha cTemeHb KOKCOBAaHMS IMOBEPXHOCTH Karanusaropa. Hamu
BIIEPBBIE MPENJIOKEH HOBBIM HWHUIMHUPOBAHHBIM KaTaIUTUYECKUN MPOLECC MOIYUYEHUS
U30IpEeHa U3 JIByX MOJIEH 3TaHoJIa U OJHOrO MOJjs MeTaHouna. [IpenBapurenbHOe UCTIBITAHUE
nokazareneii Ha ZnO/y-Al,Os; xkaTtamuzaTope, NPOMOTHPOBAHHOM OKCHJIOM Kajusl U
TEPMOJMHAMMUYECKUI aHalIM3 peakiuM I[I0Ka3aJld BBICOKYIO IEPCIEKTUBY YKa3aHHOM
BO3MO>KHOCTH:

Cat
2C,HsOH+ CH;OH — CsHg+3H,O+H,
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Use of Nagiyev Superoptimality Principle in Phenol and Acetone

Co-Production

E.M. DAHNAVI, Kh.E. KHARLAMPIDI

Kazan State Technological University, Kazan, Russia

dahnavi@rambler.ru

The phenol and acetone co-production method through isopropylbenzene hydroperoxide
(cumene method) is the most economical compared to other methods and, therefore is widely
used in developed countries. Currently, more than 95% world output of phenol is produced by
cumene method, which was first developed and implemented on commercial scale in Russia
under the leadership of P.G. Sergeev and B.D. Kruzhalov. Notwithstanding obvious
advantages, this method remains very energy intensive, what is associated with multi-stage
process, need for separation of main products and by-products of this production
accompanied by multiple recirculation of flows. Due to significant depreciation of process
equipment the resource intensity of production has increased and currently averages to
8.0 Geal of steam, 60 kW of electricity, 0.4 Geal of cooling, 900 m’® of process water and
1500 m® of air per 1 ton of produced phenol.

Chemical reactions that form the basis of this process (oxidation of cumene to hydroperoxide,
acid-catalytic decomposition of cumene hydroperoxide to phenol and acetone) are highly
exothermic. However, energy potential of these reactions nearly is not used in industry, heat
emitted by chemical reaction is removed by cooling water, then simply dissipates in cooling
towers.

It has been found that use of Nagiev superoptimality principle would significantly reduce the
energy intensity of this production through efficient allocation of recycle streams, optimizing
of raw material feed and discharge of reaction products.

The investigation presents a mathematical model of individual production units, optimization
results and some recommendations for intensification of main processes of phenol and

acetone co-production.
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Hogoe noxkosenne Al-Co—Mo-kaTaau3aTtopos
HoBokyii0bI111€eBCKOr0 3aB0/1a KATAJIN3aTOPOB JISl MIOJIy4YeHHSI MOTOPHBIX

TomuuB kayectea EURO -3, EURO -4

O.B. JIEBUH
00O «Hogokyiibviuesckuii 3a600 kamanuzamopogy (000 «H3K»),

Hosoxyubwviuwesck Poccus

SEKR-NZK@nk.rosneft.ru

Jlna oOecriedeHHs HOBBIX TpeOOBAaHMH K KayecTBY MOTOPHBIX TOIUIMB Ha YpOBHE
eBpomneiickux ctanaaptoB EBpo-3 u EBpo-4 HedTenepepaboTunkam HEOOXOAUMO BBITOIHHUTD
KOMIUIEKC MEpONpPHUATHI HamNpaBICHHBIX Ha TMOBBIIIEHHE 3((HEKTUBHOCTH Ipolecca
TUAPOOYHUCTKHU:

- COBEpILIEHCTBOBAaHUE KAaTAIMTUYECKON CUCTEMBI;

- cHmWXeHue oOwveMHOW ckopoctu momauu chipbsi (OCIIC) myrem yBenmueHuss oObema
pPEaKToOpOB M 00beMa 3arpyKEeHHbIX KaTanu3atopos ao 1,0-1,2 q';

- MPUMEHEHHUE TEXHOJIOTHM, 00€CTIeUNBAIOIINX MOBBIIICHHE KOHIIEHTpauu Bojopoaa B BCI®
U TOBBILICHUS JAaBlIeHUs Mpouecca (cTpoutenbcTBO ycraHoBok KIIA wumu mpousBoacTsa
BOJIOpPO/IA);

-OpraHn3alys paBHOMEPHOIO PAaCIpeleIeHMs ra30-ChIpbEBOM CMECU IO PEaKTOpy, 3a CUeT
npuMeHeHNs: 3((EKTUBHBIX PpaCHpPEeTUTENbHbIE YCTPOHCTB M TEXHOJOIMM IJIOTHOM
3arpysKu;

- AKTUBAIMs KaTalu3aTOpOB COBpeMEHHbIMH cyibdarentamu tumna JMJIC (texHomorus
Careflex);

[IpeaBuas TEHIEGHIMH TIO0 Y>KECTOUYCHHUIO TPeOOBAaHUM K KAYECTBY MOTOPHBIX TOIUIUB B P,
Hogokyiiobimesckuii 3aBona karanuzatopoB (H3K) ¢ 1998 ronma coBmectHo ¢ MOCKOBCKUM
l'ocynapctBenHsIM  YHuBepcuteroMm, Kaszanckum ['ocyapCTBEHHBIM — yHUBEPCHUTETOM,
HNuctutyrom opranuuecko xumuu uMm. H. JI. 3emunckoro (MOX PAH), CamITY u
00O «Karanus» mpoBOAMJI HAYYHO-HCCIIEIOBATEILCKYIO PabOTy IO COBEPIICHCTBOBAHHUIO
KayecTBa BBIIIYCKAEMbIX aJIFOMO-KOOAJIbT-MOIMOJECHOBBIX U ATIOMO-HUKEIb-MOJIUOIEHOBBIX
KaTaJau3aTOpPOB TUAPOOYUCTKH.

Pa3paboTky  COBpEMEHHBIX  KaTalM3aTOPOB  TIHAPOTCHU3ALMOHHBIX  MPOLECCOB  Ha
HoBoky#1ObIIIIEBCKOM 3aBOJIE KaTaIW3aTOPOB HAdald C U3yUCHHs MeXaHu3Ma (GOPMHPOBAHUS
TEKCTYpbl AKTUBHOTO OKCHIA AQlIOMHHHS B TMIpOIecce CHHTe3a HOCUTENs W moxdopa
TEXHOJIOTMYECKUX IPUEMOB JJIs MOJNY4YEHHMs] HOCUTENEW C 3aJaHHBIMU CTPYKTYPHBIMU
XapaKTepUCTUKaMH. BBIABICHHbIE 3aKOHOMEPHOCTH (GopMHUpoBaHUs TeKCTypbl AOA,

IMO3BOJIMIIM CYHIECTBECHHO OINTUMHU3UPOBATH IMPOLECC IMPUTOTOBICHHUA IIPOMBIIIICHHBIX
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KaTaJM3aTOPOB THAPOOYUCTKH DPA3MUUHBIX HEPTAHBIX (pakmuii, HOCHTENEM KOTOPBIX
spisieTcs Y-Al,O3 Ha creayIomux CTaAuax MPOMBIIIUIEHHOTO IPOU3BOJICTBA KaTaIM3aTOPOB:

— OCaXX/ICHHE TUAPOKCHU/IA AJTFOMHUHUS,

— cra0mIn3anys THAPOKCHAA ATIOMUHNS;

— COCTaBIICHHE KaTAIUTHIECKON KOMIIO3HIINH;

— (OopMOBKa KaTaJIM3aTOPHON MACCHI.

Jlns BHeOpEHHs B MPOW3BOJCTBO JOCTUTHYTHIX DPEIICHHH 3a IMOCIenHHe § JIET Ha 3aBOje
MPOBEICHA PEKOHCTPYKIUS OTICICHHUS OCaXKIEHUs YCTaHOBKU 43-205 «VYy», mpuoOpeTeH
COBPEMEHHBIN IKCTPYyIep MPOU3BoACTBA GUpMbI Bonnot, snekTpudeckasi MpoKajJoYHas Medb
¢upmer  Mobilotherm,
COBpeMeHHbIe pUOops! (yHUBepcabHbld Topo3uMeTp ASAP-2010 dupmsr “Micromeritics”
u cnexktpometp «CITEKTPOCKAH-V» HITO «Crnektpor-OIITIJI»).

[Ipennoxxena u orpaboTaHa HOBasi TEXHOJIOTHUS BBEACHUSA THAPUPYIOLUIMX METaNIOB B

CYIIECTBEHHO IIepeoCHAlleHa Ja0opaTopus, NPHOOPETEHBI

QITIOMOOKCH/IHYIO MAaTpHILy - CHHTE3 B BOJHOM PacTBOpE OMMETAUTMYECKOTO KOMIUIEKCHOTO
COEJIMHEHUS, COACPIKAILETO B CBOEM COCTaBE HOHBI KOOAIbTa U MOJTUO/ICHA.

Ha ocHoBaHMM MOJIy4eHHBIX pPE3YyJIbTaTOB YyJajdoch C(HOPMHUPOBATH BHICOKOIUCIEPCHYIO
aKTHUBHYIO (a3zy, YCTOMYMBYIO K CIIEKaHHIO M JIETKO IOJBEPTAIONIYIOCS CYIb()UIMPOBAHUIO
Pa3IMYHBIMU CEPOCOAEPIKAIIMMU areHTaMH, O0ECIEYMBAIONIYI0 BBICOKYIO KOHLIEHTPAIIHIO

AKTUBHBIX HCHTPOB, CCPHUCTBIX Coe,[[I/IHeHI/Ifl Ha

OTBETCTBEHHBIX 3a THAPOTCHONIN3
BHYTPEHHEH MOBEPXHOCTH HOCUTEIIS.

Pa3paboranHas TEXHOJOTHUS UCIIOJIB30BAHA JJISl IPOU3BOJICTBA KAaTAJIN3aTOPOB TUAPOOYUCTKU
muzenbHblx  ¢pakmuidi HK-232, HK-233 u kaTanu3aTopoB T'HIPOOYUCTKH OEH3MHOBBIX

dpaxuit 1 HK-100, HK-110.
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Puc 1.(ragano) Jlanasie padotel kataauzaropa HKHO-232 na ycranoske JI-24-7 OAO «C HII3»
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Puc 1. (mponommkenue) [lannsie

paboTts! katamm3aropa HKHO-232 Ha ycranoske JI-24-7 OAO «C HII3»
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Ha puc. 1 npencrasiensl nqanHble (PUKCUPOBAHHOTO MpoOera Ha yCTAaHOBKAX THMAPOOYHUCTKH
HII3 Camapckoii miomaaku ¢ ucnonb3oBaHueM katanuzatopoB cepun HK-232 u HK-233 u
HCIIOJIb30BAHUEM KaTalu3aTOpPOB U KOHTaKTOB 3aumuTHbIX ciioeB HK-500, HK-502, TK-100 u
TK-200.

W3 mnpencTtaBieHHBIX [aHHBIX BHUIHO, YTO KaTaJIUTHYECKass CHUCTEMa, COCTOsIas U3
karanu3atopoB 3amuTHbIX cioeB HK-500 — HK-503 - HK-502 u BBICOKOaKTHBHOIO
katanmzatopa HK-232 wna ycranoBkeJI-24-7o0ecrieunBaeT CTa0MIBHOE  MOJY4YCHHE
TUAPOOUHUILEHHOTO JU3EIBbHOTO TOIUIMBA C coAepkaHueMm cepbl MeHee 350 ppm U3 ChIpbS,
conepkauiero 10 20 % mac. razoisied BTOpUYHOI'O IPOMCXOXKIEHHUS, B YCIOBUSIX HHU3KOTO
naBleHus B peakTtopax (2,9 — 3,1IMIla) u HeBBICOKOW KOHIIGHTpAIlMd BOJOpOAA B
UpPKyIupyoieM Bogopoaocoaepxaiiem raze (LUBCI') - 78 — 80 % 06. Beixoa ctabuibHOTO
TUApPOreHn3aTa cocTaBiisl B cpeaHeM 97,1 % macc. mpu TemiiepaType Ha BXOJI€ B PEaKTOp
340-347°C, uTO CBUETENLCTBYET O BHICOKOM CEJEKTUBHOCTH KaTaln3aTopa.

[TomyueHue AU3ETHLHOTO TOIUIMBA C COepKaHueM cepbl He Oonee 50 ppm Ha ycraHoBke JI-24-6
OAO «Cppanckuii HII3» Ha kaTamuTUYECKOW CUCTEME, COCTOSILIEH M3 KOHTAKTOB 3aIIUTHBIX
cimoeB TK-100 — TK-200 -HKIO-502 u BeIcOKOakTHBHOTO Karaimmzaropa HKHO-233 Owuto
JIOCTUTHYTO IIpY Temreparype B peakrope 340-370 °C, masnenum 3,1-3,3 Mlla, oObeMHOM

CKOPOCTH TIOJ]a4H ChIpbs 1,7 w1 koH1eHTparmu Bogoposa B LICBIT 78-80 % 00.
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CoBpeMeHHBIe POCCHIICKHE TEXHOJIOTMH U KaTaJIu3aTOPbl

AJIA IIPOU3BOACTBA BBICOKOOKTAHOBLIX KOMIIOHEHTOB MOTOPHBIX TOILJINB

A.C. BEJIBIN
Hncmumym npobaem nepepabomxu yaneeooopoooe (UIIITY) CO PAH, Omck, Poccua
belyi@ihcp.oscsbras.ru

BaxnelimmmMu  pe3ysibTaTaMyd  HCCIICAOBAaHUNA H  Pa3pabOTOK KaTalu3aTopoB prdopMuHra,
BbinosiHEHHBIX B UITITY CO PAH B mocneaHue rojipl, sIBISIFOTCS: YCTAHOBJIEHUE ONTUMAIBHOTO
YCTPOWCTBA AaKTHBHBIX LEHTPOB M HX pacOpeieiieHHs B CTPYKType KaTaau3aTopa yis
o0ecriedueHus] BRICOKMX KATATUTHUYECKHUX MMOKa3aTeNiel B PeakiisIX apoMaTu3aliii KOMIIOHEHTOB
OCH3WHOBBIX (hpaKIWi; pa3paboTKa MPUEMOB PEryJIMPOBaHUS (DA30BOr0 COCTaBa W TMOPHCTON
CTPYKTYpBI HOCHUTEIISI; pa3paboTka METOI0B MOJU(PUIIMPOBAHUS KUCIOTHBIX CBOMCTB U CTENEHU
IeQEeKTHOCTH HAHOYACTHUI] KaTajiu3aropa - KaK Ba)KHEHIIMX SJIEMEHTOB YBEIMYECHHUS UX
AKTHBHOCTH, CEIIEKTUBHOCTH M CTAaOMIBLHOCTH. HaKoIIeHHbIE K HACTOAIIEMY BPEMEHHU HOBBIE
3HAHUSI TIO3BOJIMIIN CO3/1aTh (PHU3MIECKYIO MOJIENTb CTPOCHHUS KaTan3aTopoB pudopmunra [1,2].
VYpoBeHp KauecTBa IPOMBINUICHHBIX KATAIU3aTOPOB OMNPEAETSAETCS CTENEHBbI JTOCTHKECHHUS
KOMIIPOMHCCA MEXAy HayyHbIMH TMPEACTaBICHUSIMU 00 YCTpPOMCTBE KaTaiau3aropa U
TEXHUYECKHUMH BO3MOKHOCTSIMU UX PEaTTU3aIUH.

OcBoeHMe NMPOU3BOJCTBA HOBBIX KaTalW3aTOPOB COCTOSUIO B pa3pabOTKe, CO3IaHUU U ITyCKE B
AKCIUTYaTalrIo LIEJIOr0 Psiia HOBBIX TEXHOIOTHHM [3]. BpUtn moy4deHbl CHavyasia OIbITHBIE, a 3aTEM
MPOMBIIUICHHBIE TApTUXM HOCUTENEH, OONAJaoONIMX OJHOPOIHOMOPHCTON CTPYKTYypOH, B
KoTopoii 6onee 90% oOBeMa MpUXOAUTCS Ha TOPHI ¢ paauycom 2.0-5.0 HM mpu obmemM o0beMe
mop 0.65 cwm’/r. Beima obecriedeHa BBICOKAs TEPMOCTAOHMIBHOCT YACIBHOM MOBEPXHOCTH
KaTanusaTopa Ha ypoBHe 270-300 M*/r. DTO HPHIANO KATANIH3aTOpPaM KAYECTBCHHO BAXKHYIO
CIOCOOHOCTB TIPOYHO YIEP>KHUBATh XJIOP B MPOLIECCEe AUTEILHON SKCILTyaTallii U CTaOUIbHOCTh
CTPYKTYPBI B YCIIOBUSIX OKHCIUTEIBHON pEreHepaluy KaTaau3aTopoB.

COBOKYIIHOCTb ~ BHEAPEHHBIX  TEXHOJOIMH  IO3BOJMJIA  PEAIU30BaTh  MPOU3BOJICTBO
NPOMBIIUIEHHBIX ~ KaTaJM3aTOpPOB, IOJHOCTBIO  OTBEYAIOIIMX  TPeOOBaHUSAM  HAy4HBIX
MIPEJICTaBIICHU 00 MX ONITUMAJILHOM YCTPOMCTBE.

IIponsBonctBo HOBBIX Karanu3aropoB cepuil [IP u RU ocywectsisiercs no munensusm UIITY
CO PAH B 3A0 «IIpombiuiennsle karanuzatopbd» THK-BP (r.Pssanp) m Ha «AHrapckom

3aBone KaramuzaropoB um Opranuueckoro Cunresa» OAO HK Pocuedrts. K Hacrosmemy
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BpeMeHH BbIMyIIeHO 0K0io 400 TOHH HOBBIX KaTaM3aTOPOB, KOTOpPbIE SKCILTYyaTHPYIOTCS Ha
ycraHoBkax Poccun u Ykpaunsl ¢ 00beMoM nepepaboTky OEH3MHOB OKOJIO 3.5 MITH.TOHH/TOJI.
15-Ti neTHUI ONBIT 3KCIUTyaTallMd HOBBIX KaTaJIM3aTOPOB SIBJISETCS JEMOHCTPALMEH BBICOKOTO
YPOBHSL JOCTUTHYTBHIX IIOKa3aTeled IO CPaBHEHHIO C COBPEMEHHBIM MHPOBBIM YPOBHEM.
[ToaTamHO AOCTUTHYTO yBEIMYEHUE OKTaHOBOro umcia ¢ 95 mo 98-100m. MM, yBenuuenue
BeIxoZa pudopmara ¢ 82 no 90 %mac., yBenudeHue Bbixona Bogopona ¢ 1.8 mo 3.2 %mac.,
KOTOpBIE pealM3yloTcst TpH Oojiee HHU3KHMX Temrieparypax (465°C mporuB 473-478 °C).
JIOCTUTHYTBII YPOBEHB UIMTEIHFHOCTH pabOvero IHKIa COCTaBIsAeT 2 roga U Oonee (yCTaHOBKa
JIT-35-8/300 KUHE® — mmurensHOCTH paboyero mukina 3 rona, OOIIMA CPOK SKCINTyaTardu
6omee 10 ner).

Bruto ycraHoBiieHO, UTO B YCIOBHSIX UHTEHCHBHOM perupkysiiuu C;-C4 yTIeBo10poJoB uepes
CIIOW  Karalu3aTtopa co3faloTcs mpeanocbuiku  konBepcun Cj;-C4 ra3oB B Oonee
BBICOKOMOJICKYJISIPHBIE YTIIEBOAOPO/IBI, YTO TIPHBOIUT K YBEITMUCHHUIO BBIXOA M30-TTapa@MHOBBIX
Y apOMaTUYECKUX yTIIeBoJ0poA0B. Ha ocHOBaHMY MOTyYeHHBIX pe3yIbTaToB ObLIH pa3paboTaHbl
U anpoOHpOBaHbl Ha TMHJIOTHBIX YCTAHOBKAaX HOBBIE BEPCHM IMPOIECCOB IPOU3BOJICTBA
BBICOKOOKTAHOBBIX OEH3MHOB C BKJIIOUeHHEM B niepepaboTKy Ci-C4 yIiIeBoJOpOIHBIX ra30B.

[pomecc wmonodopmuHr — coBmectHast mepepadorka C3-Cs4 YITIEBOIOPOMHBIX Ta30B M

OensuHOBBIX (pakimii  (85-180°C) — mosBonster nepepabareiBath g0 15 %mac. C3-Cy
yIJIEBOIOPOJOB K Macce OeH3uHOBOM (paxiuu. [lpomecc obecrneynBaeT —yCTONUYMBYIO
BO3MOYKHOCTB TIPOHM3BOCTBA BRICOKOOKTaHOBBIX OeH3uHOB (MOY 96-99 11.) ¢ BhIXOmOM OCH3MHA
10 96 %mac. B pacyere Ha XHUIKOe Chipbe. [IpupocT Beixoma OensuHa coctaBisieT 10 10 % 3a
cuer mpespamieHuss Cs;-C; yruneBomoponoB B C;i u30-mapaUHOBBIE M apOMaTHUYECKHUE
yII1eBOIOPOAbL. JIMUTENbHOCTh MEKPETEHEPAIIOHHOTO - IIUKJIA HE MeHee 15 MecsleB, BBIXOJ
BOJIOpoaa — 10 3,5 %oMmac.

IIpomecc E)KOd)ODMI/IHl" IJIA TIPOU3BOJACTBA ABTOOCH3HHOB C COACPIKAaHNEM APOMATHUCCKUX

yIJ1eBOJIOPOJIOB He Oosee 45 %Mac. U OKTaHOBBIM YHCIIOM He MeHee 96 M. ImyTeM COBMECTHOM
nepepabOTKH YTIIEBOAOPOIHBIX Ia30B M OCH3MHOBBIX (DPaKIIU.

KomruiekcHas TeXHONOTUS TepepabOTKU YIIICBOJAOPOAHBIX Ta30B M OEH3MHOBBIX (PpaKiuit
Npoluia TMpPEACTABUTENbHBIE WCIBITAaHUS HAa TMIIOTHBIX YCTAHOBKax H  oOecrieuyrBaeT
BO3MO)KHOCTh IIPOW3BOJICTBA ABTOOCH3WHOB, YIOBJIETBOPSIOMIMX TPEOOBAaHMSIM CTaHIAPTOB
EURO-3 u EURO-5.

Jluteparypa:

[1] Bensiii A.C. // Kuneruka u katamu3. 2005. T.46. Ne5. C.728.

[2] Bensrit A.C. // Kunernka n katanus. 2008. T.49. N4. C.587.

[3] Bensrit A.C., Kupnsinos [.1. u np. // Hedrenepepaborka u nHedrexumus. 2004. N4. C.34.
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Development of Ni-W/(Al,0; + zeolite Beta) Catalyst
for Vacuum Gas Oil Hydrocracking

Alexandra S. IVANOVA, Eugenia V. KORNEEVA, Galina A. BUKHTIYAROVA,
Alexei L. NUZHDIN, Igor P. PROSVIRIN, Vladimir I. ZAIKOVSKII,
Alexander S. NOSKOV
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia

iva@catalysis.ru

The increasing depth of oil refining stimulated a wider introduction of hydrodesulfurization
(HDS) and hydrocracking of vacuum gas oil (VGO) processes performed at elevated
temperatures and pressures; distribution of the reaction products strongly depends on the
nature of catalysts used. In the case of deep VGO hydrocracking, its conversion exceeds 50%
[1]; thus, the fraction of crude oil converted into light petrochemicals gives gasoline, kerosene
and diesel fuel; non-converted residue is represented by the fraction with Ty > 360°C.

It is known [2] that VGO hydrocracking catalysts should be bifunctional: the cracking activity
is due to the acidic sites present in the support, while the hydrogenation—dehydrogenation
activity is because of the metals (molybdenum, tungsten, cobalt, and nickel) loaded on the
support. The supports commonly employed are amorphous oxides such as silica—alumina [3],
a crystalline zeolite mixed with a binder such as alumina containing binding agent.

The present work is aimed at studying the effect of support nature and method of loading the
active Ni-W component on the properties of VGO hydrocracking catalysts.

The catalysts were synthesized by incipient wetness impregnation of supports (4Z-1 and 4Z-2)
containing 70% Al,O3 and 30% B-zeolite H form, or by impregnation with a mixed solution
of salts (NH4)sH,W 12049 and Ni(NO3),x4H,O (a), or by consecutive impregnation of the
supports with a solution of (NH4)¢HoW 2040, then Ni(NO;),x4H,O (b), or with a mixed
solution of the indicated salts in the presence of citric acid (a*). The samples were dried at
110°C for 12 h and calcined at 500°C for 4 h. The catalysts contained ~4 wt.% NiO and
~ 18 wt.% WOs;. Oxide precursors of the catalysts were sulfidized and then characterized by a
set of physical and catalytic methods. The employed VGO (340-540°C) catalyst with
p =0.92 g/cm’ contained § = 2.12 and N = 0.081 (wt.%).

The synthesized supports differ both in pore size distribution and texture characteristics:
Ssp =220 and 380 mz/g; Vpore = 0.5 and 0.6 cm’ /g; dpore = 7 and 4.5 nm, respectively, for AZ-1
and AZ-2. According to HRTEM data, morphology of the supports is determined by their
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components: Al,O3 has a block/mesoporous morphology and consists of agglomerated and
partially intergrowing isometric crystallites of size ~7 nm; [-zeolite is represented by
~ 1 mem particles with a distinct crystalline channel structure.

The active component in the form of layered sulfide Ni-W-S slabs resides mainly on the
surface of Al,Os3; on B-zeolite the slabs are observed only if they are contacting with
individual AL,O; particles located on the zeolite. Sulfide Ni-W-S particles are 7-8 nm long
and 1 to 10-13 monolayers thick. Main distinction between catalysts is the thickness of sulfide
Ni-W-S slabs: on the surface of Ni-W/4Z-1 they are multilayered, whereas on Ni-W/AZ-2
they are largely monolayered.

In the studied samples, W and Ni are present as sulfide and oxide, its fraction increasing in a
series: Ni-W/AZ-1(a) — Ni-W/AZ-2(a) — Ni-W/AZ-1(b) — Ni-W/AZ-2(a*), whereas the
degree of sulfidizing of tungsten equal to 0.71 + 0.76 decreases in the same order.

Conversion of VGO changes from 30 to 70% and depends both on T; and the catalyst nature.
At T, = 410°C, the yields of gas (1.6 + 7.5 wt.%) and gasoline (5.4 + 22 wt.%) increase in a
series: Ni-W/AZ-1 (a) —> Ni-W/AZ-1 (b) — Ni-W/AZ-2 (a) — Ni-W/AZ-2 (a*), whereas the
yield of diesel fuel is virtually independent of the catalyst nature and comprises ~ 41 wt.%. At
the same time, selectivity to diesel fuel at 7, = 410°C decreases from 63 to 58 wt.% when
going from Ni-W/AZ-1 to Ni-W/AZ-2, which means that most active and selective toward
VGO hydrocracking are the catalysts synthesized with 4Z-1, irrespective of the method of
active component loading.

A different behavior of the catalysts is observed during HDS and HDN of VGO. In the
presence of catalysts prepared with AZ-1, residual contents of S and N at 7, = 380°C are
1220-1300 and 411-415 ppm, whereas for the catalysts prepared with 4Z-2 support, these
values are 638-800 and 297-322 ppm, respectively. An increase in 7; to 410°C decreases
residual content of S and N to 150-178 and 24-61 on AZ-1 and to 77-85 and 25 ppm,
respectively, on AZ-2. Hence, support with a higher Sgpecir (4Z-2) facilitates a higher
dispersion of the active component (mainly the single-layer sulfide Ni-W-S slabs are present),

which determines their enhanced activity toward HDS and HDN of VGO.

References:

[1] Ali, M.A. Kimura, T. Suzuki, Y. Al-Saleh, M.A. Hamid, H. Appl. Catal. A: General 2002, 277, 63.
[2] Serwicka, E.M. Catal. Today 2000, 56, 335.

[3] Reiche, M.A. Maciejewski, M. Baiker, A. Catal. Today 2000, 56, 347.
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Karanurnuyeckue pyHKIMHU 0TACNbHBIX KOMIOHeHTOB Pt(Pd)-ueonurHoro

KATAJAM3aTopa B IJIy00KOil THAPOOYHCTKE IU3eJIbHbIX TONJIMB

Ceerinana A. AITHUK®, Auapeit 1. CTAJTHUYEHKO?, Oubra B. ITAIIKE?,
Baagumup A. POT'OB?, 3ungep P. UCMAT'MJIOB?, Auapeit ©. BOPOHUH?,
Itubap I. HCMANJIOB®

“‘Uncmumym xamanuza um. I'.K. Bopeckosa CO PAH, Hosocubupck, Poccust
bHHcmumym Hepmexumuyeckux npoyeccos um. FO.I". Mameoanueea HAHA,
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vashnik@catalysis.ru

TpeboBaHMsl €BpONENUCKUX CTAaHAAPTOB K KayeCTBY MOTOPHBIX TOIUIMB, B YacCTHOCTH IO
COJIepKaHuIo cephl U apomaTtuueckux coequHenuit (mo EBPO-5 ne 6onee 10 ppm u 10 06.%,
COOTBETCTBEHHO), CTHUMYJIHPYET MOUCK HOBBIX KaTaJIM3aTOPOB JUIS IMPOILIECCOB TIyOOKOTo
rHUIpooOecceprBaHus W JIeapoMaTHU3aldd  TOIUIMB. VIcronb3oBaHME  ME30MOPUCTHIX
amroMocunukatoB [1] w meommroB [2,3], 0O0MamarOmMX YHHUKAIBHBIMH TEKCTYPHBIMHU,
CTPYKTYPHBIMU W KHCJIIOTHBIMH CBOMCTBaMH, criocoOcTByeT yiyumeHuto HDS aktuBHOCTH
Onmarogapsi BO3MOXKHOCTH TpenBapuTeNbHOro paspeiBa C-C CBA3M THO(PEHOBOTO KOIBIIA,
U30MEpU3AIMA  METHIBHBIX TPYII, WM JCAIKWIUPOBaHUS OUOEH30THO(DEHA U  ero
npousBoAHbIX [4]. Kpome TOro, BbICOKasi NMPOTOHHAs KHCIOTHOCTb HOCHUTENS OKa3bIBAaeT
MOJIOKUTENbHBI ekt Ha ycTolunBocTh Pt,Pd-katanmmzaTopoB K  Je3aKkTHBAIHN
CepOoCOAEPKALLMMHU coequHeHusIMH [ 1,5].

B nannoi#t pabore u3yueHa posib MOP(OJIOTHH YACTHUIl U AEKTpoHHOTro coctostuus Pt(Pd) B
Pt(Pd)-ueonutHoM KaTanmuzarope B TITyOOKOH THAPOOYUCTKE AU3EIBbHBIX (hpaKInii.

[TokazaHo, 4TO IPUTOTOBJIICHHE HOCHUTENS IyTEM SKCTPY3UHU MACThI, conepxkaiieit H-ZSM-5,
TUAPOKCHJ QJIIOMMHMS ¥ 30Jb MOHTMOPHWUIOHMTA, oOecredynBaeT (OpMUPOBAHUE
OMMOPHUCTON TEKCTYphl KaTanu3aTopa C Pa3BUTOM yAENbHOW MOBEPXHOCTHIO U CHIIBHBIMHU
npoToHHBIMH LieHTpamHu. [locnenyromee BBenaenue Pt w/unu Pd B Hocurens ¢ OumopucToin
CTPYKTYpOH TO3BOJIIET CTAOMIM3UPOBaTh JBa Tuma HaHoudactuil Pt(Pd), moxamm3oBaHHBIX
1) B Mmukponopax (kaHanax) meoiauta ZSM-5 u 2) Me3omopax HOCHUTENS [6], 4TO TO3BOJISIET
peain30BaTh KOHIIEIIHNIO MPEJIOKEHHYI0 Song 0 MOBBIIIEHUN CEPOYCTOMYHUBOCTH [5].
Metonom IIOMBP B karanuzaTopaX, NpPUIOTOBIEHHBIX U3 T'E€KCaXJOPOIUIATUHATOB,

oOHapy»xeHbl ockue yactulibl Pt(Pd) okpyrioii ¢opmbl pazmepom 2-5 HM, JTIOKaIU30BAHHbIE
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Ha noBepxHocTu Al,O3, MOHTMOpHITOHHTA U 1leosuTa. Kpome HUX B 00pasnax, MoayuyeHHBIX
M3 aMMHAYHBIX KOMIUIEKCOB Pt, MPHCYTCTBYIOT OKPHCTAITH30BaHHBIC dacTuipsl Pt’ B BHje
npusMm, pazmepom 10-20 HMm.

C momometo POOC m UKC ancopbupoBanHoro CO B Katamm3aropax BBISIBICHBI JIBa
IEKTPOHHBIX coctosiamst: okuciaerHoe Pt'(PA*") u merammueckoe Pt°(Pd’), mpuuem B
Pd-kaTanmzaropax mpeodaiano CoCTOsIHAE Pd*" B PdO (veo=2139-2170 cm™), a B Pt-o0Opasmax
— Merammaeckoe (Voo = 2090 cm™). TTokasaHo, 4To Pt"" BxoauT B cocra wactui Pt° pazmepom
2-5 HM, TIOBEPXHOCTb KOTOPBIX OKHUCIEeHa (Vco = 2128 CM'I), n vactul PtOy, monupoBaHHBIX
nonamu Cl (vco=2149-2155 CM'I). B cootBetcTBUM € [7] HE UCKITFOUEHO NPUCYTCTBUE B KaHAJIAX
ZSM-5 wactur Pt’ pasMepom 10 2 HM (vco=206SCM'1), CoJIepyKaIIuX SJICKTPOH-ACPHUIIUTHBIC
atombl Pt u B3auMoneicTByrommx ¢ ogHoi wim aBymss OH-rpynmamu 1ieonuTa, 4TO
00yCIaBIMBaeT HU3KYIO MPOTOHHYIO KUCIIOTHOCTh Pt-KaTanus3aTopa 1o CpaBHEHHIO C HOCUTETIEM.
TengeHus K yBEIMYECHHUIO IUCIIEPCHOCTH 4dacTull Pt u xosmuecTsa Pt"" mabmomaercs npu
n00aBIeHNY MOHTMOPHIUIOHWTA, WCIOJIb30BaHUU TekcaxiopornatuaatoB (IV) B kauecTe
NPEeIIECTBEHHUKOB, a TakKe Al OumeTaummdeckux Pt-Pd-karanmmsatopos.

Ha npumepe rugporeHonmsa TuodeHa MOKa3aHO, 4TO Pt-karanmzaTopbl XapaKTepu3yroTcs
Oonbleld CKOpOCTBIO TpeBpalleHuss ThodeHa B TeTparuapotruodeH, a Pd-katammszaropsl
OoJbIell — CENeKTUBHOCTBIO K 00OpazoBaHuio C,4-yriieBoJopoaoB. B rumpupoBanun OeH301a
Pt-xaranmm3aropsl 6ornee ycroiumBbl, YeM Pd-kaTammzaropsl, k mezaktuBamuu cepoit (1 mac.%).
bonpiiass  ckopocTh  mpeBpamieHus ~THoeHa M YCTOMUMBOCTH K  J€3aKTUBALUU
CEpOOPraHUYECKUMH MOJICKYJIaMU XapaKTepHa Ui KaTalu3aToOpOB, COJCPKAIMX B CBOEM
cocraBe ZSM-5 u MOHTMOPWUIOHHUT. JIsi OMMETaIMYECKOTO KaTalu3aTopa XapaKTEepPHO
MIOBBIIICHHE CEPOYCTOMYMBOCTH W YCTOMYMBOCTH dYacTul] Pd K crekaHuio BciencTBHe
oOpazoBanus Pt-Pd crinasa.

ConocraBneHne JaHHBIX O MOP(HOJIOTHH, JIOKATU3AUU U SJICKTPOHHOM COCTOSHUU YaCTHUI]
Pt(Pd) c aktuBHOCTHIO Pt(Pd)-KaTanu3aTopoB, MO3BONHIO MPEAIOI0KUTh, YTO 32 AaKTUBHOCTh
B TUJIPOTEHOJIN3E OPTaHUYECKUX S-COAEpkAIIKUX BEUIECTB M TMIPUPOBAHUM apOMaTHUYECKHUX

o +
COCIMHCHUHN OTBEYAIOT HAHOYACTHIIbI Pt u PtO(PdO), COOTBETCTBCHHO.
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TI9M wusob6paxkenust katanuzatopos Pt (a), Pd (b) u Pt-Pd (c), npuroToBieHHBIX U3 XJIOPOBOAOPOIHBIX
kucnot Pt u Pd. MUK crextpsr ancopouposarnHoro CO Ha 3THX KaTalu3aTopax

Pd*(PdO)
A

Absorbance, Alr, cm’/mg
L N

T T T T
2000 2050 2100 2150 2200 2250

Wavenumber, cm™

Pabora BeimonmHena npu ¢uHaHcoBoi mnojaepkke CO PAH, MHrerpanyoHHBIH HpPOEKT
Nel18 (2009-2011)
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HoBasi TexnoJiorust nepepaﬁoTKH MOIYTHBIX He(l)THH])IX ra3oB

Iennannii B. EHEBCKUI
HUncmumym xamanuza um. I'.K. bopeckosa CO PAH, Hosocubupck, Poccus

egv@catalysis.ru

[Ipu noOblue HepTH HA NPOMBICIAX B KAYeCTBE JOMOJHUTENIBHOW NPOLYKIMH BCErza
oOpa3yercs momyTHbIi HedTsaHoit raz (ITHI), xotopslii BeImensieTcs W3 MOTOKA BOJHO-
HeQTSIHON HMyJIbCHM B cemaparopax B pe3yjibTaTe CHIDKEHHUS MJaBICHHUA. OTH TOTOKU
HE(TAHOrO rasza J0 CHUX IOp paccMaTpUBAIOTCS OTAEIbHBIMU JOOBIBAIOIIMMU KOMIAHUSIMU
KaK OTXOJbl M HaNpaBJIAIOTCA HA C)KUTAaHME B (Dakeax, YTO OKa3bIBACT HETaTHMBHOE BIIUSHHE
Ha 9KOJIOTHIO B paiioHax noObrau HedTH. B Poccun mo ganusim 3a 2008 r. u3 60,5 mip. M
[THT, BbIeIseMOro mpu 100brue HedTH, OKONIO 16 MIpa. M/roj GBLIO COXIKEHO Ha DaKenax.
Cxxuranue ITHI' cBsizaHo, mpexJie BCero, ¢ TEM, YTO B YCIOBHSIX YJIQJI€HHbBIX U NMPAKTUYECKU
JMIIEHHBIX TPAHCHOPTHON HMH(QPACTPYKTypbl POCCUHCKUX IPOMBICIOB IPAKTUYECKH BCE
U3BECTHBIE CIIOCOOBI yTHIM3auK Hebonbnx 00beMoB [THI™ yObITounsl. B HacTosmee Bpems
nepcHeKTUBHBIM crocobom ytuinmzanuu [THIT B crnenmguueckux ycmoBHAX POCCHHCKHX
TOOBIBAIOIIMX PETUOHOB MPEICTABIISAETCS KaTaTuTHIecKas KouBepcus oonpmeii vactu [THI™ B
KHUJIKHE apOMAaTUYeCKMe NPOAYKTHl Ha  MajorabapuTHbIX  OJIOUHBIX  YCTaHOBKax
HENOCPEACTBEHHO HA TPOMBICIIAX.

B Poccum 10 cux mop HET NPOMBINUICHHBIX TEXHOJOTHM, MO3BOJSIOMUX 3((HEKTUBHO
nepepabaThIBaTh YIIIEBOJAOPOIHBIC Ta3bl, 0Opa3yIONIUEcs MPHU MOATOTOBKE W CTAOMIM3AIIUU
He(TH, Tra3oBbIX KOHJEHCATOB. YTO KacaeTcs TEXHONOIMH MepepaboTKH B IICHHBIE
XMMHYECKHE NMPOIYKThI MeTaHa, cogepkanue kotoporo B [THI" nocturaer 80-90 % 06., To 3a
UCKJTIOUEHHEM NPOMBIIUICHHBIX TEXHOJOTHA KPyMHOMAcIITaOHOTO MPOU3BOACTBA METaHOJA
n nponecca Pumepa-Tpomma, APyrHX OCBOEHHBIX NPOMBIIUICHHBIX TEXHOJOTHHA HE
cymectByeT. O0a yKa3aHHBIX BbIIIE IPOMBIIUICHHBIX Ipoliecca TpeOyroT BHaYaje epeBoaa
MeTaHa B CHHTE3-Ta3 M peajlu3alusi UX B MAJOTOHHAXHOM BapHUaHTE DKOHOMHUYECKU HE
BBITO/IHA.

B Hncturyre katraimmza CO PAH pa3paGortan karaau3aTop, MO3BOJSIONIMN OCYIIECTBUTH
nepepadotky I[THI" ¢ 6onbpmmm copepkaHreM MeTaHa B OJIHY CTaauio 0e3 ero pas3jiaesieHus Ha
cyxoi otOen3uHeHHbId raz, LLIDIIY, yriaeBogopoast Cs:. IIpu 3TOM XUAKUM HPOTYyKTOM

nmponecca ABJIACTCA KOHLCHTPAT apOMATHUYCCKUX YTJICBOAOPOAOB, conepn(amm?l B CBOCM
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coctaBe  OeH30id-TONyod-KcuionbHyto  ¢pakmuto  (BTK), wadramuun, wMetun- wu
nuMeTwIHaQTaIMHBL. B ganpHeieM, apoMaTU4ecKuidi KOHIICHTPAT MOXET HCIIOJIb30BaThCS
AJId TIOJTYYCHHA WHAWBUAYAJIBHBIX apOMATHYCCKUX YTJICBOAOPOAOB, AJIA IMOJTYYCHHA TOJIBKO
Oenzona npu aeankuiaupoBannu bTK-dpakiuu, nmus moinydeHUs: KOMIIOHEHTOB JM3EIHHOTO
TOILJIMBA - JIEKAJIMHA, METWIJICKATMHA TIPU TUAPUPOBAHUN HAPTATIIHOB.

HpI/IHHI/IHI/IaHLHaﬂ 010K-cXeMa npennaraeMoﬁ TEXHOJIOTHUH BBITJIIAAUT CIICAYIOIMIUM o6pa30M.

CH4 36, (4)
H2 (3)
& /‘
4 MEMEPAHA
_ .
HC (1) —3 2 PEAKTOP > CEMAarPATOP
BTK (2)

MartepuanbHBIN COCTAaB MOTOKOB 0003HAYEHHBIX HA OyoK-cxeme nepepadorku [THI (B kr).

COCTaB NOTOKA\ HOMEpP MOTOKA 1 2 3 4 5
BOJIOPOJL - - 6,2 - -
METaH 22.9 - - 14,0 80,6
JTaH 10,4 - - 0,7 5,9
MIPOTIaH 24.4 - - 0.9 4,9
cymma C4 18,7 - - 0,1 0,3
N30-IIEHTaH 3,8 - - - -
H-TICHTaH 6,0 - - - -
CyMMa I'eKCaHOB 7,5 - - - -
CyMMa renTaHoB 4,6 - - - -
CyMMa OKTaHOB 1,6 - - - -
CyMMa HOHaHOB 0,1 - - - -
CyMMa apoMaTH4YecKux ¥YB - 69,8 - - -
CYMMAapHOe KOJM4YeCTBO 100,0 69,8 6,2 15,7 91,7

Takum oOpa3om, mpejuiaraeMasi TEXHOJIOTHS MO3BOJISIET B OAHY KAaTAJIUTHYECKYIO CTaJUIO
nosydats u3 IIHI' ¢ BBICOKMM BBIXOJOM KOHILICHTPAaT apOMaTHYECKUX YIVIEBOJOPOIOB, a

TAKXe CyXOM ra3 u BOJOPO/I.
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KOHBepCI/Iﬂ METaHOJa HA OKCHAHBIX KaTajJau3aTopax

B.®. TPEThSIKOB?, I.T. ACMAW.JI0B?, B.A. MATBIIIAK"

“Mockosckas 2ocyoapemeennas akademus MOHKOU XUMUYECKOU MexXHOI02UU
um. M.B. Jlomonocosa, Mockea, Poccus
bHHcmumym xumuueckou gpusuxu um. H.H. Cemenosa PAH, Mockea, Poccus
tretjakov@ips.ac.ru

B  mHacrosmee Bpemss  Oonblloe  BHHUMAHUE — yJENSIETCS  IpolieccaM  IMOJNyYSHHS
BOJIOPOJICOJAEPKAIIMX Ta30BbIX CMECel M3 MeTaHoja /s TOIUIMBHBIX 3JIEMEHTOB,
pabortaronux Ha Bogopozae. OgHUM U3 CrIOcOOOB MOMYyYECHHsI CMECei, 00TraThIX BOJOPOIOM,
SBIISICTCS PEAKLNS KaTAIUTHUECKOTO Pa3JIoKEeHUsI METaHOJIA.

Hns Cu-Zn-Al cucrtembl TO JaHHBIM CHEKTPOKHMHETHYECKUX W3MEPEHUH OCHOBHBIMH
MHTEpMEeIUaTaMM MpHU MPEBPALLEHUN METaHOJa ABJSIOTCS MOCTUKOBAs U JIMHEMHAsE METOKCH-
rpyIIbl, oOpasyromuecs 3a cueT paspbiBa cBsizu C-O B MeTaHOJIE PU €T0 B3aMMOJICUCTBUH C
nosepxHocTHeIMM OH-rpynnamu. Ha moBepxHOCTH OKCHAA alIOMUHUS MOCTHKOBAsi METOKCH-
rpymIa InpeBpamiaercss B TUMeTWIoBbld 3¢up (JAMD); nuneiiHas - depe3 (HOpMHATHBIA H
anpaerunubii komriekcbl B CO u CO,. B mpucyrctBum memu Ha Al,Os craHoBuTCS
BO3MOXHBIM 00pa3oBaHME BOJOpOJAa 3a CYET pPEKOMOMHALMM Ha KjacTepax MeIu,
00pa3yIoUIMXCsl TMPH B3aMMHBIX IPEBPALICHUSAX IMOBEPXHOCTHBIX KOMIIJIEKCOB, aTOMOB
BOJIOpOAA.

[MoBepxnocth karanmuzaropa CHM-1(Cu-Zn-Al) npexacraisier co00l TMOBEPXHOCTh OKCHIA
Menx, MOAMGUIMPOBAHHYIO OKCHJIAMH QJIIOMUHUS M LWHKA. Ha Takoil moBepxXHOCTH npu
B3aUMOJICHICTBUN METAHOJIA C KOOPJMHALMOHHO HEHACHIIIIEHHBIMU aTOMaMH METOKCH-TPYIIIIbI
oOpa3yrorcs 3a cueT paspbiBa cBsi3u O-H B meranone. [IpeBparienue METOKCH-TPYMIl 3TOrO
TUIA XapaKTEPU3yEeTCs BBICOKOH pEakIMOHHOW CHOCOOHOCTHIO M HM3MEHEHHEM MapIIpyTa
peaxIyu: B MPOAYyKTax peakuu orcyTcTByer IMD u npucyrcrByet metuindopmuar (MP). B
9TOM CJydae METOKCH-TPYNNbl OBICTpO TmpeBpamaiorcs B (opmuar u  kapOOHAT.
[IpeBpamenue ¢opmuara M kKapboHaTa NPUBOAUT K 00pa3oBaHHIO Bojopoja (uepes
pEeKOMOMHAIIMIO aTOMOB BoOJAOpoAa Ha MenHbix kiactepax) u CO,. BzaumopeiictBue
METOKCUTPYIIIBI ¥ (hopMHUaTa MPUBOIUT K 0OpazoBannio M®d, KOTOpHI paziaraercs naiee ¢
obpazosanuem CO u Hy.

Ja Cu-Ce-Zr-O cucreMbl B YCIOBHAX IpeBpalleHUs MeTaHona Ha noBepxHocTH CeO,,

5%Cu/CeO, cymecTBYyIOT MOCTHUKOBas M JIMHEHHas METOKCHU-TPYIIbI, (OpMHATHBIE U
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KapOOHaTHBIE KOMIUIEKCHI. B coctaBe mpomyktoB peakiuu 3adukcupoBanbsl CO, CO,, Hy,
CH4 u M®. B ananorumusbsix ycioBusax Ha ZrQO,, Cu/ZrO, oOGHapyXeHbl MOCTHUKOBas, IBa
TUTA JTUHEWHBIX METOKCH-TPYIN U (POPMHATHBIN KOMIUIEKC. B mpoaykTax, KpoMe yKa3aHHBIX
BeIme, 3adukcupoBan JIMDO. OObsiCHEeHHE pa3NIu4Hs B COCTaBE NMPOIYKTOB 3aKITIOYACTCS B
0coOeHHOCTSIX MexaHu3zMa oOpazoBaHus Mmetokcurpynin. Ha 5%Cu/CeO; 3TH KOMILIEKCHI
00pa3yroTcs MpU B3aUMOJEHCTBUU C OCHOBHBIMU TUIPOKCUIBHBIMU TPYIIAMU C Pa3pbIBOM
cBs3u O-H B monekyne cnupra; Ha 5%Cu/ZrO; - ¢ ydacTieM U OCHOBHBIX (C pa3pbIBOM CBS3U
O-H) u xucasix (c paspsiBom cBsizu C-O B cnMpTe) TMAPOKCUIBHBIX Ipynn. B pesynbrare,
JUHCWHBIE METOKCHTPYIIIHI IIEPBOTO THIIA 32 CUET PEAKIUH KOHJCHCAIUH C (OPMHUATHBIM
KoMmIuiekcoM mnpespamiatorcs B M® u, nanee, B CO u H,. MeTtokcurpynnsl BTOpOro Tuma
ABIIIOTCA  MPOMEXYTOYHBIMU B oOpazoBanuu JIMD. IlpoBeneHHoe paccMOTpeHue
MOKA3bIBAET, YTO OCHOBHOH peakuueld oOpa3oBaHUS BOJIOPOJAA SBISETCS PEKOMOWHAIUS
aTOMOB BOJIOPOJIa Ha MEIHBIX KJacTepax, a TakkKe pas3joXkeHHe MeTwidopMuara.
Ucrounnkom obOpazoBanuss CO, B razoBoi (aze sABIAOTCS (HOPMHUATHBIM U KapOOHATHBIN
KOMIUTEKCHI, HICTOYHHKOM CO - paznoxeHne MeTuigopmuaTa.
[Ipu mosyueHHH BOJOPOACOAEPIKAIIMX Ta30BBIX CMeceld M3 MeTaHoia obOpa3zoBanue MO
SABJISICTCS. HEXKENATEIbHON peaklMed, MOCKOJIbKY B pe3ysbTare pasiioxeHus MP kpome Hj
obpaszyercs CO - s it DJIEKTPOJOB TOIUTMBHOTO 3JIEMEHTAa. B 3TOM ciydae MmoJie3HBIM
ABNSIETCS OOABICHHE B PEAKIMOHHBIN TOTOK MapoB BOABI W KucIopojaa. Torma, mpu
HEM3MEHHOM BBIXOJIE BOJOPO/A, 3HAYUTEIHHO CHIXKAETCsl CKOpocTh oOpaszoBanus CO u He
obpasyercs MeTwiopmMuaTr. ITO CBA3aHO C TEM, YTO JOOABJIEHHUE KUCIOPOJa U TAapOB BOJIBI
NPUBOJUT K OKHUCIICHHIO TOBEPXHOCTH, @ HA OKHUCIIEHHOM MOBEPXHOCTH HaJ peaxiueit
KOHJCHCALIUM METOKCUTPYNNbl U QopMuaTa mpeodiagaeT peakuus OKHCIUTEIBHOTO

IpeBpaleHUst MeTOKCUTPYTIbI yepe3 ¢popmuar u kapoonat B CO;, u Ha.
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Karanuruyeckue cucTeMbl HA OCHOBE CILIABOB Zr ¢ Mo u

V ¢ Fe niist okucJIeHUSI HU3KOMOJICKYJISAPHBIX CIIUPTOB

A.JLx. YOEH/IN, U.T. MEJIUKOBA, C.A. TAPAEBA, A.M. AJIUEBA,
T.H. IIAXTAXTUHCKUH

Huemumym xumuueckux npoonrem um. M.®@. Haeuesa HAHA, baxy, Azepbatiosxcan

itpcht@itpcht.ab.az

[Ipouecchl nmapUaIbHOrO OKUCIIEHHS YIVIEBOAOPOIOB U OPraHUYECKUX COCAUHEHMI 3aHUMAIOT
BE/yIlleE MECTO B COBPEMEHHOW XHMMHYECKOW W HEPTEXMMHUYECKOW MPOMBIIIICHHOCTH.
OKuCJICHHEM CIUPTOB B albACTH/IbI, KETOHBI W Jp. COCIWHEHMS, IOJy4aloT BaKHEHIINE
MIPOIYKThI OPraHUYECKOTO CUHTE3a, POU3BOACTBO KOTOPBIX HEYKIIOHHO pacTeT. Bo3pacrarommii
MHTEPEC K MOIyYSHUIO CITUPTOB MyTeM MepepaboTKU OTXOJ0B CENbCKOTO XO3SIHUCTBO U MUILIEBON
MIPOMBIIIUIEHHOCTH, TO3BOJIUT CO37aTh 0a3y Ui AATBHEHMINEro CTUMYJIHUPOBAHHS IPOIECCOB,
OCHOBAaHHBIX Ha JEIIEBOM U JOCTYIHOM CIIMPTOBOM ChIpke. [lapumansHoe rereporeHHo-
KaTaJIITUYECKOEC  OKHCJIEHUE Pa3HOOOpPA3HBIX KIACCOB COCTUHEHUN U THIIOB MPHUMEHSIEMbIX
KaTaJn3aTopoB HEeBEeTUKO. OKHCICHUE CITUPTOB B aBJETUIBl U KETOHBI ((POopMabaeru, arer-
aNbJIETU, aleTOH W Jp.), B OCHOBHOM, TPOBOAWIOCH Ha MeTaumdeckom Ag, Cu,
MeTasutoneonuTHeix Cu, Pt Ha neonurtax u okcuaneix Fe, Mo karanusaropax.

OKuCJIeHHE CIUPTOB B aJIbJCTHIIbI, KETOHBI XOTSA M SIBJISCTCS IIMPOKO HM3YYCHHOM OOJIACThIO
TeTEPOTreHHOT0 KaTalln3a, OJTHAKO MPOBEJCHUE HOBBIX HMCCIICOBAHUN B 3TOW OOJIACTU SIBIISCTCS
JIOCTATOYHO akTyaidbHOU. [IpoBoAsITCS MCClieOBaHUS KaK MO0 COBEPILIEHCTBOBAHUIO U3BECTHBIX,
TaK M MO pa3padO0TKe HOBBIX KaTaIM3aTOpoB. M3BECTHBIE KaTaTM3aTOPHI U MPOIIECCH UMEIOT Pl
HEJO0CTAaTKOB, TAKMX KaK MPOBEACHUE MPOLECCa NMPU BBICOKUX TEMIIEpaTypax, HU3KHE BbIXOAA U
CEJIEKTUBHOCTh NPEISATCTBYIOT BHEAPEHUIO ATHX MPOLECCOB B NPOMBIILUIEHHOCTh. PelieHne
npoOieMbl MOA0Opa ONTUMAIBFHOTO KaTajdu3aropa BapbUpPOBAaHMEM XHUMHYECKOTO COCTaBa M
CTpOCHUs, TpEOYET CO3aHUsI HAYYHOM TEOpHUH MOA00pa KAaTauu3aTopa M JETALHOTO W3YYEHUS
MeXaHM3Ma KaTATUTUYEeCKUX peakiuil. B cBsi3u c 3THM, pa3paboTka HOBBIX KaTaIU3aTOPOB
OKHUCJICHUS] U OKHCIUTEIBHOIO JETHIPUPOBAHMS HA OCHOBE CIUIABOB MEPEXOAHBIX METAIUIOB
IIPEJCTABIAECT KaK TEOPETUYECKUM, TaK U MPAKTUUECKUI MHTEpec. B cBeTe cka3aHHOro, CHHTE3
HOBBIX aKTUBHBIX KAaTaIM3aTOPOB HA OCHOBE CIUIABOB MEPEXOAHbIX MeTaiuioB Zr ¢ Mo, V, Fe, Co
U BBISIBIICHHE WX aKTUBHOCTH B IMPOIECCaX OKUCIUTENBHOTO NETUAPUPOBAHMS aT(aTUUECKUX
CITUPTOB TPEJICTABIISETCS BECbMa aKTyaIbHbBIM.

Ucxomupie cmaBsl  Zr-Mo, Zr-V, Zr-Fe, V-Fe,Zr-Mo-Fe nonyyaim cruiaBieHneM
MpeABAPUTENILHO CIIPECCOBAHHBIX HABECOK METAJIOB B IyTrOBOii reun B atMocdepe He, mpu sTom
WCIIOJIB30BAJIUCh METAJUIbl BBICOKOM YHCTOTHI C COJAEPKAHUEM IMPUMECH 102 %. C 1EJIbIO

MOJTY4€HHs] OJIHOPOIHBIX CIIABOB CIUTKHM MEPEIUIaBIsuId Mo 5-6 pa3, mocie 4ero NpoBOAMIICS
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penTreHo-¢a3oBblii ananu3 Ha ycraHoBke JIPOH-3 Ha k06anpTOBOM M3mydeHHU. Takke CHUMaIH
peHTreHo-3eKTpoHHble cekTpbl (POOC) nosepxHoct Ha cnekrpomerpe VI1EE-15 ADES-400
B MI'Y u MIOHX PAH. Ananuz Zr-Mo- 06pa3LoB mokasai, 4yTo B oOpasiax Mo npucyTcTByeT B
HECKOJIbKMX BAJIEHTHBIX COCTOSIHUSIX- B BUJI€ OKCHJIOB, B IPOMEXYTOUHOH CTENIEHN OKUCIICHUS U
B METAJUIMYECKOM COCTOSSHMU. KonndecTBEHHBIN aHAIN3 MOJyYEHHBIX CHEKTPOB IOKa3al, YTO
sHeprus cBs3u Mo 3d Y2 cocrasnser 228,1+ 0,1 3B, B HynpBanieHTHOM cocTosiHUM. [Tomyueno
HECKOJIbKO 00pa3noB Zr ¢ Mo B cootHomennn Zr-Mo=1:0,2, 1:1 u 1:2. beuto BbIsSIBIEHO, YTO
BAJICHTHOE COCTOSIHUE HHTEPMETAJUIMJOB 3aBHCUT OT YCJIOBHH 00paOoTku. OKucCIUTEIbHAS
00paboTKa BO3MyX0oM mpH Temreparype 673 K BbI3Basia CyIIeCTBEHHOE U3MEHEHHUE B BAJICHTHOM
COCTOSIHUM. MOJIHMOIEH MOJHOCTBIO MEPEXOAUT B IIECTHBAIEHTHOE COCTOSIHUE, KOTOPOMY
COOTBETCTBOBaJIa dHEprusi cBs3u, paBHas 234,1+0,1 »B. Ilpu 3tom cooTtHomenue Mo:Zr B
MOBEPXHOCTHOM cJIoe yBenuuuBajioch B 1,6 pa3. Haubompime n3MeHeHHs B 3aBUCUMOCTH OT
ycioBuii 00pa®oTKM TmperepneBaroT (opma M monokeHWe curHaia Mo. B ucciemyembix
o0pas3max yaajaoch HWICHTU(PHIMPOBATH TPHU CTEIIEHH OKWCICHHS MOJHMOIEHAa C Pa3HBIMH
DHEPTUSMU CBS3U: Mo (2342 5B), Mo+4(230,3 sB) 1 Mo (228,0 3B), KOTOpBIii MPUCYTCTBYET BO
BCeX o0paslax ¥ He UcYe3aeT Jaxe IMocie JUIUTENbHOro neperpesa. st o0pasia OKUCIEHHOTO
npu 873 K Ha Bo3tyxe B TeueHue 6-8 4acoB HarpeBaHue B Bakyyme 710 623 K B TeueHue 2 4acoB
NPUBOAUT K TMOSIBJICHUIO MUK C SHEpruei ces3u 218,3 5B, 6113K0e K 3HAYEHHIO METAJUINYECKOTO
Mo, dYTO TO3BOJNAET CHENaTh MPEANONOKEHUS O HAIMYMU B3auMmozekctBus Mo’ ¢
HOBEPXHOCTHBIMHU OKCUJIAMH...

Hns mmpkonust sueprus cBsizu Zr 3d 1/2 B (HOTOINEKTPOHHBIX CIIEKTPAaX COCTABIISET
182,4 + 0,1 3B, 4TO 0OIHO3HAYHO COOTBETCTBYET UETHIPEXBAJIECHTHOMY COCTOSIHUIO LIUPKOHMS.
Taxoxe HaOMIOHaCTCS HEOOBIION TTOBEPXHOCTHBIA CABUT B DHEPTHH CBSI3U 3JIEKTPOHOB Zr- 3d
ypoBHs. Bce 00pasipl B KauecTBE OCHOBHOT'O JIEMEHTA COZEPIKAT HAa OBEPXHOCTH KHUCIOPOA.
ATomHas nonst kuciopozna Obuta Beimie 50%, naxe mocie MPOJOKUTENIBHOIO HarpeBa
o6pastos mpu 623 K B Bakyyme (10 mm.pr.cr.). [Ink kucnopoga O 13 mMeeT MakCHMyM B
obmactn sHepruu cBszu 530-531 5B, a monokenue M ¢Gopma 3aBHCAT OT COOTHOIICHHS
pa3IMYHBIX OKCHIOB Ha TMoBepxHOCTH oOpasua. Ecimu Pd-cnektp mnomyuyen 6e3
Ipe/BapUTEIbHON 00pa0OTKM KaTaau3aTropa, NHK KHCIOpOJa NPUXOJUTCS Ha 3HAuYeHHE
sHeprun  cBsi3u  533-534 5B, 4YTO COOTBETCTBYET THAPOKCUIHBIM  TIpynmam u
xeMmocopbupoBaHHoMy kuciopony. CoeauneHusM ZrO, COOTBETCTBYET MUK KHCIOPOAA C
sneprueit 530,1-530,4 »B, okcumam momubaena 531,6-532,1 sB. Taxke ObUIM MOTyYEHBI
criaBsl ZrVo 12, ZtV, Z1V,, ZrFe s, ZrFe, VFe, VFe,. [lonyyeHHbIe KATATUTUYECKUE CUCTEMBI
JI0 PEAKIMH OKHUCIICHUS CIIUPTOB MOBEPTraINCh OKUCIUTETLHO-BOCCTAHOBUTEIBHONW 00paboTKe
npu 873-973 K 6-8 yacoB, mocie 4ero MCroib30BAIMCH B peakii. MHOTHE U3 3TUX 00paslioB
NIOKa3aJI BBICOKYIO aKTUBHOCTb B PEAKIIUM OKUCIUTEIBHOIO AETHPUPOBAHUS alTU(paTHIECKUX

HU3KOMOJIEKYJISIpHBIX criupToB C—Cs.
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Karaautudeckoe B3aumMoaeiicteue ¢peHoJia ¢ MeTHI(POPMUATOM

B IIPUCYTCTBUY PYTEHUIi-TUTAHOBOI0 KOHTAKTA

A.A. ATAEB, A.A. BAUPAMOB, IL.T. IIAXTAXTUHCKAS
Cymeaumckuti cocyoapcmeenuviil yuugepcumem, Cymeativim, Azepbatiodxncan

sdu@sdu.az

B noxmane mnpuBoaATcs pe3yNbTaThl  KATAIUTUYECKOTO B3aMMOJCHCTBUS (eHoma ¢
METWI(POPMHATOM B MPUCYTCTBUU PYTCHHI-TUTAHOBOTO KOHTaKkTa. MeTmindopMuar noaydeH
W3 METAHOJIa B OJJHY CTAJUIO B MPUCYTCTBHU BOJIBI U KOOATHT(HEPPUTOBOTO KaTaIn3aTopa mpu
temrniepatype 350-370 C. PyTeHUH-THUTAaHOBBIM KOHTAKT OBbUT TOJY4YEH IO CIEIHATIbHON
METOJIMKE, HAIlIeIIeH MPaKTUIeCKOe MPUMEHEHUE B AIEKTPOXUMUYECKON MPOMBIIIIEHHOCTH.
OH COCTOWT W3 OKCHUIOB PYTEHUS U TUTaHA MpH MaccoBoM oTHomeHuu 0,43:1. U3yueno (1)
MOpP(OJIOTHYECKOE CTPOEHUE KOHTAKTa M YCTAaHOBJICHO,YTO HAa Pa3HBIX y4acTKax oOpasia
MPUCYTCTBYIOT JIBa TUIIA TIOBEPXHOCTEH, COCTaBIEHHbIE U3 TJIaJKMX y4acTKoOB U rnolyn. Ha
[JIAJKUX Y4YacTKaX B pa3HBIX MECTaX aTOMbI YIMAKOBBIBAIOTCA Pa3IUYHBIM OOpa3oM.
[IpucyTcTByeT CTpPOro YMOpPSIIOYEHHOE pACIOJIOKEHUE AaTOMOB C HAJOXEHUEM pa3HBIX
pemierok. Ha ¢oHE IUIOCKMX aTOMHBIX PEIICTOK HAOJIONAIOTCS OTICIBbHBIE OOBEMHBIC
HAHOKJIACTEPHI C MONEPEYHbIMU pazMepamMu ~3HM. [ 7100yJIbl UIMEIOT HECKOJIBKO pa3MEpHBIX
ypoBHel. Ha HuXHEM ypOBHE OHHU MpEACTaBIEHBI B BUIE IUIOTHO MPUJIETAIONINX OAMH K
JIPYroMy 0ObEMHBIX KJIACTEPOB C MOMEPEYHBIMH pazMepamu 1- 3HM.

B YCIOBHUSIX ~ B3aMMOJICUCTBUS denoma ¢ MeTUI(HOpMUATOM o0pazyroTcs
KaTajau3aThl pa3IMYHOTO CcoOcTaBa. B  MpoaykTax peakuMd OOHApYy>KEHbl —aHH30I,
W30MEpPHBIE  KPE30JIbl, CANUIMIOBBIA  ambleruj], METAaHOJ], MYypaBbHHAs  KHUCJIOTa
u okcung yraepoxa (II). Drto  pmaer  ocHoBaHue — IpexmnosiaraTb  IPOTEKAaHUE

CIICAYIOIINX PEaKIMii B YCIOBHSX MpoLECcca:
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CammmmnoBslii  ampaerns  oOpadyeTrcs B MajoOM — KOJIMYECTBE, C  IOBBIIICHHEM
TeMIlepaTypsl €ro  o0pa3oBaHME MpeKpamiaeTcs. BuauMo, HU3KHME TeMIlepaTypsl
00€eCcTeYnBaloT, TEPMOJMHAMUYECKHUE YCIOBUS OCYIIECTBICHUS (POPMUIMPOBAHUS, @ C POCTOM
TEMIIepaTypbl TEPMOANHAMHYECKUE OTPAaHHMUCHHS Y CHITMBAIOTCS.
B cunbHO pa3z6aBiIeHHOM Ipoliecce TIIaBHBIM HAalPaBICHUEM SIBISICTCS 00pa30BaHUE aHU30Ia.
PazpriB cBs3u ankui - (CH3)-O B cinoxHOM 3¢upe BeTpeyaeTcs: TOJIBKO B clydae, Korjaa MpH
aToMe yriepoja ajJKHIbHOTO WM apHIATKWIBHOTO paJyKana MMEIOTCs TPYIbl; CIOCOOHBIE
CTa0MIIN3UPOBATH MPOMEKYTOYHO BO3HUKAIOMIMK MOH KapOoHus (2). Habmonaemoe siBnenue
MOYKHO OOBSCHHUTH THAPOIM30M METWiI()OopMHAaTa TPUMECSIMU BOABI M B3aWMOJICHCTBHEM
¢denona ¢ 00pa3yromUMcs METAaHOJIOM. XOTS MOBBIIICHNE MOJBIKHOCTH METHIBHOM TPYIIIBI
npu aacopOnuu MeTHI(pOopMUaTa Ha ME3OMOPHCTHIX LEHTPAaX KOHTAKTa M yBEIHYCHUE €ro
METHIIMPYIOIIEH CTOCOOHOCTH NPU B3aUMOJCHCTBUY C (DEHOJIOM U3 00bEeMa TaKKe BEPOSITHO.
B pabote m3yueHO BIHSHHE YCIOBHH pPEaKIMi HAa KATaJIUTUYECKHE M SKCIUTyaTallMOHHBIC

CBOMCTBA KOHTAKTA.

Jluteparypa:

[1] Kynpsserit B.I'., Koagpukor H.b., Illutosckas E.B., byzauk B.M.//IlepciekTHBHBIE MaTeprabl
2006, N4

[2] Bernep M. MexaHu3MbI KaTaau3a HYKICO(QHIBHBIX PEaKIUi MPOU3BOIHBIX
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MuxkpososiHoBoii cuHTe3 Ni-Co/Al, O3 kaTaan3aTopoB AealKuJIMPOBAHUA
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I0.H. JUTBUIIKOB, I1.A. MYPAJ/IOBA, C.A. JVKA®APOBA,
10.P. HATTAJIMEBA, A.1. ACKEPOBA

Huemumym xumuueckux npoonrem um. M.®@. Haeuesa HAHA, baxy, Azepbatiosxcan

chem@science.az

MUKpPOBOIHOBOM  CHHTE3  SIBISIETCS  OTHOCUTEIBHO HOBBIM  METOJIOM  MOJY4YEHHS
TBEepAO0(a3HBIX MATEPHAIOB C KOHTPOJIUPYEMOM MHMKPOCTPYKTYpOH M OTKPBIBAET LIMPOKHE
BO3MOXHOCTH JIJISl IPUTOTOBJICHHUSI COPOEHTOB, KAaTalIU3aTOPOB M APYTUX (PYHKLIMOHATBHBIX
MaTepUajIoB Pa3IUYHOTO IIeIeBOro HazHaueHus [ 1].

B nanHOM uccrieoBaHMM MPENNPHUHITA BO3MOXHOCTh MHKPOBOJIHOBOTO CHHTE3a 00pa3lioB
Ni-Co/y-Al,O3 — Karanu3aTopoB NEANKHIUPOBAHHUS AIKHJIAPOMATHYECKHX YTIJIEBOJIOPOJIOB
(C7-Csg) ¢ BOASIHBIM MapoM, paHee MPUTOTOBISIEMBIX METOJIOM KOHBEKIIHOHHOW TEPMHUYECKOM
00paboTKu. Tepmuueckas obOpaboTka 00pasIoB B CBEPXBBICOKOYACTOTHOM
3JIEKTPOMArHUTHOM T0JI€ OCYUIECTBIISIACh B MUKPOBOJHOBOM meun Mapku EM-G5593V ¢
obbemMoM pesoHatopa 23151, mpu pabodeit wacrore 2450 MI'm ¢ MakCUMaiIbHOW BXOJIHOM
MOITHOCTBIO TreHepaTopa usmydenus 1200 Br. KoamuectBo wucmbIThIBaeMbIX 00pa3ioB
Haxoaunock B mpenenax 30 — 50 r. Temmeparypa B 30HE HarpeBa KOHTPOJIHPOBANACH C
MOMOIIBIO TUCTAHIIMOHHOTO OECKOHTAaKTHOTO MH(ppakpacHoro tepmMomMerpa Mapku VA6520.
VYcnoBus npoBeieHUs IKCIEPUMEHTOB MPUBEEHBI B padoTe [2].

VYcraHnoBieHo (puc. 1), 4TO M3-3a HHU3KOIO YpPOBHS JUAJIEKTPUUYECKHX IOTEPh, IIpHU
BozneiictBun CBY-uznyuenuss Ha 7-AlbOs; — wMaTpuily HOCHUTENs, 3aMETHOTO pOCTa
TeMIiepaTypbl He Habmomaercsa. B cioydae ke o6pasioB y-A 1,03, MponmuTaHHBIX pacTBOpaMu
HUTPATOB HHKENS M Kobambra, B KonmdectBe 20%, B mepecuere Ha TOTEHIMAIBHOE
COJlep’)KaHHWE OKCHIOB JaX€ TPU HEBBICOKUX 3HAUEHHUSX MOIIHOCTH MAarHeTpoHa,
HaOJI0JaeTCsl UHTEHCUBHOE MOTJIoNIeHre u3nydeHus. [Ipu 3ToM u3MeHeHue TemmepaTypbl
00pa310B UMEET IKCTPEMaIbHBIN XapaKTep U, 32 CYET YCTAaHOBUBILErocs TEIJIOBOrO OanaHca,

crabunusupyercs B obmactu 3Hauenuit 373 -383K (10 monHoro ucnapeHus Bobl).

00+ wer PHUC.1 JIUHAMUKA BapbUPOBAHUS MOITHOCTH

% Mar"erpoHa (1) ¥ u3MEHEeHHs TeMIIePaTyphI:

2 Hocurens - Y-A1,0; (2); obpaszua y-A1,0;,TponTuTaHHOTO

wa  pacTBOpoM HHTpaTa HuKeNs (3); oopasma y-Al,0;,

|2 TIPOITUTAHHOTO PacTBOPOM HUTpaTa KoOasbTa (4);

sz oOpasma y-A1,0;, MPOMUTaHHOTO CMECHI0 PACTBOPOB HUTPATOB
ia HHUKeEJS B KoOanbTa (5).
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[Tormomenue sneprun CBU-uznydenus u tpanchopmaiiis ee B TEIUIOTY B ciydae 00pasIoB
v-A1,03, TPONUTAHHBIX CMECHhIO HHUTPATOB HHKENs H KoOanbTa, MPOUCXOTUT Oonee
WHTCHCHBHO, HEXEIH 00pa3IoB, 00pabOTaHHBIX UX WHAMBHIYAIbHBIMHU cOJisiMH. [Ipu 3TOM
MMEET MECTO CIIOHTAHHOE MOBBIIICHUE TeMIeparypsl 00pa3ioB oT ~ 400 mo 723K, uro,
BEPOSITHO, CBS3aHO C MpOIleCCOM (OPMHUPOBAHHSA B XOJ€ TEpPMHUUECKOW 00paboTKu (a3bl
koOanbTuTa HUKENs (NiCo,04), XapakTepusymomieiicss 0ojiee BBICOKUMHU TUAIEKTPUIECKUMU
notepsimu [3].
[Tokazano, YTO B CIOEKTpaXx TEPMOMPOTPAMMHUPOBAHHOTO BOCCTAHOBICHHS 00pa3loB
KaTaJn3aTOPOB C COCTAaBOM akTUBHOW Macchl NiXCoj.x, ONM3KOH K CTEXHOMETPHUYSCKON
mmuHenn (mpu X = 33), mpomeammx TepMooOpaborky B moie CBUY mpakruuecku
OTCYTCTBYIOT BBICOKOTEMIIEpATypHbIE MAaKCUMyMbl BOCCTAHOBJICHHUS AJIOMHUHATOB HHUKENS U
kobanbTa B obsnactu 873 — 1083K, mpu pocTe MHTEHCUBHOCTH HU3KOTEMIIEPATyPHBIX MMHKOB
norJionieHusi Bojopoja okcuaabiMu (opmamu Ni m Co B ¢asze KoOAmbTUTA HUKEI,
SBJISIOLIETOCs MPEIIIECTBEHHUKOM 00pa3yIoerocs myTeM MOCieIyIOIero BOCCTaHOBICHUS
PEaKIMOHHON  cpelod  KaTaIUTUYECKH AaKTUBHOTO B  pEakUWd JACaTKUIMPOBAHUS
ATKWIAPOMATUYECKUX YTIEBOIOPOAOB HUKEIh-KOOATBTOTO CILIABA.
OOHapyxeHHBI 3(PQEeKT, BEpPOATHO, OOYCIOBIEH MPEHMYIICCTBCHHBIM TBEPI0(pa3HBIM
B3aMMOJICICTBUEM OKCHUJIOB HUKEJIS U KoOanbTa ¢ 00pa3oBaHueM (a3l KOOAThTUTA HUKEIIS 3a
cuer wu3buparenpHOro mornomeHus sSHepruu CBU-u3nydeHus, KOHKYpPHPYIOIIMM C HX
B3aUMOJICHCTBUEM C MAaTPULIEH HOCUTEIIA.
PesynbTaTthl mcciemoBaHUS aKTUBHOCTH OOPAa3IoB, CPOPMHUPOBAHHBIX B COIMOCTABIISIEMBIX
YCIIOBUSIX TEPMOOOpPaOOTKH, MAlOT OCHOBAaHUE TIOjaraTth, 4YTO IPOIECC NPUTOTOBICHUS
Ni-Co/y-Al,O3—KkaTtanu3aTopoB  JA€aIKUIMPOBAHUS  apOMATHYECKHX  YTIEBOJOPOAOB C
BOJISIHBIM TTapOM TOJ0OPAHHOTO KOMIIOHEHTHOTO COCTaBa C HMCIOJIh30BAaHHUEM TEPMHUYECKOMN
oOpabotku B CBUY-mone BmosHe mpuemiieM JUisi HNPaKTHYECKOH peanu3aluu, a ¢ TOYKH
3peHUs] 5KOHOMUHU BPEMEHU MX CHHTE3a BBITOJAHO OTIMYAETCS OT TPAJUILMOHHBIX MPOLIECCOB

TEPMHUYECKON 00pabOTKH.

Jluteparypa:

[1] Roussy, G., Pearce, J. A., Foundations and industrial applications of microwave and radio
frequency fields, Roussy, G., Pearce, J. A. eds., Wiley, Chichester, 1995, Chapter 12.

[2] JTutBumkos 1O.H., lletinun B.E., Mareppamosa 3.10., [llakynosa H.B., Mypanosa IL.A.,
®apamxkes .M. Biussnue CBY HarpeBa Ha GopMUpOBaHUE TEKCTYPHBIX XapaKTEPUCTUK OKCHAA
amomunns. «Kumita npobremisipu» Ne 2, 2008, c. 241-243.

[3] Douglas J., Devis L.E. IEE Transactions on Microwave. Theory and Techniques 50 (3), 721, 2002
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At present, reform ing and isom erization of n.paraffins based on the use of bifunctiona 1
catalysts are the basic and m ost quickly deve loping processes for targ et obtaining of high-
octane gasoline components.

Zeolites are prom ising catalysts f or hydrocar bon isom erization. The interest to them s
explained by a num ber of their specific propertie s. Their regular structure and ability to ion
exchange m ake zeolites and zeolite-contai  ning catalysts unique objects for studying
heterogeneous catalysis.

With the purpose of getting environm entally-pure m otor fuels, catalytic reform ing of
n.hexane was carried out in a flowing-type laboratory unit within a temperature range of 350—
500°C and a volum e rate of raw feed 0.35h ', under atmospheric pressure. A series of
experiments of n.hexane reform ing on the Cu-Gd-ZVK-III-895(TM) catalyst was con ducted.
The catalyst was activated in an air flow under atmospheric pressure within two hours. The
experiment was carried out with no feed of any hydrogen-containing gas.

obtained show that the process of n.hexane reforming on the Cu-Gd-ZVK-III-895 catalyst in
these conditions proceeds with a convers ion degree of the source product 69.3-72.4 %,
depending on temperature.

The exam ined high-silicon zeolite- containing c atalyst with Cu and Gd additive s has been
established to be the most active in isom erization reactions at a tem perature 350°C, that h as
been proved by a rather high yield of isopr ~ oducts (30 %), while the m aximum yield of
n.hexane isomers is 15.8 % at 350°C, the isomerization selectivity reaching 22.8 %.

At incr easing the tem perature of ze olite catalytic r eforming up to 45 0°C the total yield of
aromatic hydrocarbons grows to 22,4 %, the quantitative cont ribution of cracking into the
composition of the reaction product mixture increases, while the total content of isostructured
components decreases. The yield of hexane isom ers reduces, and that of butane and pentane

isomers, which are also formed while cracking, grows.
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It is seen from the Table that at S00°C the yield of cracking products grows so high that the
quantity of aromatic hydrocarbons reduces practically twice. A fall of the isohexane and
butane—pentane fraction yield is also observed, but it is not too significant in comparison
with the fall of the yield of aromatic compounds.

Table. Results of n.hexane transformation on the Cu-Gd-ZVK-III-895 catalyst

Hydrocarbon Selectivity, %
group 350°C 400°C 450°C 500°C
X C-C; 7,4 24.9 39.1 66.9
2 i-C4-Cs 19 14.7 11.2 7.1
2 1-Ce 22.8 9.1 6.2 0.8
2 1n-Cy4-Cs 33.2 29.3 21.1 13
X AHC 17.6 22 22.4 12.2

The selectivity of the catalyst to cracking at 350°C is 7.5 wt %, which is comparable with the
yield of C;—Cs; products in the industrial conditions of catalytic reforming of the
85—-180 fraction (6 wt %).

Thus, it has been established that on the catalytic system under study one can obtain high-
octane components of automobile fuels in conditions distinct from the industrial reforming
process in a hydrogen-free medium. The catalyst shows its highest activity and selectivity in
isomerization and aromatization reactions in a temperature range 350—400°C. Modification of
the commercial zeolite ZVK-III-895 catalyst with metals (Gd and Cu) results in an increase of
the yield of n.hexane isoproducts and such high-octane gasoline components as isobutane

(10.7 wt %) and isopentane (2.9 wt %).
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Production of the petroleum distillates with ultra low sulfur content in according with the
stringent world standards is the urgent problem of the Russian oil-refining industry nowadays.
Thereby, a development of the new generation of hydrotreating catalysts allowing switching
on the production of environment friendly products without drastic reconstruction of the
oil-refining plants equipment is extremely important. The service cycle of the modern
catalysts doesn’t exceed 2 years in the case of the production of oil products in accordance
with modern standards. Application of the well-known methods for the catalysts regeneration
allows to restore their activity no more than 90%, therefore the development of the methods
for the complete renewal of a new generation of the catalysts is comparable on an urgency
with development of the new catalysts.

The key feature characterized a new generation of catalysts is that all metals in catalysts are
only the form of an active component of hydrotreating reactions. Nowadays it is well
established that an active component of hydrotreating catalysts is so called Co(Ni)-Mo(W)-S
phase consisted of MoS,(WS;) particles with length of 2-5 nm and Co and Ni atoms localized
on edge plane [1,2]. The optimal atomic ratio Co(Ni)/Mo(W) in the active component lies in
the range of 0,3-0,6, thus distances from Co(Ni) to the nearest Mo(W) atom do not exceed
0,3 nm. The structure of an active component is formed during the sulfidation of oxide
precursors at 320-400°C. To synthesize the Co(Ni)-Mo(W)-S phase selectively it is necessary
to prepare the catalyst containing the oxide precursor presented in the form of bimetallic
complex meeting the following requirements:

— to contain metals in the same atomic ratio as in the catalyst active component;

— to have close arrangement between Co(N1) and Mo(W);

— to have structure enabling the formation of Co(Ni)-Mo(W)-S phase;

— to contain the ligands stabilizing bimetallic oxide precursor in the solution and on the

support surface.
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For the complete restoration of the deactivated catalysts activity it is necessary to transform
the all surface oxygen containing Co(Ni)/Mo(W) species formed during oxidizing
regeneration to the bimetallic complexes which can be selectively sulfided.
The synthesis methods of bimetallic Co(Ni)/Mo(W) complexes meeting above listed
requirements in the solution and on the support surface were elaborated in Institute of
Catalysis [3-6]. Moreover, the preparation methods of the carriers with defined textural
characteristics allowing using them for the hydrotreating catalyst preparation of different
petroleum distillates were developed.
High active hydrotreating catalysts for gasoline fractions can be prepared by deposition of
bimetallic Co-Mo compounds with the small molecule size on the carrier with pore diameter
no more than 70 A. For the preparation of catalyst for diesel fractions and vacuum gasoil
bimetallic Co-Mo complexes with a big molecule size and the support with pore diameter
which is not less than 100 A are used. Ni-W compounds can be used as a perspective
precursor for hydrotreating catalysts of heavy feed. The complete restoration of deactivated
catalysts activity is attained by oxidizing removal of carbonaceous deposits followed by
treatment with aqueous solution of chelating organic agents that allows to transform various
surface Co(Ni)/Mo(W) compounds to the form of the complexes that then can be selectively
sulfided with the formation of Co(Ni)-Mo(W)-S phase.
In all cases, catalysts either prepared with using initial bimetallic complexes or regenerated
through the stage of these complexes formation are superior in activity the known industrial

catalysts or catalysts prepared or regenerated by traditional methods [3-6].
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Diesel hydrotreating is one of the m ajor processes in the modern oil refining industry. Last
years because of toughening of ecological requ irements to oil products and also d eterioration
of diesel fraction s sub jected to h ydrotreating the need for new effective catalysts  of
hydrotreating constantly increases.

Regular researches of t echnology and catalysts of hydrotreating process at the Che  mical
Technology of Oil and Gas Refining Chair of t he Samara State Technical University allowed
us to offer a series of the original highly act ive catalysts for diesel fuel production with the
amount of the sulfur no more than 50 and 10 ppm.

By development of an approach to the catalysts synthesis w e ascertained that the technology
of its production could be easily realized in cond itions of Russian Catalysts Facto ries. In the
work various approaches to synthesis of highl y effective catalytic system s were used, am ong
them (i) optimization of composition and structure of the precursors of catalyst active phase —
polyoxometallates, organic chelat ing agents etc, (il) m  odifying of alum ina carriers by
different type of additives, (i  ii) o ptimization of therm al stages of cata lysts s ynthesis,
(iv) investigation of m  ethods and conditions of sulfidati ~ on of supported precursors,

(v) investigation of genesis of active phase of the catalysts.

Catalytic properties were determ ined in benc h scale flow reactor in diesel hydrotreatin g
process. We used SRGO and mixed of SRGO with LGO of catalytic cracking as feedstocks of
the process. Investigations of physical-chemical properties of the catalysts in comparison with
their catalytic behavior showed that high activity of the catalysts was explained by
nanostructured CoMoS phase II form ation. We also found som e regulations in active phase

formation.

The work was supported by Russian Federal targ et program «The scientific and pedagogical

staff of innovative Russia».
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Oil of Uzbekistan is characterized by high content of sour compounds and tarry-pyrobitumen
substances. In this connection the role of oil stock hydrofining on multilayer catalyst systems
increases. At processing of the heavy fractions inclined to formation of sticky sedimentations
on catalysts of hydrofining, duration of a cycle can be limited by pressure difference in
hydrofining reactors in spite of the fact that activity of the catalyst still remains at high
enough level.

Perfection of the given process is necessary to perform taking into account reactionary ability
of sour compounds and the molecules sizes of metallic substances.

At synthesis of catalysts for heavy oil stock processing paramount value is given to a structure
of carriers as catalyst of demetallization, and the hydrofining catalyst. As primary criterion of
sampling at optimization of the developed samples, besides the standard physic- and chemical
characteristics, a size of adsorption of tars (for hydrofining catalysts) and pyrobitumen (for
catalysts of demetallization and prehydrofining) is used, isolated from tar oil selected on
FOR.

By combination of natural aluminum silicate with different porous and finely porous
pseudoboehmite, with the subsequent modifying of forming weight by water-soluble waste of
high-molecular substances, mechanically strong granules are received for the top layers of
catalyst systems. The catalyst of protective layer AKA-15/5,0 (5 weights. % MoOs3) with the
prevailing radius of pores of 50 nanometers, effectively accumulates residual elements (Ni
and Fe) and hydrogenates gas carbonic unlimited compounds. Now this catalyst is
successfully used in a reactor of installation G-24 of oil manufacture FOR, thus a quality of
base oils corresponds to the established norms and there is absent the tendency to pressure
difference growth in a reactor.

Porous structure of samples, with the developed system of pores of 50-80 nanometers and a

transport pores, for the low-percentage catalyst of prehydrofining (total content of NiO and
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MoOs-6 %) is designed by mixing coarsely dispersed aluminum oxide and preliminary
generated mesopores, and fine-dispersed pseudoboehmite.

In this case the maximum adsorption of pyrobitumen and the pitches concentrated not only on
a surface, but penetrating deeply enough in granule volume is noted. During pilot tests its
high activity in destruction and the subsequent hydrogenation of fragments of tarry-
pyrobitumen substances, and also removal of “easy sulfur”, first of all sulfides and disulfides
is revealed.

In the process of working out of the carrier for this catalyst we aspired to create biporous
structure (10-20 nanometers and 100-150 nanometers) under other scheme, namely by
adhesion among themselves of hydrolytic steady units of aluminum oxide, with the use as
binding easy soluble micro porous gel received at peptization of aluminum hydroxide by a
mixture of nitric and boric acids.

By results of comparative tests (at volume speed 1,0-hour”, hydrogen: raw
material = 250 nm3/m3, pressure 3 MPa and temperature 350°C) on asphalt-free oil of the
naphtha residue selected on FOR, catalyst AKNM-5/16,0 on hydrodesulphurization activity is
close to industrial catalysts GO-70 and Al-Co-Mo prepared on the carrier developed by us.
Higher concentration of ammonia testifies raised hydro denitrifying activity in hydrogenator.
At insignificant increase in pressure of hydrogen to 3, 2 MPa, hydrodesulphurization activity
exceeds fixed on traditional catalysts without nickel promotion, especially in hydrogenolysis
of thiofen sulfur.

By results of pilot tests a removal of the largest molecules of pyrobitumen, containing metals,
at stage of prehydrofining raises efficiency of industrial Al-Co-Mo catalyst GO-70 by
20-30 % or analogue offered by wus - combined alumocobaltmolybdenum

catalyst AKNM-5/16,0.
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[[Inpokoe pacrnpoCTpaHEHHE IBUTATENIEW BHYTPEHHEIO CrOpaHUsl C BBICOKOM YJIEIbHOU
MOIIHOCTBbIO TPeOyeT BBICOKOKAYECTBEHHOI'O, BBICOKOOKTAaHOBOrO OeH3MHA. COBpPEMEHHBIN
ypOBeHb TpeOOBaHMI K KauyecTBY TaKuX OCH3MHOB OIPENENsAeTCs HE  TOJbKO
HEOOXOMMOCTBIO ~ JIOCTIDKEHUSI WX  OCHOBHBIX  JKCIUTyaTallMOHHBIX  XapaKTEPHCTUK
(OKTaHOBOE 4MCIIO, HarapooOpasylolle CBOHCTBA U Jp.), HO M DIKOJIOTMYECKON
0e30macHOCThI0 paboThl  aBTOMOOWJEeH. COBpEeMEHHBIE DSKOJIOTHUYECKHE TpeOOBaHUS K
aBTOMOOWJIBHBIM ~ O€H3MHAM  JKECTKO  OrPaHMYMBAIOT  COJEP)KaHME  apOMaTHYECKHX
yIJIEBOAOPOAOB, B YaCTHOCTU OeH30J1a B ToBapHOM OeH3uHe. [losTomy HedrenepepaboTunku
IUIAHUPYIOT W HAYMHAIOT MOJEPHU3ALMUIO CTPYKTYphl CBOWX 3aBOJIOB [UIS ONTHMH3AIHU
O6eH3nHOoBOTO (POHTA.

TexHuueckoe pelieHHe IOJYyYeHHs BBICOKOOKTAHOBBIX OEH3MHOB C  IOHM)KEHHBIM
COJCpKAHUEM  apPOMATHYECKHX  YIJIEBOAOPOAOB COCTOMT B  TEPETrPYyNIHPOBKE  HUX
YTIIEBOAOPOAHOTO COCTaBa ITyTEM BOBJICUCHHSI B OCH3MHBI BHICOKOOKTAHOBBIX KOMITOHEHTOB -
npoayktoB mzomepuzanuu Cs-Cq alKaHOB M yJaJIEHUS] HU3KOOKTAHOBBIX KOMIIOHEHTOB —
napauHOB HOpMaJIbHOTO cTpoeHus coctaBa Cs-Cs.

B HucrutyTte npobaem nepepabotku yriaeBogopoaoB CO PAH paspaGoran opurHHaiIbHBIHN
METOJ CHHTE3a KaTalu3aropa HM30MEpU3allMd Ha OCHOBE CYyJIb(aTHPOBAHHOTO IMOKCHAA
mpkonust (Pt/SZA), mo3Bossironnii o0ecriednBaTh BBHICOKYIO aKTUBHOCTh M CTaOMIIBHOCTH
KaTajau3aTopa B MPOIecce N30MEPHU3AIMK U TPUOIMKATHCS K TIOKa3aTessiM padoThl Hanbosee
3¢ (GEeKTUBHBIX  KaTaJIW3aTOPOB  HU3KOTEMIIEPATYpHOW  HM30MEpHM3allud  HAa  OCHOBE
XJIODUPOBaHHOTO okcuzaa amomuHus [l1].  IlpombllnuieHHOE HPUMEHEHHE JIAHHOTO
Karajau3aTopa He MOTpeOyeT CTPOUTENHbCTBA HOBBIX JOPOrOCTOSIIIMX YCTAHOBOK, a Oyner
BO3MOXKHO OCYIIECTBUTH 3@ CUET MOJEPHHU3ALMM 3aKOHCEPBUPOBAHHBIX B HACTOSIEE BpPEeMs
Ha MHorux HII3 MopanbHO ycTapeBIIMX MOIIHOCTEH THAPOOYMCTKU U pUGOPMHHTa.

D¢ dexkTuBHBIM c1IOCOOOM MOBBIICHUS JETOHAIIMOHHON CTOMKOCTH OEH3MHOBBIX (ppakiuii ¢

OOAHOBPCMCHHBIM  YJIYUIICHHUEM  OKOJOIMYCCKHUX ITOKa3aTeJl el  SBIISICTCA KOM6I/IHaIII/I$I
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IPOLECCOB  M30MEpPH3allMd M KaTaJUTUYECKOrOo  PUPOPMUHTa C  CEJIEKTUBHBIM
THAPOKPEKMHIOM  HOPMaJbHBIX  MapaMHOBBIX  YIJIEBOJOPOJIOB,  COAEpKAIIUXCS B
OCH3MHOBBIX (PPAKLUAX, HCIOIBb3YEMBIX MJISi NPUTOTOBICHHUA TOBApHBIX OeH3uHOB. s
CEJIEKTUBHOIO THUIPOKPEKHWHIa HOPMAaJbHBIX Napa(UHOBBIX YIJIEBOJAOPOJOB B CMECAX C
n3onapaUHOBBIMH, LUKINYECKUMH M apOMATUYECKUMHU YTIIEBOJOPOJAaMHU pa3pabOTaHbI
OM(YHKIIMOHATBHBIE KaTalu3aTopbl Me/Ie0uT, OCHOBOM KOTOPBIX CIY>XaT IIEOJTHUTHI
SpPUOHUT U (eppbepuT, 00JIaAAI0NINE MOJIEKYIIPHO-CUTOBBIM dPPEKTOM MO OTHOILIECHHUIO K
ankaHaMm H-Cs-C; [2]. CeneKkTUBHBIH THAPOKPEKUHT MapaUHOBOW YacTH H30MepHu3aTa,
MOJTyYEHHOTO «3a MPOXO0I» Ha Karanm3atopax Pt/SZA, mo3BoisieT yBEIHYUTH OKTAaHOBOE
YyHuClIO mpoaykTa Ha 3+7 myHKTOB. KoMOWHAIusi CEeNeKTUBHOIO THIPOKPEKHHTa C LEJbI0
npeBpalieHus] H-Mapa@UHOBLIX YTIEBOIOPOAOB, OCTABIIUXCS IOCIE THIPOU30MEPH3AIUU
Oensoscoaepkamiei Gppakuun HK+85°C puhopMUHr-OEH3UHA, B COBOKYITHOCTH 00ECIIEUNBAET
IPUPOCT OKTAaHOBOTO yKcia Ha 10+12 myHKTOB.

HNHTerpupoBaHue MpOIECCOB MOTYYCHHS BHICOKOOKTAHOBBIX KOMITOHEHTOB OeH3nHOB Ha HIT3
B OOIIYI0 TEXHOJOTHYECKYIO LIETIOYKY AAaeT Psii MPEUMYIIECTB: YMEHBIIAETCS COJEpKaHue
apOMaTUYECKUX YTJIEBOJOPOAOB; YBEIMYMBAETCSA [0JI1 BBICOKOOKTAHOBBIX YIJIEBOJOPOJIOB
U30MEPHOTO CTPOEHUS; Ta30Bble MPOAYKThl CEJIEKTUBHOTO THUIPOKPEKHHIA COCTOST W3
npornaHa u OyTaHa, KOTOpPbIE B CBOIO OUYEPE/Ib SIBISIIOTCS JJOCTATOYHO LEHHBIMU MPOAYKTAMU,

B T.4. IJIs1 TPOU3BOACTBA MOTOPHBIX TOILIUB.
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of Dibenzothiophene, 4-Methyldibenzothiophene and
4,6-Dimethyldibenzothiophene
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Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
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The main problem arising during the ultra low sulfur diesel production is the removing of
refractory S-containing molecules: alkyl substituted dibenzothiophenes (DBT). So, the
reactivity of the dibenzothiophene and their substituted derivatives is used for the ranking of
catalysts for the deep hydrodesulfurization process differing in active phase composition,
support nature or the preparation procedure. To get information about the activity of the
catalysts as well as to elucidate the reaction pathway and the influence of inhibitors like
hydrogen sulfide, N-containing molecules and aromatics, the model mixtures of
dibenzothiophene (DBT), 4-methyldibenzothophene (4-MDBT) or 4,6- dimethyldibenzo-
thiophene (4,6-DMDBT) in different solvents are commonly used [1-3].

The objective of the present study is to investigate the influence of the solvent composition on
the activity of CoMo/Al,O3 and NiMo/Al,O; catalysts in the hydrodesulfurization (HDS) of
the DBT, 4-MDBT and 4,6-DMDBT and to clarify the effect of solvent composition on the
catalyst’s ranking. To provide this study the hexadecane, desulfurized gas oil (DSGO),
mixture of hexadecane with o-xylol and mixture of hexadecane with o-xylol, naphthalene and
phenantrene in the same proportion as in the DSGO were used for the model compounds
dissolving.

The CoMo/Al,O3 and NiMo/Al,Os catalysts were prepared by impregnation of alumina with a
solution containing bimetallic CoMo or NiMo complexes with carboxylic chelating agent [4].
Sulfidation of the catalysts were performed in flowing H,S/H, at 400 °C for 2 hours. The
HDS reactions were performed in the batch reactor at hydrogen pressure 3.5 MPa,
temperature — 340°C and 1000 RPM. The content of DBT, 4-MDBT and 4,6-DMDBT in
model mixture were 500, 250 and 80 ppm respectively. To exclude the effect of the H,S
arising during the HDS reaction the excessive quantity of dimethyldisulfide was added to

generate H,S trough in-situ decomposition The DSGO contained 21,7% mono-, 1,89% di-
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and 0,81% polyaromatics, respectively (IP-391). The specific sulfur compounds in the
samples were analyzed by gas chromatograph Agilent 6890N, equipped with an atomic
emission detector JAS. HDS kinetic constants were calculated assuming pseudo-first order
kinetics referred to DBT’s concentrations.

It was shown, that irrespective of the solvent nature, the reactivity of dibenzothiophenes
decreased in the following order: DBT > 4-MDBT > 4,6-DMDBT. When DSGO or the
mixture of hexadecane with aromatics were used as the solvent instead of hexadecane, the
activity of both catalysts decreased, but the decreasing in the activity of NiMo/Al,O3 was
more pronounced. So, the rate constants of DBT, 4-MDBT and 4,6-DMDBT conversions
obtained in the hexadecane and SRGO differed by a factor of 2,2, 2,7 and 2,7 when the
CoMo/Al,Os5 catalyst was used, and the decrease by a factor of 3,6, 4,5 u 4,9 was observed in
the case of NiMo/ALO;. As a consequence NiMo/Al,Os catalyst revealed higher activity
when the hexadecane was used as the solvent, while the activity of CoMo/Al,O; catalysts was
higher in the case of DSGO or mixture of hexadecane with aromatics. The results obtained is
discussed taking into account the literature data about the inhibiting effect of aromatic
compounds on the different route DBT’s conversion: via direct desulfurization (DDS) or
trough hydrogenation (HYD) followed by desulfurization.

Thus, the results obtained make it clear that the solvent used affects strongly the activity of
the catalysts in the HDS of the DBT’s and, as a consequence, on the ranking of the
hydrotreating catalysts. Moreover this effect is more pronounced for the sterically hindered
compounds transformed via the hydrogenation (HYD) route. This aspect should be taken into
account when the activity of the different catalysts are compared using the model mixtures or

when the influence of inhibitors on the reaction pathways or on the catalyst ranking is studied.
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OnbIT HHCTUTYTA «XHMTEXHOJIOTHSD> B IPOEKTHPOBAHUHU Ia30- U

HedTeXMMHYECKUX MPOU3BOACTB
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HNuctutyT «XUMTEXHOIIOT U (ObIBIIMI Ceepononenxuit ¢buman I'"AII,
lN'ocH1UMMeranonnpoekt) BXoauT B coctaB xoiguura «AJIBUT'O», Bmecte ¢ [MAII,
r.Mocksa u HUAII, r.HoBomockoBck. UMes 60-neTHUIT onbIT paboThl, UHCTUTYT BBINOJHSIET
POCKTHPOBAHNE OOBEKTOB OCHOBHOTO MPOM3BOJCTBA U WH(PPACTPYKTYPHl B XUMHUYECKOM,
He(TEeXUMHUYECKOH, ra3onepepadaThlBalONIe M JAPYTUX OTpPacisX MPOMBIIUICHHOCTH.
Cneunanuzanusi HMHCTUTYTa — TIPOM3BOJACTBO METaHONA, (opMaibAeTuaa, aMMHUaka,
BOJIOPOJIa, YKCYCHOM KHCIJIOTHI, O€H30ja, aJWIMUHOBOM KHCIOTHl, aMMHAuYHOM U KaJMeBOH

CCJIMTPEI U AP. OcHOBHBIC pa6OTLI, BBIITOJTHCHHBIC HHCTUTYTOM 3a NOCJICAHUC I'OJbI:

I'on OOBbeKT [Ipenmpusitue O06beM JOKYMEHTaIluu
2001 | YcranoBka ouucTKH OeH30J1a OAOQO JIMHOC, TexHoJiorus, 6a30BbIi U
YKpauHa JeTaJIbHBINA IPOCKTHI

2003 | [Tpon3BoaCTBO METaHOIA HAK A30T, Ba30BeIil 1 neTanpHBIN
300 TeIC.T/TOX HoBoMockoBCK MIPOEKTHI, aBT.HA/I30P

2004 | [Ipou3BOACTBO AUMETHIOBOTO HAK A30T, TexHomorus, pabouas
a¢upa HoBoMockoBck JIOKYMEHTaLUs

2004 | IIpon3BOACTBO U3BECTKOBO- OAO PoBHOA3BOT Ba30BrIi 1 gJeTanbHbBIH
aMMHUAYHOUN CEITUTPHI MIPOEKTHI

2005 | IIpon3BoACTBO METaHOJA JIutsa, ba3oBblii IPOEKT,
130 thIC.T/TON OAO «<ACHEMA» ABTOPCKHUU HAJ30p

2006 | [Ipon3BOACTBO YKCYCHOM Upan, Fanavaran ba3oBblii MpoeKT
KHCIIOTHI Petrochemical Co.

2006 | IIpon3BOACTBO STHTAPHOU U OAO PoBHOA3OT ba3oBbIil IpoEKT,
[JIyTapOBOU KMCJIOT ABTOPCKUM HAI30D

2008 | [Ipon3BOACTBO YKCYCHOM Kuraii, Yulin Energy ba3o0BbIil mpoekT
KHCIIOTHI and Chemical Co.

2009 | [Ipon3BOACTBO allETUIICHA U3 Kwuraii,Sichuan Xinhua ba3o0BbIil mpoekT
MIPUPOJHOTO Ta3a Fubon Chemical Co.

2010 | IIpon3BoacTBO METaHOIA OAO [IpoexT, pabouas
450 TeIC.T/TOX [llexunoAzor JIOKYMEHTaIIHs

2010 | ITponsBoactBo meTaHoaa 600 OAO IIpoexr
TBIC.T/TOJ «YpanMeTaHOJITpyI»

2010 | CoBmecTHOE IPOM3BOACTBO Poccus, IIpoekt
aMMHAKa U METaHOJIa OAO «AMMOHUI»
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POCCHIICKUX KaTaJIu3aTopax
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N.A. BAHO3UHA®

“0A0 «Cpeonesondicckuil HaAyUHO-UCCLEO08AMENbCKULL UHCTIUMYM NO Hegmenepepabomkey,
Hoesoxkytibviwesck, Poccus
b}OP,ZZ-l[eHmp, Mockea, Poccus
PleshakovaNA@svniinp.ru

OnHuM U3 HanboJee MEePCIEeKTUBHBIX MPOLIECCOB MepepaboTKH HE(YTAHBIX OCTATKOB SBISETCS
rUponepepadoTka ChIpbs, HCIOJIb3yeMas KaK JUIsl HENOCPEACTBEHHOIO IOJYUYCHHs
BBICOKOKQUECTBEHHBIX MOTOPHBIX TOIUIMB 0a30BbIX Macel, TaK M Uil TOATOTOBKU
BBICOKOKaU€CTBEHHOT'O ChIPbS JIJIs1 BTOPUYHBIX IIPOLIECCOB.

[IpenBapurenbHas THAPOOYUCTKA BAKyYMHOTO Ta30iisA, obecneunBaionias yjajleHue cepo- 1
a30TCOJEPKAIINUX COEAMHEHHUH, HE TOJIBKO IMO3BOJSET CYILIECTBEHHO YIYYIIUTh KauecTBO
NoJy4aeMblX OCH3MHAa W JAM3EIBHOIO TOIUIMBA, HO W MPHUBOAMT K  YIYYIICHUIO
9KCIUTyaTallMOHHBIX XapaKTEPUCTUK YCTAHOBOK KaTaJUTUYECKOIO KPEKMHIA U YBEIMUYCHMIO
BBIXO0/1a LIEJIEBBIX POAYKTOB.

[TpakTukoil 10OKa3aHO, YTO THAPOOYMCTKA ChIPbS KAaTATIUTHUYECKOIO KPEKHMHIA IO3BOJISET
YBEJIMYUTH BbIX0J OeH3uHa Ha 7-9 % macc., nmpuMepHo Ha 10 % OTH. CHU3UTH BBIXOJ KOKCA H
Ha 90 % cokpaTuTh BEIOpOckl SO, U3 pereHeparopa.

B Hactosmee Bpemst OosbIasi YacTh MPUMEHSIEMBIX Ha POCCHHCKHX HedTenepepadaThIBaIOIINX
NpEeIPUATUIX KaTaIM3aTOPOB T'HAPOOYUCTKH BaKyyMHOI'O Ta30iuIs 3aKynaeTcs y 3apyOeKHBbIX
Komnanuii u3-3a OTCYTCTBHSI TEXHOJIOTHI MOJTy4Y€HHUs] KOHKYPEHTOCIOCOOHBIX OTEUECTBEHHBIX
KaTajiu3aTopoB [ JaHHbIX mpoueccoB. Ilostomy paspaboTka U BHEApEeHUE B
IPOMBIIIJIEHHOCTh BBICOKO3()()EKTUBHBIX OTEUECTBEHHBIX KAaTaJM3aTOPOB TUIPOOYMCTKU
BaKyyMHOTI'O Ia30Jisl IBJISI€TCS aKTYaJIbHOW U CBOEBPEMEHHOI.

Tsokenblil BakyyMHBIM Ta3oiib OTIMYaeTcs OT JAPYTHMX BHUAOB ChIpbs THUIAPOOUYHUCTKU
MOBBILIEHHBIM COACPXKAHUEM CEpbI, a30Ta, HAIMYMEM METAIOOPTraHMYECKUX COEAMHEHUH,
YTO OTPHULATENIHO BIHUSAET HAa aKTUBHOCTh KaTalIM3aTOPOB B Ipolecce KaTaJIUTHYECKOro
KpPEKUHTIa, a IPOAYKTHI MX IPEBPALIEHHSI BHI3bIBAIOT KOPPO3UIO allapaTyphbl.

Ha onsiTHONM ycTtanoBke ruapupoBanuss OAO «CsBHMHMHID» nposeneHs! ucnblTaHus
momudumupoBaHHbIX Al-Co-Mo u Al-Ni-Mo NpOMBIIUIEHHBIX KaTalH3aTOPOB B PEXHME

THUAPOOYUCTKU TSKEIIBIX BAKYYMHBIX FaSOﬁHCﬁ, BBIACICHHBIX N3 CMCCHU 38.H8.,HHOCPI6I/IpCKI/IX,
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caMapckux U opeHOyprckux Hedrei, nepepadbarpiBaeMbix OAO «KHII3» 1 OAO «CHII3», B
unTepBase temmeparyp 340-400 °C, mpu manenun 4,0 MIla, 06beMHON CKOPOCTH MMOa4n
ceipbs 0,5-1,5 gyac ! coorHOMmeHNN BoJ10po :chipbe — S00-800:1 HM/MC.
B npomnecce pa®oThl HaiifieHbl ONTHUMAaJIbHBIE YCIOBHS HPOIECCAa THAPOOUYUCTKH TSHKEIBIX
BaKyyMHBIX Fa30MJIEH, ONIPENEICHO KAYECTBO THAPOOYMILEHHBIX IIPOAYKTOB.
[IpoBeneHHblE HCCIENOBaHMS IOKa3aldM, YTO B M3YYEHHBIX YCJIOBHAX Ipoliecca
TUAPOOYMCTKH HU3MEHSETCS TPYIIOBOM YITIEBOAOPOAHBIA COCTAB TSDKEJIOTO BaKyyMHOI'O
ra3oiiIst: Bo3pacTaeT J0Js napapuHO-Ha()TEHOBBIX YTJIEBOJOPOIOB, CHIXKAETCS COMIEpIKaHUe
CMOJIUCTBIX COEIMHEHUN U TMOJIMLIMKINYECKUX apOMaTHUYECKHX YIJIEBOJAOPOJOB 3a CUET
TUAPOTEHOJIN3a CEPHUCTBIX apOMaTHYECKMX COEAMHEHUH W TpU- M INOJULUKINYECKHX
apOMaTUYECKUX YIJIEBOJOPOJOB, U OCTaTOK, BBIJCJIECHHBIM M3 THApPOTre€HU3aTra, SBISETCS
OJ1arONPUATHBIM ChIPbEM ISl TPOLIECCa KaTAIUTUUYECKOTO KPEKHHTa.
Jlana onieHKa BO3MOKHOCTH HUCIIOJIb30BAHUS UCIIBITAHHBIX KaTaI3aTOPOB HA MIPOMBIIIJIECHHON
YCTAaHOBKE, a TAaKXE BbIAAHBI MHCXOJIHBIE JAHHBIE JUI1 PEKOHCTPYKLIHMH YCTaHOBKU
TUAPOOYUCTKH TU3EIbHBIX (PAKIUI 1O MPOLECC THIPOMIOATOTOBKU ChIPhs KATaIUTHUECKOTO
KpPEKHHTa.
B OAO «CBHUUMHIT» Ob11 poBeieH KOMILIEKC MCCIeIOBAaHUN IO pa3padoTKe U BHEIPECHUIO
TEXHOJIOTUH TUAPOOIaropaKuBaHUsl TUCTUIUIATHBIX U OCTaTOYHBIX paduHaToB. [IpoBoaNMEBIE
paboThel BKJIIOYANM BBIOOp KaTaau3aTOPOB M TEXHOJOTMYECKUX IapaMETPOB Ipolecca,
riyOOKHe HuccleAoBaHUs (DU3UKO-XMMHUECKUX CBOWCTB ChIpbS M MPOAYKTOB, a TaKxke
IPYIIOBOIO yIiI€BOJIOPOAHOIO COCTABA.
Ha oneitHOM ycraHoBke ruapupoBanus OAO «CsHUMHIID» mnpoBeneHo wucnelTaHue
momudumupoBaHHbIX Al-Co-Mo u Al-Ni-Mo mpOMBIIUIEHHBIX KaTalu3aTOpPOB B Ipolecce
THJIPOOYUCTKH JUCTHIUIATHOrO M octarodyHoro pagpunatoB OOO «H3MID» B uHTepBaie
temneparyp 320-400 °C, mpu nmasnenuu 4,0 MIla, 0GbeMHON CKOPOCTH IMOJAYM CBHIPbHS
1,0-2,0 gac 71, COOTHOIIEHUH BOAOpo:cbipbe — 800:1 MM,
HccnenoBanus mokasanu, 4To MPOLECC THAPOOYUCTKH papHATOB B MOJOOPAHHBIX YCIOBUSIX
MOBBIIIAET KayecTBO JemapaMHUPOBAHHBIX Macesl - HMHJIEKC BSI3KOCTH BO3pacTaeT Ha
6-7 MyHKTOB, CHIKaeTcs coaepkanue cepbl 10 0,09-0,15 % wmacc., ynmydmiaercs I[BET Ha
1,0-1,5 en. LIHT, wu3MmeHsercs TIpyIIoBON YIVIEBOJOPOIHBIM COCTaB Macel B CTOPOHY
MOBBILIECHHSI HACBHIILIEHHBIX TPYMII YTIEBOIOPOAOB.
Takum o0Opa3oM, mpouecc MAPOOYMCTKH pa(UHATOB MO3BOJISET IMOJIy4aTh KaueCTBEHHBIE
MaJIOCEPHUCTBHIE BHICOKOMHJIEKCHBIE OCHOBBI IS MOTOPHBIX Macell, a TakK€ COBPEMEHHBIX

uHycTpuanbHbx Macen cepunt U-I'-C (n), U-T'H-E u np.
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Modified Nanodimension Cracking Catalysts
to Enhance the Crude Oil Recovery
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Pmarcotech 0HG, c/o Center for Nanotechnology, Muenster, Germany
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Primary oil recovery achieves about 50 to  35% production efficiency depending on the oil
field perform ance, respectively on the crude oil com position. 40-60% of hydrocarbons are
being left in the porous and fract ured network of the reservoir. Crude oil still remains in the
reservoir in the form of oil ganglia trapped in the pores. Several enhanced oil recovery (EOR)
techniques like water or steam  injection have been successfully app lied to increase th e
production by a few percentages. However, thes e methods achieve an unsatisfying efficiency,
and 300 billion barrels of oil remain unrecovered, only in US - $21 trillion worth.

Catalysis relying on nanotechnology covers  a wide spectrum of opportunities, from new
forms of catalys ts to th e tailo ring of catalys ts f or specif ic roles in EOR and upgrading
processes. UOP has fi led a patent whic h claim s nanom eter crystallites for in-situ slurry
cracking of heavy hydrocarbons in oil sands [1]. Is, Karna and Khoirul applied
ZrO,-montmorillonite to crack crude oil fractions of heavy hydrocarbons at low tem peratures
[2]. Mesoporous MCM-41 and nanocrystalline HZSM-5 were successfully used as catalysts to
crack polyolefines [3]. Langdon provides am  ethod for recovering petroleum products at
120 °C dispersing nanocatalysts into heavy hydr ocarbons bearing form ations [4]. Che mical
additives injected into the reservoir com prising alkalin e com pounds, nonionic surfactants,
and, optionally, an alcohol, reduc e the oil-water interfacial tension and achie ve the release of
heavy oils. Additionally, reduced viscoelasticity of the oil-water interfaces has been observed
at high pH which m ay be due to the released, natura lly occurring surfactants [5]. But strong
froth forming is the disadvantage of that technology.

The presented research project is targeted to  the use of m odified catalytic nanoparticles of
acidic silica/alum ina oxides. The lipophilic su rface m odification enables the catalytically
active nano-particles to access the oil contain ing pores a nd ganglia within the reservoir
developing their cracking activities under the  typical underground temperatures near and

larger than 100 °C. The water-oi 1 interfacial tension decreases, as well as the viscoelasticity
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by the partially occurred crack reaction within the oil phase. Promising results were obtained
from preliminary screening tests with nanocrystalline lipophilic HZSM-5 and
montmorillonite. Therefore, suspensions of lipophilic nanoscaled crack catalysts can enhance
the efficiency of crude oil processing by water and steam injection.

Recommended is the combination of lipophilic nanocatalysts with the water flooding process
using swelling and gelling polymers [6]. Swellable particles can be loaded with the catalytic
nanoparticles within the mini-emulsion. The polymer particles swell within the reservoir
releasing the lipophilic nanocatalysts which penetrate the oil containing phases (‘“catalyst
delivery system”). If necessary, the catalyst concentration can be enlarged by additional

injections of nanocatalysts containing suspensions.
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dopMHupoBaHHEe MATHUTHBIX HAHOPAa3MepHLIX (a3 B KaTajau3aTopax

THAPOKPEKUHIAa Ma3yTa MO BO3AeiiCTBUEM PEeaKIIMOHHOM Cpeabl

X.A. ABAJ-3AZIE, I'.C. MYXTAPOBA, S1.A. ABBACOB, X.T. 92I0BOBA

Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
baxy, Asepbaiioscan

gulermuxtarova@yahoo/com

Hukens - conepskamue TBEpAble KOHTAaKThl Ha MPOTSHKEHMHM TmociaeaHux 25-30 jer
MHTEHCUBHO HCCIENYIOTCS B KadecTBE KaTalU3aTOPOB T'MIPOKPEKMHra He(TH U HEPTIHBIX
¢pakuuii. IlpoBeneHHbIE MO HACTOSIIEE BPEMs HCCIEAOBAHUS TOKa3bIBAIOT, YTO IMOJ
BO3/ICIICTBUEM pPEAKIMOHHON cpeabl 3HAUUTEIbHO H3MEHSETCS COCTaB KaTajlu3aTropa, B
pe3yjpTaTe Yero KaTaau3aTop TepseT aKTUBHOCTb. Ha JAnuTenbHOCTh aKTUBHOCTH
KaTaJlu3aTopa 3aMETHO BIIMSAET COCTaB PEAaKLUMOHHOW cpeabl. B mporecce ruapokpekuHra
TSOKETBIX (ppakiuil He(TH KaTanu3aTop Ae3aKTUBHPYETCs ObIcTpee.

Jng  uaeHTUQUKAUMU  aKTUBHOTO  COCTOSIHUS KaTaJu3aToOpoB TUAPOKPEKUHIA ObLI
UCIIOJIb30BaH IUPOKUI CIEKTP (PU3UKO-XUMHUECKUX METOJO0B — TEPMUYECKUX, ONTUYECKHUX,
PEHTI€HOBCKMX, MarHUTHbIX U T.I. BmecTte ¢ TeM, [0 HACTOAILIEr0 BPEMEHM MpUpOIa
KaTQJINTHYECKH  aKTHBHBIX  IICHTPOB KaTaJau3aToOpoOB  THUIAPOKPEKHMHIA  OCTAeTCs
JTUCKYCCHOHHBIM.

B mactosmelr pabore metomamu (eppomarautHOoro pesonanca (OMP) um smekTpoHHOM
CHeKTpockonuu U (y3HOro OTpakeHUsl HCCIeOBaHbl 3aKOKCOBAaHHBIE B Ipolecce
THJIPOKPEKUHra Mas3yTa o0pa3ibl HHUKEIbCOJEepXKAallero Karanauzaropa. IIpoBeneHHbIC
UCCIIEIOBAaHMS TIOKa3bIBAIOT, 4To MeTog ®PMP oxaspiBaercss BecbMa MH(GOPMATUBHBIM TpU
UCCIIC/IOBAaHUM  KaTaJM3aTOpOB  THIPOKPEKWMHra HEPTSIHbIX  (pakimuii, mporeccoB
dbopMHUpOBaHMs B HUX MarHUTHBIX (pa3, ux nuddepeHuanim, oueHK:d pa3MepoB.

[Tokazano, uro cnekTpel ®MP 3aKOKCOBaHHBIX OOpPa3LOB COCTOSAT M3 CUTHAJIOB JIBYX
MarHUTHBIX HEHTPOB. OAMH M3 HUX NPUHAUIEKUT MArHUTHBIM KOKCOBBIM OTJIOXKECHUSIM
(AH=8-9 D u g=2.003), BTOpoil — HAHOPAa3MEPHBIM HUKEJIbCOACPKAIUM YACTULAM.
WHTeHCUBHOCT, M (OpPMa CHUTHAJIOB KOKCOBBIX OTJIOXKEHUH 3aBUCUT OT COJEpIKaHUA
KaTaJn3zaTopa B oOpa3lax M YCJIOBUH NMpoBeaeHHs onbITa. W mupuHa curHaaoB U g-akrop
IIPAKTUYECKH HE 3aBUCAT OT TeMIiepaTypsl uaMepenust B uurepsaie 77-300K. TemnepatypHnas

3aBHCUMOCTh MHTeHCUBHOCTH curHana JIP onmceBaercss 3akonam Kropu y~C/T u sBnsieTcs
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MOYTH THUITUYHOW JIJIsl IOJOOHBIX cucTeM. [Iprpona 3TOro CUTHaiIa CYUTAETCS B HACTOSIIIEE
BpEMsI XOpOIIO YCTAHOBJIICHHOW W OH MPHUIHMCHIBACTCS HECMAPEHHBIM T-3JICKTPOHAM,
JENOKATN30BaHHBIM [0 apOMaTH4YecKUM (parMeHTaM KOKCOBBIX CTPYKTyp. Pacuer
MOKA3bIBACT, YTO HWHTCHCHUBHOCTH  CHUTHAJOB OT KOKCOBBIX CTPYKTYpP COOTBETCTBYET
MPUMEPHO KOHIEHTpauuu MmeHee onHoro cnuHa Ha 10000 aromoB yriepoaa. JIMHEHHBIN
pa3Mep MarHUTHON KOKCOBOW YacTHIIBI MIPH TAKOM pacueTe OKas3bIBaeTCs PaBHBIM 1,5-2 HM.
TemmneparypHoe moBeneHue curHaioB ®MP, HaOm0gaeMbIX MarHUTHBIX (a3, TO3BOJISET B
YCIOBHAX in situ MpocienuTh mporece ux GOpMHUPOBAHUS, ONMCATh KHHETUKY PEaKIMi C UX
y4acTHEM.
B cmekrpax 37eKTpOHHOW crekTpockonuu Aud(y3HOro OTpaKeHHs s BBIIICyKa3aHHBIX
00pas3IoB 10 peakluu HaOIIOAAI0TCs MONOoCk norjomeHus (m.u.) mpu 28000, 24000, 17000,
15000 u 13000 cm”'. CI0KHOCTH COCTABA KATAIM3AaTOPA, COACPIKAIIETO MOMHUMO HOHOB
HUKEIS TakKe HOHBI MOJHOIeHa, KoOalbTa W JKeje3a, HE IMO3BOJISICT OJHO3HAYHO
WHTEPIpEeTHpOBaTh HaOmomaeMmble 1.1, [log  BO3AEHCTBHEM  PEAKIIMOHHOW  CPEIbI
CTPYKTYPHBIC ILII. WCYE3alOT W HAOJIOJACTCsS IIMPOKOE OECCTPYKTYpHOE TMOTJIOIICHHE,
OXBAaTHIBAIOIEE MPAKTUYECKU BCIO CIEKTPaIbHYIO 001acTh. BeposiTHO, Ton BO3AEHCTBHEM
PEaKIMOHHON Cpebl MPOTEKAaeT MPOIECC BOCCTAHOBIICHUS MOHOB TEPEXOTHBIX JIEMEHTOB,
BXOISIIIMX B CcocTaB Katanu3atopa. OKHCIHMTENBbHAs pereHepanus oTpabOTaHHOTO
(3aKOKCOBAaHHOT0) KaTaJnu3aropa MPHUBOIWT K BOCCTAHOBJICHUIO TEPBOHAYAIBLHBIX CBOWCTB

HNOHOB IICPEXOJHBIX 3JICMCHTOB KaTaJIn3aTopa.
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HexoTopble 0cO0€HHOCTH KATAJIUTHYECKOTO JeiiCTBUSL HOBBIX
reTeporeHHbIX (HAHO)KATAJIU3ATOPOB B Mpoieccax 3(c)repupukanuu

H YTWIN3allui IVIHIIEpUHA

P.B. AVIMEBA, A.I'. ABU30B, I'1. AMAHYJIJIAEBA

HUnemumym negpmexumuueckux npoyeccos um. FO.I'. Mameoanuesa HAHA,
Fbaxky, Azepbatioscan
alreyhan@yahoo.com

B npencraBnenHoii paboTe paccMOTpeHbl HOBbIE CYJIb(OKATHOHUTHI, ITOJyUYEHHbIE HA OCHOBE
npuBuThiX  comonuonedunoB  ([ICK) ¢  yaydmeHHBIMH — (U3MKO-MEXaHUYECKHMU
nokazaressimu. [lomyuennslie cynbdokaTnoHUTH U uX Ti-comepkamme monudukats! (IICKT)
MCCJIEIOBaHbl B KadeCTBE (HAHO)KATAIM3aTOPOB B PeaKIMsIX 3CTepuuKanuu KapOOHOBBIX
KUCJIOT (KalpoHOBasi, SHAHTOBAs, BaJlepUaHOBasA, HAPTUIYKCYCHAsl KUCIOThI) U yTUIM3ALUU
[JIMIEpUHa MyTeM JTepUPHUKAIMUA €r0 CIUPTaMU M AIKHIUPOBAHHS C HCIOJIb30BaHUEM
PaCcTUTENFHBIX MaceN U TaJeBOro aHTHAPHIA.

B kauecTBe KMCIOTBHI HCIOJb30BAHA TaKke (DpakiHsl CUHTETHMYECKHMX HA(TEHOBBIX KHUCIOT
(CHK) c Temneparypoit kunenus 251-355°C, cpenneit monexymnsipHoi Mmaccoir 210 u
nokasaresaeM KuciotHoro uucna 267 mr KOH/rp, monydeHnHass myTeM OKHCIEHHs (paKkuuu
Ha(TEHOBBIX YIIIEBOJOPOJIOB, BEIIEIEHHBIX 3 baknHckux HedTei. [Iporece screpuduranmm
npoBouiH B cpeze N,, mpu temmneparype 120-130 °C, npu MOJIBHOM COOTHOIIEHUH KUCIIOT K
cupty 1:1,2 u npogomxurensHocTu peakiuu 4-4,5 4. KonumdectBo katanuzatopa BeIOpaHO
COOTBETCTBEHHO I10 TOKAa3aTeasiM OOMEHHOH EeMKOCTH CyJIb(OKATHOHUTOB U COCTAaBIISIO
~ 1,2 macc %.

Jlg monydeHusl aJKUIHBIX CMOJ ObUIM HCIIOJIb30BAaHbl PACTUTENIbHBIE Macila C pa3IndHON
MOJIEKYJIIpHON Maccol, (MM): moncomneunoe- My=380, M;=300 xacropoBoe- M,=550,
M,=410; coeBoe - My= 580, M,,=420 n xnomnkosoe - M,=620 M,= 430.

[Iponeccrl nepescrepuukanuy OCyImecTBICHB OAHOCTAIUIHHBIM 00pa30M MpU TeMIepaType
120°C-170°C, B Teuenuu 4,5 4., B TOKE a30Ta WIHM aproHa.

[TomyyeHHble NPOAYKTHI ACTepUPUKALMU U TepedcTepuuKauy ObUIM  UCCIIEIOBaHbI
METOAAMHU a/ICOPOLIMOHHOM U 3KCKIIIO3MOHHOH >KuaKocTHON XpoMaTorpapun (AXX, 9XKX),

UK u AMP cnekrpockonuen.
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I[To AXK u D3XX pesyaratoM aHAJIW30B YCTAaHOBIEHO, YTO TOJy4YCHHBIC S()HUPHI
cuHTeTHueckux HapTeHoBbIX kuciaoT (OHK) umeror monekymnspusie maccel Mw= 350-960,
Mn=340-500, Mw/Mn=1,12-1,5.
Io TIMP u SIMP "C crekrpam CHK n DHK 1o BeTMYMHAM MHTErPATHHBIX HHTCHCHBHOCTEH
I0JIOC TOIJIOIIEHUS] PACCUMTAHbl OTHOCHUTENBHBIE COAEP)KAaHUS IPOTOHOB B PA3JIMYHBIX
CTPYKTYpHBIX (pparmMeHTax Moisiekyn (Tabin.). VI3 mpuBeieHHBIX HaHHBIX CJlEIyeT, 4YTO B
MOJIEKYJIaX CHHTE3UPOBAHHBIX 3(UPOB MPOUCXOJUT MpepacipeieIeHue aTOMOB BOJIOpOJIa MO
CTPYKTYpHBbIM (hparmeHTam, T.€. JOJs BOAOPOJAA B MSATUWICHHBIX HAQTEHOBBIX CTPYKTypax
(mo cpaBuenun c¢ CHK) cHmxaercs, 4To W TNPUBOAUT K YMEHBIICHUIO COOTHOIICHUS
INATUWICHHBIX HA()TEHOB K IIeCTUYICHHbIM. [losydeHHBIE pe3ynbTaThl yKa3bIBalOT Ha
pacKpeITUE MATUYICHHBIX HAa(TEHOBBIX CTPYKTYp B YCIOBHUAX ACTepHU(UKALUU C
00pa3oBaHUEM UX OKCUI(PUPHBIX TPOU3BOIHBIX U UX OJIUTOMEPOB.

Tabnuma

Pacnpenenenne aToMoB BOAOPO/AA IO CTPYKTYPHBIM (pparmeHTam, %o

(o mannbM [IMP cniektpockomnun)

il O | —CH5;O0— 0
poyKTBl | Ycus | Bz CHsC A 5 2 U 8
CHK 34,7 | 34,9 6,5 - 3,9 11,0 9,1 0,83
OHK
IOy YECHHBIN )
B np. [ICK 27,5 | 43,3 45 4.5 13,5 | 6,7 0,50
OHK
MOTYyYECHHBIN ]
s np. ICKT | 270 | 427 4.5 45 134 | 79 | 059

HoBble kaTtann3aTopsl NPOSIBISIOT BBICOKYIO aKTUBHOCTD TaKXKe B dTepH(UKAINH TIIHIECPUHA
TpeT-OyTUIIOBBIM CIUPTOM ¢ obOpazoBanueMm 1,3-mu-, 1,2-1u- u 1,2,3-Tpu-1peTOyTHIOBOTO
3pHUPOB TIHUIEPHHA, IMPEICTABISIONIMX HHTEPEC B KadecTBE KOMIIOHEHTOB IU3ENBHBIX WU
OMOTM3EIEHBIX KOMITO3HIIUIA.

Takum 00pa3oM, CHHTE3UPOBAaHHBIC (HAHO)KATAIU3ATOPHI CYIb()OKATHOHUTHOTO THIIA M MX
TUTAHCOJEpKAIIue MOAU(DUKATHI MO3BOJSAIOT IMOJy4aTh Ha UX OCHOBE 3(UPHI KapOOHOBBIX
KHCJIOT ¥ TJIMIEpUHA C BHICOKUMH BBIXOJAaMH. B WX MPUCYTCTBHM BO3MOXXHO OCYIIECTBHTH
OJHOCTAIMUHBIN CHHTE3 AJKHIHBIX CMOJI C PEryJIMPyeMBIMH MOJEKYIIPHO-MAaCCOBBIMH M

CTPYKTYPHBIMH MOKA3aTEISIMH.
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The Influence of Co Particle - Size Distribution

in Fischer-Tropsch Co-Supported Catalysts on Selectivity

G.V. PANKINA®, P.A. CHERNAVSKII*, A.Y. KHODAKOV", V.V. LUNIN®

®M.V. Lomonosov Moscow State University, Chemical Department, Moscow, Russia
PUniversite des Sciences et Technologies de Lille, Cite Scientifique, France
pankina@kge.msu.ru

It’s known that realistic FT catalysts are characterized by Me particles size distribution.
Moreover, in the catalytic process the average particles size and the distribution are changing.
The distribution parameters of Co particles in Co/Al,Os3 catalysts (dispersion and average
value) were modified by alteration the temperature of calcining (200°C — 500°C), by Pt
promotion and sucrose addition to catalyst at study of preparation. The magnetic method in
situ for construction of distributions was employed. The comparative curves showed that
distributions received by magnetic method are almost the same as received from TEM’s dates.
In this study are showed that increase of temperature calcination result in increase of average
Co particles size and the shape of distribution. Thus, the distribution parameters maximum is
achieving at 400°C [1].

The addition to Co/AlL,O; catalyst of Pt and the promotion Co-Ru/Al,O; by sucrose
(Co/sucrose = 10) leads to decrease of average Me particles size to superparamagnetic sizes
and the dispersion of distribution [2].

So, it was shown that the width of distribution is principal factor, which influences FT selectivity.
The smaller the width of dispersion, the higher is selectivity to Cs: (Fig. 1). For Co nanoparticles

with diameter less than 6 nm we observe the increase of methane catalysts function, but with

85 - diameter more than 6-7 nm the
2l Q‘mt influence of Me particles size on
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DoToKaTAIU3ATOPBI H (POTOCEHCHOMTIU3ATOPHI HA OCHOBE COCAUHECHUM

HATPHUS U APOMATHYECKHX YIJIeBOAOPOA0B HedTH Il Pa3.JI0sKeHUS BOAbI
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B cBs3u ¢ mpoOiieMoii BOIOPOIHOW JHEPreTUKH B TOCICTHHE JECATUIICTHS IOSBHINCH
MHOI'OYUCJICHHBIC pa6OTLI, IIOCBAIICHHBIC HUCCICIOBAHUIO PA3JI0KCHUSA BOABI C
UCTIONB30BaHNEM (DOTOKATANM3aTOpOB M (PoTOCeHCHOMIN3aTopoB. B OOIBIIMHCTBE 3THX
HCCIIEJOBaHNH B KOHEYHOM CYETe paccMaTpuBaeTcs (OTOBO30YKICHHE MOJCKYJBI BOJABI C
HOCJEAYIOIUM pa3loKeHHeM HMX Ha pagukaibl. O((EKTHBHOCTH 3TOro  Ipolecca
OTHOCHUTEIIFHO HE BBICOKAa M3-3a «d(deKkTa KieTkn». Kak n3BeCTHO, MHOTHE METaJlIbl
(0COOCHHO MIETIOYHBIE W IIEIOYHO-3€MENbHbBIC) BecbMa 3((PEeKTHUBHO pearupyroT ¢ BOAOH ¢
BBIZIETICHHEM Bojopoaa. COMyTCTBYIONIMMHU NPOAYKTAMH IPU PEAKIHMH METAUIOB C BOJOH
SBIISIIOTCS  THAPOKCHIBI OTHX METAUIOB, KOTOPbIE TIPH  OINPEICICHHBIX  yCIOBHUSIX
q)OTOBO36y)K[[€HI/ISI, TAKXKXC MOKHO MCIIOJIB30BaTh IJId Pa3JIOKCHUA BOJbI, BO3MOXHOCTb
KOTOPBIX paHee MPaKTHIECKU He ObLIa paCCMOTpPEHA.

[Ipu hoToBO30YXIEHNH PACTBOPOB THAPOKCHIOB METAINIOB KOPOTKOBOITHOBBIM Y D-CBETOM

NPOMCXOIUT BO30YxaeHue noHoB OH™ wmim OTpPBIB OT HUX DJIEKTPOHOB, YTO B KOHCUHOM
CUCTC MMPUBOAUT K HeﬁTpaHH?»aL[HH MOHOB METAJJIOB. B 3TOM COCTOSHUM METaJlJIbl BHI3BIBAIOT
pacnag MOJIEKyJIbl BOIbI ¢ Oombmiedl 3¢dextuBHOCTRIO. TakuM 00pa3oMm, BO3HUKAET
BO3MOXKHOCTh Pa3JIOKEHHs BOJABI MPH (POTOOOTYUYSCHUH BOJHBIX PACTBOPOB THIPOKCHUIIOB
MeTalioB 0e3 «oddekra kimetkm». I[lpu maHHOW cxeme (OTOpa3IoKEHHsS BOABI HET
HeO6XOI[I/IMOCTI/I B Ka4Y€CTBE€ HUCXOAHBIX BCUICCTB HCIIOJIB30BAHHUC HICJIOYHBIX MW IICIIOYHO-
3CMCJIbHBIX MCTAJIJIOB WJIN UX TUAPOKCHUIOB. B MPHUHOUIIC MOXHO HUCITIOJI30BAaTh UX TMAPUIDI,
rajJoreHu/bl, EOJUThl. B 3TUX ciydasx Mpeanosaraercsi, 4yTo mpoiecc (HoTopasioKeHHs
BOJBI MPOMCXOAWUT B JBE CTaauH. B mepBOil cTaguu MPOHCXOAUT (HOTOBO3OYKICHHUE M
HeUTpanu3anys. aHUOHOB, B pPE3yJlbTaTe KOTOPHIX OOPa3ylOTCS METaulbl, BO BTOPOH —

o0Opa3oBaHHe TUAPOKCUAOB ITUX METAIJIOB.
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B Hacrosielt paboTe NpuBOASTCS pe3yibTaThl HCCIEA0BaHUN (POTOXMMHUYECKHUX MTPOLIECCOB B
raJioreHruaax, TUAPOKCUAAX U KATHOHUTAX HATpHUsS IMOCHE aJcOpOIUM Ha WX MOBEPXHOCTHU
MoNleKyn Boabl. Jlms ceHcmOmnm3anmuu (HOTOXMMHYECKHUX IPOIECCOB  HCIONB3YIOTCS
He(TSIHBIE CEHCUOWIM3ATOPHI, COCTOSIINE MPAKTUUECKH U3 apOMATHYECKUX YTIIEBOJIOPOIOB
(AY), BBIICICHHBIX U3 HEPTSIHOTO OCTaTKa — TSOKENION cMosbl mupoausa (dp. 200-300°C). B
KaueCTBE KAaTHOHHUTOB UCIONb30BaHbl 1eonuThl NaX u NaY, koTopble ciyxar s

o o +
JIOKCHUA BOJBI B IICPBOU CTAAUM ITYTEM HCUTPpAJIU3allMK HOHOB Ipn T JIYUCHHU .
a3JI0XKE 0O, €pPBOH CTQ, c € ajin3a oHoB Na 0T000. (& .

h
NaA « nH,01AY (S)1¥le Na A » nH,O+AY (S )— Na A + nH,0+AY (T

.o (1)
NaA ¢ nH,0+AY (T*)—> NaA « n H,O+ AY(S)—> NaOH +H+A+(n-1) H,O+AY(S)

rae A — amroMo-cuHKaTHBIN Kapkac (Al,03)1(S10,), 45 wim (Al,03)1(S102)3 50,

S, S* u T, T.* COOTBETCTBEHHO OCHOBHBIE M BO30YX/JICHHBIC CHHIJIETHBIC U TPHUILICTHbIC
COCTOSIHMSL MOJIEKYJI HE(DTSIHOTO CeHCHOMIM3aTOoPA.

B Bomno#t cpenme peakius (1) MoOXeT mpoTeKaTh MO CXEMe, MPU KOTOPOH MPOUCXOIUT

BBIACIICHUEC aTOMAapHOIo BOAOpPOIa, OH " UCXOJHOI'0 KaTaIn3aTopa 1o CXCME:
N2A" o n Hy,O+mH,0 + AY(S) —> NaOH A o nH,0+H+(m-1)H,0+AY(S) —>
— > Na A « nH,0+H+OH+(m-1)H,0+AY(S) )

HOHy‘{eHHBIC JaHHBIC AJId IraJIOTCHUAO0B IT0Ka3aJIk, YTO Q)OTOpaSJ'IO)KCHI/IC MOJICKYJIbI BOABI B C

CHCTEME MPOUCXOAUT MO JABYX(POTOHHOMY MEXaHU3MY JIByXCTaIUIHO:

I NaCl+H,0+AY (S) h—Vl>NaC1 +H,0 + AV (S") —= NaCl + H,0 + AY (T) 22, 5
— > NaCl + H,0 + AY (T )— Na + CI"+ H,0 + AY (S)— NaOH + H CI+ AV (8)

11 NaOH + H,0 + AV (T")—> Na +OH + H,0 + AY — NaOH + OH+ H + AV (S) (4)

B npoaykrax peaxuuu metonom OIIP npu —196°C Obu1 obHapyxen H, xpomartorpadueit —

H,, Y®- u UK- cnekrpockonueit — H,O».

[IpoBeneHHBIC HCCIEMOBAaHUS MMOKa3anu, 4to mnpu Qoroodmydernn NaCl B yka3zaHHBIX

YCIJIOBUSIX B TEUEHUE OJHOIO Yaca IpeBpalleHue MojeKybsl Boasl B Hy cocrasnser 3,2 mac.%.

ITepexon ot NaCl x NaBr u Nal nprBosuT K yBeJIMYeHHIO 3TOTO IIOKAa3aTessd, YTO CBA3AHO,

O4eBHIHO, ¢ 6oJsiee IIMHHOBOJIHOBBIM moritomenreM nouoB Br~ u I mo cpasrenwuio c

vomamu Cl™.
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Karanuruyeckuii CHHTE3 HOBBIX IPOCTPAHCTBEHHO 3aATPYAHEHHBIX

(eHO0/10B — MePCNeKTUBbI IPUMEHEHUsI

A.B. KYYUH?, U.IO. YYKUYEBA®, A.®. TOTOTOB"

“‘Uncmumym xumuu Komu HI] Ypanvckoeo omoenenus PAH Coikmuléxap, Poccus
prKymCKuL? uncmumym xumuu CO PAH, Upxymck, Poccus

kutchin-av@chemi.komisc.ru

[IpoBeneH LMK UCCIEOOBAaHUM IO H3YYEHHIO pEaKlUUU aJKWIMPOBaHUA (DEHOJIOB,
TUTHUAPOKCUOCH30JI0B, HA(TOJOB MOHOTEPNEHOUIAMHU TPU ACHCTBUU  AJTIOMHUHHIICO-
JIepKaluX —KaTtamu3aropoB. M3ydeHa HoBas peakius (EHOKCHUIOB QIMIOMHUHHS — C
OMIMKINYECKUMU W JIMHEWHBIMH TEPIEHOBBIMU CHUPTAaMU U TeplieHaMU. BBISBICHBI
HEKOTOpbIE 3aKOHOMEPHOCTH MPOTEKAaHHUS pEaKIUd B 3aBUCUMOCTU OT CTPYKTYpbI
TEPIIEHOBOTO CIUPTa M OPraHOATIOMHUHHEBOTO coeanHeHus. Ha ocHoBe TepreHO(heHOI0B
nosydeH psii (YHKIMOHANBHBIX MPOU3BOAHBIX. CHHTE3MPOBAHBI C XOPOIIMMH BBIXOJaMHU
AMUHOMETUJIbHBIC U aMHUIOMETHIIbHBIE MPOU3BOIHBIE, OCYIIECTBICHO BBEJICHUE B MOJIEKYITY
TeprieHOeHOIa TUIPOKCUMETUIILHOM, (OPMIIIBHONW Tpymm, U atoma Opoma. McciemoBana
AHTUOKCHJIAHTHAS AKTUBHOCTH TEPIICHOPEHOJIOB M WX AMHHOMETHIIBHBIX TPOU3BOIHBIX
CHEKTPO()OTOMETPUYECKHM METOJIOM IO CIIOCOOHOCTH B3aWMOJICHCTBOBATH CO CTAOMIIBHBIM
paagukanoM  2,2-mudeHun- | -MUKpUIruapa3suiioM W KyJOHOMETPUYECKUM  METOJOM.
[TpoBeneHO cpaBHUTENBHOE W3YUYEHHE B Kaue€CTBE MHTMOUTOPOB TEPMOIIOIMMEPHU3ALUU MIPU
nepepaboTKe KHUAKUX MPOAYKTOB mNupoiu3a 4-metwi-2,6-nun3obopamwidenona (AMBK) u
3-mo0opHmmmupokarexuda B kommdectBe 0,005-0,025 % wmacc. [lpemiaraempie Hamu
UHTUOUTOPHI TPOSBISAIOT BBICOKWE HHIHOMPYIOIIME CBOWCTBA MPU BBICOKOTEMIEpATypHOMI
nepepaboTke MUpOKoHAeHcaToB. [IpudyeM uHrUOUpyomas akTUBHOCTb €ro IPEBbIIIAET
aHAJIOTMYHbIE NTOKa3aTenu MpoToTuiioB — Monomna u np. [13®. Ve npu MUHUMaIBHOM Pacxone —
0,01% wmacc. crenenp unruOupoBanusi JIMBK cocraBuser ~50%, 4TO 3HAYMUTENHHO BBHIIIE
abdekra, nposBisiemoro Monomnom, 3h(eKTHBHOCTE KOTOPOTO MPU MUHUMAIILHBIX PAacXoax B
CPaBHEHUHU C TIPEJyIaraéMbIM HHTHOUTOPOM HE MIPOCTO 3HAUYUTEIILHO HUXKE, a TAXKEe OTPHIIATEIbHA
¥ BO BCEM MHTEpBajle KOHIIEHTpaIwii He rpesbiaet ¢dextusHoctr JJUBK.

CuHTe3UpOBaHHBIE  OpmoO-TEPNEHOPEHONbl  OBITM  HCMBITAHBI  KaK  CTAOMIN3aTOpPHI

CHHIMOTAKTUYECKUX TTOJIMCTUPOJIOB U B KAYECTBE MMPOTHBOCTAPUTEIICH KayIyKOB.
Pabora BmImonHeHa mnpu nojuepkke Poccuiickoil akamemun Hayk ((yHIaMEHTaJIbHBIC

UCClIeIoBaHMsl, BhIOIHsIeMbIe 1o nporpamme [Ipesuanyma PAH Nel8 «Pa3paboTka MeTo10B

MOJIYy4YCHHUA XUMHUYCCKUX BEIICCTB U CO3JJAHUC HOBBIX MaTepI/IaJ'IOB»).
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Nanopowder Metals Production and Their Use in Catalysis

Ilustrated by the Example of Nanoiron

Sh.L. GUSEINOV, P.A. STOROZHENKO
State Scientific Center of RF

Federal State Unitary Enterprise
«State Research Institute for Chemistry and Technology of Organoelement Compounds»
(FSUE GNIIChTEOS»), Moscow, Russia
eos2004@inbox.ru, rejhan@bk.ru

Researchers of GNIIChTEOS performed considerable amount of fundamental investigations
concerning the production of various matters and compounds nanopowders by means of
unique plasma method in counterflows.

Scientific and technological advance results in pilot processes development. Such pilot
processes allow obtaining nanopowders of metals, alloys, oxides, and other compounds with
controlled particle sizes from 5 to 100 nm.

The peculiarity of the developed nanopowder process consists in versatility, high purity of
obtained nanopowder and excellent technical-and-economic process characteristics. Thus, in
metal (magnesium, boron, silicon, zirconium etc) nanopowders obtained by the given process
impurity content does not exceed 0.5-1 %.

The method gives a unique opportunity to synthesize a great variety of inorganic compounds
of metals in nanodispersed state: metal borides, carbides, nitrides, hydrides and oxides of no
less then 99 % purity.

Not only particle size but their shape and other properties of the produced nanopowders may
be varied according to operational conditions.

In terms of fast process of highly concentrated hydrogen peroxide decomposition in the
presence of iron-oxide permanganate catalyst based on iron nanopowder the catalyst was
found to promote extraordinary efficiency and stable parameters of decomposition process
(temperature, pressure, specific load on the catalyst etc). Figures 1 and 2 demonstrate pressure
and temperature value in a reactor as a function of time.

The catalyst based on iron nanopowder has higher values (hardness and durability) in

comparison with a counterpart based on micron size iron powders.
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Influence of NO on the Rate of Catalytic Reduction of N,O by Carbon

Monoxide

G.Z. HASSAN-ZADEH
Azerbaijan State Oil Academy, Baku, Azerbaijan

In addition to practical value, the catalytic reduction of nitrogen oxides is also a subject of
theoretical pursuit. Both nitrogen oxides and reactions with their involvement represent
sensitive probes for catalyst surface condition. Utilization of nitrogen oxides enables to
explain a number of queries existing in theory of Ecological Catalysis, for instance, nitrogen
oxides facilitate identification of key phases of catalytic reaction such as adsorption and
oxidation.

As has been revealed earlier, catalytic reduction of NO occurs by parallel p-consecutive
scheme with intermediate product being N,O. Therefore, it has been considered reasonable to
study coreduction of these oxides.

In this report we present the results of experiment on reciprocal action of nitrogen oxides (NO
and N,O) on kinetics of their catalytic reduction by carbon monoxide at spinel catalysts.
Experiments have shown that catalytic reactivity of transition metals’ ions in octahedral plane
is higher than in tetrahedral one. This can be explained by difference in oxidation-reduction,
adsorption and catalytic characteristics Me™ and Me"™. It has been shown that NO+CO and
N,O+CO reactions occur in surface layer of catalyst, and their occurrence requires adsorption
of reagents. Both nitrogen oxides and CO are adsorbed on coordinately -unsaturated planes of
metal cations. And catalyst adsorptivity towards NO is significantly higher than in relation to
N,O. Thus, adding N,O into reaction mixture containing CO does not much affect rate of
reaction, while introduction of NO into reaction mixture containing both N,O and CO leads to
displacement of pre-adsorbed N,O, and, as a result, to suppression or decrease of reaction
rate. Nitrogen monoxide poisoning of catalyst is defined by non-dimensional quantity
measuring quotient of catalyst activity in presence of NO to catalyst activity without this
oxide. This ratio depends on amount of NO absorbed by catalyst, and also on portion of
covered surface proportionally absorbed oxide. Nitrogen monoxide poisoning of catalyst is
strictly localized. In such blocking of active sites, reduction rate of N,O decreases in
proportion to amount of NO at catalyst surface. In this case, neither energy of activation nor
direction of the process is changed, and the only effect that NO has on rate reaction between

N,O and CO is inhibition of dinitrogen oxide reduction.
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MHorocTeHHasi yriiepoanasi HaHOprﬁKa, coaepkamasi METaAJlNI B KAa4€CTBE
KaTrajau3aTopa OKHCJICHHUSA He(l)TﬂHbIX YIJI€BOA0POA0B 10 CHHTETUYECCKUX

He(PTAHBIX KHCJIOT

3.5. 3EMHAJIOB, JL.T. HYPUEB, A.3. AJIUEBA

Hncmumym negpmexumuuecxkux npoyeccos um. FO.I'. Mameoanueea HAHA,
baky, Azepbationcan
elzey@mail.ru

Heduuut neHHOro HeQTEeXHMMUYECKOTO ChIphsi — NpHPOIHBIX HedTsaHbIX KucnoT (ITHK)
BOCHOJHAETCSl cUHTeTHYeckuMu HepTsHbIMU Kkucinotamu (CHK), mnomydaemeiMu myTém
a’pO0HOr0 KaTaJIUTHYECKOTO0 OKHUCIEHHS anu(aTH4ecKuX M aIULUKIMYECKUX HEPTSIHBIX
yraeBogopoaoB [1-4]. Kak npaBuio, B kauecTBe 00bEKTa OKHCICHHS BBIOUPAIOT JU3EJIbHbIC
¢pakuun HedTel, HAchILEHHbIE HA()TEHOBHIMH YIJIEBOJOpPOJAMH, a B KadecTBe
KaTaJIn3aTOPOB - COJHM METAJUIOB TIEPEMEHHOHN BaJIGHTHOCTH. Karanmm3aTopbl OKHCICHHS —
arneratel, cteaparbl, Hadrenarsl, mamemutatel Cu, Co, Ni, Fe, Mn, Cr, Al, Ti, Zr u np.,
peanu3yst OKUCIUTEIbHO-BOCCTAHOBUTEIFHOE WHHUIMUPOBAHHE O0ECHEeUMBAIOT MPOBEICHHE
npoliecca B MATKUAX YCIOBHSIX M MPHUBOAAT K OTHOCHTENBHO celeKTHuBHOMY Bbixonqy CHK.
OcobenHocth mporecca TakoBa, uro, Hapsany ¢ CHK, oOpasyroTcs u OKCHUCHHTETHUYECKHE
xucinotel (OCHK). Peakuus mnpoBomurcs npu Temmeparypax He Boime 140°C u Bo
n30eKaHue MMEePEOKUCIICHUs MPEKPaLIaeTcss NIpu AOCTHKEHUH OKCHIATOM KHCJIOTHOTO YHCIIa
50-60 mrKOH/r. Ilpenpinymasi, Goratas MpakTHKa peaju3allMd 3TOTO IMpoliecca MoKasania,
YTO B caMbIX onTHUMaibHbIX ycioBusax Bbixog CHK cocraBnser ne Oomnee 13-16% c
conyrtcrByrommM BbixogoM OCHK = 10-12% [5]. bonee BpIcOkMX MOKa3aTened Mo 3TroMy
npoleccy JoOUThCs He yAaBajoCh.

B mocnennue roxel HaMu OBUTH NPOBECHBI HMCCIEIOBAHUS IO YIYYIICHUIO TapamMeTpoB
YKa3aHHOTO TIpOIlecCa OKHCIICHUS TYyTEM HCIOJb30BaHMUSA B KadeCTBE KaTalM3aTOPOB
NEPEXOAHBIX METAINIOB HA HAHOYIJIEPOAHBIX HOCUTEISX.

Hacrosimee cooOuieHre MOCBSIIEHO pe3yJbTaTaM OKHUCIIEHUs Ha(TeHOBO-Mapa@uHOBOTO
KOHIIEHTpaTa OaaxaHCKOW He(TH B MPUCYTCTBMM MHOTOCTEHHOW YTJIEPOJHOM HAaHOTPYOKH
(MVYHT, CNT-MW), coaepxaieii kobanbT. bbulo moka3zaHo, YTO HCIIOJIB30BAHHUE 3TOTO
KaTaJlu3aTopa B WHAMBUIYalbHOM BHJE M B coueTaHMM C HadTeHaroM Mn mno3BojseT

3HAYUTENIbHO YJIYULIMTh U3BECTHBIE apaMeTpsl mporecca: - moBelcuTh Bhixoa CHK no 24%
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MIPU MHOTOKPATHO MEHBIIEM cojepxkanun MeTauioB (Co + Mn) B KaTaTUTHYECKON CUCTEME U
2-X KpaTHOM COKpallleHuM BpeMeHH peakuuu. Ciexyer ocobo ormeruts, uro OCHK npu
3TOM TNPAKTUYECKH HE OOpa3yIOTCs, UYTO CBUJICTEIBCTBYET M O BBICOKOW CEIEKTHBHOCTHU
nporecca.

[IpeacraBnsieTcsi, 4To HAOMIOAACMBIM CHIBHEHIIHNK KaTalauTudeckuii 3¢hdexT o0ycioBiIeH
mpoleccaMi UHTEHCUBHOTO MEPEHOca JIEKTPOHA ¢ METalia Ha YTAEPOAHYI0 MOAIOXKKY. [Ipu
9TOM KpPUBH3HA HAHOTPYOKH MOKET CHIIBHO BIIMSATH HAa MAarHUTHBIH MOMEHT M yCKOPHUTH
COOTBETCTBYIOIIUI MpoIecc mnepeHoca 3apsiaa Mexay MmeramuioM U YHT [6]. UenHouHblit
NEepexoJl MeTajula B pa3jMyYHble BaJEHTHHIE COCTOSHHUS BBI3bIBAET MHTEHCUBHBIM pacraj
HE(TAHBIX TUAPONEPOKCUIOB HAa AKTUBHBIE YAaCTHULBI M YCKOPEHHOE pPa3BUTHE Ipoliecca
OKHCJICHUS.

[Tosny4yeHnHble pe3yabTaThl IO3BOJISIOT, IO CYLIECTBY, PAJAUKAIBHO IEPECMOTPETh HM3BECTHBIN
npouecc mnoxydenuss CHK wu paspaborarh HOBOE MNpPOM3BOJICTBO, COOTBETCTBYIOLIEE

COBPEMECHHBIM S3KOHOMUYCCKHUM U SKOJIOTHYCCKUM CTaHJAapTaM.
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naphthenic hydrocarbons of senomanian condensate. Petroleum Chemistry 2003; 43(1): 46-49

[4] Cirinnovta V.S., Miljkovic d.A., Repic S. Synthesis of petroleum acids by the catalytic- oxidation
of medium distillates of naphthenic crude-oil Petroleum Chemistry 1992; 32(6): 448-453

[5]3eitranos B.K. AxynmnoB A.A. CuHTe3 XHPHBIX W HA(PTEHOBBIX KHUCIOT TPSIMBIM OKHCICHHUEM
YTJIEBOIOPOJIOB JUCTUILISITA TpaHchopMaTOpHOTO Maciia 1 uxX npuMeHenus. baky: Mzn-so AH Azep0.
CCP, 1967, 177c.
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CuHTe3 3/1eKTPONPOBOAAIIMX HAHOPA3MEPHBIX METAJJICOAEPKALMX

yIJIepOJAHBIX MATEPUAJIOB

M.U. PYCTAMOB, H.M. CEUJIOB, X./I. UbBPAT'UMOB, A.1. BABAEB,
A 1. KYJIMEB, 3.M. UBPAT'NTMOBA, 1.B. KOJIBYNKOBA, ®.1. AXMEJIOB

HUnemumym negpmexumuueckux npoyeccos um. FO.I'. Mameoanuesa HAHA,

Fbaxky, Azepbatioscan

BaxxHOl TeHaeHUMeNH pa3BUTHS XMMHYECKON TEXHOJOTHMU B HACTOAIIEE BPEMs CTAHOBHUTCS
UCIIOJb30BAaHUE  CHUHTETHYECKHUX  YIVIEPOJHBIX  MAaTEpHUajoB B  HAHOAIEKTPOHMKE,
HaHOMOTOHMKE, TPHU pa3JeJIeHUH W OYUCTKE Tras3oB, oOecrmeumBaromux 3(PQGEeKTHBHOCTh
JIECTBHSI aKTUBHBIX KOMIIOHEHTOB CAMOMW Pa3JIMYHOM IIPUPOBI — METAIIIOB, OKCUIOB, COJIEH,
YTO ONpeneNnseT LIUPOKUNA CIEeKTp NPUMEHEHUs HUX B mpoleccax HedrenepepabOTKH,
He(TEXMMHUU ¥ TOHKOT'O OpraHu4eckoro cuutesa [1-3].

[lenbto HamIero HWccleAOBaHHUS SIBISIIACh pa3paboTKa yNpaBiIsieMOro M BOCIPOHM3BOJUMOIO
IpoLecca MOJIy4eHHs JIEKTPONPOBOISALIET0 HAHOYIJIEPOIHOIO MaTepHasa, CBA3bIBAIOIIErO B
CBOMWX mopax pasznuuabie Metaiuiel (Mn, Ni, Fe, Cr u np.). [Ipemaraemas cxema mosy4eHus
HAHOMAaTEPHAJIOB COCTOUT M3 CTaauii cuHTe3a kaTamutudeckoro komruiekca (KTK) Ha Gasze
METAJUNINYECKOTO AIOMHMHMS W XJIOPYTJIEBOJOPOJOB, PA3JIOKEHUS €ro B Cpele a3oTra M
nanpHelmen crabunuzanuu. lIpu ompenesneHHBIX YCIOBHSX pPEaKLUUH, B3aHMMOJCHCTBHE
METAJUIMYECKOT0 AIFOMUHUSA C  XJOPYIVIEBOJOPOJAMH NPHUBOJUT K BOCCTAHOBIICHHUIO
MOCJIETHEr0 JI0 yIiepona, a yriaepon “in situ” ¢ MpoayKTaMu peakuud B (GopMme JUraHaa
obpazyer karamutudeckuid komiuiekc KTK. Jlnga mnomydeHuss OuMeETauIMUEeCKOTO
KaTaJIUTUYECKOTO KOMIUIEKCAa IPOLIECC OCYLIECTBISAETCS IIyTEM HENOCPEACTBEHHOIO
B3aUMOJICUCTBUS coJiel mMeTaioB ¢ kommoHeHTamu KTK, mpu 3TOM 4YacTuubl METaioB
MUTPHUPYIOT B COCTaB KaTanu3aropa. [lanee B ompeneiaeHHBIX YCIOBHUSX OCYIIECTBIISETCS
pa3ioKeHUEe YKa3aHHOIO KOMIUIEKCA, B KOTOPOM MCIIOJIb30BaHHbIE HHTEPMETAIIIMUYECKHE
COEIMHEHUS CITy>KaT KaTtanu3aTopoM oOpa3zoBaHus u pocta YHB.

[IpuroroBneHHple HaHOMaTEPHUAJbl B BUJIE€ MJIACTUHOK, MOJIBEPTAJIUCH OUUCTKE CTYNEHYATHIM
OKHCJIEHMEM B TOKE BO3yXa IIyTE€M yBeJIMYeHHUs Temneparypsl Ha 50 rpagycoB Ha KaKI0i
CTyNeHH B uHTepBasie TeMmmeparyp oT 220 no 420°C. Ha mnocnenHeil cranuum maTtepuain
ovxuranu npu T=600°C B TeyeHue uvaca B Bakyyme. MaeHTHHKAIMA HAHOMOPHUCTHIX
VIIEPOAHBIX MaTepuajoB TPOBEACHA HA OCHOBAHWU PEHTreHO(pa30BOro aHaiM3a C
ucnosnb3oBanueM nudpakromerpa JJPOH-3M. JlucniepcHOCTh MOYYEHHBIX YACTHII, a TAKKeE

pasmep u (opMma sapa HAaHOKOMIIO3UTOB YCTaHOBJIEHbI MeToioM ACM Ha ckaHMpYIOLIEM
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aTOMHO-cHJIOBOM MuKpockore wMapku NC-AFM. DnekTponpoBOJHOCTH 00pasloB B
temneparypHom wuHtepBaie 300-500K ompenensnace Ha Teppaomerpe E6-13A mnpu
JUHEHHOM pocTe TemrepaTypsl 1,5 K/MuH o cnenuanbHO pa3paboTaHHOW METOIUKE.
M3yueHo BiMsHHME NPUPOIBI HCMONB3YEMOIO MCXOJHOTO ChIpbS Ha XapaKTEPUCTHKHU
MOJTyYEHHBIX HAHOTOPUCTHIX YTIEPOAHBIX MATEpUANIOB, a TaKXKe XapaKTepa paclpeeseHus,
pa3sMepoB, CTPYKTYpbl W TPUPOJBl YACTHUIl METAJUIOB, BXOMASIIMX B HMX COCTaB Ha
ANEKTPUYECKHE CBOMCTBA. DKCIIEPUMEHTAMU YCTAHOBJIEHO, YTO aKTUBAIUS METANIAMU MOXKET
MO3BOJIUTh TONYYUTh MPOAYKTHl C TPEBATUPYIOIIUM COJACPKAaHUEM MHUKPOIOp B HX
ctpykrype. WccnemoBanmst oOpasioB Merogamu ACM  nokasanu MHKPOIIOPUCTOCTD
VIAEPOAHBIX  MAaTepHalioB, a METOJAOM PEHTIeHO(OTOITEKTPOHHOW  CIEKTPOCKOIUU
BBISIBJIEHO, YTO B IPOILIECCE MUPOSU3a MPOUCXOJUT YAaCTUYHOE BOCCTAHOBJIEHHWE HMOHOB 10
METAJIJIOB B HYJIEBOM CTEMEHHM OKHUCISEMOCTH, YTO OTpa)kaeTcs Ha SIEKTPOIPOBOIHOCTH
CUHTE3UPOBAaHHBIX 00pa3uoB. /[l BbIACHEHUS BIUSHUSA NPUPOJBl METAJUIOB Ha
ANEKTPONPOBOTHOCTh OBUIH MOCTPOEHBI KPUBBIE 3aBUCHMOCTH JIOTAapU(PMUUYECKUX 3HAYCHUN
YAEIBHOTO CONPOTUBIIEHUS OT TEMIEpaTypbl. TemneparypHble 3aBUCUMOCTH COTNPOTUBIICHUS
IUICHOK HMCXOIHOTO MaTepuaja M COJAEP)KAIllero B CBOEM COCTAaBE Pa3IUYHbIE METaJUIbI

IIPUBEJEHBI HA puC. 1.

IgP
N

250 300 350 400 450 500

Temnepatypa, K

Puc.1. 3aBUCUMOCTH yIeIBHOM JEKTPOTPOBOJHOCTH 00PA3IIOB OT TEMIIEPATyPhI
1 — CHHTEH3MPOBaHHBIN HAHOYTJIEPOI; 2— HaHOYTJIepos ¢ Ni; 3 — HaHOyIIepoa ¢ Mn;

ComnpotuBieHue 1o JorapuMuyeckoi mkaie i BceX 00paslioB B UHTEpBaJie TEMIIEPaTyp
300-450 K mnoka3blBaeT HENMHEWHYI0 TEMIEPAaTypHYIO 3aBHUCHUMOCTb, MOIATBEPKIAs TEM
CaMbIM, YTO CONPOTHUBJICHHUE IUJIEHOK HOCUT MPOBOJHMKOBBIMA Xapaktep [3]. BBeaenHue B
COCTaB HAHOYIJIEPO/Ja YKAa3aHHBIX METaVIOB CHOCOOCTBYET IIOBBIIICHUIO 3HAYEHMH HX
3JIEKTPOIIPOBOJIHOCTH, T.€. JEKTPUUECKOE CONPOTUBIICHUE ITHX 00Pa3LI0B Ha MOPSIOK HUXKE,
yeM y mnoisiydeHHbIX HenocpenctBeHHo n3 KTK. Drto, oueBHIHO, CBA3aHO CO CII0)KHOCTBIO
CTPYKTYpHl 00pa3moB, coaepkammx Oompmoe uyucno YHB w©  uMmerommx BBICOKOE

COIMPOTHUBIICHUE MPU KOMHATHON U O0Jiee HU3KHUX TeMIlepaTypax.
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Ycranoska MOJIYYCHHUSI HAHOYACTUII ME€TAJJIOB

M.U. MYCAEB, T.M. KEPUMOB, H.®. KASBUMOB, H.M. ABBACOBA,
K.C. ATAEBA

HUU Aspoxocmuuecxoii unghopmamuxu HAKA, baxy, Azepbaiiosxrcan
HUU I'eomexnonozuueckue npodnemol vegpmu, 2aza u xumuu npu AI'HA, baky,

Asepbaiiodcan

BaxneiimmM ~ cnocoOOM — MOMy4YeHHS ~ HAHOYACTUI[  METAJIOB,  CIIOCOOCTBYIOIIMX
(GOpMUPOBAHHIO  a’pO30JIbHBIX  METAUIMYECKUX  YaCTUL,  SBISAETCS  TEXHOJIOTHS
HU3KOTeMIepaTypHoil miua3mel. [l1azMy, B KOTOpOW CpefHssl SHEPrus AJIEKTPOHOB U MOHOB
3HAYUTEIbHO MeHbIE F(PHEKTUBHON SHEPIUH HOHM3ALMHU YaCcTHUL] IU1a3MO00pa3yIoIIero rasa,
IPUHATO CYUTATh HU3KOTEMIIEpATYpHOW. B Takumx yCIOBHSX CYLIECTBEHHO BO3pacTarOT
CKOPOCTM XHUMHYECKUX MpPEBpPALICHU, B TOM 4YHUCJIE€ W NOJUMEpPU3ALMOHHBIX. bomee
COBPEMEHHBIMM ammnapaTaMd i1 IOJXY4YCHHs HU3KOTEMIEPATypHOM IUIa3MBbl SIBIISFOTCS
JIEKTPOPA3psAIHbIE TEHEPATOPhl Pa3IMYHBIX MOIUGHUKALMNA: 3JIEKTPOAYTOBbIE, TICIOIIEro U
0apbepHOTro pa3psioB, BEBICOKOYACTOTHBIE M CBEPXBBICOKOYacTOTHRIe. Hamu Obu1 paspaboTan
npubOp € BJIEKTPOMYTOBHIM T'€HEpPAaTOpoM IuTta3Mbl. [Ipu 3TOM B peakTope IOCTUTAIOTCS
temnepatypsl nopsaka 1200-5000 K. 3akanky nOpoayKTOB MpeBpalieHUs] MPOU3BOISAT
NOCPEACTBOM 3aTallyIMBaHUS IIOTOKA pPEAarupyrolieil CMECH CTPYsSAMH XOJOJIHBIX TIa30B B
oxJaxgaemblx corutax JlaBens. [lmazMoxumuueckne MPOLECCHl  JTOCTAaTOYHO  JIETKO
YOPABIAIOTCS ¥ ONTUMHU3UPYIOTCS. [lo mma3MeHHOH TEXHOJIOTHM OBUIM  TIOJTYYEHBI
HaHovactunpl Al, Cu, Pt. DIEKTPOHHO-MUKPOCKONMUYECKUE HCCICIOBAHUS TTOKA3aIH, UYTO
yacTHIBl UMEIT ¢opMy, Onu3kyr K cdepudeckod, ¢ a=5-100 M. Hanouwactuusr Pt
ceprdeckoil GopMBI UMEIOT KPUCTAJUIMYECKOE SAPO U aMOp¢HBIN MOBEPXHOCTHOU CIIOM, a
HAHOYACTHIIBI ATIOMUHUS cheprudeckoit popmbl u ¢ a=5-70 HM. Vcnonp3oBaHue Tu1a3MeHHON
TEXHOJIOTUM B Haubojee WIUPOKO paclpoOCTPaHEHHOM BapHaHTE I03BOJIAET MOIy4aTb U3
JETYYUX METAUICOAEPKAIUX OPTaHUYECKUX COEAUHEHUH KaK MOPOIIKH METAIIICOAEPIKAIINX
HAHOYACTHI], TaK ¥ METAJUIIOJUMEPHbIE IJIEHKM HAHOPAa3MEpHON TouuHbl. [lnazmeHHON
aKTUBaLMEN pa3loXKEeHHs MapoB AUTWILHUKIONEHTAIUEHWINAUIa Ul B  HMITYJIbCHOMN
BBICOKOYACTOTHOH I1a3Me ObUIM OCaXKAEHBI Ha IOBEPXHOCTh MOI0KKH METAJUITOIUMEPHBIE
IUIEHKH, cogepxkamue 60-75 % meramia. B 3aBUCHMOCTH OT yCIIOBHI OCaKACHMs TOJIIMHA

wieHkn konebnercs 10 120 vm, a Pd B Heil MokeT mpUCyTCTBOBaTh B aMOp(GHOM WU

97



OP-11-3

KPHUCTANINYECKOM COCTOSTHMM C PA3JIMYHBIM CTPOCHHEM NoJuMepHoH ¢a3bl. PazMep uyacTuig
Pd -10 u 20 mm. IInazmoxummueckum pasznoxenuem Fe(CO)s B a30THOM miuazme IpH
aTMOC(EpHOM [aBJICHUH TOIYYEHBI MMOPOIIKA HAHOYACTHI] JKEJIe3a CO CPEJAHHUM DPa3MEpOM
20-35 ©m. bparomaps OCBOCHHI0O M TPUMEHEHUIO HOBOW TEXHOJIOTHU  CO3/IaHbI
HaHOTEXHOJIOTMUYECKUE MPOILECChl, B YACTHOCTH, UMIIPUHT JIUTOrpapyy, 3aKIIOYAIOIIUNCS B
(OpMHPOBAHUU HAHOPA3MEPHBIX IOBEPXHOCTHBIX PUCYHKOB B BHUJAE JHUHUA U TOYEK.
[Toka3aHa BO3MOKHOCTh HCIIOJI30BaHUSI B HaHOJIUTOrpauyecKux mpoleccax razodasHbix

oumerammmueckux Pt /Pt, Pt/Ni— kmacrepos.
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HccaenoBanue BO3MOKHOCTH NPUMEHCHUHA pOCCHﬁCKI/IX ancopﬁeHTOB
B3aME€H UMIIOPTHBIX JIVIA ITOJATOTOBKHU I'a3a K TPAHCIIOPTY

Ha YIII'T KC «KpacHogapckas»

B.I1. 30JIOTOBCKHWM, N.U. APTEMOBA, C.I0. KOHJIAYPOB
00O «I'asnpom BHUUT'A3», n. Pazeunka, Mockoeckas oba., Poccus

1 Artemova@yvniigaz.gazprom.ru

[lepcrieKTUBBI HCTIOIB30BAHNUS AACOPOIIMOHHBIX TEXHOJIOTUH OCYIIKA U OYUCTKH MPUPOIHOTO
ra3a B He()Tera3oBoil OTpaciiu eXKerojHoO Bo3pacTaroT. B HacTosiee BpeMs 3KCITyaTHPYIOTCS
aacopOunonusle yctaHoBkM B OOO «l'azmpom nobbrya Hanpim»  (MecTopoXkieHue
«Mengexse) u OO0 «["a3npom Tpancraz-Kybanesy» (MarucTpanbHblid razonpoBoj «l omy6oi
noTok»). B Omwkailmime roasl IUIaHUpPYeTCS NOCTPOUTH aJCOPOLMOHHBIE YCTAHOBKU B
00O «I'asmpom Ttpancra3z Cankt-IlerepOypr» («CeBepHblii motok»), OOO «['a3npom
TpaHcraz-Kyb6anp» (MarucTpaabHbII ra3ornpoBoJ «["omy6oit MOTOK-2»
(Ixyora-JlazapeBckoe-Coun) u «lOxnpiit motok») 1 OO0 «l"azmpom Tpancraz CapaToB
(MarucTpanbHblii razonpoBo «Cpennss Asus — LleHTp»).

BcenenctBue  HEoOXOIMMOCTM — CHMDKEHHS  OKCIUTyaTallMOHHBIX — 3arpar (MO cTaTbe
«Marepuainbl») Ha 3aKylIKy UMIOPTHBIX aJCOPOEHTOB aKTyaJbHBIM SIBJISIETCS MCCIIEI0BaHUE
BO3MO)XHOCTH IPUMEHEHHUS Ha YCTaHOBKAaX IOATOTOBKHM Ta3a K TPAHCIOPTY POCCHUHCKHUX
aJIcOpOEHTOB B3aMEH MMIIOPTHBIX, BHEAPEHHE KOTOPBIX MPEAINOIaracT COBEPIICHCTBOBAHHE
TEXHOJIOTMH MOJArOTOBKH ra3a K TPAHCIOPTY, a TAK)KE CHUKEHHE HOPM pacxojia aJICOPOCHTOB
Ha OCYUIKY U OYHMCTKY IMPUPOJIHOTO rasa.

JlanHas paboTa MOCBALIEHA UCCIIEAOBAHUIO BO3MOXHOCTH NMPUMEHEHHs] KOMOMHUPOBAHHOTO
CJIOSI POCCUHCKUX aZCOPOCHTOB B3aMEH MMITOPTHBIX JUIS MOJATOTOBKH ra3a K TPaHCIOPTY Ha
VIII'T KC «KpacHogapckasy».

Ocy1iecTBI€HO HAyYHO-TEXHUUYECKOE COIIPOBOXKIEHUE 3arpy3ku ajgcopoepa C-1A nuHum «A»
KC «KpacHogapckas» KOMOMHHPOBAHHBIM CIIOEM POCCUHCKUX aacopOeHToB. lIpoBeneHsi:
TPEHUPOBKA, IPUEMOYHOE HCIIBITAHUE, @ TAKXKE CPAaBHUTEIbHBIN aHAIN3 PabOThl ascopOepoB
C-1A u C-1B nuHuUM «A», 3arpyEHHbIX KOMOMHHMPOBAHHBIMU CIIOSIMH POCCHHCKHUX U
UMIIOPTHBIX ajicopOeHToB. IIpencraBneHa 3aBUCMMOCTb TOYKM POCHI HMPUPOAHOTO rasa oOT
BpeMeHH paboThl afcopoepoB C-1A u C-1B B pexume ancopOium.

B Xoze ONBITHO-MIPOMBIIUIEHHBIX HMCIBITAHUH YCTaHOBJIEHO, YTO KOMOMHUPOBAHHBIN CIIOM
pOCCUICKHX aJcOpOEHTOB obecrieunBaeT TpeOyeMble KOHTPAKTHBIC TIOKA3aTeNd SKCIOPTHOTO
ra3a U MOXeT ObITb PEKOMEHJIOBaH JJIsl MCIIOJIb30BaHMS Ha YCTaHOBKAxX MOJTOTOBKU rasza K

TPAHCIIOPTY B3aMCH UMIIOPTHBIX.
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OPo-11I-5
YcoBepuieHCTBOBAHNE IPOMBILIVICHHOI'0 MUKPOChepruyecKoro

AJIIOMOXPOMOBOI0 Katajauszaropa aeruapuposanus C;-Csnapadunosn

Hukouaaii A. IAXOMOB?, Ouer A. TIAPAXHH", Enena 1. HEMBIKHHA®,
Bukrop B. MOJTYAHOB?, Buraanii H. KAIIKUH®, Biagumup B. JAHAJIEBAY?,
JIiooss A. UCYIIOBA®, Muxamna II. YEPHOB"

“‘Uncmumym xamanuza um. I'. K Bopeckosa CO PAH, Hosocubupck, Poccust
000 HIIK «Cunmes», bapnayn, Poccus

pakhomov(@catalysis.ru

[Iponecesr neruapupoBanus HM3MUX C4-Cs mapamHOB 3aHUMAIOT Ba)XKHOE MECTO B
HepTeXuMUYecKoil ~ mpombinuieHHOCTH  Poccun.  OCHOBHBIMHM — IPOMBILIIICHHBIMU
KaTajan3aTopaMu JeTUAPUpoBaHus napaguHoB B POCCUM SIBISIFOTCS KATAIUTUISCKUE CHCTEMBI
Ha OCHOBE OKCHJA XpOMa, HAHECEHHOT0 Ha OKcuA amtoMuHus. [IpumepHO Ha necatu 3aBojax
UCTIONIBb3YETCSI METOJI ICTHIPUPOBAHUS B KHUIISIIEM CII0€ MHUKPOC(HEPUIECKOTO KaTaau3aTopa
AJTIOMOXPOMOBOT0 Karajnu3aropa. B gaHHOM mponecce Karaau3aTtop LUPKYJIUPYET MEKIY
PEaKTOpOM M PEreHepaToOpoM, TEIUIO BBDKUIAHUS KOKCA MCIIONIB3YETCs AJs MPOBEACHUS
SHAOTEPMHUUYECKOHN peakuuu AeruapupoBanus. Hanbonee y3kMM MECTOM JTaHHOM TEXHOJIOTUU
SIBIISIOTCSL HU3Kasi aKTUBHOCTh U BBICOKAs MCTUPAEMOCTh MpUMeHseMoro yxe 6oiee 30 met
karanmuzatopa MM-2201. B HacTosimem HOOKIaae paccCMOTPEHBI MOIXOIbI K pa3paboTKe
HOBOTO, 0ojiee AaKTHBHOIO, CEJIEKTHBHOIO M OOJIAZAlOIIero BBICOKOW IMPOYHOCTHIO Ha
HCTUpaHue IpoMbITuIeHHOTro Kataim3aTopa KJIM [1] u ero HoBo#t mogudukamuu KJIM-M.

Pazpabotka xartamuzatopa KJIM M ycOBepIIEHCTBOBAHHE TEXHOJOTMM €r0 MPUTOTOBICHHS
MIPOBOJINJIACh HA OCHOBE ONTUMU3ALMM TEXHOJOTHMHU IOJYYEHHUs HMCXOAHOro Hocurensd. B
KayecTBE HOCHUTENss ObUIO HCIOJNB30BAHO HOBOE HAHOCTPYKTYPUPOBAHHOE OKCHUIHO-
ruapokcuaaoe amopdHoe coemuHeHue AlO3;*(OH)*nH,O, npUTOTOBICHHOE METOAOM
HEHTPOOEKHOW TepmoakTuBanuu rudOcuta mo TtexHomoruu «Uedmap» (mpomykr LITA),
paspadotanHoit B UK CO PAH [2]. Ilpu »ToM OBLIO YCTaHOBJIEHO, YTO TEXHOJOTHUSA
«lednap» mo3BoseT peryaMpoBaTh B MUPOKUX Mpeaenax (a3oBbiit coctaB npoaykra L[TA.
[Mponykr IITA, ob6mamas BBICOKOW XUMHUYECKOW aKTHMBHOCTHIO, OOECIIEUMBAECT CHUHTE3
HOCHUTENISI C 3alaHHBIMU CTPYKTYPHBIMH M TEKCTYPHBIMU XapaKTEPHUCTHKAMHU, MO3BOJISET
MOJIy4yaTh AKTUBHBI KOMIIOHEHT B BBICOKOJMCIIEPCHOM COCTOSIHUHU, oOecreduBasi, TaKUM
00pa3oM, BBICOKYIO KaTaIUTUYECKYI0 AaKTHMBHOCTh KaTanu3aropa. OKCHA aliOMHHHS Ha
ocHoBe npoxaykta L[TA xapakrepusyercss COOCTBEHHON BBICOKOM TEPMOCTAOMIIBHOCTHIO, YTO

CHOCO6CTByeT Q)OpMHpOBaHI/IIO TepMOCTa6I/IHLHOFO ATIOMOXpPOMOBOI'0  KaTaJru3aTtopa,
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COXPAHSIOIIET0 BBICOKYIO aKTUBHOCTh M CEJIEKTUBHOCThH NP TEMIIEpaTypax MPOKaIUBAHUs
Ha 250-300 rpagycoB MpeBBIIAIONIMX TEMIEPATypbl AaKTUBAaLlMM U  OKCIUIyaTaluu
KaTaJn3aTopa. YCTaHOBJIEHO, YTO TMOKoe ympaBieHue npoueccoM «lledmap» mno3sosser
noiy4arb nponykT L{TA ¢ MUHUManbHBIM COAEp)KaHUEM NpUMeEce KpHCTaIMuecKuX (a3
ruobcura u Oemurta. Brnamenue texnomorueit «lleduap» mo3BOMSIET 1ENEHANPABICHHO
NOJXOAUTh K BBIOOPY MPOMBIINUICHHBIX NapTUl rudOcura ¢ Mopdonorueid dYacTul u
(pakLIMOHHBIM COCTaBOM ONTHMAJIbHBIMU JIs pa3pabOTaHHOro Karanusaropa. B nokmane
[IOKA3aHO, YTO Takas ONTHMM3ALUsA BO3MOXHA YK€ Ha OTEUECTBEHHBIX NPEANPHUITHUAX-
IPOU3BOJUTENAX TruOOcUTa [ aJIOMUHHUEBOM TNPOMBINUIEHHOCTU. I[IpombinuieHHoe
ocBoeHue TexHoaoruu «lledmap» nposeaeno Ha 3A0 «Anrtaitimomunodop» (r. SIposoe).
Muxkpochepudecknii amoMoxpoMoBbiii  katanmzatop KJIM nHa ocHoBe mpoaykra L[TA
OTJIMYAETCS BBICOKOM MPOYHOCTHIO HA MCTUPAHUE U 00Jee BHICOKUM CPOKOM AKCIUTyaTalluH,
YTO IMIO3BOJISIET CYLIECTBEHHO CHHU3UTh pacxXoj KaTajlu3aropa Ha TOHHY IOJIy4aeMOro
onepuna. Pacxonnas Hopma katanmuzatopa KJIM mnpu geruapupoBaHMM HM300yTaHa,
coctaBisieT He 6osee 3,0-4 KT Ha TOHHY OJIy4aeMOro M300yTUJIeHa, YTO B 4-5 pa3 HUXKE 110
CPaBHEHUIO C MPOMBINIIEHHBIM KaTanu3zaropoM UM-2201.
HanpHeliee ycoBepiieHCTBOBaHUE KaTanu3aropa KM Obi1o mpoBeneHO Ha OCHOBaHUU
(yHIAMEHTAJIBHBIX HCCIEJOBAaHUN C TPUMEHEHHEM KOMIUIEKCa (U3UKO-XMMHUYECKUX
METOJIOB MCCIIEJOBAHUS COCTOSHMMI HAaHECEHHBIX OKCHJHBIX COEJUHEHHH Xpoma B
KaTanuzarope. bbulo M3yueHa 3aBHCHMOCTh COJEpXKAHUS ATUX COCTOSHUM Xpoma OT €ro
COJIEpXKaHUs B KaTaau3aTtope, MPUPOILI U COJEpKaHUs MPOMOTHpYyOmUX 100aBok [3]. B
JIOKJIa/ie TPUBEAEHBI PE3ylbTaThl 3TUX HCCIEIOBAaHMH M PACCMOTPEHA pOJb Pa3IMYHbIX
OKCHJIHBIX COCTOSTHHI XpOMa B KaTAIMTHUECKUX peaknusx rnpespamieHus C; — Cs mapaduHoB.
[Toka3aHo, 4TO mpH BBEIECHUM KOMOMHAIMM HPOMOTHPYIOIUX J00aBOK B KaTaau3aTop,
B3STHIX B ONTHUMAJILHOM COJIEp>KaHUH, yJaeTcs B 1,5 pa3a CHU3UTH cojepKaHNEe HAHECEHHOTO
OKCHJIa XpOMa 0 CPaBHEHUIO C MPOMBINUICHHBIM KaTanuzaTopoM K/IM. Ilpu 3TOM HOBBIH
karanmuzatop KJIM-M oOnagaetr Oojee BBICOKOW AaKTUBHOCTBIO M CEJIEKTUBHOCTHIO. B
JIOKJIaJIe TPUBEJCHBI PEe3yJIbTaThl CPAaBHHUTEIbHBIX HCHBITAHUNA KaTaJIUTHUYECKUX CBOMCTB

karanu3aropa K/IM u onsiTHeIX aptui K/IM-M.

Jluteparypa:

[1] ITaxomoB H.A., MomuanoB B.B., 3omotosckuit b.Il., Hagrouuit B.U., Wcynosa JL.A. u np.,
Kamanuz 6 npomwiuunennocmu, Cneussiyck, C. 13, 2008.

[2] Isupova L.A., Tanashev Yu.Yu., Kharina 1.V. et al. // Chemical Engineering Journal. 2005.
V. 107(1-3). P. 163

[3] Hembikuna E.W., ITaxomos H.A., [lanunesuy B.B., Poros B.A., 3aiikosckuit B.H., Jlapuna T.B.,
MomuanoB B.B., Kunemuxa u kamanu3, B II€4aTH.
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Hanopa3MepHBIii HUKeJIb M €r0 CIVIaBbl, CBA3aHHBbIE ¢ HAHOBOJIOKHHUCTBIM

YIJIepOA0M, KaAK KaTAJIU3aTOPbI CeJIeKTHBHOI0 I'MIPUPOBAHUS

B.B. MOJIYAHOB, B.B. YECHOKOB, H.A. 3AMIIEBA, P.A. BYSIHOB,
B.B. TOMJIUH

HUnemumym xamanuza um. I'K. Bopeckosa CO PAH, Hosocubupck, Poccus

molchanov@catalysis.ru

Crnoco0® mNpUrOTOBIICHUS KaTaJIM3aTOPOB 3aKIIOYAETCS B KATAIMUTHUYECKOM IPOIECCE
pa3lioKEeHUsl YriaeBOJAOPOJIOB Ha MeTalax MOATrPYIIbI Kejle3a W MX CIUIaBOB C JIPYTUMHU
MeTautlaMu. Bapbupyst mpupoay MCXOJHOTO KaTaJiu3aTopa, MOKHO CHHTE3WPOBATh METAILI-
YIJIEPOJIHBIE CUCTEMBI ¢ coepkanueM metamia ot 0,25 no 90% macc. JlucnepcHOCTh YyacTuil
MEeTaJJla B 3aBUCHUMOCTH OT YCJIOBUH CHHTE3a MOXXHO MeHATh OoT 7 a0 50 M. B cocras
AKTUBHOTO KOMIIOHEHTA, TOMUMO METAJUIOB MOATPYIIIHI JKelie3a MOXHO BBOAUTH V, Mn, Cu,
Zn, Mo, Ru, Pd, In, Sn, Pt u, mo-Buaumomy, apyrue Metamibl. [Ipupoma pasmaraemoro
YTIEBOAOpOAa BIMSIET Ha MOPQOJIOTHIO KaK YacTUI[ MeTalia, TaK M YIJIEPOJHOW HHTH.
OnucanHoe MHOrooOpa3ue BapbUPYEMBIX IapaMETPOB IO3BOJSIET  II€JICHANPABICHHO
CO3/71aBaTh CUCTEMBI JJIsI KOHKPETHBIX KaTaJTUTUYECKUX PEAKIUH.

VYcraHoBIEHA 3aBUCUMOCTh KAaTATUTHYECKUX CBOMCTB OT MPHUPOILI KpHCTAIOTpadUIECKUX
rpaHeil MeTaia, JOCTYIHBIX JAJIsl peaKIMOHHON cpebl (Tadi. 1).

Ta6mumia 1. 3aBUCUMOCTh KaTaTUTHIECKUX CBOMCTB B PEaKIMK TUAPUPOBAHUS OyTaareHa

0T MOP(OTOTHH HAHOYACTHUI] HUKEJISI.

Tum dopmer | C/Ni, Bec. CKOpOCTh THIPUPOBAHMUS, CeneKTUBHOCTh
10° Mo CqHerni ¢! o C4Hg, % Mo

Q 1,5 78 47
<> 10 200 94
Q 400 2055 98

W3ydyeHHble KaTalu3aToOpbl IOKa3aJd BBICOKYIO 3(G(EKTUBHOCTh B MPOIECCaX OYHCTKU

MOHOMEpPOB OT TpUMecel aleTUICHOBBIX M JHUEHOBBIX YTJIEBOAOPOAOB (Talm. 2-4).
OTcyTCcTBHE aKTMBHOCTH B T'MIPHUPOBAHUM OEH30JIBHOTO KOJIbLA OBLIO HCHOJIB30BAHO IS
CEJICKTUBHOIO BOCCTAaHOBJICHUS 3aMECTUTENIEd pasiIu4HOM mpupoxasl. HccienoBaHbl
KaTAJIMTUYECKHE CBOMCTBA KaTanu3aTOpoB  NI-HUTEBUIHBIA  YTIJIEpOJ B  PEAKIUAX
THJIPUPOBAHUS apOMATHUYECKUX COEAMHEHMH: OeH3on, OeH3wiInuaHui, OeH30()eHOH W

HUTPOOEH30 (cXeMma).
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Ta6muna 1. Ouucrka STHIEHA OT Tabnuma 3. Ounctka OyTeH-OyTaAeHOBOM
npumecen aneruieHa (% mMoi). CMECH OT MPUMECEH alleTHIICHOBBIX
Obpazenr | T, e CH, C,Hg yraeBo10poaoB (% mom).
HICX. 0,025 — O6pazerr | T.C | = C=C C4Hs
CMECH HCX. CMECh 0,23 43.6
2,5% Ni 140 0,0003 — .
2.6%sec. | 100 | 0,002 — Q2%%pec. | 1001 <0.003 | 423
NipgCuop | 120 | 0,0001 — nan
52% | 90 |0,0001 0% ee. | 75| <0003 1 438
Ni ’ vV ’ - NiggCug
E— 55%sec. | 30 | <0,003 | 445
Ni(),gCLI(), 1 ’
Ta6m/1uav2. Ounctka 630/TeHOB oT 6% Bec. 20 20,003
npumecei 6yraauena (% mod.). Ni o-Pd 43,2
0 0.93Pdo,07
s s 63%Fe | 160 | <0003 | 436
CMECh
0,25% 150 <0,003 11,2
NigoCuy,1
6,3%Fe <0,003

©—0H 2_C_N CH,—CH=NH ©—CH2—CH2—NH2

OEH3MIIITHaHNT

CH,—CH=NH CHz_CHz_NHz (CoH4)—NH— CH—CHZO
- NH,

b-dermTII,a-aMHHO-b-DeHIII THITAMHH

-NH3

@(02H4) N—CH,— CHz@ - @(Cﬁﬁ N—CH—CH2@

Jui-(b-eHmma THI ) aMIH

OO -0 O

6eH3odeHoH GeH3rH PO I eHnIMeTaH
NO, NH
[ j +H,
—_—
HUTPOOEH30 AHWJIAH

CxeMa peakiuii CeIEKTUBHOTO THAPHUPOBAHUS 3aMECTUTENICH O€H30JIbHOTO KOJIbIIa
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N3y4yenne peakumi KATAJIMTHYECKOT0 THAPHUPOBAHUSA U

THAPOIeXJIOPHPOBAHMS HA HAHOPA3MEPHBIX HUKeJIeBbIX KaTaIH3aTOPaXx

AntoH A. IEPUCTBIN, Hataass E. KABAJIEPCKAS, Hapbsa A. IMYYT'UHA,
Exarepuna C. IOKTEBA, Enena B. 'OJIYBUHA, Baaepuii B. JTYHUH

Mockosckuii cocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa,
xumuueckuu ¢paxkyromem, Mockea, Poccus

anton5111989@yandex.ru

N3BecTHO, YTO NpPUMECH COECIUHEHUH C TPONHON CBS3bI0 B STHJIEHOBBIX MOHOMEpax
BBI3BIBAIOT HEOOpAaTHMMOE OTPAaBJICHHUE METAJIOLEHOBBIX KaTalUu3aTOPOB MHOJMMEPHU3ALHH.
Onun n3 Hambojee MEePCHEKTUBHBIX CIOCOOOB pPEUIEHHsS] 3TOW MpPOOJIEMbl — CENEKTHBHOE
TUIPUPOBAHUE  TPOWMHOM  CBSI3M 1O  JBOMHOW B MPUCYTCTBUU  HAHECEHHBIX
METAJUIOCOACPKAMX ~ Karanu3aropoB.  Haubombiiee — pacrnpocTpaHeHHE — MOJTYYMIIH
najyIaueBble KaTaau3aTophl, HO, B CBSI3U C UX JIOPOTOBU3HOM, aKTyajbHa 3aJada 3aMEHbI
OyaroposHOTO MeTayuia Ha 0oJiee ACmeBblid HUKeTb. MOKHO OKHIATh, YTO HUKEIb MPOSBHUT
3aMETHYI0 AaKTUBHOCTh TaKXe B PpEAaKUUU THIPOAEXJIOPUPOBAHMSA, IPEICTABISAIONIECH
HanOosiee O€30macHbIf MeTOJ YTHIM3AlMMU XJIOPOPraHWYecKHX coequHeHuil. Kiroueoit
CTaJueil STHUX TMPOIECCOB SBISIETCS aaAcopOLMs pEeareHTOB, BKIIOYas BOJOPOJ, Ha
MOBEPXHOCTU MeTayula. Takke, BaXKHO YUWTHIBATh 3apsiiOBOE COCTOSHUE MeETasia,
HETOCPECTBEHHO BIMSIONIEE HA MEXaHU3M U CKOPOCTh a/IcCOpOLIUU.

B pabore uccnemoBanu cBOiCTBa KaTanu3aTopoB ¢ coaepxkanuem 6% Ni Ha y-AlOs,
HEMOAM(DULIMPOBAHHOM M MOAUDUIMPOBAHHOM COJIIMU TeTepononukuciaoT KiSiW 204
(TTIC(W)) u Ki4SiMogWeOs9 (I'TIC(W, Mo)) (MomubummpoBaHHbie 00pasibl THOOE3HO
npenocrasinensl M.J[. Hapamuxunoii, OUBT PAH). Bo Bcex Tpex o0Opa3iiax HUKENIb OKa3aics
PaBHOMEPHO pacHpeeICHHBIM 110 TOBEPXHOCTH KaTaJIn3aTopa, YTO MOATBEPHKACHO TaHHBIMU
COM ¢ 3HEPro-auCcepCHOHHBIM aHAIIU30M.

Ha ocnoBanuu nannsix TIIB yctanoBieHo, uto B Monuduipoannsix ['TIC katanmuszaropax
CBSI3b MeETajula C IMOBEPXHOCTBbIO HocuTens Ooisiee cnabas. B peakuuu razodazHoro
ruapupoBanus GeHunanetTuiaeHa npu temmneparypax 100 — 250 °C B UMITyJIbCHOM peXUME
HauOoJbIIasi CeJIeKTUBHOCTh Mo cTupody (78% mnpu kxouBepcuu 14%) IOCTUTHYTa Ha
katanmzarope, MmoauduuupoBanHoM [TIC(W). AKTHBHOCTH 3TOro KaTajau3aToOpa B PEaKIUU

ra3o)asHOTO  THIPOACXJIOPUPOBAHUS  XJIOPOCH301a B  TNPOTOYHOM  pPEAKTOpE  IpH
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temneparypax 100 — 350 °C Bpimie no cpaBHeHHIO ¢ HeMOAuuUIpoBaHHEIM 6%Ni/Al,O3.
Momuduuuposanue I'TIC(W) npuBogut k Oojiee CUIBHOMY YBEJIMYEHHUIO KaTaIUTHYECKOM
akTuBHOCTH 110 cpaBHeHuto ¢ ['TIC(W, Mo).

Jis u3ydeHuss aacopOILMOHHBIX XapaKTEPUCTHUK HUKENs M BIMSHHMS Ha HUX 3apsa0BOTO
COCTOSIHUSL MeTajula TPOBEJIEHO KBAHTOBO-XMMHUYECKOE MOJENIMpOBaHuE Kiactepa Niy
metonqoMm DFT ¢ momompro mporpammsr IIPUPOJIA. Kpome TOro, pacueTHslM METOIOM
U3yUYeHO B3auMO/JIeHiCTBHE MOJIEKYJI cyOcTpara ¢ aToMOM HUKeJs U kiaactepoM Niy. ITokasano,
YTO B3aMMOJICHCTBHE KaK XJIOpOCH30Ja, TaKk U (peHMIaLeTHSIeHa C He3apsKEHHBIM aTMOM
HUKEJST DHEPreTHYeCKH OoJiee BBITOJHO IO CPAaBHEHHWIO C 3apsHKCHHBIM. AjcopOums
xJyiopOeH3oa u (eHunaneTuieHa Ha kiaactepe Niz, IpeAcTaBisIoneM co00i eHTaroHAIbHY IO
OunupaMuay, TMPOUCXOAUT CXOIHBIM 00pa3oM: MoJeKyja cyOcTpaTa KOOpPAWHHUpYeETCs
OCH30JIbHBIM KOJIBLIOM IO OJHOMY aTOMYy HHKEIs, HaxoJsIeMycs Ha peOpe MmupaMuibl, U
3aMECTUTEJIEM 10 COCEHEMY .

Tot daxr, uTo agcopOius cyoCcTpaTa MPOUCXOaUT Ha pedpe kiaactepa Niz, CBUACTEIBCTBYET O
CHJIPHOM BIMSHMM pa3Mepa 4YacTUI[ HHUKeJIsd Ha CKOPOCTb peaklUil TUAPUpOBaHUSA U
TUAPOJIEXJIOPUPOBAHUS. DTO XOPOLIO COIVIACYETCSl C YBEIUYEHHUEM JHCIEPCHOCTH HUKEIS
opu  MOAU(DUIMPOBAHMM KaTajau3aTopa COJSIMH TIETEPONOIMKUCIOT, MNPUBOAAIIUM K
YBEJIMYEHUIO AKTUBHOCTH KaTaJU3aTOPOB B HCCIEAYEMBIX IPOLECCaX U CEIEKTUBHOCTH
THJIpUPOBaHUs (peHUIIALETUIIEHA 10 CTUPOJIA.

PaGora Bbmomnena mpu mnopuepxkke PODOU (rpant 10-03-00372), MunuctepcTBa
obpazoBanus u Hayku P® (roc. konTpakt 02.740.11.0026 ot 15.06.2009 r.) u IIporpammsl

MOIEPKKHA MOIOIbIX yueHbIX [Ipe3unenta PO (rpant MK-158.2010.3).
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Catalytic Conversion of Aliphatic Alcohol on Ni Nanoclusters

E.A. GUSEYNOVA, K.Yu. ADJAMOV
Azerbaijan Sate Oil Academy, Baku Azerbaijan

elvira_huseynova@mail.ru

In connection with the production of new nano material and improvem ent of nanotechnology
the interest to the study of sm all size atom ic clusters vas tly increases. As known, m etallic
nanoclusters can have particularities, not obser ved in conventional crystalline sam ples. So,
when turning from  three-dim ensional to nanoparticlesm  echanical and m  agnetic
characteristics, adsorption capacity and catalytic activity vastly change. Mostly, this concerns
metallic clusters with complicated multipartial character of bonding between atoms.

The study of the structural cha nges in low- dimensional system s has attracted large attention
of the res earchers but, in sp ite of this, full ¢ larity in un derstanding the p rocess of the
formation of a crystalline phase is not observe d. For the first tim e, in the condition of the
reaction of dehydrogenation of alip hatic alcohol the fractal struct ure of the borders of active
nanoclusters of Ni is discovered , which are form ed onthe su  rfaces of industrial
nickel-kieselghur catalyst. The application of this catalyst in the reactions of the syntheses of
ketones from isopropyl and secondary butyl al cohols is characterized by high activity and
selectivity.

To achieve reliable information about the structure of the external surface and interfacial layers
with perm it on the depth and on the square area in nanom eter range sizes, studies were
conducted on a raster electronic m  icroscope (REM) Philips 515 with the energy of the
primary electronic beam 30 kV; the phase co  mposition of sam ples before and after the
catalytic experim ents were st udied by the method of X-rays  analysis on X-rays-canopy
diffract-meter DRON-2; the ther mal analysis of sam ples was carried out on the apparatus
Derivatograph Q 1050; the analyses of feedstoc ks, fluid and gaseous products were carried
out chromatographically. Typical REM images of catalyst samples of clusters have allowed to
define that bef ore the c atalytic experiments, the source sample has a typical s tructure of the
metallic smooth chipped system, being an agg regate of agglomerates of the ir regular shape,
up to several tens of m icrons. The morphology of the sample participating in the reaction of
dehydrogenation of iso propyl and secondary butyl alcohols is accom panied by considerable
development of the su rface under the influence of the reaction m edia and the form ation of

nano-sized centers. On the surfac es of newly form ed agglom erates, visible germ s of a new
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phase are observed, which, considering data of X-rays analysis, possibly refer to carbon
deposits on surfaces, formed in thermodynamically favorable conditions for the process of
alcohol dehydrogenation. The formation of surface carbon compounds likely lead to the
destruction of large Ni agglomerates, so-called "carbide - cracking", and eventually, to
formation of nanoclusters of nickel.

The suggestions on the formation of active Ni nanoclusters and the new phase of carbon on
surfaces of nickel-kieselghur catalyst, participating in the conversion reaction of the isopropyl
alcohol, is confirmed by XRD. The position of the main peaks indicates that the emerging
phase of the porous covering is X-ray amorphous. A common feature of sampls is the
presence of peaks of such compounds as SiO; - silica O, Fe;O4, as well as the presence of the
structures of spinal type - (Ni'[Ni*"O]). However, X-ray diffraction studies showed that after
contact of the catalyst with the reaction medium, changes in the catalyst phase composition
take place. According to X-rays analysis data, after the catalytic experiments the samples are
characterized by an increase in the intensities of reflections characteristic of Ni, which may be
due to partial restoration of the surface from oxide to metallic nickel.

The obvious nature of the change of values of magnetic susceptibility and magnetic moment
on the basis of previous magnetic measurements of samples corresponds to the octahedral or
tetrahedral structure of the nickel clusters. However, considering its paramagnetic nature, that
process seems likely where in the oxide reduction process the reconstruction of surface
tetrahedral carcass of nickel clusters into the octahedral. One occurs thereby, the formed a
mixture of substances contains nickel both octahedral and tetrahedral positions, but nickel
restored under influence of the hydrogen, is embedded in the position of iron in the ferrite
structure, forming a solid solution of spinal type structure based on NiO.

It has been established that clusters formed under the influence of the reaction medium have a
fractal structure with dimension of 7nm. Most brightly fractal nature of the studied objects is
revealed in the process of the formation of the new phase germs. The formation of fractal
nanoclusters of Ni is explained on the basis of the model, taking into account the evolution of
the formation of globules of the amorphous carrier, depending on the conditions of the
synthesis, which may have different sizes and different densities of packing. The
heterogeneous nature of clusters, when of nickel atoms are present in two states; i.e. when
some of the atoms are in the metallic state, whereas a part of the atoms are on the surface of
the clusters chemically bonded with oxygen, appears to play a significant role in the
formation of catalytically active nanoclusters of spinal type based on Ni'[Ni*'O] on the

surface of nickel-kieselghur catalyst.
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OKCH-YIIEKHCI0THAS KOHBEPCUS METaHA HA CTPYKTYPHPOBAHHBIX

NiO/ALOjz/kopaneput KaTajau3zaTopax

C.A. COJIOBBEB, E.B. 'YBAPEHH

Hucmumym ¢huzuueckoii xumuu um. JI.B. Iucapocesckoeco HAH Yrkpaunwi, Kues, Yxpauna

soloviev@inphyschem-nas.kiev.ua

[Iporecc OKCU-yTIEKUCIOTHOM KOHBEPCUU METaHa SIBJISIETCSI CHHEPTeTHUECKOW KOMOMHAIEeH
CO;-puopmuHra 1 mapuuMaibHOrO OKHCIEHHUS METaHa Ha OJHOM KaTallu3aTope B pPEeKHUME,
ONM3KOM K aBTOTEPMHYHOMY. YKa3aHHBIM MPOIECC MOXKET OBbITh MEPCIEKTUBHBIM IS
IPOMBIIIJICHHOTO TOJIyYeHHsI BOAOPOAA, CHHTE3a-Taza ¢ 3aaHHbIM cooTHomeHneM H,/CO B
TEXHOJIOTHX «Tra3-B-xuakoctb» (GTL), a Takxke yTuiIM3aluy NapHUKOBBIX Ta30B.

B kadecTBe KaTanM3aTOpOB OKCH-YTJICKUCIOTHOW KOHBEPCHM METaHa HCIOJIb30BaIN
xommo3uuuu Ni-Me,Oy/y-Al,O3, HaHeceHHBbIE HAa KepaMUUeCKHe OJIOUHBIE MATPUILBI COTOBOM
CTPYKTYpBl U3 KOpAMEpPUTA C TNPHUMEHEHHEM 30JIb-TelIb TEXHOJOTWH, KOTOpHIE COYETAIOT
TEPMUYECKYIO CTAOMIIBHOCTh M BBICOKYIO aKTHBHOCTD B PEAKIIHSIX YTIIEKUCIOTHONH KOHBEPCHH
U MapIUabHOTO OKUCIIeHHUS MeTaHa. [loka3aHo, 4yTO B Impoliecce CHMHTE3a KaTanau3aropa Ha
CTaJuM TepMHUUYECKOH 0O0paboTKH HuMeeT MecTo oOpazoBaHue ImmnuHenu NiALOs, npu
BOCCTAQHOBJICHUH KOTOpPOW OOpa3ylOTCsl YacTHUIBI MEJIKOJUCIIEPCHOTO METAUTMYECKOTrO
HUKeNs, crabmwimmsupoBaHHble B Matpune AlOs.  Tlomydennele Takum — oOpasom
HAaHOKOMITO3UTHBIE  HHUKENbCOJEpIKAIIME  KaTalu3aTopbl  XapaKTepU3YIOTCS  BBICOKOM
AKTUBHOCTHIO M TIOBBIIICHHOW YCTOMYMBOCTBIO K 3ayrJepOKUBAHUIO B  MPOLECCE
YIJIEKUCIOTHOW KOHBEPCUH METaHa, MOCKOJIbKY 00eCreunBaloT HEOOXO0IUMOE COOTHOILICHHE
MEXIy cKopocTsiMu pasznoxeHus CHy Ha MeramnnueckoMm Hukene u guccornuanuu CO; Ha
IPaHULIE METAIII-OKCU/.

[lokazaHo, 4TO CHMKEHHE COJEpKaHWsi akTUBHOro kommoHeHta ot 11,0 % mo 1,8 %
OPUBOIUT JIHMIIb K HE3HAYUTEIbHOMY YMEHBIICHHIO AKTUBHOCTH CTPYKTYpHUPOBAHHOTO
Ni-ALO; kaTanuzaropa.

PerynupoBaHne  KHUCIIOTHO-OCHOBHBIX ¥ OKHCIIUTEIHFHO-BOCCTAHOBUTENHHBIX  CBOMCTB
MOBEPXHOCTH  OCYIIECTBIISUIM IMyTeM MOIU(PHUIMPOBAHUS KATAIUTHUYECKONM  KOMITO3ULIUI
Ni/y-Al,O3; ¢1a000CHOBHBIMU OKCHIHBIMH CHCTEMaMH C HEBBICOKUM PEIOKC-TIOTCHIINATIOM
(Me Oy=CeO,, La,O3 u gp.). D10 oOecnedyuBaeT yBEIUYEHUE CKOPOCTH B3aUMOAEHCTBUS

YIJIEPOJHBIX (PParMEeHTOB C AKTUBUPOBAHHBIMH (hOPMaMU TIOBEPXHOCTHOTO KHCIIOPO/IA, KOTOPBI
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UMEET BBICOKYIO NU(D(Y3HYIO MOJBHKHOCTh, a TAKXKE KHCIOPOJa KPUCTAJUIMIECKON PEIICTKH,
4TO MO3BOJIAET M30E€KATH HAKOIUIEHUS YIIICPOAHBIX OTJIOKEHUH Ha TTOBECPXHOCTHU KaTaJIN3aTOPOB.
Kpome Toro, ykazaHHbIE OKCHJABI YBEIHMYMBAIOT CTAOWJIBHOCTH pPabOTHI KaTaiu3aTropa B
MPUCYTCTBHU KUCJIOPOJIA, TOTJA KaK HUKEIhb-aTFOMHUHUEBBIA KaTaim3aTop 0e3 yKa3zaHHBIX
MOIUDUIIUPYIOMIUX JOOABOK HE aKTHUBEH B MPOIECCE OKCH-YTICKUCIOTHOW KOHBEPCHUH
MeTaHa BCJIEACTBHE OKUCIICHHS MeTauIHaeckoro Hukens 1o NiO.
VcTaHOBIIEHO, 4YTO HAWOOJNBIIEH

S:% 100+ <o AKTUBHOCTBIO M CTaOMJIBHOCTHIO B
, o

1

S— 490 .
954 . Iporecce OKCH-YTJICKHCIIOTHOU
of {85

— KOHBEPCHUM METaHa  XapaKTepu-
85

i 180 3yercs HUKEIIb-AJIFOMUHHUEBBINA

80 /:

75 3 \_ 75

70 JI00aBKOM La,0s. Beenenue
0 o5 10 15 20 25 KHCIIOPOJa B PEAKIMOHHYIO Ta30BYIO
C ., %

o,

KaTaJln3aTop, MOAU(DUIMPOBAHHBIN

CMECh NPUBOIAUT K  YBEIUYECHUIO
Puc. Brusane konnenTpanuu O, Ha aKTHBHOCTD U
CENEKTUBHOCT KAaTalu3aTopa KOHBEPCUU METaHa B U30TEPMUYECKUX

(1,8% NiO+2,2% Al,05+0,6% La,O;)/xopauepur B
IpoIecce YIIIEKUCIOTHOW KOHBEPCHH METaHa:

1 — cenextuBHOCTH 110 CO; 2 — CEIEKTUBHOCTH 10 Hj; MEHHOM CEJEKTUBHOCTH MpoIecca Mo
3 — kouBepcust CHy T=560 C.

YCIOBUAX TIIpU  HNPAKTUYCCKU HCU3-

Bosopoay (cm.puc.). B mpucyrctBun

O, He TMNpOUCXOAUT Je3aKTUBAIMU
KaTaInu3aTopa, 4To MO3BOJISIET BapbHpoBaTh cooTHomerneM O,:CHy s momydeHus: cuHTe3-Ta3a
Pa3IMYHOTO COCTaRBA.
JlobaBka CeO, B coctaBe Ni/y-Al,O; KaTanu3aTopa IOHWXKAET BKJAJ peakUuu
BOJSTHOTO CJIBUTA U 33 CUET 3TOT0 YBEIMYMBAETCA CEIEKTUBHOCTS Mporiecca o CO.
Takum 00pa3om, 3a CYET HMCIOJIb30BAaHUS CTPYKTYPUPOBAHHOTO HOCHUTES MOXHO CHH3HTH
COJICpKaHUE aKTUBHOTO KOMIIOHCHTA B COCTABE KaTaJM3aTOPOB OKUCIIUTEIILHOW KOHBEPCHU
MeTaHa 0€3 YMEHbBIICHHs HX aKTUBHOCTU. BropuuHblii Hocutenp Al,O; yBenmmuuBaer
AaKTUBHOCTh KaTaJM3aTOpOB C OJWHAKOBBIM coaepkanuem NiO. B mpucyrctBum
karanuzatopa NiO/La,03/Al,O3 mporecc MOKHO WHTEHCHU(HUIIMPOBATH MYTEM BBEICHHS B
PEaKIIMOHHYIO Ta30BYI0 CMECh KHUCIOpPOJla, 4YTO MPHUBOAUT K CHIDKCHUIO TEMIEpaTyp

JOCTHIKCHUSA BBICOKHUX KOHBepCI/If/'I " HC BJIMACT HA CCIICKTUBHOCTH IO BOAOPOIY.
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Low-Temperature Conversion of Alkanes
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“M.V. Lomonosov Moscow State University, Moscow, Russia
N.N. Semenov Institute of Chemical Physics RAS, Moscow, Russia
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Novel approach to preparation and investigation of the metal complex catalysts stabilized in
thin paraffin films or on a surface of supports is developed. The technique is based on
co-condensation of vapors of the catalyst components in vacuum in a temperature interval
80-150K. The offered method provides an opportunity of the directed formation and structural
arrangement of the active catalytic complexes of the set structure which is not formed in usual
conditions with the use of traditional synthesis methods. The catalyst structures and dynamics
of their formation are supervised in situ by spectral (FTIR, UV/vis) methods.

The created nanostructured composites are capable to accomplish catalytic conversion of high
paraffins in mild conditions (170-230 K) in not investigated earlier direction. In the presence
of traditional catalytic systems, including aluminum chloride, the basic direction of high
alkane conversion is cracking. On the contrary the nontrivial way of paraffin transformation
results in creation of a normal alkane containing one carbon atom less or more (methathesys
reaction) and products of isomerization are detected by the action of new bimetallic
complexes [1]. Controlled immobilization of the complexes of aluminum chloride with the
chlorides of transitional metals on the supports (silica, aluminum silicates) also results in
obtaining of active catalysts of the alkane conversion at 300-400K. The isomerization
becomes the main direction of hydrocarbon transformations.

On the basis of detected structure of the catalysts it is suggested that forming of
nanostructured complexes with coordinatively unsaturated transitional metal (II) ion by
aluminum chloride is responsible for activation and unusual routes of alkane conversion [2,3].

This work was supported by RFBR (08-03-00171a).

References:

[1] M.I. Shilina, R.V. Bakharev,V.V. Smirnov, Dokl. Phys. Chem. 2005, 401, 63.

[2] MLIL. Shilina, R.V. Bakharev,V.V. Smirnov, Russ. Chem. Bull., Int. Ed., 2008, 2251
[3] ML.I. Shilina, V.V. Smirnov, R.V. Bakharev, Russ. Chem. Bull., Int. Ed., 2009, 660
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IHosryyeHnune BogOpoOaa U yIIePOAHBIX HAHOTPYOOK

KaTaJUTHYC€CKHM IMHUPOJIU3OM YIJVIEBOJIOPOJAHLIX Ira30oB

Cepreii A. CUHUIIUH, IOpuii B. TABPUJIOB, Anekceii C. MAKAPOB,
Jleonna 3. BOT'OJ]

00O «Hnorcenepno-mexnuuecxkuui yeump « TEXIIPOEKT», Mockea, Poccus

sergeysinit@rambler.ru

N3BecTtHO, 4YTO 3P PEKTHBHOCTH TMpoIecca KaTAIUTHUYECKOTO0 THPOJIM3a YreBOJOPOIOB
OTIPE/ICNIICTCS. COCTAaBOM KaTall3aTopa, TEeMIIepaTypoil IMmpoliecca, COCTAaBOM CHIPbS U €ro
pacxo/ioM, KOHCTPYKTUBHBIMU OCOOCHHOCTSIMH PEaKTOpa, B TOM YHCJIE TAKUMHU, KaK CIIOC00
JIBUKCHHSI KaTtanu3aTropa. B kadecTBe KaTanu3aTOpPOB MUPOJIH3a YIIEBOJAOPOIHBIX Ta30B
000 «UTH «TEXIIPOEKT» pa3zpabotansl okcumanbie cucteMbl Fe;O3 — Co,03 — AlL,O3 u
Fe;O3 — Al,O3 paznu4HOro cocrapa, MPUTOTOBICHHBIE METOJIOM Cokuranus [ 1, 2, 3].

Oco0eHHOCTBIO TIpeIaracMoro BapHUaHTa KaTAIUTHYECKOTO MHUPOJH3a YTJIEBOJOPOIOB
SBJISICTCS. COBMEILEHHWE JIBYX TMPOIIECCOB — TIONYYEHHUS BOJOPOJa M  YIJIIEPOIHBIX
HAHONPOJYKTOB C WX BBICOKMM YyAENbHBIM BbIX0oAOM [4, 5]. Co3naHHass HaMU MUJIIOTHAS
YCTaHOBKA MpeTHa3HAYCHA I KaTATUTHIECKOTO MUPOJIU3a YTIEBOAOPOAOB (METaH, MPOIaH-
OyTaHoBass CMeCh) C ILEJbI0 TMOJYYCHHsS BOJOpPOJa U OJHOBPEMEHHO YIIIEPOTHBIX
HaHOMAaTEPHAIOB (HAHOTPYOOK WMJIM HAHOBOJIOKOH), OIEHKH TEXHOJOTHYECKHX IapaMeTpPOB
mpoliecca — BEIOOpa TeMIieparyp mnpoiecca mupoian3a, OnpeIeIeHs] KOHIIEHTPAIMKA BOAOPOIa
B ra3000pa3HBIX MPOAYKTaX MUPOJIU3a M MPOU3BOAUTEIBHOCTH KaTaIM3aTopa MO BOJOPOIY,

OLICHKHU pacXoa0B YIJICBOAOPOAHOI'O ChIPbA.

N[ R —
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Puc. 1. CocraB ra3oo0pa3HbIX MPOIYKTOB Puc. 2. CocraB ra3o00pa3HbIX MPOIYKTOB
KaTJTATHIECKOTO IIPOJIN3a METaHa. KaTaJINTHYECKOTO TIMPOJII3a METaHa.
Temmneparypa — 700°C. Temmneparypa — 700°C.

Karamuzarop Fe — Co— Al,Os. Karamizarop Fe — Al,Os.

111



OPqo-1I-11
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L
Puc. 3 Puc. 4
Puc. 3. CocraB razo00pa3HbIX IpoayKTOB Katand-  Puc. 4. CoctaB ra3000pa3HbIX MPOIYKTOB KaTald-
THUYECKOT'O MTUPOJIH3a MPOIaH-0yTAHOBOM CMECH. THUYECKOT'0 MTUPOJIN3a MPOIaH-0yTaHOBOM CMECH.
Temmneparypa — 700°C. Temmeparypa — 700°C.
Karammzarop Fe — Co — Al O;. Karammzarop Fe — Al,Os.

[IpoBeneHHBIC HA YCTAHOBKE SKCIIEPHUMEHTHI TIO3BOJISIIOT CAETIATh CIIEIYIOIINE BEIBOIBI:

1. Tluponu3 ™MeTaHa W TPOINAH-OYTAHOBOW CMECH TO3BOJISIET TOJydYaTh Ta3000pa3HbIC
HOpOAYKTHl IUponu3a, coaepxkamme 75-80% 00. Boxopoja, MpH 3TOM HX KOHIEHTpaLus
cTa0miIbHA BO BPEMEHH B Te4eHue 4—06 .

2. TemmepaTypa NHMpoJM3a METaHa M MPONaH-OyTaHOBOM cMecu coctaBisier 680-700°C u
590-600°C cOOTBETCTBEHHO.

3. YBenuueHue pacxoja YyIieBOAOPOAAa HPUBOAUT K POCTY KOHIEHTPALUMU BOAOPOAA B
IPOAYKTaxX MUPOJIN3a, OJHAKO IPU 3TOM B pe3yJIbTaTe HAKOIUICHUS YTIIepoAa YBEIMUUBACTCS
THJIPABIMYECKOE COIMPOTHBIEHHE W YMEHBIIAETCS BpeMs paboThl peakTopa. PacuerHas

POM3BOANTETHHOCTD MIIOTHOM YCTAHOBKH 10 YHCTOMY BOJOPOLY 0 COCTABISET 1 M°/d.
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IIpumenenue GppakTaaIbLHOIO MOAX0AA VISl AHAJIM32 KUHETHYECKUX
3aKOHOMEPHOCTEH NMPOoLEecCOB rHIPUPOBAHUSA HA HAHO(A3ZHBIX
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PazpaboTtan TeopeTHMUECKUH NOAXOMA, MO3BOJSIOIMN YUYeCTh BIHSHUE pPACHpPEeTeHHs
HAaHOYACTHUIl AaKTUBHOTO KOMIIOHEHTa Karaju3aTropa II0 pa3MepaM  BBIPaXKEHHOM
KOJIMYECTBEHHO C TIOMOIIbIO (hpakTambHOH pasMepHOcTH Dy Ha KOHCTaHTY CKOpPOCTH
JUMUTHUPYIOIIEH CTaJuH IIpoLecca.

HanecenHnble KaTanu3aTtopbl MPEACTaBISAIOT COOOH HAHOYACTUIBl AKTUBHOIO KOMIIOHEHTa
HAHECEHHBIC HA MHEPTHBIM HOCUTEIb C Pa3BUTOM BHYTPEHHEM IOBEPXHOCTHIO. Takue 4acTULIbI
CIlyJaifHBIM 00pa3oM paclpenesieHbl Ha TIOBEPXHOCTH HMHEPTHOIO HOCHUTENS H  HUX
pacmpeneneHue 1o pasMepaMm 00JamaeT CBOMCTBOM camoronobus. Torma dpakTanbHas

Pa3MEpHOCTb TAKOW TUCTIEPCHON CUCTEMBI Oy/IET ONpeNeNAThCs CAeIYIOUMM BeIpakeHueM [1]:

-1
Dyp-2
DF = l—rg—_S (1)
r.td
rme 7, — JWHCHHBIA pa3Mep MOJICKYJIbl ajcopOara («iryma») ¢ TOMOIIBI0 KOTOPOH

AKCTIICPUMEHTAIBHO OTpEACIsIach BEIMYMHA YICIbHOW aKTHBHON MOBEPXHOCTH YAaCTHII
AKTUBHOTO KOMIIOHEHTa, 7, d — HaumOoiee BEPOSTHBIA WM CpPEOHHA pa3Mep HAHOYACTHU
AKTUBHOTO KOMITOHEHTA B KaTaJlu3aTOPE COOTBETCTBEHHO.

B ciyuae, Korga Karanu3aTtop MpeACTaBiIsieT COO0H TUCTIEPCHYIO CHCTEMY, KOTOpasi COCTOHT
U3 YaCTUYCK aKTUBHOTO KOMITOHEHTA B Pa3jIMYHOW CTEIICHW arperaliy, UCTUHHAS TUIONab

MOBEPXHOCTHU TAKOT'O KaTaJIN3aTOPa MOXKET OBITh BBIpa)KEHA CIEIYIOIUM YPAaBHEHUEM:

F

JOERNEZS @)

rae Sy — OKCHEPUMEHTAIBHO OMNpEACNICHHAs BEJIMYMHA IUIOMAJA  TOBEPXHOCTH,
R - xapakTepHBbIi pa3Mep aKTUBH3UPOBAHHOTO KOMILIEKca. B pamkax (ppakTaibHOrO moaxosa
B3aMMOCBS3b MEXIy MPEIIKCIOHEHIIUANbHBIM MHOXHUTEIEM KOHCTaHTBl CKOPOCTH U

(dpakTanbHOI pa3MEepHOCTHIO OYAET ONPEIENIATHCS CIEAYIOIIUM OTHOLICHUEM:

Ink, =Ink,, +(D, —2)ln(r%) (3)
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3T0 YPAaBHCHHUEC IOKA3bIBACT YMCHBIICHUC MPCAIKCIIOHCHINAJIBHOI'O MHOXKHUTECIIA KOHCTAHTBI

CKOpOCTH C yBEJIMYEHUEM (PpaKTaibHON pa3sMepHOCTH Dr.

Ha ocnoBanum ¢pakranbHoro noaxona [1] Hamu ObUIO MoNyyYeHa CieIyIOMAs 3aBUCHMOCTD

MCXKAY MNPCASKCIIOHCHIUAIbHBIM MHOXHUTCIIEM KOHCTAHTBI CKOPOCTH U (1)paKTaJ'II)HOI7I

PasMEPHOCTBIO HAHECCHHOI'O KaTaJIn3aTopa:

-1

D_ -2
rO F r
Ink, =A-BD, = A-B| 1-|— e
0 F , d 4)

TG, 4 = Ink,, + 2ln(%

0

) B = m( y j , k, — TIpeIPKCTIIOHEHITNAILHBIN MHOXKUTEIb KOHCTAHTBI
; s

ckopoctH, kOR — McTHHHAs BeIMYMHA MPEIIKCIOHECHIIMATBHOTO MHOXKHTENL. DTO ypaBHEHHE

XapaKTepU3yeT 3aBUCUMOCTH JiorapupMa MpeadKCIOHEHIIMAIBHOIO MHOXHUTENS OT pa3Mmepa

HYaCTHI aKTUBHOT'O KOMIIOHCHTA. HpeHBKCHOHeHHI/IBHBHHﬁ MHOXHUTEIIb JOJIPKEH YBCIINYUTHCA

T

30
d,nm

C pOCTOM CpeJHero pa3Mepa 4YacTHIl aKTUBHOTO
KOMITIOHEeHTa d, 4To rpaduyecku BoIpaXaeTcsi KPUBBIMH C
HacklmeHneM. MaKTHUeCKH, TaKhue 3aBUCUMOCTH 4YacTO
HAOJMIOAIOTCS, HAlpUMeEp, B PEaKUusX THAPUPOBAHUS
aneroHa [2], MOHO- U aMokcuzaa yriepoaa [3, 4]. Ha
PUCYHKE  TIPEACTABJICHBI  IKCIIEPUMEHTAJbHbIE U
TEOPETUYECKUE (yp.- D 3aBUCUMOCTH MEKITY

MPECASKCIIOHCHIIUAJIIBHBIM ~ MHOXKUTCJIIEM W CPECIHUM

pa3sMEpoOM HaCTUll METAJlJIa B pCAKIIUU TUAPHUPOBAHUA alICTOHA.

Takum 00pazoMm, HCIONIb30BaHHE (PAKTATBHOW T€OMETPHUHM ISl OINUCAHUSA CTPYKTYPHI

HAaHCCCHHBIX KaTaJIM3aTOPOB, MO3BOJJACT MHTCPHPCTHPOBATE M KOJIHYCCTBCHHO OIMCBLIBATDH

qacTo Ha6J'IIO,Z[aeMI>Ie 3aBUCHUMOCTH KaTaJlMTUYECKOH AaKTHUBHOCTH OT pasMEpa aKTHUBHOTI'O

KOMITIOHCHTA.

[1] Tpunonbckmit A.W., Ctpuxax I[1.E. / Teoper. u axcniepum. xumus, 2007, 1.43, Ne2, ¢.102.
[2] Hasraenko H.B., Tpumnonsckuii A.U., Tomoneny I.I.//Teopet. u sxcnepum. xumusi, 1986, No26,

C.698-706.

[3] TaBnenxo H.B., I'omomert I'.1.//Hedrenepepaborka u Hedrexumus, 1990, Ne39, ¢.12.
[4] Tpumnonbsckuii A.W., [TaBnenko H.B., Onnoonuk B.W.//Teoper. u axcnepum. xumusi, 1996, Ne3,

T.32, c.134.
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IHonyyeHue BUCMYTa M €ro COeJMHEHH HAHOAUCIIEPCHOI'0 AUANA30HA

I KaTa/JIn3aTopoB

IOpmnii M. FOXHH, bopuc II. TOJIOYKO

Hucmumym xumuu meépoozo mena u mexanoxumuu CO PAH, Hosocubupck, Poccus

yukhin@solid.nsc.ru

l'eTeporennsiii kataJiu3 — OJIHAa W3 HauWOoJiee BAXKHBIX W IIMPOKO PACTPOCTPAHCHHBIX
oOnacTeii TNpUMEHEHHs] BUCMYTOBBIX MaTepualioB. Bucmyrtcoaepxkaimine OKCUIAHbBIE
KaTaJan3aToOphl HA OCHOBE OKCHJIa BUCMYTa M OKCHJIOB MOJHOEHA WM OJI0Ba, MEH, JKele3a,
TUTaHa, T€pPMaHUs HAIUIA MIMPOKOE NMPUMEHEHHE B MPOLIECCaX OKHUCICHMS MPOIMHIICHA 0
aKpeOoJIMHA, OKHUCIHUTEIBHOIO aMMOHOJIM3a TIPOMaHa B aKPWIOHUTPHWI, [JIi CHUHTE3a
HEHACHIIICHHBIX aJIbICTUAOB OKuciIeHneM onepunoB [1,2]. Oxcoxmopuasl u ¢ocdar
BHUCMYTa HCIIONB3YIOTCA B KaueCTBE KaTalIM3aTOPOB OKUCIMTEIHLHOTO COYETaHUs MeTaHa, a
TaK)Ke OKHUCIHUTEIHHOW NETHIPOTCHHM3AIMM 3TaHa ¢ oOpa3zoBaHMeM 3TeHa. KapOokcumaTsl
BUCMYTa TMPEUIOKEHO  MCIOJb30BaTh B  MpoOIecCaX  OKHUCICHHS  JMOKCHUAOB U
0-THAPOKCUKETOHOB.

[TokazaHo, YTO MOPOUIKM METALTUYECKOTO0 BHCMYyTa cdepuueckoil (OpMBI C pa3MepoM
gactun 0,05-0,5 MKM MOTyT OBITh MOJyYEHBI B PE3yJIbTaTe€ BOCCTAHOBICHUS COCAMHECHUMN
BUCMYTa B OcH3MWI0BOM criiupre mipu 170-200 °C, 6o B pe3yibTaTe HarpeBaHUS BUCMYTA JI0
temnepatypsl 1200-1600 °C motokom 31eKTpoHOB MomHOCThIO 4-10 kBT Ha 1 Y
MOCTEAYIONUM OXJIaXK/IEHHEM IapoB BHUCMYTa B TMOTOKE HHEPTHOTO Tas3a. B pesynbrare
NpOKaNMBaHUs NoporkoodpasHoro BucmyTta npu 200 °C momyuyena moaudpukanus B-BirOs,
NPENCTaBISIONasl CcoO00H TEeTparoHaATbHO HCKAXKEHHYI0 (IIOOPUTOBYIO CTPYKTYpPY C
KHCJIOPOJHBIMU BaKaHCHUSIMU, MEXaHUYECKasi CMECh KOTOPOU ¢ OKcHAoM MoauoaeHa MoOs;
MPOSIBIISICT BBICOKYIO AaKTHMBHOCTh W CEJIEKTHMBHOCTh B PEAKLUWU OKHUCIICHUS TPOMUIIEHA B
aKpoJsieuH [3].

[Tokazano, uro 0OpaboTKa OKCOTHUAPOKCOHHTpATa BUCMYTa pPACTBOpaMHU COJied MOJMOACHA
WINA OJIOBAa, MENH, JKeie3a, THUTaHa, repMaHus, (Gocdopa MO3BOISET MOTydaTh CMEIIAHHBIC
BUCMYTCOepKalllie OKCUAHbIE MaTepuaibl i MPUTOTOBIEHUS KaTalu3aToOpOB, a B CIy4yae
HIETIOYHOM AeTUApaTalui — MOMy4aTh OKCUJ] BUCMYTa, TPOMOTUPOBAHHBIN JTUTHEM, HATPUEM
WIM KalueM, OONaJaroluii TOBBIIICHHOW AaKTUBHOCTBIO B PEAKIUU OKHCIUTEIHLHON

AUMCpU3alliu MCTaHa.
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[lokazaHa BO3MOKHOCTh OC@KACHUS HAa TIOBEPXHOCTH BHCMYTOBBIX  MHKpOchep
HaHOpa3MEPHBIX YaCTHII 30JI0Ta, IUIATHHBI, cepedpa, a TakKe OKCOXJIOPHIA MM OKCOHUTpATa
BUCMYTa, OCYIIECTBIsieMas B pe3yibTaTe OOpabOTKM MOPOUIKOOOPA3HOTO BHCMYTa
pacTBOpaMH  COJIeil  COOTBETCTBYIOIIMX METAa/UIOB. Y CTaHOBJIEHO, YTO OKHCJICHHUE
MOAM(UIIMPOBAHHBIX HAHOYACTUI[AMU OJArOPOAHBIX METAIJIOB BHUCMYTOBBIX MHKpOChep
HIO3BOJISIET MOJYYaTh KOMITO3HIIUK OKCHJl BUCMYTa — HAaHOYACTHIBI OJIArOPOHBIX METAIIOB
(Au, Pt, Pd, Ag). MoxHo monaraTe, YTO KalCyJIWpPOBAaHHbIE B OOOJIOYKH MHUKPOCHEPHI
BUCMyTa WJIM €ro OKCHJA, COCTOSAIIME W3 HAHOPA3MEPHBIX YACTHIl 30JI0Ta, IUIATHHBI,

nayuIaus Wik cepedpa, MOTYT HAlTH MPAaKTUYECKOe IMPUMEHEHHUE B MPOIECCAX KaTaju3a.

Jlureparypa:

[1] Mamedov, E. Catal. Rev. Sci. and Eng., 1994, 36 (1), 1.

[2] Weng, L.; Delmon, B. Appl. Catalysis A:General, 1992, 81, 141.

[3] Pomanos, A.H.; amxkun, J1.I1.; Xaymna, E.B. JKypnu. neope. xumuu, 2000, 45 (4), 570.
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Variable Temperature IR Spectroscopy in the Studies of Oxide Catalysts

Alexey A. TSYGANENKO

V.A. Fock Institute of Physics, St.Petersburg State University, St. Petersburg, Russia
tsyg@photonics.phys.spbu.ru

The development of technique for the low-temperature spectral measurements, cell
constructions, peculiarities of spectral studies of scattering samples, as well as the problems
of emittance or back radiation of heated or cooled samples are considered.

The strength of surface sites is affected by lateral interactions between the adsorbed species’,
which modify the catalytic properties of solids. On oxides, static repulsive interaction can
stop adsorption when only a part of sites are occupied, while the dynamic interaction shifts
the bands of test molecules, thus distorting the data on surface acidity. Dynamic interaction
leads to the delocalization of vibrations and influence the life time of excitation, which could
be estimated from the temperature dependence of the bandwidth® or measured directly by
time-resolved spectroscopy methods’.

Co-adsorption of acidic and basic molecules leads to mutual enhancement of adsorption. This
can be revealed, when in the presence of SO,, NO,, or H,S, protonation of such bases as NH3,
pyridine or 2,5-dimethylpyridine (DMP) occurs on silanol groups that never manifest any
Bronsted acidity with these bases at normal conditions’. The effect suggests a new
explanation of the promoting action of the above gases in the reactions catalyzed by Brensted
sites’. Besides the above effect of induced Brensted acidity, induced basicity in the presence
of adsorbed bases has also been detected spectroscopically®.

Spectroscopy at low and variable temperatures enable us to broaden the number of test
molecules for acid sites and besides ammonia, pyridine and nitriles, to use CO, NO, H, or
other molecules that do not adsorb at 300 K’. Low-temperature adsorption of weak CH
proton-donating molecules such as® CHF3, acetylene and its derivatives’, enables one to
characterize semi-quantitatively the basicity of surface electron-donating sites.

Recently it was shown that some diatomics, such as CO, reveal linkage isomerism and form
with the cations or OH-groups in zeolites, besides the usual C-bonded complex with the
frequency shifted to higher wavenumbers, the energetically unfavorable O-bonded species
with the frequency lowered with respect to gas phase'®. The latter species coexists in the
thermodynamic equilibrium with the C-bonded form and has negligible concentration at
liquid nitrogen temperature. Having the energy considerably higher, this form of adsorption
can be considered as an activated state, which can play a role of intermediate in catalytic

reactions. Surface isomeric states were established for some other adsorbed species, such as
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cyanide ion CN™ produced by HCN dissociation''. The existence of linkage isomerism can be
explained by a simple electrostatic model, which takes into account the interaction of
molecular quadrupole with the cations'”. Besides the linear configurations with positively
charged sites, the model predicts formation of side-on complexes of CO and N, with surface
anions, in agreement with a lot of experimental results"”. Strong interaction of CO with the
most basic oxygen sites of CaO, MgO, CeO,, La,0O3 and some other basic oxides leads finally
to the formation of ‘carbonite’ COZZ' ion14, which can be considered as an ultimate case of
side-on interaction with surface oxygen ion. Such amphipathic affinity of CO both to cations
and anions implies that charged tests, such as CN™ or NO" ions could be preferable for
separate testing of surface acidity or basicity.

Spectra evolution with temperature provides information on the chain of reactant
transformations and clarifies the mechanism of catalytic processes. This could be illustrated
by surface ozone reactions'’, CO or thiophene isotopic scrambling over activated CaO'®,
which occur below 200 K on the same basic sites that account for ‘carbonite’ formation.
Quantitative spectral analysis of surface adsorption sites is not possible without the
knowledge of absorption coefficients of test molecules. Both quantum chemical calculations
and electrostatic approach predict the correlation between the frequency shifts on adsorption,
ionic radii of the cations and the integrated absorption coefficients. Recent data on CO
adsorption on ionic surfaces'’ are in a fair agreement with the theory.

Acknowledgements. The work was supported by RFFI, grant 06-03-32836a and by the
Federal Agency of Science and Innovations, contract No. 02.740.11.0214.
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Br100op onTMMAaIBHOT0 COCTaBa AJTIOMOOKCHIHOr0 HocuTeast Pd-Al, O3

KaTaJIu3aTopa ruAPUPOBAHUA MUPOOEH3NHA
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N.®. HASMUEBA®, A.. JIACKUH"
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IInasnk@rambler.ru

Ha ceromusimHuil 1eHb NpEeaBABISIOTCA JOCTAaTOYHO JKECTKHE TPeOOBAHUSA K COJACPKAHUIO
JMCHOBBIX M BHHWJIAPOMATHUECKUX YTJICBOAOPOAOB B MHUPOOEH3WHE, HCHOIB3YyEMOTO JUIS
nonyuyeHus: OeHzona. HauOosiee pacnpoCTpaHEHHBIM METOJOM OYHUCTKM NHUPOOEH3HMHA OT
IIPUMECEH OUEHOBBIX M BHHWIAPOMATHYECKUX YTIEBONOPOAOB SBIAECTCA HX CEIEKTHBHOE
TUAPUPOBAHUE, MPEUMYIECTBA KOTOPOIO COCTOSAT B HU3KOM IHEPrOEMKOCTH, OTCYTCTBUU
CTOYHBIX BOJI, TPOMO3JKOT0 oOopymoBanusi [1]. YcioBust mpoBeneHus mporecca (HU3Kas
TEMIIEpPATypa, CPEAHEE JaBJIEHUE) OMNPEAENsA0T IMPUMEHEHHE JOCTaTOYHO AaKTUBHBIX
KaTaJIu3aTOpPOB, TAKUX KaK HAHCCEHHBIC HAa OKCHUJ INMAaJUIAJUEBbIE KAaTaIUTHYECKUE CHCTEMBI
[2]. OgHako OHM 00JaJAIOT CYIIECTBEHHBIM HEIOCTaTKOM — OBICTPOH J1€3aKTHBaIUEH
BCJIEJICTBHE NPOTEKAHMS TOOOYHBIX  KATAIUTHUYECKUX  PEAKUUH  OJUTrOMEpH3aluu
HENpPEJENbHbIX COEIUHEHUM Ha KUCIOTHO-OCHOBHBIX IIEHTpaxX OKcHuJa aidroMuHus |[3],
KOTOPBIE ONPEIENAIOT CTPYKTYpYy, [UIMHY OJMIOMEPHOM LENH, KOJUYECTBO M CKOPOCTh
HAKOIJICHUsI YTJIEBOJIOPOJHBIX OTJIOKEHHM Ha TMOBEPXHOCTH KaTaiuzaropa, oOyciaBiuBas
YCTOMUMBOCTh €ro paboThl, MEKPETeHEPAIMOHHBIN Meproa U OOIMKA CPOK SKCIUTyaTalluu.
OO6pa3yromuecst OJUTOMEpPbI JI€3aKTUBUPYIOT KaTalU3aToOp, CHIDKAs €ro AakTHMBHOCTb U
MeXXpereHepalMoOHHbIN epruol padoThl.

Ilenpto naHHOM pabOTHl SBIAIOCH HCCICIOBAHME BIUSHHUS TEKCTYPHBIX M KHCIIOTHO-
OCHOBHBIX CBOWMCTB OKCHJOB aJTIOMHMHHUS, MOAM(DULIMPOBAHHBIX MIETOYHBIMU T0OaBKaMU Ha
NPOTeKaHWE NOOOYHBIX pEaKIHMi OJIMrOMEepU3aluil M CcTaOuIbHOCTH paboTsl Pd-Al,Os
KaTaJIu3aTOpPOB TUAPUPOBAHNS JUEHOBBIX U BUHWIAPOMATUYECKUX YIIIEBOJAOPOIOB.

Jing onTMMM3alMM XMMHMYECKOIO COCTaBa KaTaJM3aTOPOB CENEKTUBHOTO T'MAPUPOBAHUS
JUEHOBBIX M BUHWJIAPOMATUYECKUX YIJIEBOAOPOAOB B COCTaBE MNUPOOECH3MHA H3YyYEHO
BJIMSIHUE KHUCIIOTHO-OCHOBHBIX M TEKCTYPHBIX XapaKTEPUCTUK ATFOMOOKCHIHBIX HOCUTENIEH,

MOI[I/I(i)I/IHI/IpOBaHHI)IX [[06aBKaMI/I COCOAMHCHWA HATpUusA, Ha AKTUBHOCTH KAaTAJIUTUYCCKHX
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CHCTEM B PEaKIUsAX TUIPUPOBAHMS, OJIUTOMEPU3ALMU HENPEACIbHBIX COCAMHEHUN U
CTaOUITBHOCTD UX PaOOTHI.

YCTaHOBIIEHO, YTO KOJWYECTBO OOPA3YIOIIUXCS OJNMTOMEPHBIX COCIUHEHHA OMpeelseTcs
o0mieit koHneHTpanuei 1neHTpoB JIbtouca ¢ Qco > 35 kJlx/Monb u neHTpoB bpeHcTtena c
Vou = 3688 e [TokazaHo, 4TO CHJIBbHBIE AMpPOTOHHBIE LEHTPBI ¢ Qco > 35 kJ[k/Monb
OTIPEICNISAIOT KOJUYECTBO aACOPOMPOBAHHBIX HA TIOBEPXHOCTH HOCHUTEINS OJIMTOMEPHBIX
COCIIMHEHUN W OOYCIaBJIIMBAIOT MEXKPETCHEPAIIMOHHBIN Teproa pPabOTHl KaTalu3aTOPOB.
Kpome TOro, Hanu4me B OKCHJIC QJFOMHUHHUS TOpP KIWHOBUIHON WM KOHUYECKOW (OPMBI U
pacmpezieieHue MOPOMETPUIECKOT0 00beMa MPEUMYIIECTBEHHO B Auana3one mop 50-150 A
onpezaenser nudpGy3UOHHBIE OTPAaHUYEHUS U B COBOKYIHOCTH C BBICOKOH MOBEPXHOCTHOM
KOHIICHTpAIMEH ampOTOHHBIX IIEHTPOB, OOYCIIABIMBAIOT BHICOKYIO CKOPOCTh OOpa3oBaHU
OJIMTOMEPOB U WX aJICOPOIIHMIO HA MMOBEPXHOCTH KaTaan3aTopa.

Onpenenenpl TpeOOBaHMS K HOCUTENIO KAaTalW3aTOPOB CEJICKTUBHOTO THIPUPOBAHUS
TUCHOBBIX M BHHMIAPOMATHYECKHX YTJIEBOJIOPOAOB: BbIcOKOTeMIiepaTypHbie 0-Al,Os,
00JaaomuX HU3KOH KOHIIEHTpalMel CUIBHBIX alpOTOHHBIX HEHTPOB ¢ Qco > 35 x/x/Momnb
U XapaKTePU3YIONINXCS MPEUMYIIECTBEHHBIM pacipeie]ICHHeM TTOPOMETPUIECKOro 00bEMa B
obmactu mop guamerpoM > 150 A u oTcyTcTBHEM KOHMYECKMX M KIMHOBUIHBIX TIOP.
Hcnonp3oBaHue qaHHOTO HOcHTENs, MoaudunupoBanHoro 0,5 % mMacc HaTpus, A1 CUHTE3a
Karanuszatopa ¢ cojaepxanueM namnaaus 0,5 %, HaHeCEHHOro M3 aleTUIALETOHATHOTO
KOMILJIEKCa, IMO3BOJISIET MPOBOJUTH HMCUEPIBIBAIOIIME TUAPUPOBAHUE JUEHOBBIX U
BUHWJIAPOMATHYECKUX YTJIICBOJOPOJIOB C BBICOKOW CTAOWIBHON AKTUBHOCTHIO W HU3KHUM

KOJIMYECTBOM 00pa3yIOUINXCs MPOIYKTOB YIUIOTHEHHUS.
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Oxygenated Complexes of Transition Metals in Alkene Oxidation Reaction

M.M. AGAGUSEYNOVA, G.N. ABDULLAYEVA
Azerbaijan Sate Oil Academy, Baku, Azerbaijan

Complex compounds of transition m etals with organic ligands, bind ing m olecular oxygen,
have extremely important properties.

From the point of view of possi bility to apply them as oxidizing agents in oxidation reactions
of organic substances this type of complex compounds has prospects.

In animate nature the role of such oxygen comp lexes including ions of trans ition metals in
their com position is f ulfilled by enzymes. The sear ch of new catalytic system s, which a re
models of enzymes capable to carry out substr atum oxidation reactions in soft conditions and
to form stable oxygen complexes with transition metals is highly actual.

The interest to activation of coordinated molecular oxygen is also stipulated by the
opportunities of for ming short-lived interm ediates in homogeneous cat alytic reactions of
autooxidation. The investigations of reaction abilities of O ; in oxygenized complex is of high
importance in clarifying the reaction, mechanisms.

We have carried out extensive investigations of catalytic pr operties of 3d-tran sition m etal
chlorides in butene — 1 oxidation reaction by mo lecular o xygen with the aim of search of
effective catalyst of reaction of butene-1 oxidation to methylethylketone.

It was foun d that they were effective catalys ts of this reaction and form ed stable com plexes
with molecular oxygen in intermediate stage.

Synthesized com plexes of chlorides of tran  sition m etals with m olecular oxygen were
characterized by means of IR- and UV- spectroscopy methods.

By the m easurement of a mount of adsorbed oxygen by the solution of transition m  etal
complexes, it was determined that the mole ratio of O, to the transition metal is 1:2.

Oxygen is not consum ed for the alteration of th e extent of transition m etal oxidation and the
obtained compound exists in the form of oxyge n complex, in which the oxygen m olecule is
coordinated by transition metal.

Specific feature of this oxygen complex is that the coordina ted oxygen does not split off and
is not removed from the complex even when heated, i.e. adsorbed is irreversible. O, molecule
is coordinated by through m etal ion, substratum is polarized and activized as a result of

electron transition, i.e. coordinated O, is activized.
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The formed methylethylketon is obtained by through of butene-1 oxidation due to linked
oxygen, activized as a result of oxygen complex.

The realization of methylethylketone obtaining process by suggested method by means of
interaction of coordinated with transition metals and hence activated butene and oxygen has a
number of differences from existing ways of obtaining methylethylketone and a number of
advantages which consist in that the process is realized in soft conditions (at atmospheric
pressure and temperature 80°C) with high output and selectivity of final product.

In this case valences of transition metal ions do not change and water doesn’t take part in
forming methylethylketone.

As a result of carried out investigation the fact of essential activation of molecular oxygen and
butene, due to their coordination by transition metals was determined.

Combined catalyst, allowing to carry out the reaction of butene oxidation to

methylethylketone in soft conditions has been proposed.
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Dicarboxylic acids are important monomers in production of synthetic fibers and plastics.
They are also of interest as intermediates in synthesis of biologically active compounds and
pharmacologic preparations.

In this report, results of oxidation of Ce-C; cycloolefinic hydrocarbons to corresponding
dicarboxylic acids in liquid phase pseudohomogenous system using aqueous solution of H,O;
or its adduct with urea, are presented. Phosphomolybdenum and phosphormolibdenum -
cobalt catalysts applied on AG-3 coal were used as catalyst.

The reaction was carried out at 60-90°C in thermostated glass reactor of stationary type
provided with a mechanical mixer, thermometer and reflux condenser.

Catalysts were prepared by interaction of molybdenum blue and cobalt (II) bromide with
powdery coal AG-3 with following treating the obtained system by 85% H3PO,.

In electronic spectra of absorption (ESA) for ethanol or acetone solution of MoO,Bry, (where:
n=1.2, m=2.3) the well - known absorption bands belonging to (MoO)" at 14200, 21100,
24100, 26500cm™ are observed.

In EPR spectra of these solutions signals characteristic for (MoO)™ complexes were revealed.
Content of (MoO)" ions in EPR and ESA changes in the presence of ortho-phosphoric acid.
For these ions, a square-pyramidal structure with axial covalent bond Mo=0 is characteristic.
This structure of complexes remains also in case of application of their solutions on powdery
AG-3.

Change of (MoO)™ ions concentration can be conditioned by conversion of Mo’ " by the
scheme: Mo’" — Mo®" + Mo™*

In the experiments cyclohexene, mix of 3- and 4-methyclyclohexene and norbornene were

used.
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Oxidation of cycloolefins to dicarboxylic acids proceeds by a complex scheme, through
stages of oxygen transport from the formed peroxycomplex to substrate.

The primary product of the reaction here is epoxide, which then converts to the corresponding
diatamic alcohol in acidic medium.

The main products of the reaction here is epoxide, which then converts to the corresponding
biatomic alcohol in acidic medium.

The main products of the reaction, in the presence of the used catalytic systems with
substrate:H,O,=1:2 molar ratio at moderate conditions, are respective diols and epoxides.
Oxidation with splitting of double bond of cycloolefin molecule proceeds selectively in the
presence of double-component Mo-Co-containing catalytic systems at intensity of stirring of
reaction mass in the range of 500-600 rpm., H,O,:hydrocarbon molar ratio>4 and 70-80°C
temperature. The highest yields of hexanel,6(adipic) and 2-methylhexane-1,6(2-methyl-

adipic) acids are achieved in the presence of catalytic system H;PO4, MoO,Br;,, CoBr;.

2[PO3 -Mo0O’*]/C < [PO3 -MoO* ] + [PO 3 -MoO*)/C
[PO3 -MoO*)/C + Co*" — [PO3 -MoO’"-Co*"}/C
[POI -MoO’" Co’)/C + H,0, + CsHp — [POI -M00,*"-Co>*]/C + H,0 + C¢H ;60
[PO3"-MoO,”" Co’)/C + 2H,0, — [PO 3 -Mo0O,(0,H),-Co*"]/C + 2H"
[PO 3™ “MoO,(0O,H),"Co>)/C + CsHyo + 2H'— CsH o(OH), + +[PO " -Mo0O,(0,H),:Co*)/C
[PO 3 -MoO,(OH),-Co>*]/C + 2H,0, — [PO -M00,(0,H),"Co’"]/C + 2H,0
[PO 3™ -MoO,(0,H),-Co’)/C + CsH,o(OH), — HOOC-(CH,),COOH +
+[PO 3" "MoO,(OH),"Co*/C

Oxidation of bicyclo[2.2.1]-hept-2-ene (norbornene) under the abovementioned conditions
proceeds with opening of cyclohexene fragment of molecule by multiple bond and formation
of cyclopentane-1,3-dicarboxylic acid. Composition and structure of the synthesized

dicarboxylic acid have been proved by IR- and NMR 'H spectroscopy methods.
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Oligomers on the basis of phenols and alkylphenols, especially containing active heteroatoms
(for example N, P, S) have practical value as additives of various assignment to motor oils
and fuels, stabilizers of polymeric materials, surface-active substances. With the purpose of
obtaining new nitrogen-containing oligomers from these series, catalitic process of interaction
of phenolic compounds (phenol, monoalkylphenols with alkyl groups Cgs-C;, in a lateral
chain, hydroquinone) with propylene oxide in the presence of modifier is carried out. As a
modifier benzoguanamine, containing ~ 40 % of nitrogen is used.

Process is carried out in the reactor of a shaking autoclave where the basic parameters are
temperature and pressure in reactionary system, as, the temperature at which pressure
decreases from the maximum value determines the beginning of oligomerization reaction and
the pressure drop in system down to atmospheric one shows the end.

Influence of various parameters on process of interaction, among which catalysts have great
importance, is investigated.

As a catalyst in process of oligomerization of phenolic compounds with propylene oxide
threetylamine (TEA) and crystalline KOH are tested.

It is revealed that: 1. at application of TEA as a catalyst final pressure gets higher values that
is connected to low conversion of propylene oxide — no more than 45 %; 2. with the alkaline
catalyst process of interaction occurs vigorously and with high conversion of propylene oxide
—93.6-98.9 %, thus the increase in amount of the catalyst is accompanied by spontaneous rise
in temperature and the maximum pressure; 3. without the catalyst conversion of propylene
oxide makes 40-50 %.

As known, reaction of disclosing propylene oxide cycle in presence of crystalline KOH as the
catalyst can proceed in two directions. However, the scheme I is more probable from

thermodynamic aspects:
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I

L1 K"O CH,-CH-CH,
CH,-CH-CH;+KOH .
\O/ +—>  -CH,-CH-CH,

-

0K
For more effective proceeding of reaction polypropyleneglycoles (basically dimers and
trimers of propylene glycole) are used as an additional component, which instantly reacting
with KOH, and thus accelerating formation and growth of the chain in process, do not render
essential influence on structure of the end-product.
Amine compound used as a modifier performs a role of both a reagent, and a catalyst, creating
a base environment. Hence, in case of its use propylene oxide conversion gets high values

without the catalyst.
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In view of increasing requirements to oil quality it is very actual to develop and implement
new catalysts which would purposefully alter oil chemical composition and improve their
performance characteristics. One way to improve the activity of hydro-upgrading catalysts is
loading modifying additives in alumonickelmolybdenic (ANM) systems. Vanadium is a
perspective modifier for oil feedstock hydro-upgrading catalysts [1, 2].

Synthesis of several samples of ASM catalysts modified by vanadium was carried out in

present work. Characteristics of catalysts are shown in Table 1. The light distillate was used

as a raw material, its characterization is presented in Table. 2. This raw material is used for
the production of transformer oil by traditional technology, i.e. it is exposed to solvent

treatment, dewaxing and adsorption advanced treatment.

Catalysts characteristics Table 1
Sample Content of active components, Packed density, | Total pore volume,
number % wt. g/em’ cm’/g
MoO; NiO V1,05

1 16,3 5,6 - 0,83 0,56

2 16,0 5,5 0,70 0,82 0,56

3 16,2 5,6 1,51 0,82 0,57

4 16,3 5,5 3,52 0,83 0,59

Control of the metal content in the synthesized catalysts was carried out by photocolorimetric
method. Synthesized catalysts were sulfidized in a stream of H, and H,S at 350 °C, tested in a
laboratory flowing installation of pressurized hydrogen. Test conditions: 16 cm’ catalyst;
temperature: 340, 360 and 390 °C; hydrogen pressure - 5,0 MPa; the ratio of hydrogen: raw

500: 1 nl/l of raw materials; flow rate of the raw materials - 1 hour™.
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The test results of catalysts are presented in Table. 2. Hydrogenation activity of synthesized

hydro-upgrading catalyst samples was estimated at reduce density, coefficient of refraction

and the content of bi-and tricyclic aromatic hydrocarbons in hydrogenates compared with raw

materials.

These results imply that the hydrogenation activity of modified catalysts is higher than that of

the catalyst without additives, for all test temperatures. A sample number 2, in which molar

ratio MoOj : V,05 =~ 1:12, shows maximum activity.

Characteristics of hydrogenates and raw materials Table 2
S Test . The coefficient Content,% wt.
O = +~ o > .
% _&é S temperature, | % g of refraction, o aromatic hydrocarbons
E e 0 e 20 —
a2 | 3 SN ¢ A & "' 2 2 | bicyelic | tricyclic
340 0,871 1,4810 0,44 5,23 2,39
1 - 360 0,866 1,4784 0,32 3,56 1,81
390 0,862 1,4777 0,06 4,41 2,21
340 0,865 1,4770 0,15 2,68 1,79
5 0,70 360 0,862 1,4767 0,10 2,70 1,61
390 0,861 1,4755 0,03 4,36 1,93
340 0,864 1,4751 0,21 2,84 1,67
; 1,51 360 0,870 1,4767 0,15 2,95 1,81
390 0,862 1,4771 0,03 4,01 1,98
340 0,864 1,4757 0,28 5,04 1,44
360 0,868 1,4782 0,20 3,07 1,71
4 3,52
390 0,862 1,4763 0,03 3,75 2,04
Feet 0,886 1,4884 1,39 5,20 3,56
References:

1. Berg, G.A., Khabibullin S.G. Catalytic hydro-upgrading of oil residue. L.: Chemistry.: 1986.-189
2. Tomina N.N., Pimerzin A.A., Loginova A.N. et all.-, Petrochemistry, 2004, Volume 44, Ne 4, 1-5
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Constant toughening of requirements to structure and properties of automobile gasolines results in
introduction of the new standards forbidding or limiting use of aromatic and olefin hydrocarbons,
O-, S-, N- and metallic bonds in structure of gasolines. One of alternative ways of an exit from
this situation is the increase in manufacture of non-polluting automobile fuel motor components,
such as alkylates and isomerizates. The limiting factor in this way is absence of enough sources of
raw materials and optimum technological decisions.

The method of alkylation gasoline production by a three-stage catalytic conversion from
accessible raw material — methanol with use of heterogeneous catalysts such as SAPO,
PdLaCa (Mg) X (Y) — Faujasite and some Al,Os;-modifications is developed.

The method differs by the presence of the following stages:

1) Methanol conversion to dimethyl ether (DME) with the use of catalysts SAPO and y-Al,O3
at the rates 2+10 h™' and temperatures 300+400°C. Thus there is practically 100 % methanol
conversion to DME

2) Subsequent DME conversion on zeolite catalysts such as SAPO at the rates 2+4 h™' and
temperatures 400+450°C in a mix of olefinic and iso-/n-parafinic hydrocarbons of the
following structure: ethylene — 1+5 wt %, propylene — 1+4 wt %, isobuthylene — no more than
0,5 wt %, n-butylene-1 and n- butylenes-2 — no more than 0,5 wt %, isobutane — 10+30 wt %,
n-butane —no more than 5 wt %, the rest is a mix of methane, ethane, propane, hydrogen,
carbon monoxide and traces of formaldehyde

3) Fluid-phased alkylation of iso-/n-butane by C,-Cs-olefins in the presence of zeolite catalysts
such as PdLaCa (Mg) X (Y) — Faujasite at the rates 2+4 h' and temperatures 50+100°C with
production of alkylation gasoline components, mainly, trimethylpentanes and dimethylhexanes
with the following characteristics: Total conversion of olefins — about 99 %, the output of liquid
products from theoretical upon olefins — about 95 %, the content of fractions Cg — 80+85 wt %,
Coy+ — no more than 8 wt %, Cs-C7 — no more than 9 wt %, trimethylpentanes — 65+70 wt %, the

mass relation trimethylpentane/dimethylhexane — 5+5,5.
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Aniline and N-monomethylaniline are the major products of the chemical industry, which
world total manufacture annually increases approximately by 5 % and now is at a level about
5 million tons per year. Aniline is strategic raw material in manufacture of dyes, medical
products, explosives, N-monomethylaniline and diphenylmethanediisocyanate — a component
for manufacture polyurethanes. N-monomethylaniline — an antidetonation additive for easy
updating octane numbers of automobile fuels.

Technological process for production of aniline and N-monomethylaniline is developed and is
at a stage of preparation of pilot tests on the basis of use of nitrobenzene and methanol as
initial products. Process is characterized by use of catalysts on the basis of Al,O3; and Fe,0s3,
modified with CuO (6+60 weights of %) and Cr, Mn (III, IV)-oxide (0+1 weights of %),
tubular reactor systems with the multizone control of temperature profile. Process differs by
opportunity of joint and separate preparation of aniline and N-monomethylaniline, absence of
necessity of use of hydrogen as separate initial component, high efficiency and absence of
harmful waste products.

The work cycle is characterized by the following stages:

1) Fluid-phased nitrobenzene hydrogenation at rates up to 10 h™ in fluid-phased catalytic
hydrogenation battery, consisting of the several, consistently connected reactors, with
consistently growing temperature of hydrogenation in an interval 100-300°C

2) Alkylation aniline with methanol and re-alkylation in the system aniline -
N,N-dimethylaniline, proceeding at rates up to 10 h™" in a temperature interval 250-300°C

3) Sequence of transformations of gaseous products including a) Decomposition of residual
methanol; b) Disproportion reaction of CO, H, and H>O mixes with formation of superfluous
H; and COy; ¢) Absorption of CO; in the device of CO,-absorption-desorption. Working
temperatures — 500-700°C.

Norms of raw material consumption on 1 kg of the aniline/N-monomethylaniline obtained
(kg): nitrobenzene — 1,32/1,15, methanol — 0,34/0,60

Planned capacity of the pilot block on initial nitrobenzene — 1 t/day, Rough expenses of

energy — 15 KWtxh/day
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Acid decomposition reaction of cumene hydroperoxide (CHP), which is formed at cumene
oxidation, is the basis of cumene method of phenol and acetone production. A "dry" method,
1.e. without solvent, is the main industrial method of cumene oxidation at which initiated
oxidation occurs. Cumene hydroperoxide contained in the reverse flow of cumene is used as
initiator. There are a lot of research works, where different catalyst systems are used as
oxidation promoter. Mainly these works are aimed at determination of catalytic oxidation
mechanism of hydrocarbons, where cumene is used as a model, but process conditions
strongly differ from industrial process: in glass flasks, in kinetic oxygen region, with use of
purified cumene at low conversion levels, without gage pressure, etc. There are also some
unconventional works of technological nature aimed at intensification of existing technology,
but they were not implemented on commercial scale for a number of reasons.

In this work the results of systematic study of cumene oxidation in the presence of cobalt
containing catalyst systems and in conditions close to industrial process are presented. The
comparison showed, that some synthesized by modified method catalysts, in particular,
systems based on cobalt 2-ethylhexoate (II) are significantly superior to other systems by
activity and selectivity. This catalyst at concentration of 2 + 7 ppm (one order less than
analogues) and at relatively low temperatures allows for charge oxidation (cumene with
oxidation products impurities) at high speed and selectivity of CHP applicable for production.
The survey of existing production, comprehensive study of catalyst synthesis features, impact
of basic technological factors on catalytic oxidation, potential impact in subsequent stages of
production would yield to high technical-economic indexes of production with the use of
proposed catalyst.

A mathematical model adequately describing the process of catalytic oxidation up to deep
conversion of cumene is developed, which may serve as a basis for intensification of

industrial process with proposed catalyst.
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The minimum concentration of catalyst and oxygen is determined, at which intensity of
cumene oxidation process increases greatly. Use of catalytic system based on cobalt
2-ethylhexoate (II) allows reducing the average oxidation temperature by 5°C, increasing
accumulation rate of hydroperoxide up to 12% by weight (7% wt./h in industry) with
maintaining the hydroperoxide selectivity process by more than 90%, thereby improving
performance of existing reactors by more than 30% and achieving high economical effect of

cumene hydroperoxide production.
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The most promising process of natural gas and hard combustible resources processing aimed
at production of liquid hydrocarbons, consists in their preliminary conversion into
synthesis-gas with subsequent synthesis of hydrocarbons according to the Fisher-Tropsch
synthesis (SFT).

The products, produced in the SFT process, vary depending on the type of catalyst being
used: over iron catalysts olefin hydrocarbons and oxygen-bearing compounds are mainly
formed, while over cobalt catalysts mixtures with predominance of n-paraftin’s are formed.
Investigation of the chemical composition of modern fuels and lubricating materials has
shown that the most promising and universal components are the paraffin hydrocarbons of
isostructure. The isoparaffins in gasoline constitute a high octane component, in diesel fuel
they increase low-temperature properties, in lubricating oils they respond for low-temperature
properties and are characterized by high viscosity index.

For direct synthesis of isoparaffins from synthesis-gas it is necessary to combine the stages of
SFT with the subsequent stages of hydrocracking-hydroisomerization which is possible to
obtain over bifunctional catalysts. The successful direct synthesis of isoparaffins was obtained
mainly over Co-bearing zeolites with different modifiers [1, 2].

As an alternative to the process of direct conversion of synthesis-gas into isoparaffins we have
synthesized the catalytic systems on the base of montmorillonite.

Montmorillonite is a main component of the bentonite clays — natural aluminum silicate. This
is a layered mineral with broadening crystal lattice, its crystal and structural characteristics
vary over a very large range [3].

The possibility of chemical modification permits to control acid-base properties of the surface
and to fix on it compounds of transition metals, which “join together” movable layers of
montmorillonite forming inter-layer bridges and perform the role of an active center in

conversion of hydrocarbons: cracking, isomerization, alkylation, etc.

135



PP-8

The synthesized catalyst constitutes a nanostructural acid-activated cobalt-supported
montmorillonite with subsequent modification by organometalsiloxane. The nanostructure
was formed by means of treating the montmorillonite with sulfuric acid at 20-40 °C for
4 hours, by followed molding and drying at 110 °C.

The results have shown that the isoparaffin yield over this catalyst was at the level of

90 g/nm’ with the selectivity of forming the hydrocarbons Cs-C;, 78% mass.
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Catalytic flameless burning of natural and oil gases without formation of nitrogen oxides is
one of perspective ways of recycling of natural methane and other alkanes for the purpose of
reception of heat, carbonic gas and products for organic synthesis (CO, H;). Working out
highly efficient nanostructural contacts, modified by traces of Pt and Ru, and also polyoxide
catalysts, instead of platinum and palladium catalysts for deep environmentally pure
incineration of hydrocarbons with heat reception is a perspective problem preservation of the
environment.

The results of research Ni-Cu-Cr/2%Ce/6-Al,0; in reaction of deep oxidation of CH4 to CO;
and H,O are given in this communication.

Catalysts prepared by a method of capillary impregnation of oxide aluminium in water
solutions of corresponding nitrate salts of metals with the subsequent drying 453-473 K
(4-5 h) and thermal treatment processing at 873 K (2 h) in air. Mono- , bi- and three
component nickel, copper, chrome oxidation alumina supported catalysts modified with
cerium and without cerium were prepared [1-3].

Optimum technological parameters of oxidation of methane on Ni-Cu-Cr/2%Ce/0-Al,0; to
CO, are established: the volumetric flow rate 10-10°h™, concentration: O, — 2-20%,
CHy - 0,5-2%, temperature 973 K. Synthesiszed multicomponent polyoxide
Ni-Cu-Cr/2%Ce/0-Al,05 catalyst at optimum technological parametres in reaction of burning
of methane provides to 96 % of degree of transformation.

Developed Ni-Cu-Cr catalyst on Ce/0-Al,0O3 can be used for full burning of poor mixes of

methane in catalytic heat-generator for heating of greenhouses.
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Catalytic iodoalkoxylation of olefins by propynol is the base synthesis method of propargyl

ethers of B-iodoalcohols, used as antimicrobe additives for lubricating oils and fuels and also
as an inhibitors of acid corrosion of metals [1].

For a long time as a catalyst of this three-component process mercury oxide [1,2] has been
used, which, however along with comparatively high price and toxicity, is not fully effective.
For elimination of these negative factors other catalysts have been offered, particularly,
related to natural zeolites -clinoptilolite (NaK)4CaAleSi3007, -24H,0O [3] and cadmium
chloride CdCl; - 2.5H,0 [4]. But these catalysts are not fully effective either.

It has been experimentally established by us [5] that zinc chloride is an effective catalyst for

iodoalkoxylation process of substituted olefins by crystalline iodine and propynol

R~ ol ZnCl; - R choch=cH
| +J,+CH= CCH,0H —> |
R'— CH -HJ R~ CH"“&J

Rand R' = «(CH,)s — (1); R=C4Ho(2), CeH1z (3), R'= H (2,3)

Using this relatively cheap and harmless catalyst in determined optimal conditions of carrying
out the process (t = +5 +10°C, equimolar ratio of reagents correlation with half-mole amount

of catalyst) permits to increase yield of the target products more than 1.3 times.
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Hydrocarbonic oligomers with low molecular mass is the important petrochemical products,
that are applied for producing fuels and lubricating oils, plasticizers, resins, waterproofing
compounds, pastes et.

Oligomerization is usually carried out in the presence of mineral acids or Lewis acids, that
created significant ecological and technological problems. Therefore new methods of olefins
oligomerization in the presence heterogeneous catalysts are developed in worldwide.

Zeolite catalysts can be extremely useful to the development an efficient catalysts of the
processes of oligomerization of certain olefins.

The work shows possibility of regulation of catalytic properties of zeolite catalysts in
oligomerization of linear, cyclic and aromatic olefins.

The regularity of catalytic transformations of various classes of olefins in the presence of
catalysts on the basis of modified types of zeolites FAU, BEA, MFI, MTW and others were
obtained. The main methods of influence on zeolite catalysts, allowing to regulate their
activity and selectivity in low molecular oligomerization of different olefins are revealed.

A series of new efficient catalysts on the basis of zeolite was created to produce valuable
oligomers in practice: linear, cyclic dimers vinylarenes (styrene, o-methylstyrene,
B-methylstyrene, anethol et.), oligomers of indene, dimers of cyclohexene and norbornene,
oligomers of linear a-olefins Cg-Cj,. The catalysts allows to carry out oligomerization with
high selectivity (>90%) and with conversion of initial monomers 95-100%. Developed
methods of oligomerization of olefins with the use of these catalysts are satisfied to present
requirements of ecological safety, resource-saving and energy-saving, and provide economic

efficiency of development.
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The main disadvantage of the conventional cobalt-based alumina catalyst is the formation of
hardly reducible cobalt aluminate species [1, 2] that causes a decrease in the number of active
site. Since the formation of aluminates is a function of the strength of the metal-support
interaction the development of the systems with weaker metal-support interaction, such as
Co/ZrO, [3], can be traced in recent publications. In the present study conditions governing
active phase formation in Co/ZrO, catalyst and their influence on catalytic activity and
selectivity to liquid hydrocarbons in Fischer-Tropsch synthesis (FTS) are described.
Tetragonal zirconia granulated as cylinders (2.5x4 mm) was used as a support. Resulting
granules were impregnated with an aqueous solution containing cobalt (II) nitrate precursor
(10 wt.%) following by calcination at 400°C for 1 h. The 10%Co/ZrO, catalyst was
characterized by XRD and TPR methods. Activity evaluation was conducted in fixed-bed
reactor (I.D.=13 mm) at 2 MPa.
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Figure. TPR curve (left) of 10%Co/ZrO, catalyst and XRD profiles (right) of 10%Co/ ZrQO, catalyst
calcined at 400°C (a) and reduced in hydrogen flow at 350°C (b).
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TPR curve of 10%Co/ZrO; catalyst is shown in the Figure. Two broad peaks can be observed
at 300-400°C and 400-600°C. The first peak can be ascribed to reduction of Co3O4 phase to
Co0. The second peak corresponds to CoO transformation into metallic Co’. The absence of
high-temperature (>600°C) peaks in TPR spectra indicates that hardly reducible cobalt
zirconates species are not formed. Since the degree of reduction has a value of 17% at 350°C
based on TPR data the main fraction of Co30; is reduced to CoO. This is confirmed by XRD
analysis. Diffraction peak attributed to Co3O4 phase (mean crystallite size - 200 A) can be
seen on XRD profile of calcined sample but it completely disappears after reduction at 350°C.
The degree of reduction of 56% attained after reduction at 500°C indicates that cobalt occurs
mainly as Co’.

TPR and XRD data analysis shows that cobalt oxide reduction on 10%Co/ZrO; catalyst starts
at temperature as low as 250°C. For this reason it seems desirable to clarify if the
10%Co/ZrO, catalyst can be active in FTS without preliminary reduction in hydrogen flow.
The Table presents the data on activity and Cs; selectivity of the catalyst reduced prior to
activity test and catalyst treated by syngas under FTS conditions. The latter one demonstrates
a high activity in process and is not inferior to prereduced catalyst in terms of Cs:

hydrocarbons yield and CO conversion.

Table. Activity and selectivity of 10%Co/ZrO, Fischer-Tropsch catalyst (P =2 MPa, GHSV = 1000 h™").

: C5+
Tg,°C T,°C co cozlversmn, hydrocarbons Cs+ hyd}‘ qcarEons CH;, selectivity, %
%o . 3 selectivity, %
yield, g/m
350 250 78 80 57 27
- 275 78 81 55 26

High activity of unreduced catalyst [4] can be explained by the fact that active sites formation
on zirconia support can proceed via high-temperature hydrogen reduction as well as by low
temperature treatment with syngas. Results described above can be used in the development
of new promising Fischer-Tropsch catalysts. Such catalysts do not require special activation

treatment at high temperature in hydrogen flow.
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One of the major problems in the modern life is environmental protection, including
preservation of air. Among a number of substances contained in gaseous emissions the most
toxic are nitrogen oxides. Natural gas can be used as a reducing agent of nitrogen oxides. Its
utilization is economically attractive due to relatively low cost and stoichiometric ratio of
reactants; one molecule of CH, is sufficient for reduction of four molecules of NO.

In this report we present the results of experiments on NO+CH,4 reaction at nickel-chromite
catalyst as well as effect of CO on this reaction rate. Experiments were carried in
nonchromatographic pulse mode with vibroliquified layer of catalyst in temperature range of
250-450°C. Analysis of gas mixture aimed at identification of initial substances and reaction
products was performed chromatographically.

As has been revealed earlier, reaction of NO reduction occurring at most of oxide catalysts
takes place at reduced surfaces, and the reaction rate increases with reduction extent. In cases
when methane is used as a reducing agent, the rate of NO reduction appears to be low. It is
thought to be connected with small extent of surface reduction resulting from weak reactivity
of methane. Symbasis interrelation between reaction rate and extent of reduction has been
identified. It has also been determined that oxidation-reduction transformations of the surface
result in the same stationary activity rating of the latter not depending on initial condition of
catalyst.

In order to increase the number of active sites of the surface we added CO into reaction
mixture NO+CHy. In this case both methane flow rate and formation of its oxidation products
(N2, N,O u CO,) were sharply increasing. Adding more amount of CO lead to increase in rate
of reaction CH4+NO. It has been inferred that oxygen vacancies serve as active sites of
nickel-chromite catalyst. Degree of surface reduction in reaction of NO reduction by nitrogen
monoxide is higher than in that of NO reduction by methane. In case of combined oxidation
of CO and CHy4 by nitrogen monoxide both reducing agent affect the reaction rate, which is
identified by inhibition of interaction between NO and CO by methane and by increase in

rate of interaction between NO and CH4 by carbon monoxide.
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Mixtures of Ti complexes based on TiCly and phenoxy-compounds [L(1-4)-TiCls;, where
L(1) = 2,6-bis(morpholylmethyl)-4-methylphenol, L(2) = 2,2'-methylene-bis[-6-(1-methyl-
cyclohexyl)-4-methylphenol, L(3) = 2,6-bis(morpholylmethyl)-4-methylphenol + 2,6-di-fert-
butylphenol, L(4) = 2-piperidinylmethyl-4-methylphenol] and aluminiumorganic compounds
(AOC) (MAO, Et,AICI) were used as catalytic systems for olefins (1-hexene, ethylene)
(co)polymerization processes [1, 2]. The prepared catalysts having catalytic active sites in the
reaction medium, exhibit high efficiency under mild operating conditions [3]. The
paramagnetic products formed as a result of reaction components were characterized by
Electron spin resonance (ESR) spectroscopy. ESR spectra were recorded on a Jeol JES-PE-3,
X-band spectrometer at 77-303 K. The 2,2-diphenyl-1-picrylhydrazyl sample (g = 2.0036)
and Mn”>" ions in MgO matrix were used as the standards for the calculation of g-factor
values. The content of paramagnetic centers in the samples was measured by double
integration of the spectra using subsequent comparison with a CuCl,-2H,0 single crystal
standard having a known number of spins. The assignment of the observed signals to defined
structures was carried out by comparison with the theoretically constructed spectra. In all the
analyzed mixtures titanium is partially reduced to the trivalent state. The system with L(1)
shows a higher tendency to reduction of Ti ions ( Titanium ions with oxidation degree lower
than 2. Ti' ions). At low Al/Ti ratio (N = 5-10) both in the presence of AOC (MAO), all
systems show the similar Ti (III) spectra. At higher ratio (N > 500), new magnetic species
with g-values g = 1.975; 1.977 are observed, and the higher g-values due to formation of an
alkylated metal centre. In the system with L(1) firstly the unstable new species are observed.
The unstable species appears initially at g = 1.977, and is converted to a stable titanium

hydride compound with increasing the temperature until room temperature. In the system with
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L(2) at N > 500 the species with g = 1.975 and 1.977 are also observed. The structure of
active sites and mechanism of olefin (co)polymerization with participation of these centers are

discussed.

5mT '\ /!

ovei | T)\T

c
{ Hy

Fig. 1. a), a"), b) — TiCl4 + N-containing Fig. 2. Supposed composition of synthesized

ligand + EtAICI ; Ti catalyst precursor (TiCly + L).

¢) — N-containing ligand + Et, AICI after mixing
the components at 300 K during 1,5-2 h.
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Hydroperoxides (ROOH) are the primary products of hydrocarbon and oil oxidation by
oxygen. Surfactants (S) have been found to form mixed micelles together with amphiphilic
hydroperoxides {nROOH..mS}: direct micelles are formed in water solution and reversed
micelles — in organic media. Mixed micelles sizes depend on the S nature and change in the
range 1-200 nm, so mixed micelles can be considered as self-organized nanoreactors in which
active polar substances such as ROOH, metal compounds, phenols, amines, etc are
concentrated.

By means of NMR, interface surface tension measurement, dynamic light scattering binding
of ROOH and surfactants was studied.

Cationic surfactants were found to catalyze decomposition of hydroperoxides into free
radicals and accelerate oxidation. This effect gives a new sight on the mechanism of known
bactericide properties of cationic surfactants as well. The results obtained open new fields of
cationic surfactants application such as: 1) creation of binary catalytic nanoinitiators of free
radicals being effective at mild temperatures; ii) creation of soft selective catalysts for liquid
phase oxidation based on cationic surfactants and transient metals [1]; iii) creation of
bactericidal surfaces and coatings.

Contrary to cationic surfactants, some anionic surfactants were found to catalyze nonradical
decomposition of ROOH. Sodium alkyl sulfates and phosphates catalyze the decomposition
of alkyl aromatic hydroperoxides into phenol and corresponding carbonyl compound.
Because phenol is an acceptor of free radicals, the alkylaromatics (ethylbenzene, cumene,
etc.) oxidation is completely inhibited in the presence of these anionic surfactants. Effective

oil stabilizers can be created on the base of anionic surfactants [2].

[1] Patent RF Ne2348608, 2009
[2] Patent RF Ne2375416, 2009
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Aqueous phase reforming (APR) is an alternative, promising technology for sustainable
production of both hydrogen and liquid hydrocarbons [1]. Transformation of biomass to produce
energy is an alternative to constantly decreasing amount of fossil fuels and also is of high
ecological and environmental concern. For the production of desired products, various feedstocks
derived from biomass can be applied. However, high concentration of biofeed in water easily
leads to hydrogenation of APR intermediates, thus hampering the selectivity of the process
towards longer hydrocarbons. The main focus should be put to process and catalysts development
to reach a reasonable compromise in terms of product composition. For the APR studies
introduced here, a continuous reactor setup was applied. The reaction was studied over
commercial 5 wt% Pt catalyst supported on Al,Os. The reaction was carried out at 225°C and
2.93MPa, at a space velocity of 0.6—3 h'. An aqueous solution (10 wt%) of C2-C6 polyols
(ethyleneglycol, glycerol, erithritol, xylitol and sorbitol) were used as a feedstock. Gas phase
composition of various feedstocks in APR includes H,, CO, and a potpourri of hydrocarbons
(linear C2-C6 and i-butane). In general, APR of sorbitol results in the formation of “CO-free”
hydrogen since the concentration of carbon monoxide detected was very low. Hydrogen yield and
formation of CO, are linearly dependent on the weight hour space velocity (WHSV) and
decreased with an increase of contact time. Similar tendencies were observed for the hydrocarbon
formation although their yield in gas phase did not exceed 4%. The presence of molecules bearing
different functionalities was investigated. Formation of aliphatic alcohols, ketones, furane and
pyrane derivatives as well as saturated cyclic ethers was observed which implies that APR can be
considered as a method not only for hydrogen production., but also for liquid fuel components. By
altering the process parameters at various experimental conditions it is possible to tune the APR

process for selective production of various desired products.
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Eventually, the APR is a powerful tool for the production of valuable chemicals from various
biomass-derived raw materials. Many suitable feedstocks are readily available which makes

this process attractive for industrial applications
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The Al,Os-supported Co(Ni)-Mo sulfide catalysts are widely used for hydrodesulfurization
(HDS) of fuels [1]. Activity of Co(Ni)-Mo catalysts is determined by dispersity of the active
component and its distribution over the surface of support as well as by the ease of
sulfidation, which depend on the nature of support, primarily on the degree of its interaction
with the active component [2]. Along with investigation of supports characterized by high
acidity, such as Al,0O;, SiO,-Al,05 and zeolites [1, 3, 4], of great interest are the studies
performed with supports that have high basicity [5, 6]. Such supports attract attention for two
reasons: first, the acid-base interaction of acid MoOs and basic support in the oxidic precursor
of sulfide catalysts maintains high and stable dispersity of the Mo-containing component;
second, the basic nature of support inhibits coking, which proceeds quite intensely on alumina
catalysts [7].

This work is aimed at studying the effect of nature and content of the oxides of alkaline and
rare earth elements added to alumina on physicochemical and catalytic properties of
Co-Mo/(Al,xMy)Os catalysts for hydrodesulfurization of fuels.

A complex of physicochemical and catalytic methods was used to reveal effect of the nature
of (ALxMx)O3 (M = Sr, Ba, La; x = 0.01, 0.05) support on the properties of
CoMo/(Al,xMx)O; catalysts for hydrodesulfurization of dibenzothiophene (DBT),
4-methyl- dibenzothiophene (4-MDBT) and 4,6-dimethyl-dibenzothiophene (4,6-DMDBT).
The introduction of 1 to 5 mol.% MOy (M = Sr, Ba, La) into Al,Oj3 results in the formation of
an X-ray amorphous composition, which is accompanied by changes in textural
characteristics: the surface area and pore volume of the modified supports become much
lower, while the average pore diameter increases as compared to Al,Os. Besides, according to
HRTEM data, a part of the modifying additive interacts with alumina, and another part is

present either as an oxide (SrO, La,03) or as a highly disperse Ba-containing compound.

149



PP-17

The FTIR spectroscopy study showed that on the surface of (Al,xMy)O3 supports there are
three types of Lewis acid sites (LAS): weak (a.b. 2165-2175 cm'), medium
(a.b. 2185-2200 cm ') and strong (a.b. 2214-2225 cm ') ones, which are caused by the action
of coordinatively unsaturated M™" and AI’" cations. Three types of base sites (BS) are also
present on the surface of (Al M,)O; supports: weak (a.b. 2245 cm'), medium
(a.b. 2227-2233 c¢m™") and strong (a.b. 2200 cm ') ones. The introduction of modifying
additives increases the surface basicity of aluminum-containing supports. The effect is most
pronounced when alumina is modified with lanthanum or strontium cations, but not barium,
although this cation has the lowest electronegativity among the additives under consideration.

According to electron microscopy data, size of the active component of CoMo/(Al,.xMx)Os
catalysts, which is represented by Co-Mo-S sulfide slabs, depends on the nature of M. When
Co-Mo component is supported on Al,Os, the Co-Mo-S sulfide slabs have lateral dimensions
of 5-7 nm and thickness ranging from 1 monolayer to 3 monolayers; the modification of
AlO3 by strontium or barium cations changed the Co-Mo-S particles size distribution,
increasing the fraction of particles with lateral dimensions up to 2 nm. The replacement of
ALO; by (AlyxLay)Os facilitated the formation of sulfide Co-Mo-S slabs, their lateral
dimensions attaining 20 nm, and thickness having up to 5 monolayers.

Testing of CoMo/(Al,.xMy)Os3 catalysts containing 1 mol.% MOy in the transformation of
DBT, 4-MDBT and 4,6-DMDBT showed that the transformation rate constants of all three
components of reaction mixture increase as compared to Co-Mo/Al,Os; an increase in the
fraction of modifying additive to 5 mol.% decreases the transformation rate constants of the
indicated substances. It was found that kpgr and ks.nppr constants change in the same
sequence; the lower is the total surface concentration of both the LAS and BS, the higher are
the values of these constants. To attain the highest value of kicpmper, the optimal
concentration of weak LAS. Therewith, k4s.pmper increases with increasing the degree of

catalyst sulfidation, its highest value being attained with (Al,Srx)O3 used as a support.
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Catalytic methane conversion (CMC) into a valuable petrochemical raw material is of a
considerable interest as an interesting method for natural gas use.

The studied catalysts were prepared by mechanical mixing of HZSM-5 zeolite with
Si0,/Al,03 of 40 and nanosized Mo and W powders produced by wire electroexplosion in

argon medium. It is known that the

reaction involves two main stages: [m4% Mo m8%W C2%Mo, 4%W |

methane activation and cyclization 12
10 e :

[1-2]. As it is known the zeolite

catalysts which contain 4 % Mo or
8 % W are most active in CMC.

The highest value of methane

conversion, %

conversion of 11.5% i1s achieved

o N A O O
|

on 4 % Mo/HZSM-5 catalyst after 20 100 180 260 340 420

20 min of reaction. After that it time on stream, min

was observed slow decrease of methane conversion. It has been shown that the zeolites
containing Mo and W nanopowders simultaneously exhibit a higher activity and stability in
methane conversion as compared with the catalysts modified with one of the metals.

The Mo-W-H/ZSM-5 zeolite has an activity of 6.5% after 420 min of CMC.
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Nowadays there is a large amount of toxic organic substances in the noosphere, hence, novel
technologies based on the conversion of toxic organic substances to non-hazardous or useful
substances should be developed and implemented at industrial scale. Catalytic wet air
oxidation (CWAO) leading to full conversion in non-hazardous substances (carbon dioxide
and water) is one of the most significant methods for wastewater treatment [1]. The
advantages of a nanocatalyst prepared in organic functional polymers are not only the
“nanoscale” size control of metal crystallites, but also the easy tailoring via variation of the
polymer nature [2, 3]. Nanostructures in a polymeric composite are defined as regular
nanosized heterogeneous domains [4, 5]. Due to the presence of nanostructures one can
control the growth of nanoparticles, the particle size distribution and interfacial intereactions.
The CWAO process was provided for phenol compounds. The catalysts were synthesized by
the impregnation of metal precursor into the pores of hypercrosslinked polystyrene (HPS)
using complex solvent (tetrahydrofuran + methanol + distilled water in volume ratio of 4:1:1).
HPS (MN-270 type) was purchased from Purolite Inc. The sample with 1% of Pt, Pd, Ru
content were synthesized. For all the catalysts the physical-chemical investigations of the
catalysts, substrate and product were conducted via GC, HPLS, TEM, XFA, XPS and BET.
The total organic carbon (TOC) was detected by total organic carbon analyzer. The selectivity
of the process was determined due to TOC removal.

The main intermediates were identified: catechol, o,p-benzoquinones, hydroquinone, formic,
acetic, oxalic, maleic, malonic acids. It should be noted that intermediates amount were less

than 1.5-2%. The data of catalytic experiments are presented in Table 1.
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Table 1. The data of catalytic experiments conducted

at t=95°C and q = 417 mol/mol.

Catalyst Conversion, TOF,
% mol(phen)/mol(Me)/sec* 10~

HPS-Pt-1% 95.4 1.39

HPS-Ru-1% 97.2 1.57

HPS-Pd-1% 54,3 0.9

The kinetic experiments were conducted at variation of temperature, pressure and
substrate-to-catalyst ratio q = Cy /C.. It was found that conversion increases when temperature
increases as well. The decrease of the phenol and the increase of the catalyst concentrations
were found to result in the appropriate increase of the reaction rate. On the base of kinetic
experiments and physical-chemical investigation of the catalysts the mathematical models

were proposed.

Conclusions

Polymer catalysts on the base of HPS show high stability and activity. Rigid polymer matrix
provides growth control of metal nanoparticles and prevents nanoparticals from aggregation
and leaching. CWAO treatment of phenol compounds realized on the base of HPS-Ru-1%
leads to full 97.2% conversion in CO, and H,O. Implementation of the results can present an

attractive possibility to decrease the phenol content of industrial wastewaters.
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The phenol synthesis includes some stages:

— production of isopropylbenzene by liquid-phase benzene alkylation with propylene;

— cumene oxidation;

—decomposition of the cumene hydroperoxide.

The lacks of the first stage — alkylation — is presence of sewage and toxic wastes that
demanded the application of the stain-proof equipment.

The problem solving is proposed:

— alkylation on aluminum chloride and transalkylation on the zeolite;

— alkylation and transalkylation on aluminum chloride;

— carrying out transalkilation on two catalytic systems is considered.

The reactor block for a base variant and for the stage of transalkilation models is developed
for two catalytic systems - aluminum chloride and zeolite.

The mixture reactor is used for model reaction on aluminum chloride. The temperature
dependence at an exit is proposed on the basis of computer experiment. From the schedule we
see that reaction proceeds in the temperature range from 50 to 90°C.

The replacement reactor is used for model reaction on the zeolite. The optimum rate of
reaction is observed at temperature 220°C and pressure 14,5 kgs/cm®.

The compatibility of models for the transalkilation on the aluminum chloride and on the
zeolite with the base model is checked up.

The zeolite using for the transalkilation allows refusing the block of branch of the catalyst
from the reactionary "mulma" and to lower negative influence on environment.

The using of aluminum chloride demands the bulky block of branch of the catalyst. The
46 units of equipment are released carrying out of this stage on the zeolite.

The computer model for technological process is constructed on the UniSim Honeywell

platform.
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In a recent paper [1] we have shown that the system Ni(COD),/BF;-OEt, formed under argon
exhibits a high effectiveness in cycloisomerization of 1,5-cyclooctadiene surpassing in this
characteristic all known nickel complex catalysts (selectivity to bicyclo-[3.3.0]-octene-2 is up
to 99.5% at 100% conversion). The present work is devoted the transformation of 1,5-COD
catalyzed with the system Ni(COD),/BF;-OEt, formed under ethylene atmosphere.
It has been demonstrated that the catalytic system formed under ethylene exhibits a high
effectiveness in the [2+2]cyclodimerization of the monomer (yield of cyclodimers above
70%). The catalytic system has the feature of “a living catalyst” consisting in resuming the
initial activity with a new portion of 1,5-COD added when the monomer was fully exhausted.
The main and side products of the 1,5-COD conversion have been identified with GC-MS and
preparative liquid chromatography combined with NMR and IR spectroscopy.
Based on EPR and IR spectroscopic data a mechanism for the catalytic performance of the
Ni(COD),/BF;-OEt, system in ethylene atmospheres is suggested (NMR spectroscopy was
inapplicable because of the strong paramagnetism of the system). Three sorts of paramagnetic
nickel species have been found: ionic complexes containing n-coordinated 1,5-COD ligands;
ionic complexes o-bonded to 1,5-COD;
complexes as intimate pairs with BF4 e :F\:BFZ L I>Ni:::F\:BF2
counter ions. The scheme for the catalytic " "

2

[2+2]cyclodimerization of 1,5-COD is

)

displayed in drawing. \/
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Dendrimers have potential application as a basis for the development of novel functionalized
materials because of their unique properties, such as uniform composition and structure,
existence of nanovoids. In this study the synthesis of shape-persistent thermal stable
poly(phenylene-pyridyl) dendrimers (PPPDs) was provided. Among numerous dendrimers
synthesized to date (e.g. poly(amidoamine) and poly(propyleneimine)), PPPDs have a number
of advantages. They are stiff and shape-persistent that originates from the very dense packing
of benzene rings. Besides, PPPDs possess a high chemical and thermal stability.
Pd-containing nanocomposites on the basis of G;3 and G4 PPPDs with various metal loading
were synthesized and investigated as the catalysts of semihydrogenation of long-chain
acetylenic alcohols (AA). Chosen reactions are of both fundamental and industrial importance
as hydrogenation products serve as semi-products of vitamin A, E, K synthesis. As a result of
catalytic investigations it was found that G4 PPPDs (4.6% (wt.) of Pd) with phenyl decorated
periphery and pyridine containing interior serves as a powerful template and provides
excellent nanoparticles (NPs) stability as well as activity (TOF 0.6 mol AA/(mol Pd * s)) and
selectivity (99% at 98% of AA conversion). Thus, such Pd-containing catalysts on the base of
PPPDs are prospective for catalytic AA hydrogenation.

The developed nanocatalysts were characterized by TEM, XFA, XRD and DLS. As supported
by TEM and XRD, Pd NPs of 2.1 £ 0.3 nm in diameter are encapsulated within dendrimers
revealing that so-called “host-guest nanoscale synthesis” has been achieved for the first time
for rigid, completely aromatic dendrimers.

We sincerely thank the Federal Science and Innovations Agency of Russian Federation

(Ne02.740.11.5104) for financial support of this investigation.
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In the scientific literature there is information about stimuli of the additives of nanopowders
metals on catalytic property of zeolites systems in creation of new technologies of oil
processing [1].

The author studied effect of nanopowders of metals (Ni and La) on catalytic activity and
reactionary ability of the catalysts for alkylation of isobutane by olefin, synthesized on the
basis of ultra stable zeolite type Y in the polycation-decationated forms, prepared by known
technique [2].

Updating of the zeolite catalyst of alkylation by nanopowder Ni and La by a method of
mechanochemical synthesis with subsequent calcinations results in the increase of an output —
isomers of trimethylpentane by 20-30 %, and service life of the catalyst was increased by

30 % ( on average).

Shiriyazdanov R.R. thanks the company HALDOR TOPSOE A/S for giving him a Ph.D. grant.
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As alternative to traditional process of alkylation of isobutane by olefins Cs;-Cy4 the author
considered an opportunity of alkylation of isobutane by biobutanol on zeolite systems - ultra
stable zeolite type Y in the H-form (HUSY) additionly modified by organometallsiloxane.
Ultra stable zeolite HUSY was prepared by decationation of low-alkali zeolite NaY with
subsequent thermocouple steaming processing at temperature 570-580 °C in a flow water
steam.

The alkylation of isobutane by biobutanol was studied in flowing mode in an interval of
temperatures 100-200 °C and pressure 0,4-0,6 MPa, volumetric rate of submission of raw
material 1 h™.

In alkylate was registered the contents, % of weights: trimethylpentanes - 35,5;

dimethylhexanes - 6,8; isomers of trimethylpentenes - 57,7.
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Alkylation over solid-acid catalysts is environmentally safe alternative to the process,
conducted in the presence of liquid acid - HF and H,SO4. The basis solid-acid alkylation
catalysts are solid acids such as zeolites, anion-modified metal oxides or heteropolyacids
deposited on solid supports [1].

For manufacture of the effective alkylation catalyst it is necessary to choose the carrier of the
certain porous structure having a high specific surface and the optimum pore size for
prevention diffusion complications.

High values of specific surface area and pore volume, monodimension primary particles of
the acid-activated montmorillonite allow use them for synthesis of nanomaterials composites,
which are at the intermediate position between micro(<0,7 nm) and meso- (3,0-5.0 nm)
porous traditional synthetic carriers (SiO,, A1,0; and etc.) [2], that most optimally meets the
above requirements.

Formation of the nanostructure of the future carrier to make processing of sulfuric acid of
montmorillonite at 20-40 °C for 4 hours, is followed by molding and drying at 110 °C.
Heteropolyacide 12 series structure Keggin - HsPW,,ZrO, introduced by impregnation under
water capacity, followed by washing, drying at a temperature of 110-150 °C and calcination at
350 °C. Calcination at this temperature leads to strong binding of an active phase with the
surface of montmorillonite layers.

The process of alkylation of isobutane by butane-butylene fraction was carried out in a
flow-circulation reactor at 70 °C and pressure 2.0 MPa and flow rate of raw materials 1 h™',
the ratio of paraffin/olefin was 100/1. Makeup of alkylate and the degree of conversion are

given in the table.
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Table. Alkylate composition and conversion level

Alkylate composition Values
Cs-Cy 15,5
Cs 71,2
Coy 13,3
Total: 100
Conversion level, % 98

Shiriyazdanov R.R. expresses his gratitude academician K.I. ZAMARAEV I.Ch.S.F for giving

him a post-graduate scholarship.
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The copper (II) complex with ethanolamine, precipitated onto the surface of aluminum
silicates and aluminum oxide, exhibit catalytic activity in the sweetening of natural
hydrocarbons.

The catalyst structure, its composition and values of their specific surface area were
investigated using the following methods: X-ray absorption spectroscopy (EXAFS, XANES),
EPR, TPD, BET and GLC. It is shown that more than 90% of the copper ions incorporated to
the catalyst are not recorded by EPR. The coordination sphere structure of registered ions
consists of ethanolamine and products of its transformation. The broad lines of EPR spectra of
copper ions point to a local concentration of metal on the surface of the support, even at
relatively low total concentration of Cu®" (3% wt.). According to TPD, interaction of
ethanolamine with support lead to oligomeric chains (M/e = 94, 108). As a result specific
surface of aluminum silicates and aluminum oxide decreases 2-3 times (according to BET).
Selected part of the catalyst systems were activated by grinding in light hydrocarbons
medium. As a result of a mechano-chemical treatment the activity of metal complexes
increased in 3-4 times with a relatively small changing of specific surface area (20-30%).
Kinetics of the linear thiols oxidation RSH (R = C6, C8, C10, C12) were studied by GLC and
potentiometric titration. The GLC data analysis shows that under oxidation of thiols only
disulfides are the products of reaction. In this case we observed zero reaction order with
respect to thiols and close to half with respect to oxygen. The limiting stage of the catalytic

cycle is the stage of the transition metal reoxidation.
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Epoxides are highly useful intermediates for the manufacture of a range of important
commercial products. Their selective synthesis is a subject of considerable academic and
industrial interest. The epoxidation of olefin is one of the main routes, which leads to the
production of epoxides on both a laboratory and industrial scale.
The epoxidation of olefins by organic hydroperoxides in the presence of molybdenum
compounds has lately found wide application in the development of industrial methods of
preparing olefin oxides. The epoxidation of propylene by t-butyl, ethylphenyl and
isopropylphenyl hydroperoxides in the presence of molybdenum compounds soluble in the
hydrocarbons proceeds with a high yield of propylene oxide.
In this work were studied the kinetics of octene epoxidation by isopropylphenyl (IPBHP) and
ethylphenyl (EBHP) hydroperoxides in the presence of molybdenum compound and have
been found conditions of synthesis.
Conditions for epoxidation with IPBHP:

e temperature — 120-100 °C;

e mol. ratio octene : IPBHP = 3-6 : 1;

e mol. ratio Mo : IPBHP =5-10"-1-107: [;

e volumetric percent of the isopropanol in reactionary mixture —3 — 1,5 %
Conditions for epoxidation with EBHP:

e temperature — 110-90 °C;

e mol. ratio octene : EBHP =3-6 : 1;

e mol. ratio Mo : EBHP =5-10"*1-107: 1

e volumetric percent of the isopropanol in reactionary mixture — 2,2 — 1,5 %
Epoxidation reaction of olefins was not successfully active in the presence of ethyl and t-butyl
alcohols. The activation energy for epoxidation with [IPBHP has been determined using
different temperatures — 66,48 kJ/mol, the activation energy for epoxidation with
EBHP - 50,85 kJ/mol.
Conversion IPBHP is 97 %, EBHP — 90 %, and selectivity the epoxidation with IPBHP is
90 % and with EBHP — 85 % for one hour of the reaction.
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The lower alkanes, namely n-butane aromatization to highly - consumable aromatic
hydrocarbons, including valuable para-xylene, continues to be one of the key concepts of
petrochemical researches [1-4]. The process of lower alkanes activation essentially
proceeding over zeolite contacts requires significant power inputs.

At present considerable attention is paid to studies of zirconium containing catalysts, which
possess unique physical — chemical properties and high isomerizing ability at low
temperatures [5-6]. Taking into account that the aromatization process on zeolite catalysts
proceeds at higher temperatures through the suppositional stage of isomeric intermediate
formation [7], it is of great interest to raise the zeolite catalysts effectiveness by modifying
with zirconium for determination of the possibility of the process conducting in more
favorable energetical conditions.

This work presents the results of studies of zirconium- and zinc-zirconium-zeolite catalysts
for n-butane aromatization to the aromatic hydrocarbons blend. An initial carrier zeolite was
HZSM-5 modified by sequential and joint impregnation of various amounts of zirconium
(ZrO(NOs3),2H,0) and zinc (Zn(CH3COO),2H,0) salts. Catalysts were tested in the
n-butane aromatization on the flow type catalytic unit at atmospheric pressure, temperature
range 300-600°C and volume velocities 125-500 h™'.

As the results showed, the catalyst 5% Zr/HZSM-5 at 350°C provides the aromatic
hydrocarbons formation with 30.8% yield; with temperature raise to 550°C the n-butane
conversion reaches 90.0%. The optimum composition of zinc-zirconium zeolite catalyst -
4%7Zr, 1%Zn/HZSM-5 — has been established and method of zirconium and zinc introduction
is shown to have a noticeable effect on the zeolite catalyst aromatizing ability: the sequential
zinc and zirconium inputting in comparison with the joint one results in rise of n-butane
conversion from 88.4 to 93.8% with increase in the aromatic hydrocarbons yield as far as

10%, although noticeable differences in the qualitative distribution of aromatic hydrocarbons
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and isomeric xylenes are not observed (see the table). These changes are evidently connected

with alterations in the microporous structure of zeolite, which requires further special

adsorption studies.

Table

Products distribution in the liquid catalyzate, wt.%
Catalyst 2 Q 2 & .
’ 2% |2 |25 5|z 288|853
2|5 |5 |E% “plEg N EaE| 22

m = ¥ @)

4%Zr,1%Zn/HZSM-5* | 0,2 | 16,3 | 47,8 | 294 | 52 | 0,2 | 0,3 93,8 46,4
4%7Zr, 1%Zn+HZSM-5%* | 44 | 12,5 | 42,4 | 220 | 48 | 6,2 | 7,7 88,4 38,8

*- sequential Zr and Zn input

** - joint Zr and Zn input
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Strength of surface sites of oxide catalysts is known to depend on the presence of dopants or
preadsorbed molecules. Bronsted acidity of silanol groups of silica was shown to increase
after adsorption of such acids as CO; or H,S, and addition of SO, or NO, even leads to
protonation of coadsorbed bases, such as ammonia, pyridine or 2.5-dimethylpyridine (DMP)".
The same effect of induced Bronsted acidity was observed for ALOs* and MgO® exposed to
H,S. On the other hand, basicity of O atoms of silanol groups measured by adsorbed
fluoroform, increases greatly in the presence of bases’. One could anticipate that interaction of
acidic molecules with surface oxygen ions linked to cations should just the same affect the
Lewis acidity of the latter. In this work, the dependence of strength of surface sites of CaO
and ZrO; on the presence of adsorbed CO,, SO, and SOs, or of F" ions has been studied by
FTIR spectroscopy of adsorbed CO as a test. The role of studied phenomena in catalysis is
discussed.

CO adsorption on pure CaO treated at 973 K results in the bands of “carbonite” CO,* ions’
together with the bands of molecularly adsorbed carbon monoxide at 2155 - 2165 cm™. No
other bands were detected at higher wavenumbers. However, if the sample is pre-exposed to
CO,, the carbonite bands do not appear and the band of adsorbed CO at low coverages shifts
up to 2179 cm™. Even stronger effect with the frequency of adsorbed CO as high as 2184 and
2189 cm’', respectively, was observed after adsorption of SO, or SO; (Fig. 1). CO adsorption
on CaO pre-exposed to CO, or SO; is not accompanied by OH band perturbation and addition
of DMP does not lead to characteristic bands of protonated base molecules. Thus, the
high-frequency CO band should be assigned to molecules coordinately bound to surface
cations, whose electron-accepting ability is enhanced due to chemisorbed acids.

For pure ZrO, pretreated at 773 K the highest position of the band of adsorbed CO was
detected at 2205 cm™, revealing initially strong Lewis acidity. However, for the ZrO, sample
exposed before thermoevacuation to SOs, leading to the formation of surface sulfate ions, the
CO band shifts at low coverages up to 2211 cm™. CO adsorption on fluorinated zirconia
(F-ZrO,) prepared as described elsewhere®, reveals the highest band position of adsorbed CO
even higher, at 2213 cm™'. These results demonstrate the increase of Lewis acidity of surface

cations caused by substitution of surface oxygen ions by COs>, SOs>, SO4> or F~ anions.
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Figure 1. IR spectra of CO
adsorbed at 77 K on CaO
exposed to CO, (/), SO, (2) and

Absorbance ——»

2179

\‘
~= SOs (3).
2200 ! 2190 ! 2180 ! 2170 om!

Effect of weakly adsorbed electron-accepting molecules upon the strength of cationic sites
can be explained as a result of electron density shift from the cation towards the molecule. In
our case the strongest effect was observed after the removal of weakly adsorbed CO,, SO; or
SO;. The remaining chemisorbed species exist in the form of surface Cng’, SO;> or SO,
ions, and one can consider the surface as a layer of corresponding salt, which exhibit higher
electron accepting ability of surface cations, as compared with oxides of the same metals.

In the electrostatic model, the increased frequency shift of adsorbed CO reflects the higher
electric field of the cation surrounded by larger anions than O”, such as COs* and SO4>, or
when doubly-charged O ions are replaced by single-charged halogen anions. This effect is
consistent with superacidity of zirconia™® or other oxides’ doped with SO,* anions, leading to
high activity of sulfated catalysts, in particular, in isomerization of alkenes. The effect of
induced Bronsted acidity suggests a new explanation of the promoting action of acidic gases
in the reactions catalyzed by Brensted sites.

Data on Lewis acidity increase after adsorption of acidic molecules provide a new explanation
of the mechanism of superacidic properties of doped oxide catalysts and clarify the relation
between acidic properties of cationic sites of oxides, salts and zeolites.

Acknowledgements. The work was supported by RFFI, grant 06-03-32836a and by the
Federal Agency of Science and Innovations, contract No. 02.740.11.0214.
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The processes of upgrading low-octane gasoline fractions of oils and gas condensates over
high-silica ZSM-5 zeolites are the most promising small-capacity productions of high-octane
gasoline. As opposed to the classical reforming they permit to obtain not an aromatic
component which involves compounding but stable gasolines corresponding in content and
quality to conditional commercial gasolines. These processes and involved catalysts are of
great importance because of rigid requirements to gasoline quality. Nowadays the
investigations in the field are directed to the development of new catalytic systems of
elementoalumosilicates (EAS) with a structure of ZSM-5 zeolite containing different
incorporated heteroelements, such as iron, indium, platinum group elements etc.

The purpose of the work was to investigate the acid and catalytic properties of the niobium-
zirconiumalumosilicate catalyst with ZSM-5 zeolite structure in conversion of a straight-run
gasoline oil fraction into high-octane gasolines. For this purpose the niobium-
zirconiumalumosilicate with SiO,/Al,0; molar ratio of 80 was hydrothermally synthesized.
The concentration of niobium oxide in the zeolite was 0.5 wt. % and this of zirconium oxide
was 2.5 wt. %. Crystallinity of a sample was determined by the method of IR-spectroscopy.
Phase composition and zeolite structure were identified by the method of X-ray analysis. The
sample obtained was mixed with 20 wt. % of pseudo-boehmite as a binding agent and then
granulated 2 mm in diameter and 3-5 mm length. Acid properties of a catalyst were tested via
temperature-programmed desorption of ammonia. The tests of catalytic reactivity of zeolites
were carried out in a flow installation with a stationary catalyst layer (Vea= 5 cm’ ) at the
reaction temperatures of 300-420 °C, space velocity of the raw material feed of 0.5-4.0 h™,
pressure of 0.1-2.0 MPa, and hydrogen flow rate of 0.5-2.0 L/h. The reaction products were
analyzed by gas chromatography. The octane numbers of gasolines were calculated from
chromatograms and estimated from the refractive index. The thermal analysis of carbided

catalysts was performed using Q-1500 derivatograph.
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The investigation of acid properties of the zeolite obtained has shown, that the sample exibits
acidic sites of two types: weak-acid (subacid) sites with the temperature of a peak maximum
(Timax) of 170 °C and strong-acid sites with T = 390 °C. The total amount of acid sites was
476 umol/g.

The straight-run gasoline oil fraction from Tsagaan-Els field (Mongolia) was used as a raw
material: n-alkanes — 46.23; iso-alkanes — 21.59; naphtenes — 2541 and aromatic
hydrocarbons — 6.77. According to the research method (RM) the octane number was 38 points
and the refractive index was 1.4138. It is evident from the data shown in the Table, that high
octane gasolines are produced over the investigated catalyst at 360 °C and higher. The
increase of the process temperature results in the increased yield of aromatic hydrocarbons
and the decreased yield of n-alkanes with minor changes of iso-alkanes and naphtenes content
in reaction products. The degree of conversion of initial raw material components increases
with the contact time. The content of aromatic hydrocarbons in liquid reaction products
increases, while the concentration of n- and iso-alkanes significantly decreases. The octane
number of gasoline at the space velocity of raw-material feed of 1.0 h™' is 91 points.

Table — Group content of gasolines, obtained over catalyst (LHSV=2 h"', P=0.1 MPa)

: o Temperature, °C

Products yield, wt. % 300 330 360 390 120
N-alkanes 22.85 16.08 12.64 6.83 6.28
Iso-alkanes 26.55 25.86 23.10 23.32 22.76
Alkenes 13.62 9.20 8.56 6.34 5.79
Naphtenes 23.32 23.38 22.65 22.00 20.28
Aromatic hydrocarbons 13.66 25.48 33.05 41.51 44.89
Yield, % 94.5 84.0 73.0 62.7 57.6
Octane number 67 78 85 90 92

The increase of pressure in reactor up tol.0 MPa at 360 °C upgrades octane number of
obtained gasoline up to 90 points whereas the yield of gasoline decreases to 58.8%. One
observes no improvements in fuel performance at further increase of pressure up to
1.5-2.0 MPa. The process carried out at hydrogen circulation 0.5 L/h without pressure has
practically no effect on either quantitative or qualitative compositional changes of gasoline
obtained. However, the amount of coke deposited on the catalyst surface, decreases. Thus, the
data obtained testify, that the niobium-zirconiumalumosilicate catalyst is rather promising for
upgrading of a straight-run gasoline oil fraction with a high content of n-alkanes. Varying
process conditions, one can obtain gasoline of required quality at higher yield.
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Mixed oxides with perovskite structure are widely used in different high-temperature
applications as catalysts, cathode materials of SOFCs, membrane materials etc.
Mechanochemical (MC) method is known as very promising approach for perovskite
preparation. The most apparent advantages of this technology are the absence of wastewater
and decrease of the temperature and duration of calcination required for obtaining of product-
perovskites. In this communication the conditions of synthesis of nanophase surface
composites are discussed.

Two different series of La;.SrFeOs., perovskites (0 < x < 1) were prepared from La,0Os,
Fe;O; and Sr(NOs),*6H,0 or SrCO; by powder mixture preliminary mechanic treatment
following by calcination at 1100-1200 °C for 4 hours: nitrate (N) and carbonate (C) series,
correspondingly. XRD, HREM, TA, BET, SIMS, TPR, differential dissolution method were
used for samples characterization. Catalytic activity in the reactions of CO and CHy4 oxidation
in an excess of oxygen was determined using flow installations and GC analysis. Reactivity of
perovskites was studied by H,-TPR studies performed in a flow setup equipped with a thermal
conductivity detector with preliminary pretreating of samples by flow of oxygen.

Detail investigations of the surface/bulk composition, structure in both series revealed the
influence of Sr precursor: different types of nanocomposites are obtained. The speciality of
phase composition in nitrate series perovskites is in formation of supported LaSrFeO, phase
on the surface of La;_SrFeOs., perovskites for samples 0.2 <x <0.75 (Figure 1). Oxides of
carbonate series are single-phase perovskites La;.,SrFeOs., excepting samples situated in the
region of morphotropic phase transition (0.3 < x < 0.4) and comprised of cubic and
orthorhombic phases La;.SrcFeOs.y [1].

Comparison of reactivities of series also pointed out on influence of microstructure
peculiarities obtained by using of different Sr precursor. Studies on catalytic performances of
systems revealed that in perovskite of carbonate series the Sr-substitution leads to the

decreasing of specific catalytic activity (SCA) value in CH4 oxidation process (Figure 2a). In
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contrary to carbonate series, for samples of nitrate series SCA value reaches its maximum on
the sample with x=0.75 characterized by maximum amount of randomly distributed anion
vacancies and presence of supported LaSrFeO, nanocomposites on the surface (Figure 2b).
So, elevated catalytic performances of perovskites characterized by the presence of supported

LaSrFeO4 nanocomposites on the surface are probably connected with the mobility of lattice

oxygen in these composites.

g Figure 1. HREM of Lag 4Sry¢FeOs_s (nitrate series)
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Figure 2. Catalytic properties of La;..SrcFeOs., perovskites in methane oxidation

Thus, the influence of Sr containing precursor on the surface/bulk composition and real
structure of perovskites was revealed. Data on TPR H; reductivities and catalytic properties of
given oxides in oxidation processes of CO and CH4 were discussed taking into account the

real structure/microstructure of the samples.

References:
1. Nadeev A.N, Tsybulya S.V., Shmakov A.N., Kryukova G.N., Yakovleva LS., Isupova L.A.,
Journal of structural chemistry 2007, 48 (6), 1170
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At elaboration of effective catalysts for hydropurification of heavy oil raw materials -
deasphalted residue of distillation of oil with high content of sulfur and high concentration of
rezin-asphaltenic substances it is necessary to use some supports with developed structure of
macropores. One of the variants of formation of systems with transports pores with radiuses
20-80 nm is a synthesis of supports by mixing components differing by aggregate dimensions
which are remained at conditions of formation of forming paste. By this reasons we have
investigated the influence of agglomerates dimensions obtained from enriched Angren caoline
of mark AKF-78 and Al,Os-waste of polyethylene production, containing in it's composition
some vanadium and titanium on the properties of alumino-caoline carriers.

Optimal conditions of preliminary treatment of initial raw materials to obtain narrow fractions
with dimensions 0.63+0.40, 0.40+0.31, 0.31+0.10, 0.10-0.063 mm were determined and also
the degree of their hydrolytical stability in range of pH 2-9 (imitated conditions of support
synthesis) was valued. It was determined that the degree of amorphyzation in neutral medium
of wide fraction with particles with diameter 1.0+~1.31 mm, obtained by crushing of spherical
granules of waste has increased from 1.1 to 3.6% at thermooxidation regeneration at 400, 500
and 700 °C. At thermotreatment of caoline AKF-78 at 500°C the particle aggregation of
fractions with diameter 0.043 mm was observed with forming of 12% stabile aggregative
particles with diameter more than 0.063 mm.

Comparison of textural parameters of samples produced on the base of mixing of narrow
fractions of caoline and waste of Al,Os, with AI(OH); agglomerations has shown a possibility
of regulation of macropores volume with obtaining mechanically stable granules, obtained as
hollow cylinders with diameters 15-20 mm which are necessary to obtain catalysts of
demetallization. By results of asphaltens adsorption from toluene solutions the optimal sample

wide pore support with bimodal distribution of pores diameter was choused.
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Hpouecc HCCJICA0OBAHUSI AKTHUBHOCTHU KAaTAJIU3aTOPOB C IPUMEHECHUEM

KOMIIBIOTEpPa

A.M. AJIUEB?, Y.A. ABACOBA", .M. MAMEJIOB?, C.M. MEJJ’)KAIOBA?,
P.M. KACUMOB?, T.C. AJIUEB®

“Uncmumym xumuueckux npoonrem um. M.®@. Hazueea, baky, Azepbaiioxcarn
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Baxuelinylo poiab B XMMHYECKOM IPOU3BOJCTBE HUIPAIOT KaTAJIUTHUYECKUE IPOLIECCHI, B
CBSI3M C YEM, MOBBIIEHUE JPPEKTHBHOCTH KaTaTU3aTOPOB M COKpAIIEHHE CPOKOB HX
UCCIIEIOBAaHUH HMMEIOT OO0JbIIOe HAayYHO-NPAKTUYECKOe 3HaueHue. BpiOop onTumanbHOro
COCTaBa KAaTaJIUTUYECKON CHUCTEMbI U MCCIEOBAHUE €€ aKTHUBHOCTH SIBISIIOTCS OJHHUM U3
BOXHBIX W HamOoJliee TPYJOEMKHX STaloB IpH pa3paboTKe W MPOSKTHPOBAHWU HOBBIX
XUMHUKO-TEXHOJIOTHYECKMX TPOIECCOB W  MPOM3BOACTB. MHoroo6pasue (HakTopos,
OKa3bIBAIOLINX BIMSHUE HAa MPUHATHE O€3aJIbTEPHATUBHOIO PELICHUs O MPUMEHUMOCTU TOU
WIA WHOW KATAIMTHYECKOH CHCTEMBI, TpeOyeT TpoBeneHHs OONbIMX 1O 00BeMy
MHOTOIUIAHOBBIX MCCIIEIOBaHHUN, COMPSKEHHBIX C ONMpPENEICHHBIMU TPYAHOCTIMU. OTHUM U3
nyTell MHTEHCH(UKALMM TaKuX HCCIEAOBAaHUNA SBISIETCS ONTHMajbHAas OpraHu3alus u
aBTOMATH3aIMs MPOBEACHUS SKCIIEPHMEHTAIBHBIX paboT ¢ MPUMEHEHHEM IEePCOHAIBLHOTO
koMmmbroTepa (I11K).

B MUucturyte Xumunueckux I[Ipoonem (MXIT) HAHA pa3paborana MHOTropeakTopHas
aBTOMAaTH3UPOBaHHAs JKCIEpUMEHTaIbHAs XMUMHUKO-TEXHOJIOTHYeCKast YCTaHOBKa,
MO3BOJISIONIAs TIPOBEICHHE OJJHOBPEMEHHOT0 uccienoBanus 10 10 0Opa3oB KaTaln3aTopoB
csizanHas ¢ [IK. JlanHast ycraHOBKa ObLIa MPUMEHEHA NP NoA00pe ONTHUMAIbHOIO COCTaBa
U HCCIENOBAHMM AaKTHUBHOCTH  KaTalM3aTOPOB, HCHOJb3YEMBIX B  IEPCHEKTHBHBIX
reTepPOreHHO-KATAIUTHIECKAX TPOIECCOB OKHCIUTEIHHOTO IpEeBpaIleHus] anu(aTHIecKux
CIIUPTOB, pa3paboTaHHBIX B abopaTopun «Karanus Ha neonutax» UXII. B nannoit pabote B
Ka4yecTBE MOJICIbHOM Oblia BbIOpaHa peakius ra3o(a3HOro OKUCIIEHUS METHUJIOBOIO CIUPTa
MOJICKYJISIPHBIM KHCJIOPOIOM B MypPaBbUHYIO KHCIIOTY.

C nenpl0 MOMCKA AKTHBHBIX KaTaJIM3aTOPOB JIsi OCYIIECTBIEHHUS ATOTO Mpolecca ObuIn
U3y4YeHbl CBOWCTBA METWJUILEOIMTHBIX KaTaJIU3aTOPOB, MOJYYEHHBIX MOAM(DUIUPOBAHHEM
[ICOJTMUTOB KAaTHOHAMHU TIEPEXOIHBIX 3JIEMEHTOB METOJIOM MOHHOTO oOMeHa. Mcmonb3oBanuch
JICaIIOMUHOPOBAaHHbIE  (DOPMBI  TIPUPOAHBIX LEOJUTOB KJIMHONTHWIONUTA ¥ MOpPACHUTA
(S10,/A1,05=8,68, Si0,/A1,05=9,6), a Tak)ke CHHTETUYECKHUE IICOJIUTHI, MOAU(PUIITUPOBAHHBIC
katnoHamu Mmemu W nmawiaaus NaA  (Si0/Al,0:=2,0), CaA (Si0,/Al,05=2,2), NaX
(Si0,/A1,05=2,9), NaY (SiO/Al,05=4,2). B wucxomHod TO3UIMU B pPEAKTOPax

aBTOMaTI/I3I/IpOBaHHOI71 YCTaHOBKU PpasMCHIAIINCh HCCIICHAYCMbIC o6pa3u1,1 KaTaJIn3aTopoB, a
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BPEMEHHbIE PEKHUMBI UCCIIEIOBAHUS UX aKTUBHOCTH BBoAmIuCh mporpaMmMmuo B [IK. Pabora
PEaKTOpPOB MPOBOMIIACH MTOCIEAOBATENBHO; IPU 3TOM B IIpeJIeNIax OJHOTO BPEMEHHOTO LIUKJIa
paboThl OYEPEeTHOTO pPEaKTOpa BBHIMOJIHSUIUCH TOCJIEI0BATENILHO CJEAYIOUIHE ATarlbl:
aKTHBAalLlMs IOMEIIEHHOTO B PEaKTOp KaTalu3aTropa, €ro MpoayBKa a30TOM, YCTaHOBKa M
cTa0mIn3anusi MoJa4d PEareHTOB B PEAaKTOp, Ch€M W BBOJ B Xpomarorpad Ha aHalu3
UCXOAHOW cMecu peareHToB. McciemoBaHWe KaTaTUTUYECKOW aKTUBHOCTH MPOBOAUIIOCH B
IIMPOKUX JAMAla3oHax BapbHpoBaHus Temmeparypbl T=70-280°C, 00bEMHBIX CKOPOCTIX
mogauy peakuuoHHOH cmecn 800-33004”', MOJBHBIX COOTHONICHHSX PEAreHTOB M Ta3a-
pasz6asutens (azora) CH3;OH:O,:N, paBHbIMH | : (0,5 + 3): (1 + 3). Haunyumme pe3ynapTaTsl

ObLIM IMOJyYEHBI IPH TEMIIEpAType peakuuoHHoU 30HbI T = 115°C, 00beMHOM CKOPOCTH

V=1500 q'l, MapuUuAIbHOM  JaBJIECHUU PO2 =0,26 aTM, mnapuUUATLHOM JaBJICHUU
PCHZOZO,ZI atM, MosbHOM cootHomennn CH30H:O,:N, — 1:1:2, Bece kartamuzaTopa
Giar =2,2T

Onenka caMOi aKTUBHOCTH KaTaJIn3aTOPOB IIPOBOAMIIACH IO IPOLEHTHOMY COIEPKAHUIO «Y»
MYpPaBBHHOM KHCJIOTBI B TPOAYKTax MOJENBbHOM peakuuu. I[Ipm npoBeneHuM 53THX
UCCJIEIOBAaHUM HCIONb30BAINCH pa3paboTaHHbIE MPOrPaMMHBIE CPEICTBA pPELIECHUS 3a1ady
PETPECCUOHHOIO0 MOJEJIMPOBaHMS M onTuMu3auuu. Ha mnepBom srtame g Kaxkaoro us
00pa3LoB KaTajln3aTopa, UCCIIENOBAaHUS MPOBOIMWINCH B COOTBETCTBMM C IUIAHOM IIOJHOTO
(aKTOPHOTO SKCIIEPUMEHTA, YTO MO3BOJISUIO OBICTPOE BBIXOKJIEHHE B ONTHMAJIbHYIO 00JacThb
BBIX0JIa MYPaBbUHON KUCIOTHI. M3 3HaUECHHI OTKIIMKA «Y» U HOPMUPOBAHHBIX HE3aBUCUMBIX
NEPEeMEHHBIX «X» ObUIM ompeneneHbl KOA(QGUIMEHThl YpPaBHEHUH PErpeccuu, OLEHEHa HX
3HQYMMOCTh M IIPOBEJECHA  INPOBEPKA  aJCKBATHOCTUM  IIOJYYEHHBIX  MOJEIEH
HKCIIEPUMEHTAIBHBIM JaHHBIM. Kak mpaBuio, H3-3a MajJO3HAaYMMOCTH KOX(PQPHUIMEHTOB
B3aMMOJCHCTBYSI ypaBHEHHUsl PErpecCUU CBOIAWINCH K ypaBHEHHMsAM IiepBod creneHu. Ha
CIEAYIOIIEM JTalle JKCIEPUMEHTAJIbHBIX HCCIEAOBAHUN MPOBOAWICS IMOMCK ONTHUMAJIbHOMN
0o0IacTH BBIXOJA MYPAaBBUHOW KHCIOTHI C HCIOJIB30BAHUEM MPOTPaMMBI  KPYTOTO
BOCXOKJIeHUs 1o  bokcy-Bunmbcony. IlomydyeHHble  dKCIIEpUMEHTAIBHBIE — JaHHbBIE
CBUJCTEIBCTBYIOT O TOM, YTO HAWIY4YIIME PEe3yJbTAaThl JOCTUTAIOTCA Ha KaTalu3arope,
CHHTE3MPOBAaHHOM HAa OCHOBE MPHPOJHOTO MOPJCHHTA METOJAOM HMOHHOrO OOMeHa,
corepxkamem 0,1 mac.% Pd*". Jlaumbrii KaTaln3aTtop MpOsBIseT Haubosiee BBICOKYIO
AKTUBHOCTb B PEAKUUU MapLHUAIBLHOTO OKHMCIEHUS METWIOBOTO CHUPTa B MYPaBBHUHYIO
KHUCIIOTY. BBIXOJ MypaBbMHOW KHUCIIOTHI Ha JAHHOM KaTanu3aTope coctaBisieT 43%. Takum
o0pazom, IIPUMEHEHHE aBTOMATU3UPOBAaHHOU XMMHKO-TEXHOJIOTHYECKON
9KCHEPUMEHTAIbHON YCTAaHOBKU M IPOTPAMMHOIO OOECIEYEHUs 10 ONTUMAJIBHBIM METOJaM
IUIAHUPOBAHMSI W YIpPaBJIEHUS MpU MoAOOpe AaKTUBHOIO Karajau3aTopa JUIsl Ipolecca
OKHUCJIUTEIBHOIO IPEBPALLEHUS METHJIOBOIO CHHMpPTAa B MYPAaBbUHYIO KHCIOTY IO3BOJIAI
COKpaTUTh CPOKH €ro MPOBEAEHUS, 10 CPABHEHUIO C PYYHBIM, MOBBICUTH 3()(PEKTUBHOCTE U

Ka4uCCTBO IMPOBOAMMBIX I/ICCJ'IGILOBaHI/Iﬁ .

173



PP-34
KaTtaiauTnyeckune cBOMCTBA HAHECEHHBIX CHCTEM HA OCHOBE HaHOYACTHII

IUIATHHBI, IOJIY4YeHHBIX B 00paTHOMHUIEJJISIPHBIX PACTBOPax

A.10. AHTOHOB, M.O. CEPTEEB, A.A. PEBUHA, O.A. BOEBA

Poccuiickuii xumuxo-mexuuyeckuii ynugepcumem um. /.M. Menoeneesa, Mockea, Poccus

Zest-alant@mail.ru

ATOMHasi OTpacib HYXKIAeTCsi B H30TOMAax BojopoAa (AeHTepwii W TpUTHI), a TakXKe B
Tsokenol Boje. OOHUM M3 CIOCOOOB MOMYYEHHs TSXKENBIX H30TONOB BOAOPOAA SBISETCS
KpUOTEHHasi peKTUUKALKsA, OMHOM U3 CTaaAuld KOTOPOH SBISETCS KaTaJUTHYECKOE
pasnoxenue monekyn HD, HT, DT. Ilouck HM3KOTEMIIEpaTypHOrO KaTajJu3aTopa MAJIs
JTAHHOTO TIpolIecca SBISICTCS aKTyalIbHOM 3a/1aueid U 1EJIbI0 JaHHOM padoTHhl.

Kak u3BecTHO, yBenMueHHE AUCIEPCHOCTH HAHECEHHOTO METajla COMPOBOXKIAETCS POCTOM
JOCTYITHOU M7l peareHTOB MOBEPXHOCTH, YTO YACTO MPUBOAHUT K MOBBIIICHHIO aKTHBHOCTHU
KaTaJau3aToOpOB.

Hawmu pa3paboran crioco6 monmydeHus HaHo4YacTull Pt B 00paTHOMHIIEIIIPHBIX pAaCTBOPAX H
CHHTE3 BBICOKOAMCIIEPCHBIX KaranusaTopos: Pt""/y-Al,O;. HaHouacTuipl MeTaiioB
o0pa3yloTcsi TpH  paguallMOHHO-XMMHUYECKOM  BOCCTAHOBJICHMHM WX  HOHOB B
obpaTHOMHUIEIUIAPHBIX ~ cucTemax  Me" /H,O/aneron/6mc(2->THirekc)cyIb(GocyKIHHaT
HaTpusa(AOT)/m300kran. KoHTponb 3a mporeccamm 00pa3oBaHWs, CTAaOWIU3AlUU U
azcopOLMy U3 PACTBOPOB HA HOCUTENb OCYIECTBIISIICS METOJOM CIIEKTPOPOTOMETPHUH.

B kauectBe HocuTens [ HAHOYACTUIl BbIOpaH TraMMa-OKCH]Il AaIOMHHHS MapKu
"TpunucTHUK", BBITyCKaeMblii PeAKMHCKMM KaTalu3aTOPHBIM 3aBOJOM. BBIOOp TaHHOTO
HOCHTENsI OOYCIOBICH HAIMYHMEM BBICOKOPA3BHTON moBepxHOCTH (200+220 M’/T) M TaKoii
CUCTEMOH MOp, KOTOpasl OJKHA OOECHeuMBaTh MPOYHOCTh 3aKPEIJICHHs] HAHOYACTHUI[ Ha
Hocutesne. Cuctema mop MpejacTaBieHa CIEAYIOIIMMU TUIIaMU Mop: 1) rexkcaroHajibHbIE,
pazmepoM 1000 HM, uayIHe CTporo ot nepudepuu K UEHTPY TPaHYJbI 2) KaHAIBHBIE TOPBI,
pa3mepom 410 uM, coctaBmstomme ~ 90% ot oduiero oovema mop.

Karanuzaropsl Ha ocHOBe HaHOYACTHI Pt M3yUeHBI B OTHOIIEHUHU ABYX PEAKIIHIA:

- I30TOITHOTO0 0OMEHa B MOJIEKYJIIpHOM Bogopoae: Hy+D, «—» 2HD,

- opTo-napa KoHBepcuu npotusi: o Hy <> p Ha,

[ToBepxHocTh HaHOYacTHIl Pt paccunTaHa Mo JaHHBIM HU3KOTEMIIEPATYPHOH XeMOCOPOIHH

Bogopoaa (77 K).
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UccnenoBanne obOpasnos Pt""/y-Al,O; B OTHOIIEHHMHM pEaKIMH H30TOIHOIO OOMeEHa,
MpOBEJICHHOE B MIUPOKOM HHTepBaie Temmneparyp ot 77K no 350K, nmokazano Hanmuuue ABYX
TEMIEPATYPHBIX 00JIaCTel, B KOTOPBIX KATATUTHYECKUN MPOIECC MPOTEKAET MO Pa3InIHBIM
MEXaHU3MaM C pa3HbIMHU 3HAYCHUSIMU YHEPTUU aKTUBAIIU:
1) uatepan 77K+110K - c sHeprueit axkTtuBaiuu, ONM3KOW K HYJIO, YTO IO3BOJSET HAM
MOCTYJIMPOBATh MEXaHU3M WJIM MIPOTEKAHUS PEAKIIMH U30TOMHOr0 0OMeHa,
2) untepan 110K+ 300K, B kotopoM Habmogaetcst sHeprust aktuBanus 4,1+7,6 kJx/mMonb,
YTO MO3BOJISICT MOCTYJIUPOBATh MEXaHU3M Puiniia mpoTekaHus peakiuu U30TOIMHOTO OOMEHa.
CpaBHEHHE KaTAJINTHYECKUX CBOMCTB KaTtanuzaropoB Pt""/y-Al,O;, mnonyd4eHHBIX U3
pPacTBOPOB C pa3IMYHBIMH pa3MepaMy MULIEIUT HE BBISBUIIO 3HAUUMBbIX pa3nnuuil. CpaBHeHHE
KaTaJINTHYECKUX CBOWCTB KaTaim3aTopoB Pt""/y-Al,O; ¢ aHaJOrMYHBIMH CHCTEMaMu
MOJIyYEHHBIMH METOJIOM MPOMUTKU MOKA3aJI0, YTO B UCCIEAOBAaHHOM HMHTEpBAJIe TEMIEPaTyp
NOCJIETHUE TPAKTHUECKH Ha TOpPAJOK MeHee akTHBHBL. Kpome Ttoro mms Pt/y-AlLO;,
MOJyYEHHOT0 METOJIOM TMPOMUTKH, HAOJII0JaeTcsi MOCTOSHCTBO JHEPrUM aKTHUBALIMU B
UCCJIETOBAHHOM MHTEpBaje TeMIIeparyp.
W3 U3510)KE€HHOTO BBINIE MOKHO CJIIENaTh BBIBOJ 00 YHUKATHHOCTH KATAIUTUYSCKUX CBOHCTB
HAHOYACTHI[ METAJUIOB, TMOJYYEHHBIX B OOpPaTHOMHMIICIUIIPHBIX pacTBOpax, M O
NEPCIEKTUBHOCTU JlalbHEMIIEro M3y4eHUsi CBOMCTB KAaTajJu3aTOpPOB, MOJYYEHHBIX Ha HX

OCHOBC.

Jluteparypa:

[1] boeBa O.A., Autonos A.IO., Pesuna A.A, Ceprees M.O., lllaiimyxameToBa ['.P.,
XKasoponkosa K.H. HaHouacTuIIp! TIaTHHBI B Ka4ECTBE KaTalU3aTOpa HM30TOIMHOTO OOMEHa B
MoIeKyJsipHOM Bozpopoae. Coopruk noxmanos XIII MexaynapoaHoi koHepeHin «Dusuko-
XMMHYECKHE MPOLIECCHI MIPH CENEKIIMA aTOMOB M MOJIEKYJI U B JIa3€PHBIX, IIa3MEHHBIX
HaHOTEXHONOTUAX» (2-5 okTa0ps anpens 2009r., Epmoo)
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KaTanutnyeckoe B33HMOI[eﬁCTBHe TPUIJIMIEPUI0B PACTUTEC/ILHBIX MacCeJl
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I'.A. AXMEJIOBA
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Fbaxky, Azepbatioscan

revan_chem@mail.ru

Kak wu3BectHo, HedTecoOupammue W AUCIEPTUPYIOIINE PEareHThl, HCHOJIb3yeMble IS
yAaJCHUs TOHKHX HEQTSIHBIX IJICHOK C BOJHOM IMOBEPXHOCTH, HapsAny ¢ 3(QeKTuBHBIM
JIeCTBUEM, TOJDKHBI OBITh 9KOJIOTMYECKH Oe3BpelHBIMU. BecbMa MOIXOAANINM CHIPBEM IS
UX TOJY4YeHHS MOKHO CUMTATh TPUIJIMIEPUABbl PACTUTEIbHBIX Macen (KyKypy3HOro,
OJIUBKOBOTO, JILHSHOTO, TMOJCOTHEYHOTO, XJIOMKOBOro). Tak, B pe3ylbTaTe B3aHMMOICHCTBU
TUX TPUIVIMLEPUIOB C OSTAaHOJAMUHAMH B IPUCYTCTBUM KHUCIOTHBIX MM OCHOBHBIX

KaTaJI13aTOPOB MOJIyYaroTCs pa3In4HbIe TOBEPXHOCTHO-aKTUBHBIE BellecTBa (IIAB):
20

L0-C% CH,-OH
CH-0O-C fo + HN(CH,CH,OH),—>R-C ~ + CH-OH
R NH,_;(CH,CH,0H),
CH,-0-c=0 CH,-OH
R
rae x=1,2; y=0,1
_0
CH-0-CZp CH,-OH
—0 20
C-0-CT" + N(CH,CH,0H); —> R-CZ +  CH-OH
TR (CH,CH,0H); ~0-CH,-CH,N(CH,CH,OH),
CHz—O—Cfg CH,-OH

rae R-pparment Briciieit kapOOHOBOW KUCTOTHI.

Kax BuaHO 13 nepBoil peakinOHHON CXEMBbI, IPU B3aUMOAEHCTBUM TPUTIULEPUIOB C MOHO- U
JTUATAHOJIAMUHOM 00pa3yloTCs MOHO- M JIMATHIOJNAMUJbl COOTBETCTBYIOIIMX (pakuuit
MAacJIiHbIX KHCJIOT, a IpU B3aUMOJEHCTBUM ¢ TpudTaHodamMuHOM (TDA) mnomywaercs
TPUITAHOJIAMUHHBIN 3(GUpP MaciIHBIX KUCIOT (B BUIE (ppakiuu). DTH peakUuu MPOTEKaroT
nox KaramuruyeckuM BoszaeiictBuem HCl mpu temmeparype 90-100 °C. C momomibio

HK-ciekTpabHBIX ¥ pePpakTOMETPHUECKUX UCCIIETOBAHMIA, a TAKKE XUMHUECKUX METOJIOB
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aHaJIM3a YCTAaHOBJICHO, YTO B 3TOM CJIy4ae K OCHOBHOMY IIPOAYKTY PEAKLMH IPUMEIIHBAKOTCS
IIPOYKTHI MOJIYIIPEBPALLEHUS - MOHO- U JUTIIULEPUIBIL.

BepositHo, HC] oka3piBaeT KaTamuTHYECKOE ACHCTBHE MOciae 00pa30BaHUs THAPOXJIOPUIHOM

COJIM C 3TaHOJIaMHMHAaMH. I[J'IFI MOATBCPKACHUA 3TOr0 MPCANOJIOXKCHUA ObLIa CHUHTC3UpPOBaHa

coiib TOA ¢ HCI
N(CH,CH,0H);+HCI—-HN"(CH,CH,OH);CI’,

KOTOpasi okazajach 3(P(EKTUBHBIM KaTalau3aTOPOM B COOTBETCTBYIOIIMX peakuusx. Baumy
TOT0, YTO 3TAaHOJIAMUHBI O0JIaJal0T OCHOBHBIMH CBOMCTBAMH, OHH CAaMH MOTYT OKa3bIBaTh
KaTaIMTHYEeCKOe JeicTBre Ha xoja peakiuid. Tak, mpu 90-100 °C B orcyrctBue HCI B
KauyecTBE KaTaju3aTopa peaklus NpPOTEeKaeT MEAJEHHO U ¢ 00pa3oBaHUEM OOJBIIOTIO
KOJIMYECTBA MOHO- M JUINIMIEpUmoB. Ilpu moBbimeHuu Ttemmeparypsl 10 150-160 °C
KOJIMYECTBO MOHO- M JWIJIMIIEPUIOB CHUKACTCSI TIOYTH JO HYJIA, a BBIXOJ ATHIIONIAMHUIOB U
TPUITAHOJIAMUHHOTO 3(Hpa YBETHUUBACTCA /IO MPAKTUYECKH KOJHUecTBeHHOTro. [IpenenbHo
BBICOKHME BbIXOJ1a MOHOATHJIOJIAMUIOB HAOJIOIAl0TCS TAKXKE MPU MCIIOIb30BAaHUM B KaYeCTBE
KaTauu3aTopa NUPUIMHA, THIEPUIMHA U THAPOKCcHaa HaTpus (Temmneparypa 140 °C).

Kak BuAHO, yKa3aHHblE peaKIHH OTHOCATCS KakK K KHUCJIOTHO-, TaKk M OCHOBHO-
KaTaJIM3UPYEMbIM PEAKIIUSIM.

VYcTaHOBIIEHO, YTO TOJY4YEHHbIE ATUJIOJAMUIbl M TPUITAHOJAMUHHBIE 3(uUpbl 001anaoT
BBICOKOW TOBEPXHOCTHOM aKTUBHOCTBIO U MX PACTBOPHI CHIXKAIOT MMOBEPXHOCTHOE HATSKEHUE
Ha BBINICyKa3aHHOW rpaHulle pasaena ¢asz ot 46.0-46.5 mH/m no ~1.1 mH/M. Ykazanubie
peareHThl 00JaJar0T BBICOKOM HedTecoOuparomed U AUCTIEPTUPYIONIEH CIMOCOOHOCTBIO TIO
OTHOIICHUIO K TOHKHM TIIJIeHKaM PaMaHWHCKON HepTH Ha TMOBEPXHOCTU PAa3IMYHBIX

(IMCTUIIITMPOBAHHOM, IPECHEOH, MOPCKOMW U TIACTOBOM) BOI.
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Oauromepusanus goaeuneHa-1 B oauroankuiaHagpTeHOBbIE MacIa B

NPUCYTCTBHUU HOBBIX HOHHOKHAKOCTHBIX KATAJIUTHYICCKUX CUCTEM

A.I'. ABU30B, P.B. AIMEBA, X.I'. ACKEPOBA, b.M. AJIUEB,
C.®». AXMEJBEKOBA

HUnemumym negpmexumuueckux npoyeccos um. FO.I'. Mameoanuesa HAHA,
Fbaxky, Azepbatioscan
xayala 550@rambler.ru

K cuHTeTHYECKMM CMa304YHBIM MacliaM, B YacTHOCTH, moiuaibdaoneduaoBeiM (I[TAO),
NPEIbIBISIOTCS JKECTKHE TpeOOBaHUS MO CTENEHH MX OCTATOYHOM HEHACBHIIIEHHOCTH, YTO
CBS3aHO C TPEOOBAHUSIMU IO TEPMOOKHCIUTEIBHON cTabuIbHOCTH Macen. Pa3zpaboTka HOBBIX
KaTAIMTHYECKUX CUCTEM, MO3BOJIOMMUX monydaTh [IAO macna ¢ 3aJaHHBIM KOMIUIEKCOM
(GU3NKO-MEXaHUYECKUX W TEPMOOKHCIUTEIbHBIX CBOWCTB, MMEET OOJbIION Hay4HbIM U
MpaKTHYECKU MHTEepec. B mocnenHue roapl B STOM HaNpaBlIE€HUU HIMPOKO HCCIETYIOTCS
9KOJIOTUYECKHA TMPHEMIIEMbIE HOHHBIE JKHIKOCTH, HWMEIONIMEe BO3MOXXHOCTh TMOBTOPHOTO
MIPUMEHEHHS B KaYECTBE KaTaJIM3aTOPOB OJUTOMEPHU3AIMH U TOJUMEPHU3AIMH C TIOTyUYECHUEM
LIEJIEBBIX MPOYKTOB C YHUKAJIbHBIMU CBOWcTBamH [1-3].

[IpencraBneHHbI AOKIAI OXBAaThIBAET PE3YyJbTaThl HCCIEIOBAHUN IO MOJYYEHHIO HOBOTO
KJlacca Macesd, B YaCTHOCTH, BBICOKOKAYECTBEHHBIX OJMTOAIKMIHA(PTEHOBBIX Macell C
BBICOKMMHU TOKa-3aTeNSIMU MHJEKCA BI3KOCTH U MPAKTUYECKH HECOJEPKAIINX HEHACHIIIIEHHBIX
CBs3€H, B TIPUCYTCTBHHM XJIOPOATIOMHUHATHBIX HWOHHBIX Jkuakoctert (MOK) wm  ux
MOTUGUIMPOBAHHBIX (opM ¢ TuTaH-(peHosITHEIME Komiviekcamu (Td). Cuntes WX
npoBogwin  B3aummozencTBueM AlCl; ¢ AMSTUIAMUHTHAPOXJIOPUIOM TPH  MOJIBHOM
cootHomenuu 1,3+1,7:1. T® Obu1 CHUHTEPU30BaH B3aMMOJCHCTBHEM 2,6-[[1/1—(2/,6/-2[1/1-
u30nponuiIpeHIMETUICHaMUH )-4-(MeTUIILUKIIONEeHTHN )-(hbeHonpHOrO coeaunenust ¢ TiCly ¢
MOMOIIBIO TPOCTOTO, OJHOCTamuitHOrOo crocoda [4]. CHHTE3UpPOBaHHBIA KOMIUICKC OBLI
pactBopen B MK B BecoBom cootHomenuu 0,001:1 u takum oOpa3zoM, ObUTH PUTOTOBIICHBI
HOBbIe Katanutudeckue cucteMbl (MDK+T®D), npencrasistomie coboil BI3KUE KUAKOCTH TPU
KOMHATHOW TEMIIEpAType.

Onuromepusanus noaeneHa-1 nposoamnack ¢ ydactueM VDK u MOK+T® B cpene mHepTHOTrO
rasza, npu temneparype 18-60°C, B Teuenume 3 uyacoB. Tak Kak IPOLIECC OIMIOMEPHU3ALMU
SBIISICTCS ABYX(a3HBIM, IMOCIIE 3aBEPIICHUS PEAKIMU OJIMTOMEPU3ANNHU JIETKO OTACISACTCS OT
KaTaJin3aTopa ¢ IeJIbI0 ero MOBTOPHOTO MCHOJIb30BaHUs. BBIX0OA MPOAYKTOB ONMTOMEpU3ALIUU

cocrasiaeT 75-80 macc. % .
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HK-crieKTphl TOTYYEHHBIX MPOIYKTOB OJUTOMEPU3ALUU OBLIM CHATHI Ha CIEKTpodoTOoMETpe
«M-80», B obmactm 700-4000 cM', a TaKKe MPOBONIIACH TEIb-IPOHUKAOLIMIL
xpomorarpaduueckuit (I'TIX), nudpepenunansHo-ckanupyommii kanopumerpuueckuii (ACK)
u SIMP ananussl.
B UK-criektpax He GBUIN 0OHApYKeHBI MOI0Ch mortomerus -910 cv™, 965 cv™, 1640 cm™',
XapaKTepHbIC I HEHACHIIIEHHBIX cBsizel. OTCyTCTBHE HEHACHIIICHHBIX CBA3CH B CTPYKType
IPOAYKTOB OJIMTOMEPHU3alMU WM UX HE3HAUUTENIbHbIE 3HAUEHUS MOATBEPXKIAINCH TaKkKe
ompezeneHueM HomHoro yucia npoayktoB (0,042-0,75 mr J,/100 © mpoayKT), 4YTO HAMHOTO
MEHBIIIE TEOPETHUYECKHUX IMOKa3zareneil. M3-3a OTCYyTCTBHS CHUTHAJIOB JBOMHBIX CBSI3E€H TpHU
1640 cm', mHabmomaemas momoca moriomeHuss mpu 890 cM, Obla OTHECEHa K
U30JIMPOBAHHOMY BOJIOpoAy HadTeHOBOro Kombla. HalOmiomaembie cnabble MOJOCHI
norjomenus 970 em! w1020 CM_I, TAaK)KE OTHECEHBI K KOJIEOATEIILHBIM IBMKEHUSIM
YIJIEPOTHOTO CKesleTa Ha()TEHOBBIX KoJiell [5]. DT BBIBOJBI I0KA3aHbl TAKXKE Pe3ysIbTaTaMH
SAMP-cnektpanbHoro ananuza. CurHanel B obmactu 1.50-2.10 m.x. B SIMP cnekrpax
OTHECEHBl K PE30HAHCHBIM TIOTJIOMEHUAM HadTeHoBoro Qparmenta. [locime cuibHOTO
ycuiienust (B 16 pa3) curaanoB B oomactu 4.8-5.5 M.J. COOTBETCTBYIOIIUX HEHACHIIICHHBIM
CTPYKTypaM, OblTM OOHapy>KeHbl O4YEHb CJIa0ble MOJOCHI MOTJIOMICHHS, YTO YKa3blBaJo Ha
OTCYTCTBHE UJIM Ha HE3HAYUTEIILHOE COIEpKAHUE TBOMHBIX CBSI3EH.
B pesynprare I'TIX aHanu3oB yCcTaHOBIEHO, YTO MPOAYKTHI OJIMTOMEPHU3AIINH, TTOTyUYEeHHBIE B
npucytctBuun MK, mmeror MonekyispHblid Bec- My=4820, M;=4310, a B mpuCyTCTBUHU
NXK+TO M,=6890, M;=5300. B obOoux cnyudasx NOKa3aTeId MOJIECKYJSPHO-MACCOBOTO
pacmpesneneHuss y3kue u coctaBisiioT M, /M,=1.12-1.3. Temmneparypa CTeKIOBaHUS,
ycranosjiennas no JICK ananu3sy cocrasiser (-50+-35 °C).
[TomyueHHbIE pe3ysIbTaThl CBUAETEIBCTBYIOT O TOM, UTO IPU OJUTOMEpHU3AlNHY, Jo/eleHa-1 B
npucyTcTBuu u3ydeHHbIX VDK 1 MDK+T® kaTtanuTUuecKMX CUCTEM BO3MOXHO MOJyYaTh, B
OCHOBHOM, CHHTETHYEeCKHe BhICOKOBsiskme (mpu 40 °C 80 - 285, 94 mm*/c; mpu 100°C
10 - 30,5 MM2/C), BbicOkouHAeKkcHbie (111 — 128 en.) yrmeBogoponaHble Macia
omuroankmwiHadreHoBoro tuna. JlobaBnerne Ti-QEeHONMATHBIX METANIKOMIUIEKCOB B
CUHTE3UPOBAHHBIC XJIOPOATIOMUHATHBIE HWOHHBIC JKHIKOCTH TPUBOAUT K YBEIWYCHHIO
CPEIHUX MOJIEKYJSIPHBIX MacC M BbIXOJa IOJIYYEHHBIX OJIUTO-aIKMIHA()TEHOBBIX

YTJIEBOI0POIOB.

Jlureparypa:

[1] A.Forestiere., H.Olivier-Bourbigou., L.Saussine // Oil & Gas Science and Technology
2009, 6(64), P 649-667

[2] A.H. Azizov // Processes of petrochemistry and Oil Refining 2002, 2(9), P 6

[3] P.B. Anuesa // IIponecchl Hedrexumun u Hedrenepepadotku 2006, 2(25), C 30

[4] Patent Ne a20090279

[5] JI. Bemamu // Na(pakpacHbIe CIIEKTPHI CIIOKHBIX MoJIeky 1963, C 25.
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I'mppupoBanue noauaabpaoiepuHOBLIX MaceJl

A.B. AYE30B, K.A. BU/KAHOB, C.K. TOKTACBIHOB, A. HYPAKUIIIEB,
M. TIOJIET'EHOB

TOO «llonuxumTex-Anmamory, Armamei, Pecnyoiuxka Kazaxcman

E-mail: auyezov_ali@mail.ru

K cunTeTMueckuM CMa304HBIM MacllaM, B YacTHOCTH, MoJHaidbhaoieuHOBBIM,
NPEIbABISIOTCS JKECTKUE TPeOOBAaHMS MO CTENEHM MX OCTATOYHOW HEHACHIIIEHHOCTH, YTO
CBS3aHO C TPEOOBAHUSAMHU MO TEPMOOKUCIUTEILHON CTAOMIIBHOCTH Macel.

Pa3paboTranHble HaMu HaHECEHHblE HU3KOMPOIICHTHBIC MaUlaJIueBble  KaTalu3aTOpPbI
MPOSIBISIOT BBICOKYIO aKTUBHOCTh TMpH TuapupoBaHuu mnoiuanbdaoneduros (ITAO)
pasnuuHoit  MonekynspHoit  Maccel  [TAO-2, ITIAO-10, IIAO-12 (mpou3BoacTBa
OAO «TaraedprsHmwxnekamckuepTexumOiiny). KatanmuzaTopsl MO3BOJISIOT CYIIECTBEHHO
HOHM3UTE Temiepatypy mporecca ¢ 250 no 120 °C, a masnenue Bomopoza ¢ 2,5 MIla no
1,0 MIla, mo cpaBHEHHUIO C HBIHE HCIOJIB3YEMBIM HHKEIEBBIM KaTanuzaTtopoMm. Ilpu stom
JIOCTUTAETCs 3HAUUTENbHOE (B 2-5 pa3, B 3aBUcUMOCTH OoT rugpupyemoro [TAQO) cokpaiienne
IPOAODKUTEIBHOCTH Tporiecca. DPU3NKO-XUMUYECKUE XapaKTEPUCTUKU THIPUPOBAHHBIX
MPOJIYKTOB COOTBETCTBYIOT TpeOoBanusM TY. B Tabnuie 1 mpuBemeHbl XapaKTepUCTHUKH

ruapupoBanHoro [TAO-2.

Tab6numa 1.

Ne | HaumeHnoBaHue nokasarenei 3navenus ms | DakTryeckoe Mertoauka

/i Mapku o TY 3HaYCHHE UCTIBITAHUS

1 BsskocTb KHHEMaTH4ecKas, 1,7-2,0 1,74 I'OCT 33 nn
Mm7/c, npu temn-pe 100°C, B ASTM D 445
npeaenax

2 BsskocTh KHHEMaTH4eCcKasl, 6,0 5,22 I'OCT 33 nunu
mm/c, mpu Temm-pe 40°C, He ASTM D 445
Oonee

3 bpomuoe uucno, r Bro/100 r 0,2 0,15 I'OCT 8997

4 Temneparypa 3acteiBanus, °C, -40 <-59 I'oCT 20287
HE BBIIIIE

5 Kucnornoe uucino, mr KOH Ha | oTCcyTCTBHE orcyrctBue | [OCT 5985
1 r macna, He OoJee

6 | llBer Ha xkosopumerpe I[HT, 0,5 0 I'OCT 20284
enuant [IHT, ne 6Gonee
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bpomuoe uncino rugpupoanHoro [TAO-12 cocrasnsier 0,35.
[Inanupyercs NMpOBENEHUE OINBITHO-NMPOMBINUICHHBIX HCHBITAaHUN Karanu3atopoB Ha OAO
«TatnerpHmxnekamckuepTeXuMOMm.
Pabora BeITONTHEHA TIpH PUHAHCOBOH TOJAEp)KKe HarmoHambHOT0 MHHOBAIIMOHHOTO (OHIA

Pecry6muku Kazaxcran (rpant 4-r¢/08).
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Karanuruyeckoe XJIOpOKCHIIPONIMJIMPOBAHUE AJIKAHOJOB C; - C5

C MOMOIIBIO XJIOPINMOKCUTIPONAHA B MPUCYTCTBHH OCHOBHOI'0 KaTaIn3aTopa

I''A. AXMEJIOBA, 3.' ACA1OB

Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
baxy, Asepbatioscan

a_gulnara@hotmail.com

PaGoTta mocBsmieHa HM3yYEHHUIO HEKOTOPBIX OCOOEHHOCTEH NPOTEKAHHWS KaTaTuTHYCCKOMN
PEaKIuu XJIOPOKCUTIPONMIUPOBAHUS PsAA BBICIIUX aMu(paTHIECKUX OJJHOOCHOBHBIX CITUPTOB

¢ IOMOIIIBIO XJopanokcuripomnana (X3I1):

R-OH + nCH,-CH-CH,Cl — R-O-(CH,-CH-0),-H
~o” CH,CI

rae R — ankunpheiii pagukan C; - Cys; n - cpeHssA CTENEHb XJIOPOKCUIIPOIIUINPOBAHUS.

XJOpOKCUNIPONMJIMPOBAHUE MPOBOAWIM B TPUCYTCTBUM OCHOBHOIO KaTajau3aTopa, B
KauecTBe KOTOPOTo Opayi BOIHBIN Wi dTaHodbHBIN pacTBop NaOH. I1pu BBenennn NaOH B
peakiuonnyto cuctemy B Buae 39.0 % - HOro BOAHOTO pacTBOpa MPHU JAOCTATOYHO BBICOKHX
temneparypax (10 200-250 °C) u miurensHoM BpeMenu (Oosiee 50 4acoB) MpUCOEIUHEHHE
XOIl we wnabmomanoch. [nmybokue mnpeBpamenus XOII 3aduxcupoBanbl B ciaydae
NPOBEJCHUS] pEaKklIMd B MPUCYTCTBUU TUIAPOKCHIA HATpPHUS, BBOJAUMOIO B HEOOIBIIOM
KOJIMYECTBE TUJIOBOTO cmupTa. MOXKHO MPEArnoiokuTh, 4To mpH B3aumojaeictun XOII ¢
BBIIIEYKA3aHHBIMHU CIIMPTaMH BOJA, IPUCYTCTBYIOLIAas B PEAKIIMOHHOW CMECH IpU BBEJIECHUU
BosiHOrO pactBopa NaOH, BricTynaer B kauecTBe uHruouropa. Bepostno, CH,Cl - rpynna B
coctaBe XOII mox meiicTBUEM THAPOKCUAA HATPHUS THAPOIU3YETCS C 00pa30BaHUEM COJISTHOM
KHUCTIOTBI, KOTOpast B CBOIO ouepeab HeWTpanmusyer NaOH. UrtoObl MOATBEpIUTH ATH
MPEMONIOKEHUs TPOBEIN CEPHI0 IKCIEpUMeHTOB. M3BecTHO [1], 4TO menuMIOBBIA cnHpT
KaTaJUTUYECKH B3auMoeicTByer ¢ nponuineHokcuaom (I10) mpu 140-160 °C B mpucyTcTBUM
ruapokcuaa Hatpus (1 % mac. ot cnupra) B Buge 39.0 %-Horo BomHoro pacrsopa. Ilpu
ISATHKPATHOM MOJBHOM H30bITKE 1O 1O OTHOMIEHWIO K JCHWIOBOMY CIUPTY B CHCTEMY B
SKBUMOJISIPHOM KOJIMYECTBE C THUJPOKCHJIOM HaTpusl Oblla BBEACHA COJISIHAs KHCIOTA.
Peakiust He mpoTeKaeT u3-3a TOTO, YTO MIEJIOYHON KaTalu3aTop Ae3aKTUBUPYETCS KHUCIOTOM.

[IpeBpamenne IIO mnpoucxonuT mnocine BBEAEHUS AonogHUTENbHOM mnopuuu NaOH.
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HaGmromaeTcss M3MeHeHHE IBETa, BA3KOCTH, TMOSBISETCS XapaKTepHBIM A(QUPHBIA 3amax.
Hcxons u3 3TUX pe3yNbTaToB, MOXKHO 3aKIIOYHUTh, YTO TMOSIBICHHUE B PEAKIIMOHHOW CHUCTEME
HCI oka3piBaeT MHrHOHMpYIOIIEe BIMSHUE HA MPOIECC KaK OKCHUIPOMHUIUPOBAHUS, TaK U
XJIOPOKCHUTTPOTTMJIMPOBAHUS BBHICIITUX alTU()ATUUECKUX OJHOOCHOBHBIX CITUPTOB.
Karanutnueckoe xmnopokcunponwiupoBanue cnuptoB C;Hps, CsHi7, CoHig, CioHa1, Ci1Has,
C12Has, Ci3Ha7, CiaHag, CisH3zi ¢ moMomibro XOII ocymiecTBisiiv B IPUCYTCTBUM THIPOKCUIA
HaATpus, KOTOpBI Opanu B KonmuecTBe | % mac. OT cnupTa M BBOAWIM B HEOOIBIIOM
KonuuectBe 3THiaoBoro crupra npu 140-160 °C B Tteuenme 20-25 wyacoB. MoibHOE
COOTHOIIEHUE HUCXOJHBIX peareHToB crnuptT: XOII BappupoBaiM B IIMPOKOM HWHTEpBaje
(1:1 — 1:7.5). B OGonpmmHCTBE Clly4aeB KOHEYHBIC BBIXOAA OJIM3KH K KOJIMYECTBEHHOMY
(n=1.0 - 7.5). Cunte3upoBaHHble 3PUPHI TPEACTABISIIOT COOOM Cllerka MAacCIsHUCTHIE
KUJAKOCTH  ONETHO-IMMOHHOTO IIBE€TAa C XapakTepHbIM d¢upHBIM 3amaxoMmM. OHu
OXapaKTEPU30BAHBI PSIOM (PU3UKO-XUMUYCCKUX TIOKa3aTelield, B TOM YHCIe, THAPO(UIHLHO-
munoduneaeiM Oanmancom (I'JIB) paccumrannbie mo cucteme J[pBuca [2]. CpaBuenue ['JIb
XJIOPOKCHITPOTTMIIOBBIX M OKCHUIIPONUIOBBIX 3(upoB criupToB C7-Co [3] yka3wsiBaeT Ha Oojiee
BBICOKYIO THAPOPOOHOCTH MEPBBIX.
WNnentudukanuss cocraBa U CTPYKTYPHl MOMYYEHHBIX XJOPOKCHUIPONMIOBBIX 3(PHUPOB
ocymiectBiieHa metogamu K-, I[IMP-ciekTpockonuu, nepuarorpaduu, auddepeHnnaibHo-
CKaHUPYIOIIEeH KaJTOPUMETPHUH.
CranarMOMeTpUYECKUM METOAOM Ha TpaHUIle KEPOCHUH-BOJA M3Y4YEHBI TOBEPXHOCTHO-
AKTUBHBIE CBOWCTBA 3TUX MPOJYKTOB. BBISBIECHO, YTO PacTBOPHI CHUKAIOT MOBEPXHOCTHOE
HaTsDKeHHe ot 46.0 - 46.5 (6e3 [TAB) mo 2.4 MH/wm.
CuHTE3UpOBaHHBIC TPOAYKTHI  O0JaNalOT CHOCOOHOCTHIO  A(DQPEKTUBHO COOUpPATh |
mucneprupoBaTh ToHKHE ( 70 0.165 MM) HeQTSIHBIE MIEHKU C TIOBEPXHOCTH BOJ C PAa3IUYHON
CTENEHbIO MHHEpPAIM3AIMK, YTO OYEHb BAXHO IS TOAJACPXKAHHUS SKOJIOTHYECKOTO

PAaBHOBCCHA CPCIbL.

Jluteparypa:

[1] Acanos 3.T'., Arazane A.Jl., Axmenosa ['.A., bapzerap M.3. UccnenoBanre BIUSHUS JTHHBI ISTTH
OJIMTOMEPOB Ha OCHOBE SIMOKCHCOCAMHEHUH Ha MX He(TecoOuparinyto cnocooHocTs / HedTh 1 ras.
1998. Ne 3-4. C. 38-42.

[2] JIanre K.P. [ToBepxHOCTHO-akTHBHBIC BemmecTBa. CaHkT-IletepOypr: «IIpodeccusy», 2005, 239 c.
[3] Acanmos 3.I"., Ara-3ame A.Jl., Axmenosa ['.A. CuHTe3 B CBOWCTBA HEKOTOPHIX HEMOHOTCHHBIX [IAB
Ha OCHOBE MTPOU3BOIHBIX anudaTndeckux cnuptos //Hedgrexumus. 2000. T. 40. Ne2. C.135-139.
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IHonyyenue u ucciaenoBanue pusMKO-XMMHYECKUX CBOMCTB

HU3KOMOAYJIbHBIX Ie0JUTOB THNA ZSM-5

Jliwamuiaa H. BOCMEPHUKOBA, Anekcanap B. BOCMEPUKOB,
Haraaea B. PSIBOBA

Vupeoicoenue Poccutickoti akademuu nayk Mucmumym xumuu Heghmu
Cubupckozo omoenenuss PAH, Tomck, Poccus

E-mail: lkplu@ipc.tsc.ru

CuHTeTHYECKHE LIEOJIUThI CEMENCTBAa IEHTACHI HAaXOAAT Bce Ooblliee NPUMEHEHUE B
Ka4yecTBE KaTaJM3aTOPOB LIEJIOro psja mpoleccoB HedrenepepaboTKu U HEPTEXUMHH, CPEAU
KOTOpPBIX  HAWOOJBUIMI  MpaKTUYECKHM  HHTEpec NpeACTaBisieT  oOJaropakuBaHue
HU3KOOKTAHOBBIX OEH3MHOBBIX (pakuuil HedTell U Tra30KOHAEHCATOB, a TAaK)Ke HOBBIN
IPOLECC TOJIYYEHUs] apoMaTHYECKUX YIJIEBOJOPOJOB U3 MPHUPOJHOTO M TMOMYTHOTO
HeTssHOTO ra3oB. lccriemoBaHMs B 3TMX HAaINpaBICHHUSX BEXyTCd BO MHOTMX Hay4HBIX
neHTpax kak B Poccum, Tak u 3a pyOeXKoOM, a MHTEHCHUBHOCTh HX HE CHIKAeTCs Ha
OPOTSOKEHMM  BOT YK€  HECKOJBKHMX  JIECATKOB  JIET IIOCJIE€  IOJyYEHUS  HOBBIX
BBICOKOKPEMHE3EMHBIX IeoTHTOB cepu ZSM. Llenbro qaHHON paboThI SBISUIOCH pa3paboTka
Croco0O0B CHHTE3a BBICOKOKpeMHe3eMHbIX 11eoauToB (BKL]) ¢ HU3KUM CUIMKATHBIM MOAYJIEM
U UCCIIEZIOBAHNE UX (PU3UKO-XUMUYECKHX CBOMCTB.

BricOokOKpeMHEe3eMHBIE LIEOIHUTHI ¢ CHIIMKAaTHBIM MoayieMm (M) ot 15 no 40 cuHTe3upoBaiu
U3 IIEJIOYHBIX ATIOMOKPEMHEreNel ¢ MCIOIb30BAaHUEM I'€KCaMETHJIEHAMAMHUHA B KauyeCTBE
opranu4eckoil 100aBku. VICTOYHMKOM KpPEMHHUS CIIyKMJIO KHJKOE CTEKJIO, a AJIIOMHUHUS —
A30THOKMCIBIM amoMUHUNA. KauecTBO CHHTE3MpPOBAaHHBIX LEOJUTOB KOHTPOJIHMPOBAIU C
nomompio MK-cnekrtpockonuun u peHtreHodasoporo ananmza. HMK-cmektpsl 00pasios
canmann Ha HK-dpypre cnextpomerpe «Nicolet 5700» B Tabnerkax ¢ KBr B obmactu
2000-400 cm . daszoBeli cocTas LEOJIUTOB ONpPEACISIA  METOJAOM PEHTT€HOBCKOM
TUGPAKTOMETPHUH, ChbeMKY TpoBoawin Ha audpaktomerpe JJPOH-3M na Cu,-u3nydeHUn c
Ni-punsrpom. Kucnorusie cpoiictBa BKIl u3yuanu mMeromom TepMONpoOrpaMMHUpPOBAHHOM
JecopOIryu aMMHaKa.

Ha puc. 1 npusenens MK-criekTpel CHHTE3MpOBaHHBIX HU3KOMOYJIBHBIX 1IEOIUTOB. I1osocs!
TIOTJIOIIEHHSI OCHOBHBIX KosieOaHmid TeTpas’apoB [(Al, Si)O4]-kapkaca HaxoasaTCs B CpeaHEn
obmnactu HK-cnekrpa. Hanbonee HMHTEHCHBHBIE IOJIOCHI HOIJIOIIEHHS B OOJACTH 4YacTOT
950-1250 u 420-500 cM ' OTHOCATCS K KOTEOAHMSIM BHYTPH TETPadApOB. BameHTHBIM

KOJIC68.HI/I${M, B KOTOPBIX YYA4aCTBYKOT B OCHOBHOM 4aJIFOMO- /U KPEMHCKUCIIOPOAHLBIC
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TETpadApbl, OTBEYAIOT IMOJIOCHI TOTJIOMEeHHsI B obnactu 650-820 em L. Tlomoca MOTJIOIIEHUS
npu 420-500 cm ' orHocurcs K medopMaimoHHBIM KonmeGammsm (Si, Al-O,). IMomoca

roryomeHus B obimactu 550-560 em!

00yCIIOBJIEHAa MPUCYTCTBUEM CIBOCHHBIX YETHIPEX-,
IISTU- U LIECTUWICHHBIX KOJIEL U ONpEeNeNseT CTPYKTypy LeonuTa. Hanudyue naHHOM MOIOCH
B CIEKTpax BCEX CHHTE3MPOBAHHBIX
00pa3IoB TOBOPUT O MPHHAJICKHOCTH
ux K cemedctsy tuna ZSM-5. C
YBEIMYEHUEM COJEPKAHUS ATIOMUHUS
B 1IEOJIUTE TIOJIOCHI TIOTJIOIICHUS B

o6mactu 420-550 cm’! CMEIIAIOTCS B

Iponyckanue

BBICOKOYACTOTHYIO 00JyacTh. OTHOIIIE-

HUE€ MHTEHCUBHOCTEH MOJOC IIOTJO-

1074

—1
uienust ipu 550 u 450 cm  mo3BoJsieT
1225 538

logy 1014 436 CyauTb O YHUCTOTC CHUHTC3HUPOBAHHBIX
OCOJINTOB u CTCIICHHU ux
4000 3000 2000 1500 1000 500
-1 ~
BouHosoe uueio, oM KpUCTAJUNIMIHOCTH. ZL]'IH BCCU CCpHUU

Pucynok 1 — UK-crieKTpbl HU3KOMOYJIbHBIX LIEOJIHUTOB. HCCIIEyEMbIX  00pa3LOB  OTHOLIEHNE

Isso/lsso > 0,8, 4TO yKa3bIBaeT Ha UX BBICOKYIO CTEMEHb KPUCTAUIMYHOCTU. OTCyTCTBHE
-1

[oJIOCHl  moromeHus npu 960 cm TaKKe IOATBEPXKAAECT BBICOKYIO CTEIECHb

KPUCTANTMYHOCTHU TMOTY4YEHHBIX 11€0JIUTOB.

Pesynbpratel peHTreHorpauyecKkux MCCIEJOBAHUM CHUHTE3UPOBAHHBIX HHM3KOMOJYJIbHBIX
LICOJIUTOB IOKA3ajH, 4YTO IOJIOKCHUE U OTHOCHUTEIbHASI MHTCHCUBHOCTD JINHUN WJICHTUYHBI
Ha0opy JMHUHN, XapaKTEePHBIX AJIS 3TAJTOHHOT0 oOpa3sua reonurta ZSM-5.

Karanutnueckue cBONCTBA LIEOIUTOB IIPU NMPEBPAILEHUH YTJIEBOJOPOI0OB PA3JINYHBIX KIACCOB
CBSI3BIBAIOT C HAJIMYMEM HA UX ITOBEPXHOCTH KHUCIOTHBIX LIEHTPOB. MccienoBaHus KUCIOTHBIX
CBOWCTB MOJIy4E€HHBIX 00PA310B MOKA3aJIH, YTO OHU XapaKTEPU3YIOTCS JOCTaTOYHO BBICOKOM
KOHIIEHTPalMel KHCIOTHBIX LEeHTpoB. Haumbonbliee KOIMYECTBO KHUCIOTHBIX IIEHTPOB
HaOmomaeTcst i neonuta ¢ M=15 u cocraBmsier 1171 mxmonw/r. JlaHHBIA 0Opa3er
XapaKTepu3yeTcsl U HauOoblIeH CUIION KMCIOTHBIX LEHTPOB. C yMEHBIIEHUEM COJEpKaHuUs
QIIOMUHUS B CTPYKType LI€0JINTa MPOUCXOAUT CHMIKEHUE OOIIEeH KOHIEHTpAalUU KUCIOTHBIX
LIEHTPOB, M, B OOJbIIEH CTENEHM, 3a CYET YMEHBIIEHUS KOJIMYECTBAa CJIAOBIX KUCJIOTHBIX
1eHTpoB. TakuM 00pa3om, MPOBEACHHBIE UCCIEI0BAaHMS MOKa3aJId BO3MOKHOCTD TOJTYYECHHUS
BBICOKOKPEMHE3EMHBIX LEOJIMTOB C HU3KUM CHJIMKATHBIM MOZYJIEM, XapaKTEPHU3YHOLIUXCS

BBICOKMMH KaQYE€CTBCHHBIMH ITIOKA3aTCIISIMHU.
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®eHokcuuMUHHBbIEe TUTAH(IV) IMXJIOpPUIHBIE KOMILICKCHI B

MOoJIMMEPHU3allMH BBICIIIHUX (X,-OJIe(l)I/IHOB

C.U.TATUEBA®, 0.B. CMUPHOBA", B.A. TYCKAEB®, M.B. COJIOBbEB?,
H.A. KOJIOCOB*, I.A. KYPMAEB?, b.M. BYJIBIYEB", H.M. BPABA*

“Mockosckuii 2ocyoapcmeennwlit yrusepcumem um. M.B. Jlomonocosa,
xumuueckul ghaxynomem, Mockea, Poccus
Y000 «<HHOCT, Tomck, Poccus
‘Uncmumym npobnem xumuyeckoi gpusuxu PAH, Yepnozonoexa Mockoeckas o6.., Poccus

tuskaev@yandex.ru

['oMoreHHbIE KaTaIMTUYECKHE CUCTEMBI, UCIIOJIb3YEMBIE JUIsl POBEACHUS MOJIMMEPU3ALUU B
ra3oBoii (paze WM B CycreH3uH, 00Jaal0T PSAIOM CYIIECTBEHHBIX HEIOCTaTKOB. B oTnmuune
OT TETEPOreHHBIX METAJUIOLEHOBBIX M MOCTMETAUIOICHOBBIX Ipe-KaTalau3aToOpoB s UX
aKTHBAIlMM HEOO0XOIUMO UCIONb30BaTh Oonbiioi (ot 1:1000 mo 1:10000) wu3GsITOK
MetunanoMokcana (MAO) 1o OTHOHIEHUI0O K COEAMHEHHUIO MEePEeXOJHOr0 MeTaia.
Croumocth MAQO  Ha  HECKONBKO  MOPSAOKOB  BBIIIE  CTOMMOCTH  OOBIYHBIX
ATIOMUHUHOPraHNYeCKUX COEAMHEHMI, UCIOJIb3YEeMbIX B KiaccuyeckoMm kartanuse Llurmepa-
Harra, yTo 3aMeTHO yXyAlllaeT 3KOHOMHKY BCEro KaTaJuTHuecKoro mpoiecca. [Toaromy,
HECMOTpPSI Ha 3aMETHOE CHW)KEHUE aKTUBHOCTH, BCE pEaJIbHbIE TEXHOJIOIMH OPUEHTHPOBAHBI
Ha UMMOOMIM3AIINIO TOMOTEHHBIX KaTalIM3aTOPOB HA HOCUTENH Pa3IHYHON MPUPOIBI.

Hamu pazpaboTan criocod nMMoOuIM3anuu (eHOKCHMMUHHOTO TUHTAHOBOT'O KaTajau3aTropa Ha
xJIopucThii MarHuil. [lokazaHo, 4TO KaTalUTUYECKass aKTUBHOCTh I'€T€POTr€HU3MPOBAHHOIO
O01c((heHOKCHMUHHOTO) KaTajiu3aropa B pEakUWU IMOJIMMEpHU3allud OKTeHa-1, majmaer B
3-4 pasa 1Mo CpaBHEHHUIO C TOMOT€HHOHN KaTalIUTUYECKOW cucTteMoit (2-2,2 T moaumepa/mMoib
Ti, mporuB 400-660 kr momumepa/monb Ti). OOpa3yromrecs: MoIMMEPHl UMEIOT MHUPOKOE
MOJIEKYJISIPHO-MAaCCOBOE  pacHpe/ielieHe IpH yYMEHbUIAIOIIEeWcs MOJIEKYJSIpHOM Macce
nonuonedunos. Ilpu ymeHpmieHnn wmoabHOTO oOTHOmEHUs Al/Ti or 1000 mo 250
HAOMIOaeTCsl YMEHBIUICHHE 3HAUYE€HUH CpPEeJHEMAacCOBOM M POCT CPEAHEUUCICHHOMN
MOJIEKYJIIpHBIX Macc. [Ipu atom MMP craHoBuTCS 60J1€€ Y3KUM.

AHanu3 CreKTpoB BC SIMP momnurexceHos, IIOJyYEHHBIX C HUCIOJB30BAHUEM T'OMOI'€HHOI'O
KaTaJlu3aTopa, IOKa3ald, 4YTO OOpa3yloTCs CHHAMOOOOTralleHHble NOJMMeEphl. B ciyudae
TeTepOreHHOr0 KaTalnu3aTopa MPOUCXOAUT 00pa30BaHUE H3OTAKTHUECKOTO TMOJUTEeKCeHa C
coZiep )KaHUEM M30TAaKTUUECKUX MeHTan mmmm 0KoJjo 55-80 %.

Pabora BeimonHeHna npu (uHancoBou nomuepxke Poccuiickoro @onmga OyHaaMeHTaATBHBIX
Uccnenosanmii (rpant PODU Ne(09-03-01060-a u 09-03-12265-0du_m).
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Poan MPOAYKTOB YIUNIOTHEHMSA B IMPOIECCE NMPEBPAIICHUS 6yTI/IﬂeHOB Ha

HECOJUTHOM KaTaJIm3aTope

®.A. TAIIMOB, I1.A. HAJIBIPOB, X.H. TYJIMEBA, A.5I. MEJTUKOBA,
.M. MUP3AH

Asepbaiidoicanckasn 2ocyoapcmeennas Hegpmsanas axademus, baxy, Azepbaiidscan

parviznadirov@rambler.ru

Kak n3BecTHO, B 3aBUCHMOCTH OT XapakTepa Mpolecca U OT IPUPO/Ibl KaTaIu3aTOPOB B X0JI€
peakuMyd Ha IOBEPXHOCTU KaTajau3aTopa MOTYT OTJIaraThCsi HPOAYKTHl YIUIOTHEHHS C
pa3UuHON CTPYKTYypoil. DT mpoaykTsl yruiotHeHus (I1Y) Ha akTHBHOCTH KaTaim3aTopa
MOTYT BJIUSITh TO-Pa3HOMY.

Bonpocy u3yuenust npeBpalieHus: HU3IMUX 01e(UHOB MOCBSIIEHO MHOTO UCCIIEI0BATEIbCKUX
paboT, HO IPH ATOM MaJiI0 BHUMaHMUs yIeIsu10ch oOpasoBanuto [1Y B Xoje mpoliiecca B 1IEJIOM.
Kpome Toro, mmeromasics uHbopmarus o BiausHuu [1Y Ha KaTaJuTHYECKYIO aKTHMBHOCTH
KaTaJIM3aTOPOB HOCUT NPOTUBOPEUMBBIIN XapakTep. B CBA3U ¢ 3TUM BBI3BIBAET ONPEIECTICHHBIN
MHTEPEC W3Yy4YEHHE HAKOIUIEHHs Ha IOBEPXHOCTH KaTaiu3aropa I[IY u BausgHMS HX Ha
AKTUBHOCTb LIEOJINTCOJEPIKALMX KaTaau3aTopoB. B mpexacraBieHHOW paboTe H3y4eHO
npeBpauieHre OyTuieHoB Ha H-¢dopMe BBICOKOKpEMHE3EMHOr0 IEOJUTHOTO KaTajau3aTopa
(HBLIK) u BnusHue [TY Ha ero akTUBHOCTH M KHCIIOTHBIE CBOWCTBA.

AKTHUBHOCTH KaTaJM3aTopa M3ydalad Ha JaObOpaTOPHON NMPOTOYHOM YCTaHOBKE, CHAOXKEHHOM
PeaKTopoM ¢ KatanmatopoM oObemom 1 cM’ mpu armocdeprom masnenun. Kommaectso ITY
U KHUCJIIOTHBIE CBOMCTBA MCXOJHBIX M 3aKOKCOBAaHHBIX NPH PA3IMYHBIX TEMIIEpaTypax
00pa3I0B KaTallM3aToOpOB ONpPEAEIsIN Ha TpaBUMETPHUECKON ycTaHOBKe Mak-bena. Ananus
NPOAYKTOB PpEaKIUH MPOBOAMIM Xpomarorpadudeckn Ha xpomarorpade JIXM-8MJ] u
cnekTpockonuueckn Ha cnektpodoromerpe UR-20. uddepenumanbro-repMudeckuii
aQHAJIU3 UCXOJHBIX U OTPaOOTAHHBIX NPU PA3IUYHBIX TEMIEPATypax 00pa3lioB MPOBOIMIHN Ha

nepusarorpade.
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Ha ocHOBaHUM NPOBENEHHBIX HKCIEPUMEHTOB MOKA3aHO, YTO MPHU MPEBPALICHUN OyTHICHOB
Ha HBIIK oOpa3oBanue Xuakux MpoayKTOB Habmtomaercs mpu tremmeparypax 175-500°C. B
HTOM MPOIECCe aKTUBHOCTh KaTaIu3aTopa HaOII01aeTCs TOJIBKO Mociie HakoreHus 6-8% ITY
Ha TOBEPXHOCTH Kartaiu3aropa B TedyeHue 20 MUH OT Hadana mnpouecca. IIpu stom
IOBEPXHOCTh KaTaju3aropa Kak Obl Monauduiupyercsi. B TtemmnepaTypHOoM uHTepBaie
175-260°C >xuaxue MpoAyKThl peakuuu npeBpamieHus OytwieHoB Ha HBIIK B ocHOBHOM,
cocToAT u3 anudatudeckux, a B remneparypaom uarepsaie 300-500°C - u3 apoMaTHIECKUX
YTJIEBOIOPOAOB.

[lpn m3ydeHuu pereHepauuu orpadboTaHHbIX npu Temnepatype 300-450°C kaTamu3aTopoB
nokasaHo, 4ro IIY cocrout m3 aByx wacteil. Ilpm 3TOoM C yBenMueHUEM TeMIEPATypPbI
peakuuu vacts [1Y, ynansgromuxcs ¢ noxayed a3ora, YMEHBIIACTCS, a YacCTh, yAAISIOMIMUXCA
MyTeM OKHUCJICHUS KUCIIOpoJa, yBennuuBaercs. JAByxdasnsiii coctas [1Y Taxke moaTBepx acH
pesynbratamu JITA oTpaGoTaHHBIX KaTaan3aTOPOB.

Cnenyer oTMeTHUTh, 4TO HakorieHue I1Y Ha moBepxHOCTH KaTaln3aTropa B Hadaje mpolecca
3aMETHO BIIMSET Ha ero KucioTHele cBoiicTtBa. Mcxonueiii HBLIK ancopGupyer 8,5%
aMMMaKa, TOT/la, KaK 3aKOKCOBaHHbIE oOpasubl mpu Ttemmeparypax 300, 400, 450°C
afcopoupymot 5,2; 4,75; 4,35%, NH3, cOOTBETCTBEHHO.

Taxum o6pazom, HakoruieHue I1Y crnocoOCTByeT yMEHbIICHHIO YKCIa KUCIOTHBIX LIEHTPOB Ha
NOBEPXHOCTH  KaTanu3aTopa. llporekaHume peakiuu mpeBpalieHus: OyTHUICHOB Ha
3aKOKCOBAHHBIX KaTaJIM3aTOPaX MOXKET CBUACTEILCTBOBATh, uTo [1Y o0nagaroT coOCTBEeHHOM

KaTaJIUTHIESCKON aKTHBHOCTBIO B JaHHOM ITpOoLECCeE.
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Bo3MoxHOe NpUMeHEeHHe MeTOA0B O3UTPOHHON AHHUTUJISLIHOHHOH

CIIEKTPOCKONUM [IUISl HCCJIeI0OBAHUS HAHOSIBJIEHUI B HedTerazonoobrue

B.1. TPA®YTHH, O.B. HJIIOXHUHA, I'.I'. MACHIIEBA, E.I1. IPOKOIIBEB,
10.B. PYHTUKOB

QI'VII I'HI] PO Hncmumym meopemudeckoli U IKCnepumMeHmanibHou u3uku
um. A.1. Anuxanosa, Mockea, Poccus

epprokopiev@mail.ru

Kak yrtBepxkmaercs B [1-3], kK HedTerazoBbIM HAHOTEXHOJOTHSM OTHOCATCS TEXHOJOTHH
YOpaBJIE€HUS TEMU HAHOSBJICHUSIMH, KOTOpPBHIE OMPEIENAIOT H3BJICUYECHUE YIJIEBOJAOPOIOB M3
HeAp. DTO mpexae Bcero (M3MKO-XMMHUYECKHE HAHOSBICHHS B TEOJOTHYECKHX Cpelax
(Tenax), mIAcTOBBIX (JIIOMAAX U IMPOMBICIOBOM OOOpPYJIOBAaHHMM TIpPH pPa3paboTKe U
IKCIUTyaTali HedTera3oBbix 3anexeid. M3BecTHO, 4TO 3((HEeKTUBHOCTH HEPTEH3BICUCHUS
xapakrepusyercs kodddurmentom uzsnedenuss Heptu (KMH) ot maxonsmeiics B miacre ee
komnuecTBa (3amacoB) [1,2]. IIpu coBpeMEHHBIX TEXHOJOTHSX METOIOB 3aKayKd BOJABI B
wiact ans BeitecHeHUs Hedrtu (A.IL. KpeuioB u np.) KMH nns psna mecroposkneHuit
nocruraetr BenuuuH 0,4-0,5. B HacTosiee BpeMs CTpYKTypa 3amacoB HE(TH 3HAUUTEIBHO
yxyamuiach (0koso 65 % ocTaBUIMXCA 3aacoB SABISIOTCS TpyJHOU3BIeKkaeMbIMu). B Poccun
3HaueHust KMH B Hux nipu 3aBognenuu coctasistor 0,1-0,3.

B To0 e BpeMs pa3BUTBIE C UCIIOJIB30BAHUEM COBPEMEHHBIX TEXHOJOTUN M HAaHOTEXHOJOTUMI
st TpyaHousBiekaeMbix 3amacoB KMH nedTu nmocturnm 3nauenuit 0,4. UccnemoBanust
IuHaMUKU n3MeHeHu# 3HaueHnii KMH mokasanu, 9To miis MHUKpPOCTPYKTYpPhl He(pTeTra3oBBIX
MECTOPOXKACHUM (TIOpPOJI) BAXKHBIMHU IOKa3aTeNsIMU SIBISIFOTCS  00Ias MOPUCTOCTh U
NPOHHUIIAEMOCTh. [IpsiMOli CBs3M 001IIeH MOPUCTOCTH € MIPOHUIIAEMOCTBIO HET, HO CYIIECTBYET
KOPpEJSILIMOHHAs CBSI3b MEXJy MOPHUCTOCTbIO U MpOHULaeMOocThio. C MOBBIIEHHEM 001
MOPUCTOCTU TMOBBIIIACTCS MPOHUIIAEMOCTh IMOPOABI, 3a CYeT yBeJNWdeHHs! 3PPEKTUBHOI
MOPUCTOCTH M YBEIWYCHHS] KOJIMYECTBA KPYMHBIX TMOpP. OTO MPUBOAUT K PE3KOMY
yBenuueHuto BenuuuH KMH npu 3akauke BoJIbI M JAPYTHX CHEUUATBHBIX PACTBOPOB IS
BBITECHEHUS HEPTH U3 11acToB nopoa. Ocobast posiab pa3BUTUS HAHOTEXHOJIOTUN CTAHOBUTCS
HEOOXOJUMOW TpPU OCBOCHHS HAHOPE3EpByapOB — HampuMep, HEPTIHBIX IUIACTOB

0a)XKEHOBCKOM CBUTHI CI/I6I/IpI/I U Ira30BbIX IJIACTOB C HAHOPA3MEPHBIMHU ITIOPOBBIMU KaHaJIaMHU.
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['oBopuTcs [1], uTo B GaKeHOBCKOM cBUTE (OCHOBHOM KJIaJIOBOM POCCUUCKHUX YTJIEBOIOPOIOB)
cpeaHuii paguyc nop paseH 1-10 HM, 4TO BCEro B HECKOJIBKO pa3 00JbIlie pa3MepOB MOJIEKYI.
Taxum 06pa3oM, CTPYKTypa MOPOBOT0 MPOCTPAHCTBA HE(PTEra30HOCHBIX MOPOJ ONpEAETsIeTC s
B [IEPBYIO OYEpEb €r0 FEOMETPHUUECKUMHU XapaKTEPUCTUKAMU, TAKUMH KaK pa3Mepbl HAHOIIOP
U HAHOKAaIWUISIPOB M paclpe/eeHUus MU Iuomaaeid 1 o0beMOB HOp MO UX MO PajUyCaM.
OfHUM W3 METO/OB OINpENAETCHUs MapaMeTpoB IMOPOBOrO IMPOCTPAHCTBA TOPHBIX MOPOI,
0COOEHHO AJIs pa3MEepOB B HAHOMETPOBOM JIMANa30HE, MOXKET CIYXKUTh METOJ MO3UTPOHHON
aHHUTWIsIIMOHHON criekTpockonuu (ITAC).

[lo3uTpoHuka, BKJIOYAIOIIAs TakKe B CBOW COCTAaB M MO3UTPOHHYIO AaHHUTUIISLMOHHYIO
crektpockonuto (ITAC) (cMm., Hampumep, [4]), TMO3BOJSIET OMpENEHATh KaK AJICKTPOHHYIO
CTPYKTYPY COBEPLICHHBIX KPUCTAJUIOB, TaK M pa3IMYHbIE HECOBEPILEHCTBA 0CO00 MabIX
pa3MepoB B TBEpABIX TEJaX U MOPUCTBIX CHUCTEMAaX, TAKUX KAaK BAKaHCUU, BaKaHCHOHHBIE
KJIacTepel M CBOOOAHBIE OOBEMBI JO OJHOTO KyOMYEecKOro HaHoMeTpa (HAHOOOBEKTHI
nyctotel). OHa BKIOYaeT B ceOd B OCHOBHOM TpPH METO/A: H3Y4YEHHUE BPEMEHHOIO
pacripelieieHus]  aHHUTWISHUOHHBIX  (QoToHOB  (BPA®), yrmoBoro pacnpezneneHus
AHHUTHWIIUOHHBIX  (poToHOB (YPA®D) M J0IUIEPOBCKOTO YIIMPEHHUS aHHUTHISIIHOHHON
auHuM ¢ sHeprueit 0,511 MaB (AYAJI) [4].

Hwxe paccmarpuBaroTcs METOABI ONPEAEICHHs Pa3MepOB HAHOOOBEKTOB, UX KOHLEHTpaLUi
U XMMHMYECKOIO COCTaBa CpeAbl, OKpY>KaloUle HAHOOOBEKTbI, MO SKCIEPUMEHTAIBHO
u3MepsieMbIM napamerpam crekTpoB BPA® u YPA® g no3uTpoHOB, aHHUTMIMPYIOIINX B
MOPHUCTHIX CUCTEMax M Je(EeKTHBIX TBEPABIX TElNaX Ha MpPUMEpe IMOPUCTOTO KPEMHHUS WU
IUIACTUH KpPEMHMsI, OOJYy4YEHHBIX NMPOTOHAMHU, HA OCHOBE TEOPETHUUECKUX IPEJCTABICHUM,
pa3BUTHIX B [4].

[Tokazano, 9To ogHUM U3 I(P(HEKTUBHBIX METOJIOB OMpPEISICHHS Pa3MEpPOB HAHOOOBHEKTOB
(BakaHCHUIl, BaKaHCHOHHBIX KJIAacT€pPOB), CBOOOJHBIX OOBEMOB IOp, IOJOCTEH, MYyCTOT,
IWINHAPUYECKUX KAHAJIOB M KalNWUISIPOB, UX KOHILEHTpPAlMH M XHMHYECKOTO COCTaBa B
MeCTe€ AaHHUTWISALMU B B TOPHBIX MOpoJax (IMOPUCTBIX CHUCTEMAax, HEKOTOPBIX IE(PEKTHBIX
nopojax M OCOOEHHO B TOpPOJax C HAHOMOPAMHU) SIBJISETCS METOJX MO3UTPOHHOU
agaurHsimonHoi  criekrpockormu  (ITAC). B kadecTtBe mpumepa 1aH KpaTkwid 0030p
9KCHEPUMEHTAIbHBIX HCCIIEI0BaHUNA HaHOAE()EKTOB B KBaplle, MOPOIIKaX KBapIia, IOPHUCTOM
KPEMHUU, KPEMHUH, OOY4eHHBIX TPOTOHAMH [4].

CornacHo 3TUM JaHHBIM JUIsI TIOPUCTOTO KPEMHHsSI MOXHO IojiaraTh, 4yTo 3((eKTHBHBIMU
CBOOOJHBIMU LIEHTpaMHU (00JACTSIMH 3axBaTa MO3UTPOHOB U MO3UTPOHUS) SBISIOTCA CKOpee

Bcero cepuyeckue M LUWIMHIPUYECKHUE YIBTPAMHUKPOIOPHI U MHUKPOMOPHI C pa3Mepamu

190



PP-42
nopsiika 2 HM, HaXOSIIMMUCS B TIOPUCTOM CJIO€ KpeMHHs. 3Hast 00IIyt0 opucTocTh (45%)
U CpellHUi 00BEM MOPBI, MOKEM OICHHTh KOHIIEHTPAIMIO TOP M3 MPOCTHIX T€OMETPHUYECKUX

CcOoOOpakeHUM M, CpaBHMB €€ C PAacCUMTaHHOM N, , MPOBEPUTH JAOCTOBEPHOCTb MPHUHSITHIX

tr?
npubnxkeHuit. OmnpeneneHHOMY HaMM CpeIHeMY pa3Mepy UWIMHIPUYECKUX IIOp Iop
R,~2 HM COOTBETCTByeT €€ CpeaHuii o6beM V, =zR>-h =126-10"%cM™ . 3nmech
h - TOJIIMHA CJIOS MOPUCTOrO KpeMHHUs. I ciydas «IUIOTHOM YIIaKOBKHM» TAKUX IOP HMX

KOHIICHTpAIMs HMCXOJs W3 BEJIMUYMHBI 00mer mopucrtoctu 0,45 morna Obl OBITH paBHOM

3
Ng ~0,45/ V,r:3,6-1015 cM”. Pacxoxkmenuss BequuumHBI NCO ¢ HaMM  ONpEIEJEHHBIMH

KOHIeHTpausamMu N, =3,21-10" cM™ [4] He OYCHB BENMKH, YTO TOBOPHUT O MPABUIILHOCTU

OpeyIoKEeHHOH  Monenu. TakuMm  o0pa3oM, HM3yY€HHBIE  METOJOM  IO3UTPOHHOMN
AHHUTHIIAIUOHHOW CIIEKTPOCKONNHU XapaKTEePUCTUKH 00pa3lia HOPHUCTOr0 KPEMHUS TOBOPST O
TOM, YTO 3/IeCh MMEIOT MECTO MHUKPOIIOPHUCTHIE LMIMHAPUYECKHE OOBEKTHI C pa3Mepamu
nopsiAka 2 HM ¥ KOHIeHTpauueil mopsigka 10 cm™. TIolydeHHbIe Pe3ylbTaThl MO3BONSIOT
HaJIeAThCS, YTO JaJbHEHIINEe HCCIeNA0BaHMUs JaAyT BO3MOXHOCTb CBSI3aThb IapaMeTphl

AHHUTHIINUOHHBIX CIICKTPOB € pasMEpaMu IOpP U UX TOITOJIOTHEH.

Jluteparypa:

[1] A.5l.XarkuH. HanosiBnenus B B HedTerazonoosiue. Bectauk PAH. 2009. T.79. Ne6. C.519-522.

[2] N.H.EBnokumos, A.Il.JloceB. HedrerazoBrle HAHOTEXHOJIOTHH JJIsl pa3pabOTKU U IKCILTyaTalluu
MecTopoxacHu. Yuebnoe mocodue mist PI'Y vedrn u raza um. U.M.I'yOkuna. M.: PI'Y, 2007.

[3] H.IT.JIaBepos. TormmmBHO-3HEpreTndeckue pecypchl. Bectauk PAH. 2006. T.76. No5.

[4] Tpadytun B.U., [Ipokonses E.I1., Tumomenkos C.I1., ®yntuxos F0.B. 3aBoackas maboparopus.
2009. T.75. Ne6. C.27-36.
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HCKOTOpre 3AaKOHOMEPHOCTHU NPOTEKAHUA peaKunii
rereporcHHO-KaTaJUTHYCCKOIro OKMCJIUTEC/ILHOI0 aMMOHOJIN3a

(GYyHKIMOHAJIBLHO3AMEIEHHBIX AJTKHJIAPOMATHYECKHUX YIJI€BOA0PO/I0B

U.A. TYCEWHOB, HM. UCKEHIEPOBA, A.M. CAPJIAPJIbI,
C.X. KAJIAHTAPOBA, 3.M. AJIMEB

Hncmumym xumuuecxux npooaem um. M.®. Haeuesa, baky, Azepbatioxcan

itpcht@itpch.ab.az

3HaHUe PEaKLMOHHOM CIIOCOOHOCTH OpPraHMYECKUX COEIMHEHMH B Mpolieccax reTeporeHHO-
KaTaJIUTUYECKOTO OKUCIIEHHS Ba)KHO Ul NMPEABUACHUS B3aUMHOIO BIMSIHMS PEareHTOB NPU
IpEeBpalIeHUH HMX CMECe U Uil anpUOpPHBIX OLIEHOK CEJEKTUBHOCTH, TaK KakK IpHU
ONpEICICHHBIX  CXE€MaxX OKHCICHHMS  yIIEBOAOPOAA Ha  3aJaHHOM  KaTaau3aTope
U30MpaTEeIbHOCTh 3aBUCUT OT COOTHOIIEHUSI CKOPOCTEH MpeBpalleHNs] HCXOJHOTO BELECTBA
Y IIPOJIYKTa €r0 MATKOTO OKHUCIICHMSL.

[Ipn paccmoTpeHMM 3aBHCUMOCTH MEXIYy XUMHYECKHMM CTPOCHHEM M pPEaKUHOHHON
CHOCOOHOCTBIO YIJIEBOJOPOIOB B OJJHOTUIIHOM OKHMCJICHUH Ha OJJHOM U TOM € KaTaau3arope
CYLIECTBYIOT pa3lU4Hble MOAXOJbl. B paHHOW paboTe H3y4yeHO BIMSHME MEXaHHU3Ma
mporecca Ha PEakIUOHHYI CrmocoOHocTh 4-Br-tomyona, 4-Br-o-kcunona, 4-denmn-o-
KCHIIoNa ¥ 4-(eHOKCUTOITyOJIa B OKUCIUTETLHOM aMMOHOJIH3E.

OnpenencHue aKTUBHOCTH KaTAJIMTUYECKOW CHCTEMBI B YKa3aHHBIX PEAKLMIX NMPOBOJWIH B
0e3rpalueHTHOM MPOTOYHOM PEAKTOpPE C BHOPOOXKIKEHHBIM CJIOEM KaTajlu3zaTopa Hpu
aTMocdepHOM J1aBieHnu. B kauecTBe karanuszaropa BbiOpaH obpaszer V-Sb-Gr-Ni/yAL,Os, He
ONTUMAJIGHBIA JUIS KaXJOW peakiuu, HO 0O0eCHeurBaIONIMi B CXOXHX YCIOBUSAX NpHU
temrieparype 400°C mpuemiieMble BbBIXOJA BCEX IEJEBBIX HUTPHUIIOB, YTO [O3BOJIUIIO
CPaBHUTH PEAKIIMOHHYIO CIIOCOOHOCTH 4-Br-Tonyona u 4-Br-o-kcuona, 4-heHunn-o-Kcunomia
U 4-(peHOKCUTOIyOJIa.

Ckopoctb npeBpaieHus 4-Br-Tomayona npeBslaeT CKOpocTh NpeBpaieHus 4-Br-o-kcunona
npubnm3uTensHo B 1,5 pasa.

B peaknusax OKMUCIMTEIBHOTO AMMOHOJIA3A AJKWJIAPOMAaTUYECKUX YIJIEBOAOPOJOB IIEIIEBOE
IIPEBpALICHUE OCYIIECTBIISIETCS 10 aTOMYy YIVIEPOJA, HaXOASIIEMYCS B O-TOJOXKEHUM K
apomatudyeckoMy koibly. Ilpm Takom mpeBpamenun paspeiBatorca C-H cBsasu B

0-TIOJIOXKEHUHM K apoMaTHYecKoMy LuKIy. B ciywae, eciu pa3pelB NPOUCXOIUT B
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JUMHUTHPYIOMIEH CTaIUH peaklUy, MOKHO OXKHUAATh 3aBUCUMOCTh CKOPOCTH aMMOHOJIM3a OT
napaMeTpoB STUX CBA3CH.
3HaueHus HHeEpruil paspeiBa ankuiabHelXx C-H cBsA3eil mNoka3blBaeT, 4TO Ha JaHHOM
V-Sb-Cr-Ni/yAl,O; kaTtamm3atope HE MOXET MPOTEKaTh TOMOJUTHYECKAS TUCCOIUAIUS
C-H-cBszeii. [lo-BuauMoMy, B JaHHOM CJIy4a€ UCXOJHBIE COCAMHEHHUS TPOSIBISIOT CBOMCTBA
CH-kucnor. Takas cutryanus BIOJHE BEpOSTHAa B CHCTEME YTIJIEBOJOPOA-OKCUIHBIN
KaTajan3aTop, Ha TMOBEPXHOCTH KOTOPOTo, Kak MPaBHIIO, MPUCYTCTBYIOT HYKJICO(DUIbHBIC
WOHBI KHCJIOpOJa, oO0JIaJaronife CpoJICTBOM K TpoToHy. OueBHIHO, YTO CKOPOCTh
oOpa3oBaHus KapOaHHOHA OYJET 3aBUCETh KaK OT CHJIBI OCHOBHOTO IICHTpa (HYKJICO(PUITBHBIN
KHUCJIOPOJZl), TaK M OT KHUCJIOTHOCTU YTJEBOJAOPOJAA. AJKUIAPOMATUYECKUE COETUHEHHS
obnamaror C-H cBs3AMH, TOJSPU30BAHHBIMH COMPSDKEHUEM C OEH30JbHBIM KOJIBLIOM.
Haubonee cunbHa moONApU3alids B O-MOJIOKEHUU. IJTO OOCTOATEIBCTBO OMpPENEsieT HX
CIOCOOHOCTh MPU B3aUMOJICUCTBUU C OCHOBAaHHUEM COOTBETCTBYIOIIECH CHJIBI BHICTYNATh B
ponu CH-kucinor.
YMeHbIIeHHe CKOpOoCTU TpH mepexoie oT 4-Br-tomyona k 4-Br-o-kcmiony cCOOTBETCTBYET
FETEPONIMTUYECKON JUCCOLUMALMU 3TOM CBS3U C IMPOTOHU3AUMen Bojopona. M3ioxeHHbIe
COOOpakeHUs] TOATBEPXKIAIOTCS TPHU  OKHUCIUTETBHOM aMMoHoim3e 4-Br-tonyona wu
4-Br-o-kcuiona B INPUCYTCTBHUM MOAM(PHUIMPOBAHHBIX ILIETOYHBIMU no6aBkamu (0,2mac%)
oOpasioB. Ha 3Tux kartammzaTropax COMOCTaBIEHBI CKOPOCTH OKHUCIUTEIHLHOTO aMMOHOJH3a
THX COCNWHEHWH W 0O0Iee coJepkaHWe Ha WX TOBEPXHOCTH OCHOBHBIX IIEHTPOB,
OTIPENIETICHHOE METOJIOM OOpaTHOTO TUTPOBAHUS OCH30MHON KHUCIOTHL. BHUIHO, 4TO MEXITY
STUMU BEJIMYMHAMH UMEET MECTO 3aBUCUMOCTb, OJIM3Kas K JTMHEHHOM.
HuTepecHo, 4TO TpU TEpexo/ie K OKHUCIUTEIbHOMY aMMOHONHN3Y 4-(eHWI-0-KCHIoNna |
4-peHOKCUTOITyOJIa CKOPOCTh PEAKIINH C YBEJTMYCHUEM KOHIIEHTPAIMU OCHOBHBIX IIEHTPOB Ha
MOBEPXHOCTHU KaTalu3aTopa Ja)Ke HECKOJIbKO CHUXKAETCS.
[To-BunmuMoOMy, BBEACHHE B MOJIEKYIy aJKUJIApOMATHUECKOIro YIIeBOAOpoAa OOBEMHBIX
3aMecTUTEeNe CO37aeT OMpe/eNIeHHbIe CTEepUUYECKHUe 3aTpyJHEHHS Mpu Xemocopbuuu. B
pe3yibTare 3TOr0 YMEHBIIAETCS CTENEHb 3aloJHCHUS KaTaau3aTopa M XeMOocopOouus
MPOTEKAET HA HHEPTreTUUYECKH OOJiee CHIIBHBIX LIEHTPaX, OTIUYHBIX OT OCHOBHBIX IIEHTPOB
HyKieopuibHOro TUna. B 3TomM ciiydae mnepBUYHAs aKTUBU3ALMS MOJEKYJT MOXKET
MPOUCXOIUTH [0 TOMOJTUTHUYECKOMY MEXaHU3MY Ha OJTHOM HIIU ABYX IIEHTPaX MOBEPXHOCTH.
Takum obOpazom, Ha V-Sb-Gr-Ni/yAl,Os; karanuzatope OKHCIUTEIbHBIH aMMOHOJIU3
3aMENICHHBIX AJTKUJIAPOMAaTUYECKUX YTJIEBOJOPOJAOB MOXKET MPOTEKaTh Ha IEHTpaX pa3HOU

IMPUPOAEI IO PA3IMYHOMY MCXaHU3MY B 3aBUCUMOCTH OT TUIIA 3aMCCTUTCIIA.
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CeleKTHBHAS 0YHUCTKA OEH3MHOB KAaTAJIUTHYECKOr0 KPEeKHHIa Ha

NMPOMBIINUICHHBIX KaTaJIn3aTopax rMipoouuCcTKN

A.JI. TYCEHHOBA, J.M. MUP30OEBA, C.I'. OHYCOB, U.C. T'YCEMHOBA

Hncmumym negpmexumuueckux npoyeccos um. FO.I". Mameoanueea HAHA,
baxy, Azepbatioscan

azmea_nkpi@box.az;anipcp@dcacs.science.az

Kak wu3BectHo, OeH3mHbl KartamuTudeckoro kpekmara (BKK) B mepByro ouepens
MOJIBEPTaIOTCSI OYUCTKE OT BBICOKOTOKCHYHBIX M KOPPO3MOHHO-AaKTUBHBIX MEPKANTaHOBBIX
coequHeHui. Jlnsg yBenMuYeHHMs CEJIEKTMBHOCTHM H3BJICYEHUS MEpPKANTaHOBOM cepsl U
yMmeHblieHus norepb no OY mposogsr ruapoounctky BKK, pasznenss ero Ha jerkyro H.K.-
130°C u msoxenyio 130°C- k.x. — ppakiuu. Takoe pasjeieHue mo3BoJsieT CKOHIIEHTPUPOBATh
JIETKO YAalsieMyl0 MEpPKalTaHOBYIO Cepy B JIeTKOH (ppakiuu OeH3WHA, TIe OJHOBPEMEHHO
HaXoAUTCsl M OoiblIas 4acThb BBICOKOOKTAHOBBIX MOHOOJE()HHOBBIX YIJIEBOJOPOJOB U
IPOBOJUTH I'MJIPOOYUCTKY B MATKUX YCJIOBUsX 6€3 moreps OY.
Ceiprem npouecca sBisercss BKK, BbiieneHHslil u3 cMecu O0akMHCKUX HedTei p=7471<r/M3 ,C
conepxaHueM obmei u MepkantaHoBoil cepsl 200 u 28 ppm. CozaeprkaHue MEpKanTaHOBON
CepBI B JIETKOW (pakmuu cocTaBisuio 78% ot obmero coxepkanus u gocturaet 30 ppm, a
oJIepUHOBBIX yriaeBonopoaoB - 12.2%. Ilpomecc TUAPOOYUCTKH MPOBOIWICA TPHU
t=250-300°C u P=1,0-3,0 MIIa na karanusarope I'KJI-205. DKcEpMMEHTHI TTOKA3alld, 9TO
CTETeHb TUAPUPOBAHMS OOIIEH Cephbl 3HAYUTEIBHO ONEPEKAET CTENEHb TUIPO00eCCepUBaHMS,
B TO BpeMs KaK CTENeHb IMApPOOOeccCepuBaHUsl MEPKANTAHOBOW CEphbl 3HAUUTEIBHO OOJIbIIE
CTeNeHU HachlleHus oneduHoB. Huke mpeacTaBieHsl 3aBUCMMOCTH HACBILICHUS 0JI€(UHOB
¥ CTEeNeHu rupoodeccepuBanus ot aasiennu (1,0=3,0 MIla) mpu t=240°C Ha KaTanuzaTope
I'KJI-205:

P=1,0 MIla P=2,0MIla  P=3,0 MIla
Crenenp HachleHUs 01eUHOB, %o 84,7 92.8 98.0
Crenens rugpoodeccepuBanus, %
o011eit cepsl 51,3 62,5 72,7

MEPKANTaHOBOU CEpBI 90,1 91,7 95,4
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[IpencraBieHHbIE AaHHbBIE TOKA3bIBAIOT, YTO THAPOOOECCEPUBAHNE U HACHINIEHUE OJIe()UHOB
JUTSI MEPKaNTaHOBOM Cepbl KHHETHUECKH PEryJIUpyeTcsl U peakius 0ojee TepMOJUHAMUYHA.
Opnnako nanubii katanu3atop I'KJ[-205 He celeKTHBEH MPpH yJaJIeHUH OOIIeH Cephl.
Ilpy wWCcHoONL30BaHMU B KadecTBe Kartaiamsatopa S-12 mpu t=150°C u P=0,5-1,0 MIla

CEJIEKTUBHOCTh PEAKIINU THIPOOOECCEPUBAHMS 110 MEPKANITAHOBOM M OOIIEH cepe Bo3pacTaet

(Tabm.1).

Tabmuua 1
T'unpoobeccepusanue ¢p.H.x.-130°C BKK na S-12 npu t=150°C
P=0,5 MIla P=1,0 MIla

oOmras cepa, % 0,004 0,0038
MepKanTaHoBas cepa, % 0,00051 0,00049
Crenens runpoobeccepuBanus, %

oO1el cepsl 54,5 56,82
MEPKANTAHOBOMW CEPBI 81,1 83,6
CremneHb HachIIICHUS 01ePUHOB, % 12,2 55,8

Tak, creneHb ruapooOeccepuBaHus MEpPKANTAHOBOM Cepbl 3HAUYUTENBHO OIEpeXaeT
HachlllleHue oyieUHOB B JaHHBIX YycnoBusx. Kak BuaHo, Karamuzatop S-12 OGonee
CEJIEKTHBEH B pEaKlMU TUAPOOOECCEepUBAHUS, NMPUUYEM CEJIEKTUBHOCTh MO MEpKaNTaHOBOM
cepe B 1,5 paza BbIie, yeM mo o6mei. [Ipu 3Tom Hackimenne oje(UHOB HE3HAYUTEIHHO U
cocrasisieT 12,2%. D10 mo3BOISET CHU3UTH COAEpKaHUE MepKanTaHoBo# cepbl 4,90 ppm npu
MUHHUMH3ALUU T0Teph o OY.

Takum oOpaszom, pazmencare BKK Ha y3kwe (dpakimu u pa3aenbHOe THAPOOOECCepUBaHUE
JEerKoil (pakuuum B MITKUX YCIOBUSX Ul yJAJE€HUS MEpKalTaHBOM Cepbl IO3BOJUT
3HAYUTEIbHO Pa3rpy3UTh YCTAHOBKHM I'MIPOOYMCTKHM U CHU3UTh KalMUTalbHbIE 3aTPaThl Ha UX

AKCIUTY TALUIO.

Jluteparypa:

[1] Poceemn Ix.C.I'punne K.KonkperHsrii mpumep obeccepuBanus HadTel ¢ ycraHOBKH KKO //
Hedrerazossie Texnomoruu. -2004.-Ne4. —c.48-52.

[2] Mupzaea JI.M. Karanurmdeckas AeMepKanTaHW3aIlds JIETKOHM  ¢paknud  OeH3WHA
KaTaJIMTUYECKOIO0 KPEKHMHIa W3 CMECH a3epOaiipkaHckux HedTel // AsepOaiimxaHckoe HedTsHOE
xo3saicTBo, Nell, 2005, ¢.50-56.
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Bo3moxkHOoCTH MeToaa SIMP ¢ UMITYJbCHBIM I'PAAUECHTOM MATHUTHOI'O I10JIs1

B HCCJIEIOBAHUY CTPYKTYPbI TOHKOANCIIEPCHBIX Cpejl

H.K. IBOAIIKHWH
Anvmemvegckuti cocyoapcmeennwill Heghmanot uncmumym, Anomemvesck, Poccus

Nar_Dvoyashkin @ mail.ru

W3ydeHnne pasmuuHBIX TETEPOTEHHBIX TOHKOIUCIIEPCHBIX CpEll, TaKHX KaK COPOCHTHI H
KaTajau3aTopbl a TaKKe HHBIX, XapaKTePU3YIOMIMXCS JOCTATOYHO OONBIION BETUYMHOMN
yAETHHOM TTOBEPXHOCTH aKTyalbHO M BBI3BIBACT €CTECTBEHHBIN MHTEPEC, KaK C HAYYHOM, TaK
Y IIPUKJIAJHONU TOYEK 3PEHUS.
CymecTtByeT psaJl METOIUK, C MOMOUIIbIO KOTOPBIX YJAeTCsl MHPOBOJUTH HCCIEIOBAHUS
noo0HbIX cucteM. [lpu sTOoM Bechbma HHTEpecHass MHQPOpMAIUs MOXKET ObITh MOJyueHa
MOCPEACTBOM HU3YUYECHHS TPAHCISIIIMOHHOTO MOJIEKYJIIPHOTO IBHYKEHUS KHUIKOCTH B YCIOBUAX
TEPMOJIMHAMHYECKOTO paBHOBecHs (mporecca camoauddys3un), BBEACHHOH B MOJ00HYIO
cpeny.
[Tapamerpsr camoauddy3uun MoryT OBITh HU3MEpPEeHBl C momomplo Metoga SAMP ¢
UMIYJIbCHBIM TrpaaueHToM MarHuTHoro mons (MI'MII), ycmemrHo mnpumeHsomerocss B
oI0OHOTO poja UCCIICTIOBAHUSX.
B pabore m3yuamace camomuddys3us IByX NpeNeiIbHBIX YIIEBOIOPOIOB — JIETKOJIETYYETro
rentana (C;Hjs) wm Oonmee Tmsmkemoro Ttpumekana (Cj3Hzg) B mopucroit  cpene
nopoimkoodpazHoro  MoHTMopwionuta (MMT) BuKISHBCKOTO  MECTOPOXIEHHS C
BEJIMYMHON yJ€IbHOU MOBEPXHOCTH S = 42,5M2/2.
[TepBuunas undopmanus o camoanddy3uu KUIAKOCTU B mopuctoit cpene MMT uzBnekanach
u3 ¢opmbl muddy3noHHBIX 3aryxanuii ([3) , T.e. 3aBUCUMOCTEN aMIUTUTYIbI A CIIMHOBBIX
%0 (CD) SIMP 0T KBagpaTa MHTEHCHBHOCTH HMITY/IbCHOTO TPaIHeHTa MATHUTHOTO OIS g :
A(Z)/ A(0) = Prexp(-y°6°g’t:D)) + Prexp(-y°6°g’t.D>), (1)
rne P; u P, orHocutenbHble J0nu AUPOYHIUPYIOLMEH KHIKOCTH KHIKOCTH C
kodpummentamu camoguddysuu (KCI) D; wu D, ,coorBerctBenHo (D; < Dj), p-
TUPOMAarHUTHOE OTHOILIEHUE MPOTOHA, J- JAJIUTENBHOCTh UMITYJIbCOB I'PaJIMEHTa MarHUTHOTO
oJIsL, ¢4 - BpeMsi HaOJII0ICHUS 3a TIporieccoM camoaud ys3uu.
Becbma uHTEpecHble BBIBOABI ObLIM caenaHbl mocie aHanu3a ¢opmel I3 Tpuaekana B

2
MOHTMOpHUTOHUTE. OKa3aJI0Ch, YTO aHAIMTHUECKH A(g°) B 3THX 00pa3lax MOXHO OIUCATh
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cootHomenuem (1), T.e. B JaHHOM cily4ae HaOmrojanach aByxoOnactHas auddys3us c
napamerpamu P; ,D; u P, ,D,. IIoCKOJIBKY MOHTMOPWJIJIOHUT OTHOCUTCA K CIOUCTBIM
MHUHEpaJlaM C pacIIUpSIOIIEHCs KpUCTAIMYeCcKoi pemeTkor (Ttum 2:1), TO IOMyCKanioch,
BHe/peHne 4JacTu aud@dy3aHTa B MEXKCIOEBOE MPOCTPAHCTBO KPHCTAUTUYECKOH PEHICTKH.
[Tocnennee mpencraBisieT coOOW Tak Ha3bIBaeMble IEPBUYHBIC TOPHI (MHKPOTIOPHKI), IO
KOTOPbIM IU(PPYHAUPYET yacTh >KUAKOCTH obpasua ¢ poneit P, u KCJ D,. [pyras nons
muddyszanta Py =1- P, ¢ KCII D; nokanu3oBaHa BO BTOPUYHBIX MOpax (Makpomopax),
NPECTaBISIOMNX CO00M 3a30pbl MEX/y KOHTAKTUPYIOUIMMHU YacCTHIIAMH, pa3Mepbl KOTOPBIX
3HAYUTENBHO OOJbIlIEe Pa3sMEPOB MEPBUUHBIX NOp. [lodyueHHbIE KauecTBEHHbIE BBIBOJbI Ha
ocHoBe aHanmu3a Gopmbl UPPY3UOHHBIX 3aTyXaHMH IKHAKOCTH B  HCCICIYEMOM
MOHTMOPHWJUIOHUTE TOCTATOYHO XOPOIIO COTIACYIOTCS C CYIIECTBYIOIIMMHU MPEACTABICHUSIMU
00 0COOEHHOCTSIX CTPYKTYphl STOIO MHUHEpana, 4TO TMOATBEP)KIAeT BEChbMa IIMPOKHE

BO3MOKHOCTH Hcnosib3yemoro metoga AMP UI'MII B Takoro poaa uccien0BaHusIX.
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CTpyKTypHBIE 0COOCHHOCTH NOBEPXHOCTHBIX KOMILJIEKCOB HA

KaTajau3aTope CHHTE3a a/lliIeHa

H.3. I"KABBAPOBA
Asepbaiidoicanckasn 2ocyoapcmeennas Hegpmsanas axademus, baxy, Azepbaiidscan

ihm@adna.baku.az

Panee, HamMu ObUIM M3y4eHbl 3aKOHOMEPHOCTH KAaTAJIUTHYECKOTO0 OOpa3oBaHMs ayljieHa U
AJUTWIIEHA, UMEIOIIMX MPOMBIIUIEHHO BaKHOE 3HAUEHUE, U3 XJIOPIIPOU3BOIHBIX MPOMUIIECHA —
OTXOJIOB TPOU3BOJICTBA IJHIIEpUHA. Peakuus compoBoxkaaeTcs oOpa3oBaHHEM MOOOYHBIX
IPOAYKTOB, BIUSIOUIMX HA CKOPOCTh Ta30BbIACIEHUS, a TaKKe Ha aKTUBHOCTb U
CTaOUIBLHOCTD KaTaan3aTopa.

Hacrosmas pabora mocssieHa M3y4eHHIO MOOOYHBIX MPOAYKTOB MpPEBpaIICHUN alljieHa Ha
IPOMBIIIJIEHHOM OKCHJHOM KaTanuzatope meroaoM MK-cnekTpockonmuu B COYETaHUU C
uMIynbcHO-xpomaTorpaduueckuM. MK-cmekTpbl 00paslioB KaTanu3atopa CHUMaIH C
UCIIOJIb30BaHUEM METOAMKHU CyCHEHAUPOBaHMs. AJACOPOLUIO aljieHa U3ydald Ha BaKyyMHOMN
YCTaHOBKE C MCIOJb30BAHUEM KIOBETHI JJISI CHEMKH CIEKTPOB a/ICOPOMPOBAHHBIX MOJIECKYJI.
AKTHBHOCTh KaTaJIM3aToOpa U3y4alld B MUKPOKATATUTUYECKOM PEAKTOpE MPHU CKOPOCTAX rasa
Hocutens (He mmu Hy) 10-15 mu/mun. KonmaecTBO MMMy IbCHO BBOJIMMOMN J103aTOPOM TPOOBI
VU3MEHSUIM B MHTEpPBAJe 0,5-5cM°, 06BeM katanuzatopa 0,5-1,0 oM. Karanuzatop (pa3zmep
rpanya 0,25-0,5 MmM) nepeMenuBaiu Mpyu MOMOIIM MeXaHudeckoro Budparopa. MK-crekTpsl
CHUMallid JO0 W B XOJE aJcopOIuH, a TakkKe IIOCI€ BaKyyMHpPOBaHUS o0Opasla.
B3aumoneiicTBue MCXOIHOTO XJOPHUCTOTO WA M aJUIeHa C KaTallu3aTopoM H3ydajoch B
CTallMOHAPHOM M HECTAIIMOHAPHOM pPEKHMax B MHTepBase Temmeparyp 298-673 K.
COBOKYIIHOCTh IOJIyYEHHBIX JSKCIIEPUMEHTAIBHBIX JaHHBIX IIO3BOJISET 3aKIIOYHThH, 4YTO
Je3aKTUBAllMS KaTajau3aTopa B Mpolecce KPeKUHra XJIOpyTriIeBOJOPOIOB 00ycIaBiIuBaeTcs, B
OCHOBHOM, IOBEPXHOCTHBIM IPEBPALICHUEM CbIPbsl. DTH NPEBpAIICHUs B 3aBUCUMOCTH OT
YCIOBUH TPOBEACHHUS PEAKIMH Ha BO3AyXE MOTYT TPUBOAUTH K CHEHU(DUIECKOMY
U3MEHEHHUIO TIOBEPXHOCTH KarTajgu3aTopa B pe3yjbTare oOpa3oBaHHs COEIUHEHUN
HEOpraHMYecKoi (OCHOBaHHWE, XJOpHUI, KapOOHAT) W OpraHuyYeckor (KapOOKCHIIATBHI ¢
HeHachlllleHHOW C=C CBfA3bI0, MPOAYKTHl TOJUKOHACHCAMU U T. JA.) TPUPOIBL
MakcumanpHasi ~ akTUBHOCTh — Karaju3aTopa HaOmmofaercs B HayajdbHOW — CTaauu
OCYLIECTBJICHUSI pEaKkUMd M [0 Mepe [€3aKTUBALMM KaTanu3aTopa CBOAMTCA K HYJIIO.
[TosToMy cuHTE3 ajuleHa U ajuIWjIeHa CIeAYeT OCYUIECTBIISATh B HECTAIIMOHAPHOM pEXHME B
ONpEJCIEHHOM  IPOMEXYTKE BPEMEHM C TEeM, 4YTOObl MpPEeayHnpeauTb  pacxoj

XJIOpyrieBoaopoaa Ha MOOOYHEIE peaknuu.
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Tepmuueckasi cTaOMIBHOCTH AJIOMOOKCHAHBIX HOCUTEIEH 1

AJIIOMOXPOMOBBIX KATAJIN3ATOPOB AerHIPUPOBAHUS HU3IIUX Napa(uHOB

C.P. ETOPOBA, A.A. TJAMBEPOB, I'.3. BEKMYXAME/IOB, A.O. KPUBI1OB

Kazanckuii (nogonscckuil) gpedepanvusiii ynugepcumem, Kazanwo, Poccus

segorova@rambler.ru

Mukpocgeprudeckre altoMOXPOMOBBIE KAaTalIU3aTOPbl MIMPOKO NMPUMEHSIOTCS B TEXHOJOTHUSIX
JOETUAPUPOBAHMUS H300yTaHa W M30MEHTaHA B KHUIIIIEM CJIOE€ JUISl TONYyYeHHs] HHU3IINX
oneuHOB — MOHOMEPOB JJIsI TPOM3BOJCTBA CHHTETHYECKHMX Kay4dyKOB, BOJIOKOH,
TUTACTHYECKUX MAacC, PE3MHOTEXHHUYECKUX M3AENUil. DKCIUTyaTallUOHHBIE XapaKTEePUCTHKU
NPONUTHBIX ~ MHUKPOC(EpHUYECKHX  aTFOMOXPOMOBBIX — KaTaJM3aTOPOB  OOYCIIABIMBAIOTCS
CBOMCTBAMH aKTUBHOW (Pa3bl U CTPYKTYpHOU YCTOWYMBOCTBIO MCIOIB3YyEMOT0 HOCHUTENS: €ro
(U3NKO-MEXAaHUYECKMMH  XapaKTePUCTUKaMH, CTaOWIBHOCTBIO  IApaMEeTpOB  MOPUCTOMN
CTPYKTYpBI, (ha30BOTO COCTaBa B JKECTKUX YCIOBUSX MpoLecca ASTHIPUPOBaHUS (TeMIieparypa
peakuuu 10 580 °C, perenepanuu — 10 650 °C ¢ BO3MOXXHOCTBIO JIOKAIBHBIX TEPETPEBOB
710 900 °C npu HenpepbIBHOW LIUPKYJIALIUYU IPAHYJ B CHCTEME PEAKTOP-PErEHEPATOP).

Panee mamu ObUT TpensyioKeH CHOCOO MONYyYEeHUS MUKPOCPEPUYECKOTO aTOMOOKCHIHOTO
HOCUTENS  JUIS  KaTalu3aTtopa  JETUAPUPOBAHMS  HU3MIUX  NapapUHOB  METOJIOM
MOCNe0BATEIbHON TEPMHUUECKOW U THUAPOTEPMATbHONH 00pabOTOK TpHUTHApaTa aTrOMUHUS.
['panynbl HOCUTENS MPEACTABIAIOT COOOM arperatbl KPyIMHBIX IIACTUHYATBIX KPUCTAJUIUTOB
pazmepoM Oonee 10 MkM, 001aal0T BHICOKOW MPOYHOCTHIO, HMEIOT CTIaXEHHBIN penbed u
HU3KYI0 a0pa3suBHYI0 aKTUBHOCTb. AJIIOMOXPOMOBBIM KaTalu3aTop Ha JaHHOM HOCHUTENE B
peakuun gerugpupoBaHuss nzoOyraHa npu T,=570 °C (B 1a0OpaTOpPHBIX YCIIOBHSX)
obecrieunBaeT BoIX0a n300yTrieHa 10 49 % ¢ cenektuBHOCTHIO 710 90 %.

B pabore u3ydyeHO H3MEHEHHE CTPYKTYPHBIX, TEKCTYPHBIX, NPOYHOCTHBIX U (UUKO-
MEXaHUYECKUX XapaKTePUCTHUK NIPpH u30TepMuueckoir 0opadotke ot 600 mo 1100°C B TeueHune
1 waca mukporpanyn (40-100 Mkm) OEMUTHBIX HOCHTEJEH B CPABHEHUHU C MPOMBIIIICHHBIMA
IPOAYKTaMH TEPMOXMMHUYECKON aKTHBAIMK rinHO3eMa (Tabun. 1). MccnenoBanu cnepyromue
obpasziel Hocuteneit: b-1 (6emur - 100 %); b-2 (6emut - 75 %, x-ALOs; - 25%);
T-1 (ru66cur - 37 %, 6emur - 6 %, amophHBIN OKCH ATIOMUHUS - 58 %).

B 3amanHOM wuHTepBaje TemmepaTyp OTMEYaeTcs Yycaaka rpaHyn Hocuteneit. [lpu
temreparypax Boiie 800 °C cHmkaeTcsi CTOWKoCTh K uctupanuto. Hocurens b-1 nposiBnsier

HauOOJIbIIYI0 TEPMHUUYECKYI0 cTaOminbHOCTh. [IpucyTcTBue B coctaBe Hocutens b-2 dasbl
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x-Al,O3; o0ycnaBnuBaeT MakCMMalbHOE M3MEHEHHUE BEJIMYMHBI YJIEIbHOM TOBEPXHOCTH, a

TAKXKXC CHUKCHHUC ITPOYHOCTH T'paHyJI.

Tabmuua 1. Xapaktepuctuku Hocutenei (40-100 Mmxm)

Hocu- TeMHip arypa, da3o0BbIi cocTaB* Sy Vi, eM’/T MII, % Ycaja
TEJb C M/T rpanyd, %
Hcxoaubrit bm 40 0,07 86,2 0
600 v-AlL O3 124 0,266 88,6 10,2
800 v-Al,O3 83 0,262 88,7 11,7
b-1 900 v -0-Al,04 63 0,249 87,6 12,0
1000 docr-0-AlL 03 46 0,235 86,0 12,4
1100 0-a-ALO; 28 0,206 79,8 18,3
Wcxonuprit bum — x-ALO; 131 0,206 89,8 0
600 v -x-Al,O3 121 0,290 87,4 16,1
800 v -x-ALOs 66 0,294 86,4 18,8
b-2 900 v-x-0-k-Al,0O3 55 0,214 75,4 20,9
1000 0-k-Al, O3 31 0,288 68,6 22,1
1100 0-k-0-AlL O3 19 0,125 59,0 253
Hcxonnsrit I'6-bm-AD 90 0,083 88,7 0
600 n(y)-x-Al,O3 121 0,213 88,1 12,5
800 n(y)-x-Al,O3 100 0,229 87,4 14,5
T-1 900 n(vy,0)-k-ALO; 82 0,193 86,6 14,5
1000 n(0)-k-Al,O3 53 0,221 83,2 15,9
1100 a-k-Al,O3 22 0,139 80,5 20,4

[Ipumeuanue. *bum - 6emur, I'6 - rudb6cut, AD - aMmopHBIN OKCH]T ATFOMUHHUS

AJNFOMOXpPOMOBBIE KaTaIH3aTOpbl CHHTE3UPOBAIH METOJIOM IPOIHUTKHU 10 BIArOIOTIIONICHHIO
pacTBOpOM XpoMOBOM KHCIOTBI M KapOoHata kamuga (CrO3 = 9%, KO = 1%) ¢
nocneayomum npokanusanueM npu 800-1100 °C. Ilokazarenu mpouecca JErHIPUPOBaHUS
n300yTaHa B TPUCYTCTBHUM TEPMHYECKHM OOpaOOTaHHBIX OOpa3LOB  ONPENENIIOTCS
CTPYKTYPHBIMH  XapaKTEpPUCTHKAaMH C(HOPMUPOBAHHBIX TMPH TEPMUYECKOH 00paboTKe

AITFOMOOKCHTHBIX HOCUTEJICH M CBOMCTBAMHU aKTUBHOM (pa3bl HA X MMOBEPXHOCTH.
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KuciaorHoctn NMUWIJIAPUPOBAHHOTO0 AJIIOMUHUEM MOHTMOPUJIJIOHUTA B

JKeJIe3HOM popMe M AKTHUBHOCTb B KPeKHHIe ppakuuil HepTu

H.A. 3AKAPHUHA, E.JI. BAPJIBIKBEKOB, JI.I. BOJIKOBA, /I.A. /KYMAIYJ/IJIAEB

Uncmumym opeanuueckoco kamanusa u snexkmpoxumuu um. /.B. Coxonvckozo, Anmamul,
Pecnybnuka Kazaxcman

Erzhan-Bar@mail. ru

B kpexunre HeTsHBIX QpaKIuid, SIBISIOMIUXCS CJI0KHONH CMEChIO YTIIEBOAOPOI0B PA3IMIHOMN
PEaKIIMOHHON CIOCOOHOCTH, HapsAAy C HMOPHCTOCTHIO BAaXKHYIO POJIb WUIPAET KHCIOTHOCTh
Karajau3aTopa. M3BecTHO, YTO aKTHBHOCThH KaTalu3aTopa KpEeKHHra ompesensercs oouieit
KHUCJIOTHOCTBIO KaTallM3aTopa, a CeJICKTUBHOCTh BBIXO/a MPOAYKTOB — HATHYUEM KHUCIOTHBIX
LIEHTPOB OMNpeaeIEHHON CHIIbI [1].

B mpencraBieHHo# paboTe CHHTE3WPOBAHBI MIJIAPUPOBAHHBIC ATIOMHHHEM CHUCTEMBI Ha
ocHoBe Jkene3Hou ¢Gopmel Taranckoro moHTMopwiuioHuta (FeMM). OmnpeneneHsl ux
KHUCJIOTHBIE U CTPYKTYPHBIE XapaKTEPUCTUKH, & TAKKE aKTUBHOCTh B KPEKHHTE ABYX (paKIuit
nedru: 210-350°C (KI'®) u 350-570°C (BI'). IToCKONBKY KHCIOTHOCTH TJIMH MOXKET OBITH
ycuJieHa KUCIOTHOW aktuBauueil [2] FeMM mnpenBapurensHo nepesonwntu B H-popmy, a
KHCIIOTHO-akTUBHUpOBaHHYI0 (opmy FeHMM wunTepkanupoBanu NG Konuenrpanuto
BBoaumoro B FeHMM antomunus BapbupoBanu B uarepBaie 2,5;5,0 u 7,5 MMoub AP/1. B
UCIIOJIb30BaHHOM TaraHckoM MOHTMOPHJIJIOHHUTE MO JaHHBIM 3MHCCHOHHOTO CIEKTPAJIbHOTO
aHasm3a copepxurcs 6% Fe Os.

B taGaune 1 npuBeneHbI KUCIOTHBIC XapaKTEPUCTHKU KaTaan3aTopoB Ha ocHoBe FeMM.

Tabanna 1. KucioTrHble xapakrepucTuku ucxogHoro, FeMM akTHBMPOBaHHOIO

kucaoroi FeHMM n nuiiapupoBannoro aamomunueMm (Al FeHMM)

Obpazen Conepxanue Kucnorasie neHTphl
Cnabwie | Cpennue | CunbHbIe O6mmas
KHCJIOTHOCTE
FeMM % 42.0 44.6 13.4 100
MKMOoJIb NH;3/T 30.7 32.7 9.8 73.3
FeHMM % 32.1 37.0 32.1 100
MKMOJIb NH3/T 29.3 35.2 30.5 95.9
Al(2.5)FeHMM % 334 26.0 40.6 100
MKMOoJIb NH3/T 82.8 64.4 1000 247.8
Al(5.0)FeHMM % 38.0 36.5 25.5 100
MEMoiIb NHs/T 82.8 79.5 55.7 218
Al(7.5)FeHMM % 26.9 29.5 439 100
MKMoJIb NH;3/T 73.8 80.5 120.1 274.4
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Jlis I10X0 pa3pelieHHbIX TEPMOAECOPOLIMOHHBIX TMKOB aMMHAaKa B COOTBETCTBUHU € PabOTOM
[3], ammuak, recopOupyrouuiicst B untepBaie remneparyp a0 200°C, oTHecéH K cnabbIM K.I1.,
B unTepBane 200-300°C- k cpemuum, a Boie 300°C k cuimbHbIM K.1I. Ecmu st FeMM
CyMMapHOE COJCpXKaHWE KHUCJIOTHBIX IICHTPOB cocrtaBiseT 73,3 Mkmons NHj/ r, To s
FeHMM-95,9 mxmone NH3/r. O6mias kucinotHocTh nipu niepexonae oT FeHMM k Al- FeHMM
Bo3pactaer A0 218-274,4 mxmons NHj3/r. MakcumanbHOe coiepkaHHe K.II. OTMEUEHO [T
obpasua Al (7,5)- FeHMM. Ha »stor e Katanu3atop NPUXOIUTCS MaKCHMaIbHOE
cojiepaHue CUIbHBIX K.1I. (43,9%) 1 cymMMa cpeiHuX U CUIIbHBIX K.11. (73,4%).

Vemnuenne xonnentpamui Al B Al FeHMM npuBoguT K pocTy Syx o1 83,4 o 212 M/,
cymmapHoro oosema mop ot 0,222 mo 0,282 CM3/r, dooi — ot 14,1 no 17,6 A. Ha momo
Me3010p npuxoauTcs 10 95% Beex mop.

Ta6una 2. MarepuaabHblii 6ananc kpekuura KI'® npu 450°C

KaranmusaTtop [IponykTsl KpekuHra, % macc. Konsepcust | OktaHoBOE
benzun las Koxc Ocratox + YHCIIO
1.k-205"C IOTEPH
Al (2,5) 85 12,0 1,0 2,0 98,0 85
FeHMM
Al (5,0) 96 2,6 0,4 1,0 99,0 70
FeHMM
Al (7.5) 93 5,0 0,7 1,3 98,7 70
FeHMM
FeHMM 77 9,0 2,0 12,0 88,0 73
Hannpie mo aktuBHOCTH Al FEeHMM B kpekunre KI'® (tabiuma 2) cBHIETENBCTBYIOT 00
YBEJIIMYEHUU AaKTHUBHOCTH KOHTAKTOB MpHU IepexoAe oT akTuBupoBaHHoro FeHMM «k

NWUTApUPOBAHHBIM amoMuHueM obpasuaM. Kousepcus KI'® Ha 3Tux obpasiax cocraBiser
+
7,5 mmons Fe’'/r FeHMM.

MaxkcuManbHbli BbIXOA OeH3uHA pocturact 93-96%. Ha HuUX oTMedeHbl MakCUMAaJlbHbIE

98-99% mna karanuzaTopax c coxepkanueM Al = 5,0 —
3HauYeHHs Sy; M CyMMapHOE KOJIMYECTBO CPEIHUX U CHJBHBIX KHCIOTHBIX LEHTpPOB. B
kpekuHre BI' ¢ mOBbIIEHHBIM KOHIIOM KHMIIEHUSI MaKCUMAaJIbHBIN BBIXOJ OCH3MHA KoJeOiaercs
B uHTepBase 16 — 25%, nerkoro razoitnsg 16 — 31%. OkxraHoBOe yuciO OEH3WHA KPEKHHTa
75 — 85. CnenaH BbIBOJ O BO3MOKHOCTH MCHOJIb30BAaHUS MUUIAPUPOBAHHOTO AJTIOMUHUEM

JKEJIE3HOT0 MOHTMOPHJIOHUTA B KAU€CTBE KaTaau3aTopa KpeKWHra He(TAHbIX (pakiuil.

JIureparypa:

[1] Xamxuwe C.H. Karanutmueckuii KpeknHT HEPTSIHBIX GPaKOuid Ha IEOTUTCOASPIKAIIIX
kaTtanuzaropax - M: Xumus, 1982r. 280c.

[2] Mokaya R, Jones W. // J Catal. 1995. - V.153, Nel. - P. 76-85.

[3] A6pamoBa A.B, Cnusunckuii E.B, I'onbadap6 F0.41. // Kuneruka u karanmza.- 2005. T. 46, Ne 5.-
C.801-812.
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OmnbIT 3kcniryatanuu cekunu 100 ycranosku I'-43-107 noist npoussoacTaa

MAJIOCEPHUCTOrO JU3eJIbHOr0 ToIINBa ¢ kKataauzaropom AI'K/I -400

P.I'. ABPATUMOB?, P.P. AJTMEB", 1.JI. PE3BHUUYEHKO®, H.H. AMUPOB®
“Baxuncxuit HITI3 um. Ietioapa Anuesa, Baxy, Azepbaiioxcan
b040 «Bcepoccutickuil HayuHo-uccie008amenbCKull UHCMUmym no nepepadomie He@muy,
Mocksa, Poccus
‘OAO «Aneapckuil 3a600 KAMAIU3AMOPOE U OP2AHUUECKO20 CUHME3AY,
Aneapcx, Hpkymckas oon., Poccus

rasimibragimov(@socar.az

B Hacrosimee BpeMss MMEET MECTO YBEJIMYEHHE CIPOCAa Ha MAaJIOCEPHUCTOE IU3EIbHbIE
TOIMBa. YuuTbiBass 370, cekuuss 100 ycranoBku [-43-107 npegHazHaueHHas 1St
TUAPOOOJIaropa)kuBaHusl BaKyyMHOI'O Ta3ois, Obla IepeBeeHa Ha THIPOOYHUCTKY
IU3eNbHBIX (pakiuil. OCOOEHHOCTBIO Ipollecca THAPOOUNCTKH Ha YKa3aHHOM MPEIIpUATHH
SBIISICTCS ~ WCTIOJB30BAHUE MAJIOCEPHUCTBIX  JU3CIBHBIX (QpakuuMii TpPH  BOBJICUCHHUH
3HAYUTENBHOTO KOJMYECTBA Tra3oiyied BTOPHUYHOTO MPOUCXOXKACHHUSA C  OONBIIUM
COJIep’)KaHNEM HENPEENIbHBIX YTI€BOI0OPOI0B.

C uenbto yJydlleHds TEXHUKO-IKOHOMHUYECKUX IMOKa3aTeseil ObUTM MPOBENEHBI CIIEAYIOLINE
MEPOIPUSITUS:

— 3arpy>xeH karanuzatop AI'K/[-400 BH npoussoxnctea OAO “A3KuOC”;

— B KQUECTBE 3aIUTHOTO CJI0s UCTIONB30BaHbl (opKOHTAKTE DOP-1 1 ®OP-2;

— MpPUMEHEHa CHelHalbHas METOAWKa CyIb(OUINPOBAHUS KaTalu3aTopa U BBIBOJA €ro Ha
PEXKUM.

B pesynbraTe BHEIpPEHHsS  BBINICONMCAHHBIX MPEAJIOKEHUH OBUIO  OPraHU30BAHO
IPOU3BOJCTBO JKOJOTMYECKHM YHUCTOIO JM3EJIBHOTO TOIUIMBA C COJEp)KaHUEM Cephl B
npenenax 7 - 45 ppm B 3aBUCHMOCTH OT KAauye€CTBa ChIPbSl M TEMIEPATypPHOTO peKUMa B
peaktopax. Ilpum BoBneuenun 10 50% BTOPUYHBIX Ta30WiIel, KaTaau3aTop mpopadoTan
40 mec. 0e3 perenepanuu. [lomydeHHBIC NaHHBIE CBUACTEIBCTBYIOT 00 3(h(HEKTUBHOCTH
skcrutyaranun karaausaropa AIK/[-400 B couetanuu ¢ pOpPKOHTAKTaAMHM 3a CUET YBEINYCHUS
MeXXpereHepalMoOHHOTO TIepro/ia U OOIIETo CpoKa CIIy>KObI KaTajau3aTopa.

[TunoTHBIE MCHBITAaHUS TOKA3ald, YTO yKa3aHHBIE KaTalU3aTOPbl 00ECIEYMBAIOT BBICOKYIO

TUAPO0OEeCCepUBAIOIYI0 AKTUBHOCTD U B IIPOLIECCE TUAPOOYUCTKY BaKyyMHBIX ra3oiiieil.
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KaranuszaTop celeKTHBHOIO riipMPOBAHNS BUHIJIALETUIICHA B

oyraauen-1,3

W.P. WIBSICOB?, A.IIL. BUKMYP3UH", M.B. HA3APOB?, A.l1. JIACKWH?,
A.A. JAMBEPOB®

“Kazanckuti (npusondicckuil) peoepanvuwiil ynusepcumem, Kazano, Poccus
b
OAO «Huoicnexamcknegpmexumy, Huscnexamck, Poccus

ilildar@yandex.ru

Byraguen-1,3 — BaxHeHIIUA MOHOMEP TEXHOJOTHH CHHTETHYECKOro Kayudyka. OCHOBHOM
UCTOYHUK TONy4YeHHs OyTajueHa — TPOIECC NHPOJIU3A YIJIEBOJOPOIHOTO  CHIPHSI.
[Moyyaemast OyTamueHoBasi Ppakiys MPEACTABIICT COO0M CIIOKHYIO CMECh YTIIEBOJOPOJIOB
coctraBa C4. Ilpomecc ceneKTMBHOTO THUIPUPOBAHHS BUHWJIAIETHICHA B OyTaaueHOBOM
bpakuu  sBiseTcs Hauboyee MNEPCIeKTHBHBIM CHOCOO0OM OYHCTKH OyTanueHa-1,3 oT
YIJIEBOJOPOJOB ALIETHIIEHOBOTO psiia. OCHOBHBIM YCIOBUEM MPOMBIIUICHHOW pealn3aluu
mpoliecca CEJIEKTUBHOTO TUJPUPOBAHMS SBJISCTCS CHUHTE3 AKTHBHBIX M CEJIEKTHUBHBIX
KaTaJIn3aTOPOB, MO3BOJISIIOIINX JIOCTUTaTh BEICOKOTO BhIX0/1a OyTaauena-1,3.

[lenpto paboThl sABIAETCA pa3pabOTKa KaTamu3aTopa CEJNEKTHMBHOTO THIPHUPOBAHUS
BUHWJIAIICTUJICHA B TMPOMBIIUICHHOW OYyTaJleHOBON (pakiuu HAa OCHOBAaHUHM JTAHHBIX
W3YUYEHUs BIUSHUS TPUPOIBI UCXOAHOTO COCAMHEHUS MaJafusi, KOHIIEHTPALUA aKTUBHOTO
KOMIIOHEHTa, IPOMOTUPOBAaHMs KOOAIbTOM, MOJILHOTO COOTHOLICHHS MaJljiaaus U KoOanbTa,
¢dazoBoro cocraBa HocuTens Ha (U3UKO-XMMHUYECKHE, aJCOPOLMOHHBIE U KaTaIUTUYECKUE
CBOICTBA KaTaJau3aTOPOB.

B oskcmepuMmeHTanmpHBIX — O0pa3lax — KaTanm3atopa — BappUpOBaIdM  MOPQOIOTHIO
AITFOMOOKCHTHOTO HOCHUTEJIS, KOHIIEHTPAIIUIO AKTUBHOT'O KOMIIOHEHTA, IPUPOYy IPOMOTOPOB.
B kauecTBe HOcHUTENs TpEIOKEHO ucmonb3oBaHue 0-Al,O3, oOnamaromeit HU3KOM
KOHIICHTpAaIMel KUCIOTHBIX IEHTPOB, YTO OOECHEUMBAET €ro HU3KYIO OJUTOMEPU3YIOIIYIO
CIIOCOOHOCTh HETIPEACTbHBIX COCTUHEHHM.

CornacHo pe3ynbTaTaM KaTaJUTHYECKUX HWCIBITAHUN, MPOCBEUMBAIOUINM 3JIEKTPOHHOMN
mukpockormu (puc. 1) um HK-cnekrpockonuu ancopOupoBanHoro CO (puc. 2) B
HEMPOMOTHUPOBAHHBIX MAIAJUEBBIX KaTallM3aTOpax CHHTE3MPOBAHHBIX C HCIOJIH30BAaHUEM
aleTUJIAlETAHATHOTO KOMIUIEKCA BOCCTAaHOBJICHHBIE YACTHUIBI AKTUBHOTO KOMIIOHEHTa CO

cpemHUM auaMeTrpoM 11 HM XapakTepu3yroTCs HAIWYHEM BIIEKTPOHHO-AC(OUITUTHBIX
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MOBEPXHOCTHBIX aTOMOB MaJlIa/iisl PacHOI0KEHHBIX HA pedpax, MOBEPXHOCTHBIX CTYMEHBKAX
U BEpIIMHAX KPHUCTAJUINTOB MeETaijia, 4To OO0yclaBiMBaeT ruipupoBanue 1,3-OyTaganeHa B

xoimuuectBe 10 1 % macc.

Pucynok 1. ®otorpaduu [1OM katanuzatopos: a — Pd/3-Al,0s, 6 - Co-Pd/6- ALO;

Jlist  yBenuYeHWs] CENEKTHBHOCTH TMPEBpAlllcHUs BHUHWIANCTWIeHa B 1,3-OyragmeH Obum
CHUHTE3UPOBAHBI MMPOMOTHPOBAHHBIE KOOAJTHTOM KATAIM3aTOpPhl, C Pa3IMYHBIM OTHOIICHHEM
koOanbT mayutaauii 0,5 - 3 : 1. Ha oOpasie ¢ MOJTBbHBIM COOTHOIICHUEM MaJUTaus U KodanbTa 1 :

1 mpu 100 % xoHBepcuM BUHHMIIALIETHIIEHA CETIEKTUBHOCTH 10 1,3-0OyTaaueHy cocrasnseT 61,3 %.

IMoraowenne, oTH. e,

CoPd — 5-ALD,

4 2100
Pd — &-Al0;

1800 1900 2000 2100 2200V emt

Pucynok 2. UK-cniektps! ancopbupoBannHoro CO
Pd/6- Al,Os, Co-Pd/3- Al,O3 u Co/d- Al,O3 kaTanu3aTopoB
BBenenue B cocTaB karanm3aropa KOOAJIbTa MPUBOIUT K (HOPMUPOBAHUIO OMMETATITMYECKIX
NaJIauii-KOOATbTOBBIX YacTUI] C aTOMaMH TMaUIafusi, XapaKTEePU3YIOMIMXCsS OOoJbIIen
9MIEKTPOHHOMU TJIOTHOCTHIO Ha mpeaBHemHen 3d-opOutanu, 4To 00ycIaBIMBAeT MOBBIIICHUE

CCIICKTUBHOCTH I10 1,3-6}/TaﬂI/IeHy Ipu THAPUPOBAHUN BUHUIACTUIICHA.
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Hccaenosanue Ni, Fe-cogep:kamux KaTaJan3aTopos pa3iioKeHUs BOAbI

METOAAMH CIIEKTPOCKOIIUMA

Y.H. KEPUMOBA, H.A. AJIMEB, ¥.J. CAJIBIXOBA, 51.A. ABBACOB,
P.b. AXBEPJMEB, 3.'' UCMANJIOB

HUnemumym negpmexumuueckux npoyeccos um. FO.I'. Mameoanueea HAHA,
Fbaxky, Azepbatioscan

ulviyyakerimova@hotmail.com

B npeacraBieHHOM A0OKIa/le MPUBEACHBI PE3YIbTaThl UCCIEIOBAHUS METOAAMH AJIEKTPOHHOU
criektpockonuu auddysznoro orpaxkenus (3CJO) u 3MeKTPOHHOTO MAarHUTHOTO Pe30HaHCa
(OMP) Ni, Fe-comepxamux OKCHIHBIX CHUCTEM, CIOCOOCTBYIOIIMX pa3i0KEHUIO BOJABI B
uHTepBaje Temmeparyp 280-320°C.

OO0pa3npl TOTOBUIINCH CMEIICHHEM PACCYUTAHHBIX KOJIUYECTB KOMIIOHEHTOB, TOBOJMIIKCH C
MOMOUIbIO JUCTHWUIMPOBAHHOW BOJBI JI0 MAcTOOOpPAa3HOTO COCTOSHUS, IOJIBEPrajiucCh
dopmogke, a 3ateMm cyiuke (t=100-120°C) u npokaike (620-650°C) B yCIOBHUSIX MOHUKEHHOTO
naBneHus (Pocr =10-15mm pr.c16.) B Teuenue 10-12 gacor. Criektpbl Audy3HOTO OTpaKeHUs
B oGmacti 50000-10000 cm™' cHsTBI Ipy KOMHATHOHM TemrmepaType Ha CHEKTpOo(hOTOMETpe
«Specord M40». B cnektpax 9CJO cuctem, conepxamux NiO — 8-15%, noixydeHHbIX pU
aTMOC(EepHOM JIaBJICHUM HaONIOJAar0TCsd MOJOoChl morjouieHus (m.a.) mpu 13200, 15800,
16700 u 27000 cm'. HaGmomaemsle ILIL npu 13200 u 27000 em’! XapaKTepHbI JJIst
OKTa3IpUYECKU KOOPAMHUPOBAHHBIX HOHOB Ni*t [mepexoib 3A2g—>3T2g u 3A2g—> 3T2g P)];

- mo. B obmactu 15800 u 16700 cM™' MOKXHO OTHECTH K MOTJIOLIEHUIO TETPA’APUUECKHU
KOOPJIMHUPOBAHHBIX HOHOB HUKEJIS [[I€PEXOIbI 3T1—> 3A2 u 3Tl(F) — T, (P)].

Takum oOpa3oM, AaHHYIO OKCHUIHYIO CHUCTEMY MOXXHO OXapaKTepHU30BaTh KaK CHCTEMY,
COIEP)KAIYI0 OKTAdAPHYECKH M TETPadApPHUCCKH KOOPAMHHPOBAHHbIC HOHBI Ni*' 1
dbopMupOBaHUE MMOBEPXHOCTHOW cMmemanHoW mmuHenn NiAl,O4. @opMyiry 3TOW HIMHHETH
MO3KHO TpeacTaBUTh B BUAE Niju Alsjy [NizuAlss] Os. CiexTpbl 00pasios, coaepxamux Fe B
npenenax 50-70% momydeHHBIX NMPH aTMOCc(EepPHOM JaBICHHH, XapaKTEPH3YIOTCS ILIL. TpPU
12000 u 16000 cm. HabGmronaemble TOJIOCHI MOKHO OTHECTH K OKTadpUUYECKU
KOOPAMHUPOBAHHBIM HOoHaM Fe’™ [mepexoms! 6A1g—> 4T1g 51 6A1g—> 4ng]. [TonyueHHble
pe3yNbTaThl YKa3biBAlOT Ha QopMEpoBaHHe cBoGOmHOH (assi Fe,Os, rme momsr Fe'
CTAOMJIM3UPOBAHBI B MOJISX OKTAdIPUIECKON CUMMETPHH.

Cnexktpsl OMP peructpupoBamucy Ha paauocnekrpomerpe Jeol, JES-PE-3, ¢ paGoueii

gacroroit 9,3TTy mpu Temmeparype 77-543 K. Tome xamubposamn mo Mn® /MgO.
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Ha6nromaemblie cCUTHAIIBI XapakTepu30Bain corjacHo (1) TpeM mapaMmerpam: MIUPUHON JIMHUH
pe3oHancHoro curHana (AHyp), 3pdekTuBHbIM g-(PakTOpOM geqq U MAPAMETPOM ACUMMETPUH.
Db dexTuBHBIN g-Qakrop onpenensaan no dopmyie gpp= hv/PHsge., rae H,pg 3HaueHHE
MarHMTHOTO IOJIsl, COOTBETCTBYIOIIEE MAaKCUMyMY pPE30HaHCHOro mnorioueHus. [lapamerp
ACUMMCTPHH - A:Ath - AH3¢)¢, rac Ath - H;,q)q), AHMM,:chpq) — B1f,, th n H;,q)cp - 3BHAUYCHHUC
1oJIeH, MpU MOJOBUHHOW BBICOTE CUTHAJA IOIVIOIIEHHUS CO CTOPOHBI HM3KOTO M BBICOKOTO
II0JIEH, COOTBETCTBEHHO. [lonHas muprHa npy noJ0BUHHOMK BeicoTe nornomenus AHp,=Hpe +
Br. UccnienoBanbl 00pasiisl, MOMTy4YeHHbIE IBYMs criocobamu: A — 00pasiibl, IPUTOTOBICHHBIE
Ipd HOPMAJILHOM aTMOc(epHOM JaBleHHH, B — o00pasubl, NPUTOTOBIECHHBIE  TpPHU
MOHIKEHHOM JIaBJICHUH.
B cnekrpax OMP, 3anucaHHbIX Ipyu KOMHAaTHOM TeMIiepaType oOpa3loB BhILIEIPUBEIEHHBIX
COCTaBOB IMOKAa3aHO, YTO ISl BCEX O0Opas3IoB, MPUTOTOBICHHBIX CIOCOOOM A 10 00paboTKH
PEaKIMOHHON cpeoi Kakux-mmbo curaanoB DMP He oOHapyskuBaetcs. s psga oOpasnos,
MONyYeHHBIX crmocoboM B, o0HapyxuBaroTcsi ciiabble 10 HWHTEHCUBHOCTH, CIIETKa
ACUMMETPUYHBIC OJTMHOYHBIC CUTHAIBI. [Tociie 00paboTKH peaKIMOHHOM CPEeION B CIIEKTpax
OIIP 06pa3uoB, moaydeHHBIX Kak crocobom A, Tak u B, oOHapyXHBarOTCS MHTCHCHBHbBIC
ACHMMETPUYHBIE ITUIOXO-Pa3peIICHHbIE CHUTHAJBl. AHATU3 TaOJWYHBIX JaHHBIX, yCIOBHU
HAOMIOJIEHUSI CUTHAJIOB, 3aBUCUMOCTH MAarHUTHO-PE30HAHCHBIX  XapaKTEPUCTHK  OT
COJIEp’KaHUs, COOTHOUIEHMSI COCTABJIIOIIMX AaKTHMBHOW KOMIIOHEHTHI KaTajJu3aToOpOB
MO3BOJIAET 3aKIIIOUUTH CIIEAYIOIIee:
1. Bce uccrnenoBanHble 00pasilbl, MOTYYEHHbIE METOAOM A, KpOME HEKOTOPHIX 00pasIloB,
MOJyYEHHBIX METOJOM B, He MOoABEeprHyThIE BO3ACUCTBUIO PEAKIMOHHONW CMecH, He
MPOSIBISIIOT Kakux-nbo curHaioB DOMP B unTepBane temneparyp usmepenusi 300-543K.
Bmecte ¢ Tem moutu Bce oOpasipl, MOMy4YeHHbIE Kak MeToJaoM A, Tak u B, mocne
BO3JICUCTBUS HA HUX PEAKIMOHHOW CMEChl0 OOHapykuBaloT curHaiasl OMP, mpupona
KOTOPBIX 3aBUCUT OT YCIIOBUH MPOBEIEHUS peakluud oOpas3IoB KaTaau3aTOPOB C Ta3oBOil
CMECBIO.
2. OGpa3s1pl, TOMyYeHHbIE METOIaMU Kak A, Tak u B, u cogepxaiine B KauecTBE aKTUBHOMI
KOMIIOHEHThI JIMIIb HUKEJb, MOCJIE€ BO3ICHCTBHS ra30BOM CMECH MPOSBISIIOT OAMHOYHBIE,
cierka acuMmeTrpuyHble curHaibl OMP ¢ sddextuBHbIM g —dakTOopom, paBHBIM 2.2 U
mmpuHoil curHana AH=1100-2800 I'c, mpuHamnexaiue cynepnapa U (peppoMarHUTHBIM
YIBTPAJAUCIIEPCHBIM YaCTUI[AM, CKOPEE BCETO, C PA3IMYHBIM 3apSA0BBIM COCTOSTHUEM jKele3a
u mumkens (0,1+,2+,3+) B oOosouke annoHOB Kuciopoaa. CurHam DOMP 3tHx gacTuil
MPAKTHYECKH OCTAETCS HEM3MEHHBIM MpH 3-4-KpaTHOW OKHUCIHUTEIbHO-BOCCTAHOBUTEIBHOMN

o0OpaboTke.
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HoBble KaTaJdu3aTopbl 1 METOAbI HGpr&ﬁOTKl/I YIJI€BOAOPOAHOIO CHIPbA

C.P. KOHYCIIAEB?, K.A. KAIMPBEKOB?, M. LIAIMAPJIAH?, P.K. HYPBAEBA?,
3.C. KOHYCITIAEBA®

a

Hncmumym xumuuecxux nayx um. A.b. bekmposa, Anmamsi, Pecnybonuxa Kazaxcman
b . .

Kazaxckuii nayuonanvnvii ynugepcumem um. Anv-Dapabu, Pecnybauxa Kazaxcman

srkonuspayev@mail.ru

[TepepaboTka yriieBOAOPOJHOTO ChIPbsi OTHOCUTCSI K OAHOMY U3 NMPHOPUTETOB, MPHUHSITHIX B
Pecriybnuke Kazaxcran. MccnemoBanusi mo mpoOiemMaM mepepadOTKH yTieBOJOPOIHOTO
CBIpbSl B HamIed I1adopaTOpUM MPOBOIIINCH IO HECKOJBKUM HampaBieHusMm. llepsoe,
TEPMHUYCCKHA ¥ KATATUTHYCCKUA KPEKUHT TapauHOB I CHHTE3a JTUHHOICITHBIX
a-0eUHOB, KOTOpble B JajbHEHIIeM MOryT OBITh MCHOJb30BaHBl B PA3IUYHBIX
HEePTEXMMUYECKUX CHUHTE3aX, B YAaCTHOCTH, [IJs TMoONydeHus O0a3oBbIX Macenl. Bropoe
HamnpaBlieHUE, pa3padOTKa KaTaIM3aTOPOB CEJIEKTUBHOTO THAPUPOBAaHUsS OeH30ma s
MOJTyYEHUsI YKOJOTHYECKH YHCTOTO OCH3WHA, TIOCKOJBKY C IEPEXOJ0M Ha €BPOCTAHIAPTHI
yKecTouaroTcsi TpeOOBaHMsS K COJepKaHHIO OeH3oja B OeH3uHE. TpeThe HampaBiIeHUE,
pa3paboTKa KaTamu3aToOpOB NETUAPUPOBAHHUS CMECH JIETKMX aJKaHOB Juis mepepaboTKu
MOMYTHBIX Ta30B He(TenoOBYM W JKUPHBIX Ta30B HedrTemepepadOTKH, MpHUEM, 371eCh
UCIIOJIb30BaHbl KATAJIM3aTOPHl BOCCTAHOBJIICHUS C IOJNIy4eHHEM oyiepuHAa W BOIOpOAa B
YCIIOBUSIX HEPABHOBECHSI.

Pa3pabotanbl MeTOAbl TEPMHYECKOTO KPEKHWHTa MapauHOB B CHHTE3€ AJTUHHOLCTIHBIX
0-0Ie()HOB B TIPOTOYHOM PEKUME MPH aTMOC(EpHOM JABIICHUU U MHTEPBAJIC TEMIIEpATyp
550 — 620°C. [ns ympaBieHHs paJdKaIbHBIM TPOIECCOM TEPMHUUYECKOTO KPEKHHTa
napaduHOB pa3zpaboTaHa KOHCTPYKIIHS PEaKTOpa, MO3BOJISIONIAs MAaKCUMAITBHO UCTIOIB30BATh
«CTeHOUHbIN 3(dexT» AN TOBBINIEHUS BbIXOAA UIMHHOIENHBIX 0-ojeduHOoB. HailineHnsr
M00aBKHM BEIECTB, KOTOpble MOTYT BIHATH Ha CTAagui0 OOpbIBa IEMM U TEM CaMbBIM
CIOCOOCTBYIOT OCTAaHOBKE PEAKIMU Ha CTaIuu OOpa3oBaHMs JJIMHHOIICTIHBIX 0-0JIe(HHOB.
Coznmana W (yHKIMOHHPYET MHIJIOTHAS YCTaHOBKAa MO HapaOoTke ojeduHOB. Pa3paboraHbl
KaTaJau3aTopbl KpPeKWHTra mnapauHOB B CHUHTE3€ AJIMHHOLEMHBIX 0-0JIe()UMHOB Ha OCHOBE
npupoIHbIX 1eonuToB [llaHkaHalickoro MecTopoXkaeHus: AaMaTuHckon obnactu. [IpoBeaeno
MOIU(DUIIMPOBAHUE JEKATHOHMPOBAHHOTO I[€OJIUTA MHUHEPATbHBIMU, OPTaHUYECKUMHU U

TeTepPONOIMKUCIOTaMH 12 MOIMOIEHOBOTO M BOJIBL(PAMOBOTO PSAAOB. Y CTAaHOBIICHO, YTO MPH
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moaudunmpoBanuu 1eosmta [TIK oOpa3yiorcs ycToiumBbIE HAHOCTPYKTYPBI, KOTOPHIC
paboTaroT UIMTENBFHOE BpeMs B pEeXHME peakius — perenepanus. [Ipm sTtom pacrter
MOBEPXHOCTh KaTanau3aropoB ot 22,1 mo 257 M/T npu MOIUQPUIIUPOBAHUU TPUPOJTHOTO
neosra ['TIK.

PazpaboTanbsl KaTayM3aTOpPbl CEJIEKTHBHOTO THUIPUPOBAHHUS OCH30JI1a, CIHOCOOHBIC Mallble
KoMuyecTBa OeH3051a B OEH3MHE NIEPEBECTH B IIUKIIOTEKCaH, HE OCTaBIIsAs ciieqoB Oenzona. Ha
COBPEMEHHBIE HOCUTEIM C Pa3BUTON TOBEPXHOCTHIO [CHOYHUT (CHOUPCKUN yTONBHBIN
Hocutenb, paspadoranubiii B UK CO PAH, BAY (Gepe3oBblii akTUBUPOBAHHBIN YTroiib) U
KAY (x0oCcTOYKOBBIN aKTUBHUPOBAHHBIA yroiib|, uMeromme oosnee 1000 M>/T CHICIHAIbHBIME
MeTOoJlaMi HaHOCWIM poauil. KaranuzaTop mo3BoisieT KOJIMYECTBEHHO MEepeBecTH OEH30J B
[UKJIOTEKCaH B pa3IUYHBIX cpegax (Boma, cmupT, yriaeBogopon). /[ns moBbImIeHUS
CEJICKTHBHOCTH THAPUPOBaHUs OC€H30/1a B MPUCYTCTBUU JIPYTUX ApOMATHUECKUX COCIUHEHUN
BBOJATCA MOIU(PUKATOpPHI B BHUJE KOMIUIEKCHBIX coyie wmonubaeHa. OnpeneneHbl
KUHETUYECKHE MapaMeTpbl PEaKIUH, BIUSHUE Cpelbl MPOBEACHMS PEaKIMUU, MOPAIKU IO
THUAPUPYEMBIM BEIIECTBAM U BOJOPO.Y.

Pa3paboranbl KaTaM3aTOPhl JETUIPUPOBAHIS CMECH JIETKUX AJIKAHOB B BOCCTAHOBUTEIHHON
cpele ¢ MoydYeHHEeM CMecH oJIe(UHOB M BOAOPO/AA. Y CTAHOBJICHO, YTO MEPEBOJ PEaKIuy U3
CTAaIlMIOHAPHOTO COCTOSIHUSI B HECTAIlIOHAPHOE WJIM HEPaBHOBECHOE IO3BOJISIET MOBBICUTH
BbIXOA olleUHOB M Bojopona. HaiimeHsl ycrmoBUS NPOBEACHUS PEAKIUH B YCIOBUSAX
HEPABHOBECHOCTH U JOOABKH BEIECTB, KOTOPhIE 00pa3yroT Ha MOBEPXHOCTH KATalU3aTOPOB
OJIHOPOJIHO ~ a/ICOPOMPOBAHHBIE JUCCHUIATHUBHBIC CTPYKTYpPBI, TO3BOJISIIOIINE JIOCTHYb
HEPAaBHOBECHOCTb U JIOOWTHCS AHOMAJIbHOTO BBIXOJA CMECH JIETKUX OJIepUHOB U
ra3oo0pa3Horo BOIOpOAa. B KkadecTBe KaTalM3aTOpPOB HCIONB3YIOTCS HAaHECCHHbBIE

KaTaJIn3aTOPbl THAPOTCHU3AIIUH.
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Bausinue I'TIK na cBoiictBa Ni-, Pd-, Pt-kaTaauzaropos,

HAHECEHHBIX HA NMUJIJIAPUPOBAHHBIIA Al MOHTMOPWIJIOHUT

H.A. KOPHAYXOBA, H.A. 3AKAPUHA

Hnemumym opeanuuecrkoeo kamanusa u snexkmpoxumuu um. /.B. Coxonvckozo,
Anmamot, Pecnybauxa Kazaxcman

n_korn77@mail.ru

[Ipumenenue reteponosmkucior 12-ro psga (I'TIK) mpeacraBmsier co0oil MepCreKTUBHOE
HATPaBIIEHUE CO3/IaHUS HOBBIX KATAIM3aTOPOB JUISI PEAKIUH, KaTAIU3UPYEMBIX KHUCIOTaMU
cpemHel W crnaboil cuiabl. B mpUCYTCTBMM METAaNIMYECKMX YaCTHII Ha KaTalu3aTopax,
momudunupoBanubix [TIK, peanusyercss kiaccuueckuil OM(PYHKIMOHAIBHBIM MEXaHU3M
U30MEpU3aINH H-aJIKaHOB.

Panee namu 6buT0 HaiineHo, uTo Ni-KaTanu3aTopbl, HAHECEHHbIE HA WHTEPKATUPOBAHHBINA Al
cron6uateiii Taranckuiit MM B Ca-dopMe, XapaKTepu3yIOTCs CEIEKTUBHON M30MEPU3YIOIICH
CHOCOOHOCTBIO TPU TOJHOM OTCYTCTBHUHM TNPOIYKTOB THAPOKPEKHHIa M IPEBAUPYIOIINM
COJIEp’)KaHHUEM CpeIHHX KHUCIOTHBIX LeHTpoB (86-100%). Ha ontumanbHOM cocTaBe
Ni/AlCaHMM-karanu3zaropa B Markux yciuoBusx (1 arm., 250°C) u3 H-rekcana oGpasyrorcs
n30TeKcanbl ¢ BEIX0A0M 12,9% u cenexktuBHOCTHIO 100%.

Lenpto nmanHOW paboThl OBLIO TpUTOTOBICHHWE W H3ydeHue Ni-, Pd-, Pt-xatammszatopos,
HaHECEHHBIX Ha MIJIAPUPOBAHHBIN AJTIOMUHUEM CaH-MOHTMOpUJIJIOHHUT,
moaupunupoBannbix rerepornonukucioToi (I'TIK) H3;PW,040xH,O (PWi,), B peakiuu
U30MEpU3AlMM H-TE€KCaHa, a TaKKe M3YyYeHUE KHUCIOTHBIX U TEKCTYPHBIX XapaKTEPUCTHUK
KaTain3aTopoB Metogamu Ttepmopaecopobuunn ammuaka (TIIJ] NHsz), BOT u POA. I'muny
IPEIBAPUTENBHO MOJIBEPIaly KUCIOTHON akTUBalMK. KOHIIEHTpalys aTlOMUHUS COCTaBIIsIA
7,5 mmoub/r. KommuectBo I'TIK B kartamuzatopax BapbupoBanu B juanasoHe 10-20%.
VCIOBHS WMCIBITAHHS KATAINTHYECKON AKTHBHOCTH KATATH3aTOPOB (5CM’) B IPOTOYHOM
peakrope: p=1 atm; T=250-400°C; Hy:CsH14=3,5; WH-C¢H 4= 0,82 gac™l.

Cormacio panHbiM P®OA wucxomnass Taranckas r1imHa coaepxkuT Oomnee  90%
MoHTMOpwUToHUTa (MM), Hambonbiine konudectBa o-kBapua (3,34) u myckoBura (4,5).
BasanbHblil peduekc y ucxomnoro MM B Ca-gopme coctapiser 15,2 A, npu axtupanuu
KMCJIOTOH yBenuumBaercss 10 16,3 A, a npu nuanapupopanuu Al pacter 10 18,3 A, uro

CBHUIACTCIILCTBYCT O Pa3ABHIKCHUHN aJIIOMOCHIIMKATHBIX CJIOCB.
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Merogom BOT mokazaHo, 4TO akTHUBAUUA KHCJIOTOW MNPUBOAUT K 3HAYUTEIBHOMY POCTY
yaensHoi moBepxuoctH CaHMM ¢ 65,5 1o 219 wm*/r. PacmpenencHue mop 1o pasmepam

m3mensiercs, ¢ Beeaennem Al'T comepikanme muxporop mms Al(7,5)CaHMM pasro 8% o
cpaBHeHu1o ¢ 14,2% nns CaMM u 17,3% nns CaHMM.

Hcneiranus momuduumposanusix o6pasios Pd, Pt u Ni-kataau3atopoB B M30MEPH3alMU
H-TeKCaHa TI0Ka3aJid, 4To MpH BBeneHuu PWi,, B Me/Al(7,5)/CaHMM pe3ko yBeInauBaeTCs
CEJICKTMBHOCTh TIO H30MEpaM MpHU BCEX TEMIIepaTypax OIMbITa, a BBIXOA Tra3000pa3HBIX
yraeBogopoaoB C-Cs; 3HAYUTEITHHO CHUKAETCS, 0COOEHHO TPH MOBHIIIEHHBIX TEMIIEpaTypax
B cpaBHeHMH ¢ KaTanuzaTopom Oe3 I'TIK.

ITo yMmeHbIIEHHIO KOHBepcHH H-rekcana mpd 350 u 400°C u3ydeHHBIE KATAIU3aTOPBI
pacnonaratorcs B pana: Pd > Pt > Ni (tabnuna 1). CenekTUBHOCTh U3yUYEHHBIX KaTalu3aTopoB
YMEHBIIIAETCS B TOM K€ MOCJIe0BATEILHOCTH, YTO M aKTUBHOCTD (Tabsmia 1).

Tabnuna 1 — M3omepuzanus H-rekcana Ha MoauduiupoBaHHbix [ TIK

Ni-, Pd-, Pt- katanm3aropax, HaneceHHbIXx Ha AlCaHMM

Karanusarop 350°C 400°C
o, % | Sca+ | Sce Brixogsl o, % | Sca+ | Sce Brixogsl
MIPOJYKTOB MIPOJYKTOB
Ci- H3o0- Ci- H3o0-
Cs Ce Cs Ce
5%Ni/AlCaHMM 8,0 90,3 | 67,0 | 1,1 5,4 9,0 72,0 474 19,0 |43
+PWi,
0,35%Pd/AlCaHMM | 30,0 | 94,0 | 84,0 | 6,6 25,0 | 51,4 |90,0 [79,3 |9,1 40,6
+PWi,
0,35%Pt/AlCaHMM | 25,0 | 94,0 | 854 |4,1 21,2 | 34,0 | 89,3 |79,5 | 10,7 | 27,2
+PWi,

Haubouee BhicoKast KOHBEpcHUsl H-TeKCaHa M Haubosee BBICOKUHM BbIXOA H30MepoB Cyi OBLIM
Haiinensl Ha Pd /AICaHMM+ITIK — karanuzarope.

Nzyuenne nanHbix o0pasnoB metogoMm TIIJ[ NH; mokazamo, uto Ha Ni-kaTamuzarope
(pUKCHPYETCsT Camblil BHICOKOTEMIIEPATYPHBIN MUK JecopOuun ammuaka, npu T=333°C (34%),
410 00BsAcHseT HauOojee BbICOKHE BbIXOAbl Ci-C3- YB mo cpaBHeHMIO C IByMsI JpYrMMHU
obpasmamu. Ha Pd-karaimzatope 3admkcupoBaHO aBa muka aecopOrwm, oTHocsmuxcs kK KL
cpenneit cubl, ipu 165°C (33%) u mpu 282°C (67%), a Ha Pt-karammsarope 100% ammuaka
necopoupyercs npu T=232,0°C ¥ MakCHMalbHOE CYMMapHOE KOJMYECTBO aMMHMAKa -
286 mxmons NH3/r k1. Ha Pd u Pt-katanuzaropax 3aMeTHO CHMKAETCs TIPOLIECC THAPOKPEKUHTA
U YBEIMYMBAETCS M30MEPU3YIOLIasl aKTUBHOCTb, OCOOEHHO MPU BBICOKMX TEMIIEPATypax, 4TO
HaXOJUTCS B COOTBETCTBUU C KUCJIOTHBIMH XapAKTEPUCTUKAMU N3yUEHHBIX CUCTEM.

Pabora BemomHeHa npu yactuaHo GuHancoBoi mopaepxkke MHTIL (ITpoext Ne K-1476).
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OxuciieHHe apOMATHYECKUX COeIMHEHHH 3aKHCBIO a30Ta B

CBEPXKPUTHYECKHUX YCIOBHAX

Adekcanap JI. KYCTOB, Bukrop U. BOI'IAH, Anexkceii E. KOKJIUH,
Jdeouua M. KYCTOB, Baagumup b. KASAHCKHI

Yupeowcoenue PAH Hucmumym opeanuueckou xumuu um. H J]. 3erunckoeo PAH,
Mockea, Poccus

kyst@list.ru, vibogdan@gmail.com, bogdan@ioc.ac.ru

OnHUM U3 HOBBIX HAIPaBICHUA B COBPEMEHHOM KaTalu3e SBISETCS IPOBEJCHUE
KaTaJIUTUYECKUX PEaKLUi B CBEPXKPUTHUYECKUX YyCJIOBUAX. OCyIIECTBIEHHE IPOLIECCOB B
CBEpPXKpUTHYECKUX (mongax MAa€T 3HAYUTENbHbIE MPEUMYIIECTBA [0 CpPAaBHEHUIO C
TPaJULMOHHBIMM METOJIaMH OCYILIECTBJICHHUS IPOLECCOB B JKUAKOM WM Ta30BOi (a3se.
[TnoTHOCTB, pacTBOpsAONIas CHOCOOHOCTh W TPAHCIOPTHBIE CBOWCTBA CPEIbl 3HAUUTEIHHO
MEHSIIOTCS TIPU Tepexo/ie OT ra30BOM MM XKHUAKOH (pa3bl K CBEPXKPUTHUUECKOMY COCTOSIHHUIO.
OU3NKO-XUMUYECKUE NapaMeTpbl CBEPXKPUTUYECKUX (IIIOMIOB UMEIOT IPOMEKYTOUHbIE
3HAQYEHUS MEXJy CBONCTBAMM JKUAKOCTH M Tra3a. CBepxXKpUTHUECKHE (IIOUABI MMEIOT
BBICOKYIO [0 CpPaBHEHMIO C Tra3aMH IUJIOTHOCTb, pAacTBOPSIOLIYIO  CIIOCOOHOCTb,
TEIUIONPOBOAHOCTh U XapaKTEPU3YIOTCS BBICOKOM IO CPAaBHEHUIO C KHUAKOCTBIO CKOPOCTBIO
QG dy3un pacTBOPEHHBIX BEIIECTB. TakuM 00pa3oM, CBEpXKPUTHUECKUE (ITFOUIBI COUYETAIOT
IPEUMYIIECTBA KHUJIKOCTEH (BBICOKAash KOHLIEHTPAILMs BEIIECTBA B €IMHHIIE 00bEMa, XOPOIIUH
TEIUIONEPEHOC) U Ta30B (XOPOIIMH MAacCONEpEeHOC, BbICOKAs B3aMMHAas CMEIIMBAaeMOCTb
peareHToB), YTO BeChMa OJIArOTBOPHO BJIMSET Ha NMPOTEKAHHE IeTePOre€HHO-KATATUTUYECKUX
peakuuii [1-10].

OCHOBHBIM CIOCOOOM TIONTy4eHUsS (PEHOIA SABISETCS KYMOJBHBIA METOJ, Ha JOJII0 KOTOPOTO
npuxonutcss 95% Bcero mupoBoro mnpousBoacTBa (enHoma. i KyMOJBHOTO CHHTE3a
0COOEHHO OCTPO CTOMT BONPOC 00 YTHIIM3ALUHU 00pa3yIOIIErocs aleToHa, KOTOPBI HE UMeeT
HKBUBAJICHTHOTO pBIHKA cObITa. PazHOOOpa3Hble ()eHOJBI HAILIM IIUPOKOE NPUMEHEHHE B
MPOU3BOACTBE CMOJ, TuiacTudukatopoB, [1AB, monuMepHBIX COCAMHEHUH, STOXUMHKATOB,
HOJIYIPOAYKTOB JUI CUHTE3a (PU3NOJOTHUECKN aKTUBHBIX BEIECTB, MEUKAMEHTOB.

[lpoiecc mpsiMoro okuciaeHHs OeH30jla M €ro MPOU3BOAHBIX 3aKUChIO a30Ta B
COOTBETCTBYIOIIME (DEHONBI SBISIETCS EIWHCTBEHHOW albTEPHATHUBOW CYIIECTBYIOIEMY

KyMOJBHOMY crocoOy moisrydeHust ¢eHosna. B mpucyTcTBHE BBICOKOKPEMHHCTBIX IIEOJIMTOB
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tuna ZSM-5 razodazHoe okuciieHus OeH3ona ¢ 4-8 KpaTHBIM M30BITKOM 3aKHCH a30Ta MpHU
temneparypax 380-420°C mpoTekaeT ¢ CeleKTUBHOCTBbIO IO (enosy Bbime 90%. Onnako
CYILIIECTBEHHBIM HEIOCTaTKOM ra30()a3HOro OKHCIEHHs OCH30J1a B KECTKUX PEAKIIMOHHBIX
YCIIOBHSX SBISIETCS OBICTpasi JE€3aKTHBALUS BBHICOKOKPEMHHEBOTO IICOJINTA B PE3yJIbTaTe
MPOTEKaHUsI TOOOYHBIX PEAKIIMH CMOJIO- U KOKcooOpa3oBaHus. [loaTomy ocoboe 3HaueHHE
npuoOperaeT  ycTaHOBICHHE  3(PQPEKTUBHBIX  CIIOCOOOB,  IMO3BOJSIONIMX  YJIYUYLIMTh
CTaOMIBHOCT PaboThI 1eosInToB. [IpsiMoe okuciaeHne 6eH301a B eHON B CBEPXKPUTHUECKUX
YCIOBHSAX MOTJIO OBl PEIINUTh PsiJl BOSHUKAIOUINX MPOOIIEM.

B nacrosmieit pabore mpoBeIeHO HCCIeA0BaHNE PEAKIIUU IPSIMOTO OKUCIEHHs OEH3071a U €ro
IPOM3BOJHBIX 3aKHCHIO a30Ta B COOTBETCTBYIOLINE (DEHOJIBI B CBEPXKPUTHUECKUX YCIOBHUSX.
VY cTaHOBIIEHBI OCHOBHbBIE KHHETHMUYECKHE 3aKOHOMEPHOCTH peakUuu U (PAKTOpbI, BIMUSAIOLIUE
Ha JIC3aKTUBALIMIO LIEOJUTHOTO KaTaJu3aTopa.

PaGora BbmonHeHa Tipu (UHAHCOBOW MOAJCPKKE MPOrpaMMbl  (PyHIaMEHTAIbHBIX

uccinenoanuit [pesuanyma PAH I1-07.

Jlureparypa:

[1]. M.C. Clark, B. Subramaniam, Chem. Eng. Sci., 1996, 51, 2369.
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[3]. J.A. Darr, M. Poliakoff., Chem. Rev. 1999, 99, 495.
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[5]. boraan B.U., Kazauckuit B.b., Kamanu3z ¢ npomsiunennocmu, 2005, N3, c. 43.
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FeTeporeHHO-KaTannaneCKoe )KI/II[KO(l)a?.HOC OKHCJICHHEC M-KCHJI0JIa B

3JjieKTpoMarauTHoMm nojie CBU-guanazona

10.H. JUTBUIIKOB, M.P. X®EHJIUEB, .M. T'YCEHHOBA, H.B. IIAKYHOBA,
H.M. MAPJIAHOBA

Huemumym xumuveckux npoonem um. M.®@. Haeuesa, baky, Azepbaiiosican

chem@science.az

Benenctue pasnuuus JUAIEKTPUYECKUX CBOMCTB PEAKIUMOHHOW Cpelbl U T€TEPOTCHHBIX
KaTajau3aTopoB (OKCUIBI MEPEXOIHBIX METAIIOB), MPU MPOBEACHUHN PEaKIUU T'eTepOreHHO-
KaTaJIMTHYECKOTO JKUAKO(A3HOTO OKHUCICHHUS, TOCIETHHIE, B YCIOBHAX BO3ACHCTBUS MHKPO-
BOJIHOBOTO DJICKTPOMAarHUTHOTO W3IyYEHHUs] MOTYT H30MpPATENbHO TIOTJIOMATh YHEPTHUIO
CBY-nonst u TpanchopMUpoBaTh €€ B TETUIOTY. [Ipu 3TOM, BIIOJIHE BEPOATHO OKHIATh, YTO
U3-32 HaIM4YMs TCpajueHTa TeMIepaTypbl MEXAy MOBEPXHOCTBIO Karajau3zaropa |
OKHCIISIEMBIMH B 00BbeMe Xuakoi ¢asel cyocrparamu (Tx > Tix), BO3SMOXKHO AOCTHXKEHHE
PEaKLMOHHOIO COCTOSIHUS, IPX KOTOPOM IpOTEKarolue ¢ 00jiee BBICOKON N30MpaTeIbHOCThIO
IpeBpalleHys Ha MOBEPXHOCTH KaTanu3aTopa OyayT TOMUHUPOBATh HAJl 00 BEMHBIMHU.

C 1enbl0 MPOBEPKU 3TOTO MPEANOIOKEHHS, B JaHHON paboTe MPHUBOIATCS PE3yIbTaThl
uccnenoBanus akTUBHOCTH Co-Mn/A1,03/A1-kapKacHBIX KaTaln3aTOPOB B PEAKIHH KHIKO-
(a3HOTO OKHUCIIEHHS M-KCHUJIOJIa B M-TOJIYWJIOBYIO KHCJIOTY B YCIIOBUSIX BO3IEHCTBHS Ha
PEAKIMOHHYIO CUCTEMY 3JIeKTpoMarHuTHoro nojss CBY-auanazona.

IIporecc OCYIIECTBISUICS B KBAapLECBOM peaKTope 0apGoTaHOro Thma, oobemMom 100cm’,
CHAOKEHHOM CHCTEMOU J03upoBKHU Tra3oBoii cMmecu (O; + Ny), OXJIKIACHUS U yIaBIHBAHUS
IIPOJYKTOB OTXOJAIIEH MapO-ra3oBOM CMECH, pa3MELICHHOM B PE30HATOPE MHUKPOBOJIHOBOM
neun mapku EM-G5593V ¢ Bapeupyemoii MomiHocThio maraerpona 160 + 800 Br, mpu
yactore 2450 MI'u. KoHTpons TemmepaTypbl pPEaKIMOHHONW CHUCTEMBbI MPOBOJIUIICA
TUCTAHIIMOHHBIM OECKOHTAKTHBIM HWH(PAKpPACHBIM TepMOMeTpoM Mapku VA6520 ¢
nuana3oHoM usmepenus -50 — 500°C. Bo uzbexanue meperpeBa peakTopHoro 6J1oKa, 3a Cyer
HOTJIOUICHUS] M30BITOYHOM 3HEPTUM HU3IY4YEHHs, B PE30HATOP JONOJHUTENIBHO IOMEIIAJICs
COCY/JI C BapbUPYEMBIM KOJIMYECTBOM JTUCTUIUTMPOBAHHON BOJBI.

CreuuanabHBIMU SKCIIEPUMEHTAMH OBUIM TMOJ00paHbl ONTUMANbHBIE 3HAUYEHUS MOIIHOCTH
MarHeTpoHa, KOJWYECTBA KaTaju3aropa U oO0beMa JKUAKOW (a3pl, HpU KOTOPBIX

o0ecreyrBalloCh OTHOCHUTENBHOE IOCTOSIHCTBO TEMIIEpaTyphl MpPU KOHBEPCHUHM M-KCHUJIOJA
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(puc.l). XapakTepHO, 4YTO HU3-32 HHU3KHUX JUAJIEKTPUUYECKHX IOTEPh OKHUCIAEMOIO
YTJIEBOIOPOAA B OTCYTCTBUHU KaTalu3aTopa 3aMETHOIO IIPUPOCTA TEMIIEPATYPHI B PEAKTOPE HE
HabOmonanoce. [lpu momHoctn CBY wm3nydenus, mnpebimatoniein 250Bt, noctmxenue
MIOCTOSTHCTBA TEMIIEpaTypbl B BBIOpPAHHBIX (MKCHPOBAHHBIX YCIOBUSX BEICHUS PEAKIIHU
OCJIO’KHEHO M3-3a HU3KOM CKOPOCTHU TEIUIOCHhEMA.
N3 cooTHomeHUsT 00pa3yloLMXcsi MNP KOHBEPCUU M-KCUIIONA MPOIYKTOB (PHUC.2) MOXKHO
IPUIATH K 3aKJIIOYEHUIO, YTO B YCIOBHMSIX KOHBEKLMOHHOI'O HarpeBa PEaKIMOHHOW CHCTEMBI
3HAUUTENbHAs JOJ YIVIEBOJAOPOJA MpPEBPAIAETCs MO THAPONEPOKCUIHOMY MEXaHU3MY
IPOJIOJI- )KEHUS 1eTel B 00beMe KHUIKOH (a3bl, B TO BpeMs Kak B ycinoBusix CBU-narpesa —
HaOronaeTcs IPEUMYLICCTBEHHOE IIPOTEKaHNE ITOBEPXHOCTHBIX reTEPOreHHO-

KaTaJIMTHYCCKHX peaKLIPIIZ.

T'C

ot Puc. 1. Bnusgune IMTeapHOCTA BO3IEHCTBUA

CBY-u3nyuenus paznuuHoit MomHocty (W)
150 Ha TMHAMHUKY HarpeBa peakLMOHHOMN 30HBI.
i 3arpy3ka M-kcmitona — 0,5 MOJIb.
100 OTHoIIeHNE TTOBEPXHOCTH KaTannu3aropa K 00beMy
2] KUIKOH (a3el S/V = 3,8:10°m7";
507 1 — 6e3 xaranmzaropa, W=200BrT;
o — ] 2-4 — B IpUCYTCTBUU KaTaJln3aTopa,
. . . . W=160, 200 nu 300BrT.

5.0 10,0 150 200 €, s

a0l s Cwe  PHC. 2 KHHETHKA HAKOTUICHUSI IPOAYKTOB PEAKIHU
’ . % KHIKO(A3HOTO OKHCIICHHS M-KCHIIONA B YCIOBHSX
s  KOHBEKLIMOHHOTO HAarpesa peakTopa (A) M Harpesa
s B mome CBY (B).

1 Ycnoust: MmomHOCTh MarHeTpoHa 200 Br,

| 3arpy3ka M-kcmiona — 0,5 Moib, S/V = 3,8-10%m7",
T-pa 125°C. VBo3ﬂ:25H/‘I.

0,05 4 ™ 1,2 — KOHIIEHTpAIHS M-METHIOCH3UIOBOTO CIIHPTA;
3,4 — cyMMapHasi KOHIICHTPAIUS M-TOJIYHJIOBOTO
QIbJIETH/Ia ¥ M-TOJYHIOBON KHCIIOTHI.

0,15

0,10

] ] ] I ] ]

10,0 20,0 30,0 40,0 500 60,0 T, min b
] | | | |

50 1m0 150 200 250t mnBE

[IpoaeMOHCTpUpPOBaHHOE HA NpPUMEpPE KOHBEPCHUM M-KCHJIOJA MPEUMYIIECTBO IPOBEICHUS

p€akiuuu B JJICKTPOMArHUTHOM IIOJIC CBq-I[I/IaHa?;OHa MPOSABIACTCA TAKKEC B 3aMCTHOM

COKpAaICHUH BPEMEHU JOCTKEHHUS 3aJaHHON CTETICHH MPEBpaIeHUs yTIeBOA0PO/Ia.

Jluteparypa:
laxynosa H.B., 3ynedyraposa C.M., I'yceitnoBa 2.M., Kynuesa JI./1., JlutBumkos FO.H.
TepMuyeckuii TeTEPOreHHO — KaTaJUTUYECKUH pacmaj THAPONEPEKUCH M — MeTHIOeH3MIa.

«HedrenepepaboTka u HedTexumus», Nel0, 2006, c.18 — 21
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Heonurcoaep:xamme KATAIU3ATOPHI B IKOJIOTMYECKH YHCTOM

NPou3BOACTBE CYJb(OHATHBIX MPUCATOK K CMA30YHBIM MacJiaM

A.M. MATEPPAMOB, K.!. CAIBIXOB, A.H. AAEB, M.H. MATEPPAMOB,
C.M. BEJIMEBA, A.I'. JIOT®AJIUEB

baxunckuii eocyoapcmeennviil ynusepcumem, baxy, Azepbatiosxcan

bsu@bsu.az

Hamu noapoOGHO wu3ydeHa peakiusi ankuiupoBaHus HadramuHa o-onepuHamu Ce—Cos,
TpuMepaMu U TeTpamepamu mponuieHa B mnpucyrctsun LHEOKAP-2 u  AIIHIIL-3.
Y cTaHOBIIEHO, YTO ONTUMAJIBLHBIMU YCIOBUSIMU PEAKIIUU SBIISIOTCS:

JUIS TIOJTyYeHUs] MOHOANKWIHadTaaTuHOB - Temrepatypa 200°C, MoJbHOE COOTHOIIEHHWE
HadTanuHa U oneduna 3:1, komuuecTBo KaTanuzaropa ~ 50 % macc Ha B3sTHM OyieUH U
NPOAOKUTENBHOCTh peakuuu 44. [lpu 3THX yCHOBHSX BBIXOJ MOHOATKUIHA(PTAINHOB
coctapisieT ~80 % npu koHBepcuu oneduna ~90 %;

JUIS TIOJTydeHHUsl auankuiaHadTaauHoB - Temmeparypa 200-205°C, MoJIbHOE COOTHOIIEHWE
HapTanuHa u oneduna 1:3, xomuuecTBo KaTanuzaropa 20% macc. Ha B3ATHIM oneduH U
OpOAODKUTENbHOCT,  peakiuu  4d.  Ilpu  3TUX  ycnmoBHSIX  BBIXOA  MOHO- |
NOJHANKWIHA(TAINHOB (B pacyeTe Ha IualkuiaHadranuH) cocTtaBisiioT ~48 % u 52%
COOTBETCTBEHHO. [Ipy MOBTOPHOM HCIIOJIb30BAaHUM AKTUBHOCThH KaTallM3aTOpa CHUXKAETCS Ha
6%, a mpu TPEeXKPAaTHOM MHCIOJNB30BAaHUM W TPU MPOAOKUTEIBHOCTH peakuuu 64.
aKTUBHOCTH CHMKaeTcs Ha 3-4%.

[Tocne perenepanuu B Toke Bo3ayxa npu 600-650°C B TeueHnu 44. aKTUBHOCTh KaTaau3aTopa
MOJIHOCTBIO BOCCTaHaBiIUBaeTcs. llogyueHHbIe JaHHBIE MO3BOJIIIOT OTMETUTh, YTO METOJ
ANKUIUPOBaHUs HaTanuHa ofieHAMU B MIPUCYTCTBUU ATFOMOCUIMKATIIHOIUT COACPIKAIINX
KaTaJIn3aTOPOB MOKET OBITh YCIIEIIHO HCIIOJIb30BAaH B 3KOJIOIMYECKH YUCTOM IPOU3BOICTBE
aIKWIHA(TATNHOB.

Hcxonst u3 3TOro Ha OCHOBE MPOIYKTOB MOHOAJIKWIUPOBAHHUS HadTamuHa O-0JePpuHAMU
dpaxun Cy—Crg U TUANKWIMPOBAHUS €T0 TeTpaMEpaMu MPOIMUJICHa IyTeM CyJIb(QUpOBaHHUS,
HEUTpanu3auu M peakinueil kKapOOHAaTalMu TOJNy4YeHbl HEWTpallbHbIe, CPEJAHE- U BBICOKO
IIEJI0YHbIE CYJIb()OHATHBIC TPUCAIKH.

Pesynprarsl uccienoBaHuil MOKa3ajid, YTO MOJIYYEHHbIE MPHUCAIKU IOJHOCTbIO OTBEYAIOT

TpeOOBaHUSM, TNPEIbSIBISIEMbBIM K aHAJIOTMYHBIM MpucaakaM, 3()QEeKTUBHO yIydIlIaioT
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MOIOIME -IUCHEPTUPYIOLUIME M IPOTHUBOKOPPO3MHHBIE CBOICTBA CMa304HBIX Macell.
[TonmyueHHbIe pe3ysbTaThl HO3BOJISIIOT PEKOMEHA0BATh MPOIYKThI AIKUIMPOBAHUS HapTaTuHA
o-onepuHamu  ppakuuu  Cy—Cyg M TeTpamepamMH MPONUIEHA B KadyecTBE ChIPbs B
IPOM3BOJICTBE CYJb(OHATHBIX MPUCATAOK AJIS TMOJYYEHUS] CMA30YHBIX Macel C BBICOKMMHU

9KCILTyaTalluOHHBIMHU CBOMCTBAMH.
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TexkcTypHbIe, KHCJIOTHBIC M KATAJIMTHYECCKHE CBOICTBA
Pt- Pd- kaTaau3aTropoB Ha NWLJIADMPOBAHHOM HUPKOHMEeM Taranckom

MoHTMOpUJLIOHUTE B Na-popme

M.M. MAJIMMBAEBA, H.A. 3AKAPUHA

Hnuemumym opeanuueckoeo kamanusa u snekmpoxumuu um. /[.B. Coxonvckozo, Anmameul,
Pecnyonuxa Kazaxcman

malimar16@ mail.ru

HGHBIO HaCTOSIH_IGfI paGOTBI ABJIAJIOCH H3yquHe TGKCTypHBIX, KHUCJIIOTHBIX U KATAJIUTUYCCKUX
CBOICTB MUUTapupoBaHHOTO Zr Taranckoro MoOHTMOpUJLIOHUTa B Na-(hopme.

Metogom PDA Obi1o onpeneneHo, 4To aKTUBAIUS KUCIOTON TaraHCkoro MOHTMOPUJUIOHHWTA B
Na-(opMe NPUBOIUT K YBEINUYEHHIO 6a3albHOro pediekca MOHTMOpHILIoHuTa ¢ 12,3 1o 14,7 A.

Tabmuua 1 — Y aenpHas noBepXHOCTH, 3 dekTuBHbIN 00beM op ZrNaHMM
Y MX pacnpesieieHue o pazMepam

doo1, A| Ad, A | S, M/t | Vapsmax KonuaectBo mop, %
Karanuzarop MII/T MUKPOIIOPBI ME30I10PbI
(0-20 A) (20-90A)
NaMM 12,3 - 482 | 0,478 12,1 88,2
NaHMM 14,7 2,4 | 2451 | 0,468 15,2 84,8
7r(2,5) 13,7 1,4 492 | 0,263 12,5 87,5
NaHMM
7r(5,0) 13,2 0,9 86,9 | 0,266 13,6 86,4
NaHMM
71(7.,5) 12,6 03 | 102,7 | 0,292 16,7 83,3
NaHMM
Pt/Z1(2,5) - - 178,1 | 0,358 7,6 92,4
NaHMM
Pt/Z1(5,0) - - 175,3 | 0,515 8,5 91,5
NaHMM
Pt/Z1(7,5) - - 179,8 | 0,343 10,6 89,4
NaHMM
Pd/Zr(2,5) - - 190,7 | 0,498 15,1 84,9
NaHMM
Pd/Zx(5,0) - - 178,0 | 0,438 14,3 85,7
NaHMM
Pd/Zx(7,5) - - 161,4 | 0,551 11,3 88,7
NaHMM
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[Tpn mwmapupoBannu akTuBUpoBaHHOTO NaHMM 1IMpKOHMEBBIM KOMITJIEKCOM Oa3abHbII
pednekc konebnercss B npenenax 13,7-12,6 A B 3aBMCHMOCTH OT KOHLEHTpALUM LUPKOHHS
(Tabmuma 1), 9T0 CBUAETENBCTBYET O pa3ABMXKEeHUH c10eB MM npu BBeIeHUN ",
Metogom BOT mno HuzkoTemmepaTypHOl aacopOIMM a30Ta HAWAEHO, YTO YJeIbHas
moBepxXHOCTh HcxoxHoro NaMM cocrasmsier 48,2 M>/r, a mocie 0OpaGOTKH KHCIOTOM
BOo3pactaer 1o 245,1 Mir. C BBeaeHueM Zr (2,5 mmons/r) B NaHMM HaOmromaercs
CHIDKCHHE YJIeIbHON MOBEPXHOCTH MO CPABHEHHUIO C aKTUBUPOBaHHOU ¢opmoit MM B 5 pa3,
s dekTuBHOrO 00bEeMa Mop B 2 paza YBenWdeHWe KoHIeHTpamuu Zr 1o 5,0-7,5 MMoib/T
BBI3BIBACT HAMOOJIbIIEE YBEIWYCHNUE YACTHHON MOBEpXHOCTU M 3(dekTuBHOr0 00bEMa 1mop
(Tabn. 1). Xapakrtep pacmpeaelieHHs TMOp IO pa3MepaM TpH BBEIACHUU Zr HU3MEHSICTCA
KoIuuecTBo MUKponop (<20 A) yMeHbIaeTcs, a ME30IOp yBEIMUMBAETCS I KOHIIEHTPALUH
Zr*" 2,5 1 5,0 MMoIIB/T TIO CpaBHEHUIO ¢ akTuBHpOoBaHHBIM NaHMM.
CyIIeCTBeHHBIH POCT YACIBEHOM MTOBEPXHOCTH B 00beMa IOp HAOJIIOIaeTCsl IPU HaHEeCeHUH Pt
u Pd Ha ZrNaHMM (Ta6:x.1). s Pt/ZrNaHMM-kaTanu3aTopoB HaOII0/1a710Ch YMEHBIIICHUE
COJZIEpKaHUsI MUKPOIIOP U POCT KOJIMYECTBA ME30IOP BO BCEM MHTPEBAJE KOHIIEHTPALML Zr.
OOmiee KOJIMUYECTBO KHUCIOTHBIX LIEHTPOB Ha akTtuBupoBaHHOM NaHMM  cocraBiser
518,7 mxmonsNHs/r. K. Tloka3ano, 9To Ha 3TOM KaTalu3aTtope IO KUCIOTHBIX IIEHTPOB
cpenHen cuiibl pactet 10 76,3% no cpaBHeHuo ¢ 45,4% nns NaHMM.
Haiineno, uro Pt- u Pd-katanuzaropbl, HaHeceHHbIe Ha MHUIapupoBaHHBIN Zr NaHMM,
MMEIOT BBICOKYI0 HM30MEPHU3YIOIIYI0 aKTUBHOCTh B PEAKLIMU THIPOKOHBEPCHM H-TE€KCaHa.
MakcumManbHas KOHBepcHs H-rekcana Ha Pt/ZrNaHMM-karanusarope npu 400 °C nocruraer
53,9%, npu cenektuBHOcTH 1O u3zomepam 91,1%. Ilpum »TOM BBIXOJ IUMETHIOYTaHOB
coctaBinseT 29,9%, a metunnentanoB — 21,7%. Ha Pd-kaTanuzarope aHanormyHoro cocraBa
xouBepcus H-rekcana npu 400 °C cocraBisia 45,8% ¢ celeKTUBHOCTBIO 110 Cyi-M30MEPaM
93,9%.
Takum 00pazoM, TaHHOE MCCIICIOBAHNE MMOKA3bIBAET, YTO KUCIOTHAsI 00pab0oTKa MPUPOTHOTO
MOHTMOPHUJUIOHUTA c MOCJIEIYFOILIUM NUJUIAPUPOBAHUEM LUUPKOHUEBBIM
THJIPOKCOKOMIUIEKCOM CIIOCOOCTBYET 00pa30BaHUIO CTAOMIBLHOW ME30MOPUCTON CTPYKTYPHI
CO CpeaHell KHCIOTHOCTBIO M BBICOKOM HM30Mepu3ylomeld akTUBHOCThIO Pt m Pd-
KaTajau3atopoB, HaHeceHHbIX Ha ZrNaHMM B peakuuu THAPOKOHBEPCHUU H-TE€KCaHa C
o0pa3oBaHHEM IMPA3BETBICHHBIX U30TEKCAHOB.

Pab6ora BeinosnHeHa npu yacTuuHoi ¢puHancoBoit moanepxkke MHTLL (ITpoext Ne K-1476).
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KaTaﬂmaTop MeTaTe3uca O.JIe(l)l/IHOBLIX yrjiaesoaopoaon

I''A. MAMEJAJIMEB, ®./1. CADAPAJIMEBA, P.A. IOJIYAEB

Hayuno-uccrneoosamensvckuti u npouzgoocmeennuiii yenmp « Onepuny, baxy, Azepbaiiosrcan

HeidarElmir@mail.ru

N3BecTHO, UTO BBICOKYIO aKTHBHOCTh B PEAKIIMM METAaTe3uca OJIe(PUHOBBIX YTJIEBOJOPOIOB
MPOSIBIISIIOT PEeHUIA-, MOJMOACH-, WK BoJb(hpamMcoaepKaliue katanu3atopbl. 3 HuX Gonee
MIPOU3BOIUTENHHBIM CUMTaeTCs KpEMHEBOIb()PaMOBBIH KaTajan3aTop. Mmorue
UCCJIEIOBATENIM TI0 TEXHOJIOTMYECKON CYIIHOCTU U JocTUraeMomy 3¢h(deKTy mpenmnoureHue
OT/AIOT KaTaJIM3aTOpy MeTaTe3nca OJICPUHOBBIX YTJIEBOAOPOAOB, BKIIIOYAIOIIETO OKCHJL
MOJIMO/I€HA, OKCHUJ HHKENs,, OKCHJl CTPOHLUS, IUOKCH]I KPEMHHS MU OKCHUJ aJTIOMUHUS.
OpnHako, Ha ATOM KaTaJu3aTope He IOCTHraeTcs kemaembiid 3((eKT OoT MeTare3nca rekceHa
no Beixoay paxiuu Cio-Ciy.

C uenplo MOBBIIIECHUS! aKTUBHOCTH KaTaJIM3aTOpa W CEJICKTUBHOCTH B PEaKlUM MeTaTe3uca
0JIe(UHOBBIX  YIJIEBOJOPOJIOB, a TakXK€ YNPOIIEHUS TEXHOJOTUHU MPUTOTOBICHUS
Karajau3aTopa HaMH  [PEAJIOKEHO MPUMEHEHHE  IPOMBIIIJICHHOTO  aTIOMOHMKEIb-
MOJIMOICHCUIMKATHOTO ~ KaTalu3aropa  THAPOOYHCTKH,  KOTOPBIH  JOIMOJIHUTEIHHO
MPOMUTHIBAIOT COOTBETCTBYIOIIMM KOJIMYECTBOM BOJHOTO PACTBOPA a30THOKHUCIIOTO MarHHs
[Mg(NO3)2‘2H20] N CTPOHI A [SI‘(NO3)2'4H20].

DKCTIepUMEHTAIBHO OBLIIO YCTAHOBIEHO, YTO MCIOJIb30BAHUE KAaTalIU3aTopa, AOMOIHUTEIBHO
COJIepIKaIer0 OKCHJ CTPOHIIUSA U OKCHJl MarHus, yBennauBaeT Beixoa ¢pakiuu Cio-Ci4 npu
METaTe3UCE OJICPUHOBBIX YTIICBOIOPOIOB.

Karanu3aTop akTHBHPOBAIM B TOKe Cyxoro Bo3myxa mpu 580°C B Teuenme 1,5 gaca, 3aTem
1,5 gaca B Toke azora. [locne yero karanm3atop OXJIaKJaldW U NEPEHOCHIIN MOJ a30TOM B
aBTOKJIaB €MKOCTBIO 0,5 J1 ¢ 3KpaHMPOBAHHON MELIAIKOM.

AKTUBHOCTbH U CEJIEKTUBHOCTh KaTallu3aTopa ONpPEAeIsii B PEaKIMu METaTre3uca rekceHna-1
(98%-HO# 4YMCTOTHI), TOJYYEHHOTO oJMromMepusaiuei stuwineHa. [lepen ombIToM TekceH-1
NEPETOHSIIN Ha/l HATPUEM U TIEPEHOCHIIM B aBTOKJIAB MOJT a30TOM.

Merare3uc Benu npu 1200C, KoHIeHTpauuu katanuzaropa 0,1 r/mn u masnenuu 0,7 Mlla.
JlaBieHre B aBTOKJIABE MOJICPKUBAINA a30TOM JUIS CO3MaHUS KUIKON (a3bl. IUTenhHOCTh

ombiTa 4 vaca (Tabdmn.1).
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Tabmmma 1
Kunkxodaszuelii MeTaTe3nc rekceHa-1.

Konnenrpanus karanuzatopa — 0,1 r/mn, nanenue 0,7 MIla.

NeNe ;F, Klf)e};iii){cal/_lﬂ CelleKTHBHOCTE CocraB peaKHJIr/IOHHOﬁ cMmecH, % Macce o
I C 1.% 1o Co-Cys Cr-Cs | Cs | XCs | C-Cyp | C10-Cua BBLLLIC
1 2 3 4 5 6 7 8 9 10
1* 120 86,3 47,3 65,1 | 13,7 8,2 21,5 17,0 4,5
2 130 81,8 45,8 60,5 | 19,2 10,9 19,4 16,1 3,9
2%* 1120 80,2 54,6 14,3 | 19,8 18,5 23,5 19,9 3,2
3 120 85,4 55,1 11,2 | 14,6 | 21,1 25,2 21,8 6,1
4 120 89,2 55,8 10,0 | 10,8 | 25,8 26,7 23,1 3,6
5 120 98,5 63,1 13,8 1,5 15,0 19,1 37,5 3,1
6 110 93,0 55,3 11,2 | 7,0 21,7 20,8 36,8 5,1
7 130 91,2 58,4 140 | 838 16,3 23,2 32,7 3,4
8 120 96,6 56,2 10,3 3,4 19,5 18,8 38,9 3,9
9 120 88,7 53,2 11,5 | 11,3 | 20,2 22,4 31,2 3,4
10 120 90,4 57,5 13,9 | 9,6 24,8 24,8 24,0 3,0

* - U3BECTHBIN
** - 71 cpaBHEHUS
##% Cg' - cyMMa H30MepOB rekceHa -2 U TeKceHa-3
AKTHBHOCTh U CENEKTHBHOCTH KaTajau3aTopa OMpEICNsaiu TakKe B pPEaklUud MeTare3uca
CMECH H-TEKCEHOB C (ppakiueil ojae@uHOB ¢ yucIOM YriepoaHbix atoMoB Bbime 20 (Caoq).
YKka3zaHHYI0 CMECh MOJTy4Yaaud U30MEpHU3alUeld COOTBETCTBYIOIINX 0-0JIE(UHOB, BBIICICHHBIX
13 MPOAYKTOB OJIUTOMEPHU3AINH dTUJIeHa (TabiI. 2).

Ta0muua 2

KunkodasHelil MmeTaTre3uc cMmeceit oJIeuHOB.

Konnenrpanus kataauszaropa — 0,1 r/mi, remneparypa — 120°C, nasnenue 0,7 MIla

CocraB peakIIMOHHOU cMecH, % Macc
Ceipee 1 | KonBepcus | Cenektus- 5
Ne | maccoBoe | TekceHa- HOCTb I10 crpo c-C- | ¢ | cc Cio- Cisu
COOTH. % Ci0-Ci4 pear. s 6 7710 Cis BEIIIIE
Chipbe
3 Cgcf;’* 91,3 74,1 87 | 127 | - | 284 | 372 | 13,0
12 c(62+c12§+ 90,8 734 92 | 13,1 | - | 295 | 36,1 | 121
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HOI{GOP KATAJUTHYECKON CHUCTEeMBbI AJId TIpouecca rnipoovYucTKu CMECH

HeQTAHOM JU3eJIbHON (PPAKIUN U PACTUTEIbHBIX MaceJl

T.A. MAMEJIOBA, H.K. AHAPIOIMEHKO, 9.H. ACKEPOBA, M.1. PYCTAMOB

Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
baxy, Asepbatioscan

azmea_nkpi@box.az, anipcp(@dcacs.science.az

XapakTepHbIM OTJIWYUEM TOIUIMBHOW CTpaTErMH CETOMHSIIIHETO JHS SBJISIETCS BCE
yBEIMUYUBAIOIIEECs TOTpebIeHNEe OMOTOIUIHB, YTO CBSI3aHO KaK C IMOBHIIICHUEM IIeH Ha He(PTh,
TaK M C YKECTOUYEHHEM CTAHJIapTOB KAYECTBA KaK HAa CaMU TOIUIMBA, TAK M HA MPOAYKTHI UX
CrOopaHMsi, B COOTBETCTBUM C NPUHATHIMH MpPOrpaMMaMd IO COKpAIlEHHI0 BHIOPOCOB
MAapHUKOBBIX Ta30B.

HoBbIM MOAX0/I0M K PENICHHUIO 33/1a4U TIOTYUYEHUS IKOJIOTUYECKH OE30MMaCHBIX TOTUTUB MOYKET
CIIyHUTh pa3palboTKa IMpoliecca TUAPOOYUCTKH CMECEBOTO ChIPhsi HA OCHOBE PACTHTEIbHBIX
Macel W JKUPOB U He(DTAHOM u3enbHOW (pakiuu C HCIHOJIb30BAHUEM CYIIECTBYIOIINUX
uHdpactpykryp HII3.

OTO HOBBIA TEXHOJOTWYECKHI Tpoliecc, Tak Ha3biBaeMblid mpouecc Green Diesel (3enensrii
Jlu3enp), CyHMIHOCTh KOTOPOTO 3aKIIOYaeTcss B TOM, YTO Ha YCTaHOBKE THJIPOOYHUCTKH B
atMocdepe Bogopoma B wuHTepBasie Temmeparyp 300-500 °C, momMuMo TpaauIIMOHHOMN
OYHCTKHU OT CEPhI, MPOUCXOAUT TAK)KE MPEBPAIICHUE TPUTIUIEPUIOB PACTUTEIBHBIX Macel B
JTUHEWHBIE YTIEBOJOPOABI, CXOJHBIE C KOMIIOHGHTaMHU mu3elbHOU (pakiuu. Bomopon B
CHUCTEME CIIYKUT TAKXKE JJIA yIaJeHUsl KUCIOPOAa U3 MOJIEKYJI TPUIIIMLIEPUIOB MOCPEACTBOM
JBYX KOHKYPHUPYIOLIUX peaklIUi: IeKapOOKCHIMPOBAHWE M TUIPOAE30KCUTCHHPOBAHHUE.
['myOuna ka0l U3 peakiuii 3aBUCUT OT KaTaJIM3aTopa U yCJIOBUM MpoIlecca.

B coorBerctBuu ¢ mocrasieHHoi 3azadeit B8 MHXIT HAHA Obui Ha4yaThl MCCIETOBAHUS
mpolecca Moy4eHus OMOAN3ENbHBIX TOILTUB IIyTEM COBMECTHOW THIPOOUYUCTKU JAU3EIBHOTO
JUCTUIIATA C PACTUTENbHBIMM MACIAMHU W3 MACIHYHBIX KYJIbTYp, HPOU3PACTAOIIMX Ha
TeppuTopuu AzepOaiikaHa.

HccnenoBanust mpoBoawaud Ha J1a0OpaTOpPHOM YCTaHOBKE CO CTAIlHOHAPHBIM CIOEM
karanuzatopa npu temmneparype 300-330 °C, naBnenuun — 3-3,5 MIla, o0beMHOI CKOPOCTH
nojaauu ceipbs — 0,5-2,5 g 06BEMHOM COOTHOIIEHHH BoJI0poz : cbipbe — 350 : 1+1250:1.

B tabn. 1 mpencraBieHbl KaYeCTBEHHBIE XapaKTEPUCTUKU JAU3EIBHOTO TOIUTHBA U CMECEil Ha
ero ocHoBe ¢ 10 u 20 ( 30 % comepkaHMeM XJIOMKOBOTO Macja IOCJe IMpolecca

TUAPOOYKCTKH MPHU) OMUCAHHBIX BBIIIE YCIOBUSAX.
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Tabmuma 1. ®U3UKO-XUMHUYECKHE CBOWCTBA THAPOOYHIIICHHOTO TU3EJIbHOTO TOITUTHBA B

YHCTOM BHJIE ¥ CMECEH Ha €ro OCHOBE C Pa3JINYHBbIM COACPKAHUEM XJIOIIKOBOI'O Macjia

TusenbHoe /Tu3. Toruuso +H Jlu3. Tomiuso +
No HaumenoBanue noka3zarenei TOILIUBO 10 % xa1. 20 % x1.
(B quCTOM BHIC) HepaUHUPOB. | HepahHUHUPOB.
Macia Macia
1 2 3 4 5
1. ITnorHocTs npu 20 °C, r/em’ 0,848 0,8427 0,8463
2. @DpaxunoHHBIH cocTas, % 00.:
H.K., °C 158 100 138
10 % meperonsiercst mpu 213 204 204
Temnepatype, °C
20 % ----- //----- 235 234 235
30 % ----- //----- 249 246 250
40 % ----- //----- 260 263 268
50 % ----- //----- 271 275 280
60 % ----- //----- 282 284 291
70 % ----- //----- 293 296 307
80 % ----- //----- 308 311 333
90 % ----- //----- 328 340 342
96 % ----- //----- 346 360 354
3. Temmeparypa BCHBIIKA B 3aKPBITOM 54 58 57
tHrie, °C
4. Kunematnueckast Bsskocts mpu 20 °C, 5,02 5,36 5,43
MM/c
5. Temmneparypa 3acteiBanus, °C -13 -15 -12
6. Kucnoraocts, Mr KOH/100 M Tor. 0,99 0,89 0,9
7. Noasoe umcno, r J,/100 r Tor. 0,72 0,62 0,55
8. OO6miee copep)kanue cepol, % mac. 0,0042 0,0021 0,00128
9. XHUMHYECKUH cocTaB, % Mac.
apoMaTH4yecKue + HEHACHIIICHHbBIE 28,2 20,6 17,2
YTIEBOIOPOIBI
Ha(TCHOBBIE YTIICBOJOPOIBI 23,8 18,6 14,5
napa)MHOBBIE YTJICBOIOPO/IbI 48,0 60,87 68,3
10. | MonekynsipHbIA BeC - 216 221
11. | Conepxanne GakKTHICCKUX CMOJI, 25 14 18
mr/100 mi
12. | IleranoBoe uyncio (pacy.) 42 52 56

Kak Bugno m3 Tabi. 1, BBeAeHHE B COCTaB AU3eNbHOro AUCTHILIATA 10 20 % XJIOIKOBOIO

macja 6HaI‘OHpI/IHTHO CKa3bIBACTCA HAa KAYCCTBCHHBIX IMOKA3ATCIAX KOHCYHOI'O HNPOAYKTA.

[Ipn mpoBeneHuu mnpoiecca TUAPOOYUCTKH CMECEBOTO ChIPbsl HAOJIOJAETCSl yBEIMUYEHUE

collep>kaHus MapaUHOBBIX YTIEBOAOPOAOB. LleTaHOBOE YMCIO MOIYy4aeMOIo AM3EIBHOTO

ToIuIMBa NoBeIaercd Ha 10-14 myHkTa.

I/ICXOIISI M3 BBIICHU3JIOKCHHOI'O, HA JAHHOM 3TaIIC I/ICCHGILOBaHI/Iﬁ IJId YIIy4JIICHHUA Ka4CCTBa

MOJIy4aCMbIX IU3CJIBHBIX TOIUIMB W YBCIIMYCHUA HUX PECYPCOB 3a CUYCT BOBJICUCHUS CLIPbA

HEHE(PTSIHOTO MPOUCXOKICHUS MOKHO peKOMEHI0BaTh AoOasieHune 20 % XIJI0MKOBOro Macia

B COCTaB UCXOJHOT'O ChIPbA.
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Takum oOpa3oM, B pe3yabTaTe MpoJIeTaHHON pabOThI HCCIIEIOBAHBI CBOMCTBA BOBJICKAEMBIX B
NPOIECC HUCXOJHBIX PACTUTENBHBIX Macel, IMPOBEIEHBl HUCCIEJOBaHMs  Ipoliecca
THJIPOOYUCTKH CMECEBOT'O CHIPhsl HA OCHOBE MPSIMOTOHHOM an3enbHoi ¢pakuuu ¢ 10, u 20 %
COJIEp’)KaHUEM XJIONKOBOTO HEpaUMHUPOBAHHOTO Macjia U BbISBICHA MPUHLIMIINAIbHAS
BO3MOXXHOCTh BOBJICUEHHS 3TOTO BHJA PACTUTEIBHOTO ChIpbS B TMpOILECC MOTYyUYEHUS

AU3CJIIBHOI'O TOIUIMBA C YIIYYIICHHBIMU XaPAKTCPHUCTUKAMU.
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HanpasienHoe MoanduuupoBanne KUCJIOTHOCTH LHEOJIUTCOAEPHKAMUX
KATAJIM3aTOPOB U NMOBBINIEHNE UX NAPAOPUEHTUPYIOIIUX CBOWCTB NPH

AJKMWIHPOBAHMHA TOJYO0Ja METAHOJI0OM

P.M. MYCTADAEBA, 3.4. CAJIAEBA, I''A. MAMEJIAJIMEB

Hayuno-uccneoosamenvckuii u npouzgoocmeennviii yenmp « Onegpuny, 2. baky

HeidarEImir@mail.ru

[TomyyeHne KCWIIONOB, OCOOEHHO Iapa-KCWJIONA, LIEHHBIX MOHOMEPOB IPOU3BOACTBA
IUIACTUYECKUX MacC, KaydyyKOB, IOJUMEPHBIX MAaTE€pUAJOB HETPAJAULUOHHBIM METOIOM C
MCIIOJIb30BAaHUEM B KQ4ECTBE ChIPbs TOJIyOJa M METAHOJIA BECbMA IIEPCIIEKTUBHO.

B manHOM COOOIIEHNN TIPUBOIATCS PE3yJIbTAThl UCCIEIOBAaHUN TTO pa3padoTke P HEKTUBHBIX
KaTaJIUTHYECKUX CUCTEM C NMAapaOpPUCHTHPYIOIIMMH CBOMCTBAMH B PEAKLUU AJTKUIMPOBAHUS
TOJIyOJla METAHOJIOM C LENbI0 IOJYYEHUS KCHUJIOJIOB C TIOBBIIICHHBIM COJEP/KaHUEM Iapa-
u30Mepa.

Ha ocnHoBe mneosmuroB NaX, NaY, NaM, I[IBM, IIBK, a Ttakxke mNOpOMBIIUIEHHOTO
neosmrcoaepxkamero karanuzatopa [IEOKAP-2 cuHTe3wpoBaHbl W MOIUGUIIMPOBAHBI
KaTaJIUTUYECKNUE CUCTEMBI, AKTUBHBIE B PEAKLIUH AJIKUIUPOBAHUS TOIYOJIa METAHOJIOM.
MomudunupoBanHsie (HOpMbI KaTaaU3aTOPOB IMOJydYalId IyTeM KaTHOHOOOMEHa W/WIH
IPONUTKHU C IPUMEHEHUEM BOJHBIX PACTBOPOB COOTBETCTBYIOIIMUX COJIEH, COAEPKAIIUX HOHbI
NH,", Cu, Zn, Mo, Co, Mg, P33, P, F u 1.1. Ilepen ncnosib30BaHUEM CHHTE3MPOBAHHBIE
KaTaJn3aTopbl (OPMUPOBAIIM, CYIIMIM, 3aTE€M IOABEPraal TePMOOOPaOOTKE C BBIIEPKKON
npu temneparype 678 K B TeueHue 5 yacos.

[Tokazano, uro yBenuuenue coorHomeHuss SiO/AlLO; B 1eonuTax CMOCOOCTBYET
MOBBILICHUIO KaK CEJEKTUBHOCTH O0pa30BaHUS KCWJIOJIOB, TaK M KOHBEPCUHU TOJIyoJia B
M3y4aeMOM peakiivu.

MomuduuupoBanue e KaTaau3aTOpOB HAa OCHOBE BBIIICYKa3aHHbIX THUIIOB IICOJIUTOB
aktuBHbIMU MeTaiuiamu (Cu, Zn, Mg u np) u npomoropamu (P39, P, F u np.) 3HaunTensHo
MOBBIINIANIO CEJIEKTUBHOCTh 00pa3oBaHus mapa-kcmiona. JD(PpPeKTUBHBIMUA KaTaTuTHIECKUMU
CHUCTEMaMH SBJISUIUCH CHCTEMBI, IPUTOTOBJIEHHBIE HA OCHOBE BOJOPOIHON (POPMBI LIEOJIUTOB
HIIBM u HIIBK, monudunrpoBanHble KaTHOHAMHU MarHus (ONTUMAaJIbHOE cojJepkaHue Mg
paBao 20% wmac.). C uenpio BeIOOpa YCIOBUH M METOAA CHHTE3a LEOJIUTCOIEPIKAIINX

KaTaJu3aTOPOB HCCIIENIOBAIIOCh BBEJICHHE ONTUMAIbHOM KOHIEHTparuu Mg-20% wmac.
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Pa3IMYHBIM IyTEM: OJTHOKpPATHOM, JTMO0 TmocieoBaTebHOM poruTkoi 1eonauta HIIBM mo
5% u 10% wmac. ¢ TepMmanbHON 00paboTKol Mexmay mporutkamu npu 500°C B TeueHue
5 vacoB. IlokazaHo, 4TO MOCIEAOBAaTENbHOE BBEJCHHUE CIOCOOCTBYET YBEIMYCHMIO IMapa-
CEJICKTUBHOCTU W OOpA30BaHUIO I-KCHUJIOJA, OJHAKO 3HAYUTENIbHO CHM)KAETCS KOHBEPCHS
Tosryona (1o 12%).

HccnenoBaHo BAMSHHE NPOMOTOPOB — coeAMHeHW ¢ochopa u Propa Ha mapa-
CEJICKTMBHOCTb B  pEaKkUMM aJKWIMPOBAaHUS TOJIYOJla  METAHOJIOM. 3aBHCHUMOCThb
KaTaJIMTHYECKOM aKTUBHOCTH OT KOHLEHTpanuu (ocdopa u (propa HOCHT IKCTpEMalIbHBINA
XapakTep M MPOXOJAUT Yepe3 MakcuMyM npu 5% mac. Hamnydmime pe3yabTaThl MO LENEBBIM
peaKIusaM MoTy4YeHbl Ha MarHUcoAepKaIuX KaTanu3aTopax (Ha ocHoBe 1ieosmtoB HIIBM u
HIIBK), mogudunupoBanHubsix coequaenusmu gpropa (Mg-20% wmac. u F-0,5% mac.).
CuHre3upoBaHHbIN TakuM MeTogoM KaTanuzarop MgFHIIBK B mymrensHOM HenpepbIBHOM
OKCIEPUMEHTE Ha MWIOTHOM YCTAaHOBKE MIPOSBUI BBICOKYIO aKTUBHOCTb, IPU 3TOM
CyMMapHasi CEeJeKTUBHOCTh 00pa3oBaHusi KCuiioioB coctaBuia 80-85%, B T.4. mo mapa-

kcunoiy 60-65%, konBepcus Tosryoaa ~50-60%.
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3aMenieHHbIN S-0€H3UIKCAHTOIeHAT U IUTHOKAPOAMAT — KaK

KaTaJIu3aToPhI pacnaaa ruiponepoKkcuaa KyMuJia

®.M. HACHUPH, P.H. BYIAT'OBA, JI.U. KO’)KAPOBA, T.A. HINXJIMHCKAA4],
T.A. HCMANJIOBA

Hnuemumym xumuyeckux npoonem um. M.®@. Haeuesa, baxy, Azepbaiiosican

itpcht@itpcht.ab.az

OaHUM U3 CaMbIX aKTyaJbHBIX TTPOOJIEM COBPEMEHHHOW HEPTEXMMHUU SIBIISCTCS TOBBIIIICHUE
YCTOWYMBOCTH TOPIOYHMX, MUHEPATbHBIX M CUHTETUYECKUX Macel, MOJIUMEPHBIX MaTepUaioB
IpU UX XPAaHEHUM W JKCIUTyaTallM TO0J] BO3JACHCTBUEM pPa3IUYHBIX H3TYyUYECHUU, BBICOKUX
TEeMIIepaTyp, KUCIOPO1a BO3IyXa.

C »orToil TOukM 3peHHus ObUI TIPOBEACH II€JICHANpPABICHHBI CHHTE3 HOBOTO KJjacca
S-conepkalnux OpraHuYeCKUX COCIMHEHUN U U3yUYEHbl UX KHHETUYECKUE MTapaMeTpBhl.

beun uccnenoBansl 2,5-qumeTrnoeH3wmunepuanaautTuokapoamar (KA) u 2,4,6-tpumeTi-

oemsmmTrikcanToreHar (KC), koTopsie ObUTH CHHTE3UPOBAHBI 110 H3BECTHBIM METOIAM.

CH, - CH
CH,-S-C- 2 2\CH2
g CH2 - CH2/
CH, - CHy ™
CH2-S-C-I\< CH, R H,
g CH2 - CH2/
CH;
(KO)
CH, (KA) CH;

OurcTka pPEaKTUBOB U METOJMKA OSKCIEPUMEHTOB OMHCAHBI B jaurepaType. OMBITHI
MIPOBOJIUITUCH B TEPMOCTATUPOBAHHOM PEAKTOPE, B KOTOPHII BBOJIMIIN PACTBOPUTEND, A MOCIE
YCTaHOBJICHUSI paboueil TemmepaTypsl — ruaponepokcus. CHHTE3UpOBAaHHBIE BEIIECTBA
OXapaKTepU30BaHbl PUIUKO-XUMUIECKUMU KOHCTAHTAMHU.

CunresupoBannsie (KA) u (KC) sBasitores pazpymurensmu rujgponepokcuia kymuna (I'TIK)
npu 343-373 K B pacTBOpe xJ10pO€H30J1a B Cpejie a30Ta.

Pacnag mpoTekaeT He Moja AEWCTBUEM MCXOJHBIX MOJIEKYJ JUTHOJIEHOB, a MPOAYKTOB HX

OKHCTUTENbHOTO TpeBpamenus. Katamutuanocts peakuuu (y) — uuciao modekyn [TIK,
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pacmaBIIMXCS HAa OJHOW MOJEKyJe MHIMOMTOpA, COIVIaCHO HAIIMM pacyeTaM, IpHu
temneparype 373 K cocTaBisieT HECKOJNBKO ThICAY, TaK KaK OJHAa MOJEKyJa TUTHOJIEHOB
(KC-KA) criocobua paspyurats 2,9-10°-3,6:10° monexyn I'TIK. Takue BbICOKHE 3HaueHUs (Y)
BCTPEYAIIMCh U paHee [l OPraHNYEeCKUX TUCYIIb(PHIOB.

N3ydeHa cKOpoCTh peakluu M0 KaXJA0My peareHTy. B ciydae coennHeHuii nutuokapbamaTa

M KCaHTOrceHara pacmajg ruporncporcuzia KyMuia OMUCbIBACTCA KUHCTUUCCKUM YPAaBHCHUCM

TPETHETO MOPSIKA.

W=K-[I'TIK]* [K]

Hawmu paccuntansl SHEpruy aKTUBAIMY TI0 YPaBHEHUIO AppeHHyca:

Exc=1,12-10"exp[-95,5 xIx/RT] n*/moms’c

Ewxa=1,17- 10% exp[—143,9 xIx/RT] 1*/Mombc
Bbuto ycTaHOBIEHO, YTO B HAIIMX OIBITaX B PEAKUUH TUIAPONEPOKCHIA B MPUCYTCTBUH
mutnoneHoB (KA—KC) oOpasyercst KuCIOTa, KMHETMKAa HAKOIUIEHHS KOTOPOM HMMeEEeT BUJ,

XapaKTEePHBINA JJIs1 IPOMEKYTOUYHOTO TIpoykTa (puc.l).

0,31 16
S A
sl w0
= =
= T 14 8
—= 0,2 -
< o
= =
e =] _.2_:—5‘

0,1

1 |

80 160 240 t,muH

Puc. 1. Kunernyeckue KpuBblE pacxoJ0BaHUs rujponepokcuaa kymuia (1) u HakomiueHus
kucnot (2). [['TIK] = 0,24 mons/i; [KA]=5- 10 Mo/, Xmop6en3zod, azot. T=313 K.

beimo mpennokeHo, uyTo oOpasyromascs KHCIOTa BbI3BIBACT KaTainu3. Ha KHCIOTHBIN
XapakTep KaTaau3aTopa TakKe YKa3bIBaeT OMBIT C OPraHUYECKUM OCHOBAHHEM - TTUPUIUHOM.
BBeeHnne mocienHero B peakifio Kak B Hauase, Tak U Ha CTaUU KaTaJTUTHYECKOTO pacraaa
MOJIHOCTHIO TOPMO3HT IIPOLIECC.

Takum o6pazom, (KA) u (KC) karamutuyecku pa3pymaroT THAPONEPOKCU KyMmuuia. Pacmas

THAPONICPOKCHU A JeUCTBUEM MMPOAYKTOB IIPEBpAIlICHUA TI/IOKap6OHI/IJ'IOB MMEET KHUCIIOTHBIN

Xapakrep.
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CuHTe3 M CBOMCTBA CJIOKHBIX (pochaToB LMPKOHMS, JONUPOBAHHBIX

noHamu 3d-MeTallioB

E.N. IOBAPOBA, A.W. IIBIVIMHUHA, U.11. MUXAJIEHKO

Poccutickuii ynueepcumem opyoicovl Hapooos, Mockea, Poccus

pylinina@list.ru

B kadecTBe Karanm3aTOpPOB NETHIpAaTAllUd W JACTUAPUPOBAHUS CIUPTOB OCOOBI HHTEpeC
NPECTaBISIOT MUPKOHUKcoaepxkamue GocdaTsl co ctpykrypamu tuna NaZry(POs); (NZP),
nonyunBmux Ha3zBaHue NASICON wu3-3a BBICOKOW MNPOBOJMMOCTH HOHOB HAaTpHsl. OTH
docdarbl 00magaI0T HU3KOH CEOECTOMMOCTBIO U YAAaYyHO COYETAIOT pPa3IUyHble (PUIUKO-
XMMHUYECKHE CBOMCTBA B OJHOM Marepuaie. biaromaps mmpokoMy M30MOpPU3MYy KaTHOHOB
pPa3TUYHON TPHPOJABI BO BCEX KpUCTALIorpaduueckux mo3uiusx NZP-coequHEHHs MOTyT
MPOSIBISATE KUCJIOTHBIE, OCHOBHBIE WJIM OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBA U
UCTIONB30BAaThCS  KaK  MONM(YHKIMOHANBHBIE  KAaTaqu3aTOphl C  PEryJIUPYyEMBIMU
XapaKTEPUCTUKAMH B PEAKIUSAX OPraHUYECKOTO CUHTE3A.

@OyHKIMOHANbHBIE CBOWCTBA 3TOr0 HOBOIO Kjacca KaTajau3aTOpoOB MOIYT  OBbITh
MOIM(ULIMPOBAHBI B pe3yibTaTe HETPATUIMOHHBIX (U3UKO-XMMHUYECKUX BO3JIEUCTBUH,
HampuMep, Ja3epHOTO0 W PaJUAIMOHHOTO oOmydeHus. OgHAKO BO3JEUCTBHE IUIa3Mbl Ha
a7copOLMOHHBIE ¥ KATATUTUYECKUE XapaKTEPUCTUKU ITHX CHCTEM Majio U3y4CHEI.

Henp paboThl — CUHTE3 M MCCIEAOBAHHWE KATAIUTHYECKONH AKTUBHOCTH TPOWHBIX HATpUi
nupkoHui ¢GocharoB ¢ moHaMHU-MoaupuKaTopamMu 3d-MeTaJIOB B KATHOHHOW W aHUOHHOM
yacTsax (ocdara A0 W mocle MIA3MOXUMUYECKOM O0O0pabOTKM B pEakIUsaX IMpeBpalleHus
cruptoB C3-C4.

O0pasubl coctaBa NagogMexZr(PO4); ¢ MOHOM-MOIU(PHUKATOPOM B KaTHOHHOM 4YacTu
docdara /cepus 1,2/ m Na3ZrMe(POs); ¢ moHOM-MOAM(pUKATOPOM B AHUOHHOM YACTH
/cepusi 3/, tne Me=Zn, Co, Cu, Ni, ObUIM CHHTE3UPOBAHBI «30JIb-TEIb» METOIOM.
[Mnazmoxumuyeckas oOpabOTKa B TICIOMIEM paspse KUCIOPOAa MPOBOIMWIACH B BaKyyMHOU
MPOTOYHOM Ta30pa3psiIHOM YCTAaHOBKE IMepeMeHHOro Toka ¢ udactotot 50 I'm. da3oBbrit
COCTaB CHMHTE3WPOBAHHBIX MOPOIIKOB ompeaessuii MetogoM PDA. C menbio onpenesieHus
BIUSHUS TUTA3MOXUMHUYECKOW 0OpaOOTKM B KHUCIOPOJE Ha COCTaB MOBEPXHOCTHOTO CIIOS
ucnonpsizoBanu Metoq PODC. Karanutnueckas akTUBHOCTh KaTaJlIU3aTOPOB OINpeensiiach B

YCTaHOBKE MPOTOYHOTO THUMA C Ta30XpOMAaTorpauyeckuM aHajJu30M IPOIYKTOB IIpH
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temriepatrypax 280 - 400°C(ra3-Hocurens — renuid, nerekrop-JWII) pexxume HarpeBa u
OXJIQX/IEHUS KaTaJu3aToOpOB.

B pesynbTare paboThl ObLTO TTOKa3aHO, 4TO Hcmoyib3oBanue B cuHTe3e NASICON pa3nuuHbix
IPEKYpPCOPOB MPHUBOJUT K H3MEHEHHMIO KaTaJUTHUYECKOM AaKTUBHOCTU B IPEBPALLEHUU
U30IPOIIaHoOJa. Y CTAHOBJIEHO, YTO IPU BBEJCHUU HMOHA-MOAM(UKATOpa B KATHOHHYIO 4acTb
docdara /cepus 1-2/ HabmroiaeTcsi TOJIBKO AETHAPUPOBAHKE M3O0IMPOIAHONIA C 00pa30oBaHUEM
arieroHa. OOHapy’keHO, YTO Ha oOpasuax c OOJBLIMM COJCpXKAaHWEM MeIU U KoOajabTa
/cepus 2, x=0,25/ peakuusi AETHIPUPOBAHUS MPOTEKAET HA JIByX THUIAX LIEHTPOB, OJUH U3
KOTOPBIX CTAHOBUTCS JOCTYIIHBIM IpHU OoJiee BBICOKMX 3HaueHUsX Temneparypsl. [lokaszano,
YTO U3MEHEHHE CIoco0a BBEJEHUS HMOHa-MoAudukaTopa (B KATHOHHYIO YacTh 3aMeEIICHUEM
HMOHOB HATpUs WIM B AHHUOHHYIO 4acTb — HOHOB IMPKOHMS) HPUBOAUT K H3MEHEHHUIO
CEJICKTUBHOCTH B peakiusx mnpeBpamenus cnuptoB Cs;-C4 — Ha oOpasmax cepum 3
CEJIEKTUBHOCTb B OTHOILIEHUH AETUAPHUPOBAHUS U30IIpoIaHoa najaaer a0 85%.

BriepBble Hccie0BaHO BIUSHHE IUIa3MOXMMUYECKOH OOpabOTKM B TICHOIIEM paspsje
Kucaopoa TpoiHbIX docdaTtoB mupkonus Naz3ZrMe(PO,4); Ha UX KaTanUTUYECKUE CBOMCTBA.
N3 pannpix POOC cnemyer, YTO COCTaB IOBEPXHOCTHOIO CIJIOS OTJIMYAETCA OT
CTEXHOMETPUYECKOT0. 3HAYCHHs DHEPTUU CBS3HM I KUciopona, ¢ocdopa, HUpKOHUS HE
n3mensiercs nocie [1XO (B mpexenax Tounoctu 0,1 3B). Jlns meanoro odpasma nocie [1XO B
KHCJIOPO/I€ TPOUCXOAUT CIBUT CIEKTpa B 00JacTh MEHBIIMX JHEPrUi CBS3HM, UTO
CBUJIETEJIBLCTBYET O HM3MEHEHHMH 3apsiOBOIO COCTOSIHMS MEOU — IPOMCXOIUT YACTUYHOE
BOCCTAHOBJIEHHME. YcTaHOBJIEHO, 4yTo mociie [IXO u3MeHsiercs CeIeKTUBHOCTb peakluHu,
HaOMIOAeTCs TOJIBKO JEeTHUAPHUpOBaHUME OyTaHoJa-2 ¢ 0O0pa3oBaHWEM METHJIITHUIKETOHA
Beixon MOK Ha Bcex oOpasmax, oOpaboTaHHbIX B Iu1a3me, B 3-10 pa3 Oosblue, yem Ha
UCXOJHBIX O00pasnax. YCTaHOBJIEHO, YTO IOCJE IUIa3MOXMMHYECKOH 00paboTKH Mpupoja
KAaTAINTHYECKH AaKTHBHBIX IIEHTPOB W3MEHSETCS — DOHEPrus aKTUBAIlMH PEaKIHd
JETUAPUPOBAHUS HA BCEX 0Opasiax yBenuduBaercs 1,5-2 pa3a mo CpaBHEHHIO C MCXOJIHBIMU
oOpasiamu.

Takum 00pa3oM YCTaHOBJIEHO, 4YTO AaKTUBHOCTh IMPKOHHIMCOIEpKamUX (ochaTHBIX
KaTaJlu3aTOpOB 3aBUCUT OT YCJIOBMM HX CHHTE3a, COCTaBa M TUNA MPEABAPUTEIBHBIX
o0paborok. Hanbosnblas akTHBHOCTh B OTHOILIEHUM PEAKLUU JIETUIPUPOBAHUS JOCTUTalach

Ha MEAbCOACPIKAIICM KAaTAJIN3aTOPEC CCpUU 3 IIpH UCII0JIb30BAHUU KHCJ’IOpOI{HOﬁ I1J1a3MBI.
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AJkujanpoBanue peHos1a 1eneHoM-1 B IpuCyTCTBUH KaTaJu3aTropa

HA OCHOBE OCHTOHHUTA

TJI. HIYYKOBA, 9.B. YUPKYHOB, X.3. XAPJIAMIININ

Kasanckuii 2ocyoapcmeennviii mexnonocuueckuti ynueepcumem, Kasanw, Poccus

tatjana-lvovna@rambler.ru

B mnacrosimee BpeMs ankwieHONBI CTANM OJHWMH W3 BAKHEWIINX IONYNPOIYKTOB B
IPOMBIIIJIEHHOM OpraHn4ecKkoM cuHTe3e. Cpeau alIKUiI3aMelleHHbIX ()eHOIOB BaXKHYIO POJIb
UTPAIOT BBICOKOMOJIEKYJIIPHBIE aNKHII()EHOIIBI ¢ BOCEMBIO U 00Jiee yriIepoJHbIMU aTOMaMH B
OOKOBOI IIEeTIH.

BapsupoBanue cocraBa ankmieHoIOB 00YCIOBICHO MPHUPOIONW HMCXOIHBIX pPEareHTOB H
YCIOBHUSIMU MX B3aMMOJEHCTBHS, U3 KOTOPBIX ONPEIENIAIONUMHU SBISIIOTCA IPUMEHEHUE TOTO
WIM MHOTO KaTajJu3aTopa U TEMIIepaTyphl mpoliecca.

[lenpro HacTOSILIErO MCCIEAOBAaHUS SBISETCS HUCIBITAHUE TNETEPOr€HHOIO KaTajau3aTropa Ha
OCHOBE TPUPOJHOTO OEHTOHUTA, B NPUCYTCTBUM KOTOPOTO IPOBOJWIM PEAKIHIO
alkuiaupoBaHua (Qenona geuneHoM-1. Ilpu 3ToM wM3ywyanum BAMSHUE TEeMIIEpaTyphbl,
COOTHOILEHUS] HCXOAHBIX pEareHTOB M MPOAODKUTEIBHOCTH pPEAaKIMU Ha Mpolecce
QIKUITUPOBAHUS.

AnxunupoBaHue geHona neneHoM-1 (uucrora 98-99%) nposoauiu B npucytcTBud H-popmbl
aKTUBUPOBAHHOTO OEHTOHUTA.

[Tpu ankunupoBanuu (eHosa oOpazyeTcst cMech OpTO- U Mapa-aaKuiI(eHoJI0B. Y CTAaHOBIIEHO,
4TO TIpU 0OIIEM BBIXOJe MOHOalkminaTa 82,8%, OH COIEPKUT COOTBETCTBEHHO OPTO-BTOP-
terpadenona 62,8% wu mapa-BTop-terpaneumidenona-20,8%. B cocraBe MoHOaNKuiIaTa
obHapyxeHo 96,83% wmonoankwipeHonoB u 0,49% AUMANKUITIPOU3BOIHBIX, TUATKUAJIATA-
99,37% nuankundenonon u 1,63% mMoHoankmi(eHoNoB.

Crpoenue nenmndeHosoB yCTAaHOBICHO IyTeM OIpeneNeHus (PU3NKO-XUMUYECKUX CBOMCTB
nponaykra, a takke gaHHeiMu UK-, SIMP-cnekrpockonuu, a Takxke XpoMOTOrpaduyecKux
JTAHHBIX.

VY CTaHOBIJIEHO, YTO ONTUMAJIbHBIMH YCIOBHSIMU IpOIiecca aIKUIMPOBAHUS (EHOIA JeleHOM- 1
B nipucyTcTBUM OeHTOHUTA H-popmbl sBisitoTcs: cooTHOmeHue dhenon:onegun=2:1(MombH.),
cooTHoIeHue ¢eHom:katanuzaTop=1:1(macc.), remneparypa — 180°C , Bpems peakuuu — 4

qaca.
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HukjioaakuaupoBanue peHo0B B IPUCYTCTBUH (pochopcoaepmxamx

HEOJUTHBIX KATA/JIN3aTOPOB

Y.K. PACYJIOB, ®.A. HABHUEB, C.T. PYCTAMOB, C.U. ABACOB

Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
baxy, Asepbatioscan
rchk49@rambler.ru

AnkunupoBaHue (eHosla IUKIMYECKMMM YIJIEBOJOPOJAAMHU C HPUMEHEHHEM B KauecTBe
KaTaJIn3aTOPOB YKCYCHOH M CEpHOM KHUCIIOTHI, (pTOpUCTOro OOpa, XJIOPHCTOrO altOMUHMUS,
KY-2 u np.otnuuaeTcss HU3KUM BBIXOJOM II€JIEBBIX NPOAYKTOB, MHOI'OCTaJAMHHOCTBIO
IPOLIECCOB, TOKCMYHOCTBHIO MPUMEHEHSEMBIX KaTalu3aTopoB U T.1. B Hacrosmieil padore
NPUBOJATCS PE3yJbTaThl LUKIOAIKWIMPOBaHUS (EHONA, Mapa-Kpe3onia, Mapa—TeKCuI- U
napa-HOHWI(eHoNa 1-MEeTWINMKIONEHTeHOM 1- W3- MEeTWILUKIOIeKCeHaMH, IHKIIO-
JUMEPaMU M30IIpEHA U MUIIEPHIIEHA ¢ IMPUMEHEHUEM B KadyeCcTBE KaTajau3aTopa LeojauTa-y,

MIPOMTUTAHHOTO OPTO —(hOCHOPHOM KHCIOTOH.

OH R OH OH
X X X

rape X=-CHj; -C¢Hy3; -CoHyo;

CH, CH, CH;  cm, CH, CH,
rae R= J<:|; @; Q; _(!jQ; _C:Q; —H(IZ—CHO
CH; (H, CH; CH, CH,

AnkunupoBanue (HEHOJIOB METHIIMKICHAMH OCYIIECTBIISIIA Ha JIAOOPAaTOPHOM HENPEPHIBHO-
HeﬁCTBYIOHICﬁ YCTaHOBKE. Ilocne cmemmBaHUSI B CMECHUTEIE (1)CHOJ'IBI U MCTHIIOUKJIICHBI
MMOoJarTCd B HHU3 PCAKTOpA. PeaKI_II/IOHHaSI CMCCh, Ipoxosdamas 4€pe3 cion KaTaJm3aTopa
mociie OXJAKICHUS B XOJOJWIBHHKE HampaBiseTcss Ha pektudukanumio. C  1enbio
HAXO0XICHHUS OITHUMAJIBbHBIX YCHOBHﬁ, O6CCHC‘II/IB3IOH_[I/IX MaKCUMAaJILHBIH BbBIXO4 MCTHUII-
I_II/IKJ'IOaJ'IKI/IJ'Iq)eHOJ'IOB, N3yYaJid BJIHUAHUC TEMIICPATYPbl, MOJIBHOI'O COOTHOMICHUS MCXOAHBIX
KOMIIOHCHTOB nu O6’BeMHOI>'I CKOpOCTI/I Ha BBIXO[ )41 CCIICKTUBHOCTDb LICJICBBIX

HUKIIOAKIIIPEHOOB. TeMmIeparypbl peakiuii BapupoBaiu B uHTEpBaie ot 60 1o 140 °C,
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MOJIbHOE COOTHOIIEHHE (eHOJa K METWIIMKIEHY MOIIEpPKUBAIM B mpenenax oT 2:1 1o
1:2 monb, a 06beMHOI1 ckopoctu ot 0,3 10 0,7 yac.
B  pesynprare  yCTaHOBIEHO,YTO  LUKIOAIKWIMPOBAHUS  (PEHOJOB  IHUKIMYECKUMU
YTIIEBOJIOPOAAMH B MPUCYTCTBUU (ochopcoaepxaiiero mneoiaura-y B OTIHYHE OT JIPYTHX
ATKATUPYIOMMX KaTalu3aTOpOB, MPOTEKaeT B 0oJiee MATKUX YCIOBUSAX C BBICOKHMH

BBIXOJaMH U CCIICKTHUBHOCTLIO HECJICBBIX ITPOAYKTOB.
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Cunre3 neonToB ZSM-5 11 KaTaIM3aATOPOB AMCIPONOLHOHUPOBAHUA

ITHJIOEH30J1a

WU.J. PE3HUWUEHKO?, C.A. CKOPHUKOBA" , 0.M. TOCOXOBA?,
M.U. HEJIOTUHA?, E.5. UBAHOBA"

“OAO Anezapckuii 3a600 Kamanuzamopoe u opeanuuecko2o cunmesa, Aneapck, Poccus
b . - .
Upkymcxuil eocyoapcmeentulil mexuudeckuil yHueepcumem, Mpxkymcek, Poccus

zeolite(@ mail.ru

[leomur LIBM (anasor crpykrypHoro tuma ZSM-5) o0nanaeT BBICOKOM Kpekupyromen
AKTUBHOCTBIO, UTO SIBJISIETCS KpaifHe HEXKENaTeNbHBIM (PaKTOPOM IPH IMPUTOTOBJICHUU HA €T0
OCHOBE  KaTaJau3aTOpOB  JAMCIPONOPLUMOHMPOBAaHUS  ATWiOeH3ona. i cHUXKeHus
KPEKUPYIOIIEH CIIOCOOHOCTH KaTalu3aTOpOB HEOOXOAMMO INPOBEACHHE IONOJHHUTEIbHBIX
cTaguil MOAN(UIMPOBAHUS LICOIHTA.

W3BecTHO, YTO BBIXOA MAMATHIOCH30JI0B TMPH IUCIPOMOPIIMOHUPOBAHUN STHIIOCH30Ja
HEINOCPEACTBEHHO CBS3aH C COCTABOM PEAIBHOM CTPYKTYPBI U COJEP)KAHHEM ATIOMUHHS B
pemetke meonuta [[BM, ncnonp3yemoro B kadecTBe Karanmzaropa. [loaromy Hamu Oblia
NPEIIPUHATA IONBITKA NoiaydeHus ueonuta [IBM ¢ He3HaYMTENBHBIMM KPEKUPYIOLIMMU
CBOMCTBAMM Ha CTaJMH CUHTE3a LICOIUTA.

C 3101 1enbl0 HaMu ObUT U3MEHEH I'PaHyJIOMETPUYECKHIA COCTAaB CHIIMKAres, UCIIOIb3yEeMOro B
Ka4yeCTBE MCTOYHUKA KPEMHMsI B NPOLECCE TUAPOTEPMAIBHOIO CHHTE3a LIEOJIUTAa U MPUMEHEHA
npeBapuTesibHas 00paboTKa KPUCTAIUIN3YEMOT0 alFOMOCHIMKATHOTO IeIsL.

HccnenoBanue xapakrepuctuk neonurta [IBM B mpouecce KpUCTAUIM3alMK TOKA3aJ10, YTO
y’K€ B IEepBbI€ Yachl KPUCTAJUIM3ALUU 00pa3yroTCs MEJIKUE KPUCTAUIUTHI, B 3JE€MEHTapHOM
s;UEHKEe KOTOPBIX HAXOJIUTCS MPAKTUUYECKH MAaKCUMaJIbHOE IJI JAHHOTO CTPYKTYpPHOTO THIIA
YHCJIO ATOMOB AJIFOMUHUS.

N3yueHne  KHUCIOTHBIX  XapaKTEPUCTUK  IEOJUTOB, IOJYUYEHHBIX C  Pa3IMYHBIM
IpaHyJIOMETPUYECKUM COCTAaBOM CHJIMKAres I0Ka3ajo, 4To NP OJU3KUX 3HAYEHUSIX oOLIei
KHCJIOTHOCTH (A aJIC.) KOJMYECTBO CHUJIBHBIX NMPOTOHHBIX KHUCJIOTHBIX IIEHTPOB Yy 00pasIoB,
CHUHTE3UPOBAHHBIX C I'PAaHYJIMPOBAHHBIM CHJIMKArEJIEM, 3HAYUTEIBHO HW)KE M NPAKTUYECKU
oTCcyTCTBYIOT L-nieHTphl. Takoe pacrpeneneHue CIeKTpa KUCIOTHBIX LEHTPOB IPUBOIUT K
CHIJKCHHIO KPEKHMPYIOIIMX CBOMCTB LIEOJIMTOB M TO3BOJSAET IOIYYUTh KaTaIU3aTOPbI
JUCTIPOTIOPIIMOHUPOBAHUS STHIOEH30I1a, CEJICKTHUBHbBIE B 00pa30BaHUU TUATUIOEH30JIOB.
Paboma evinonnena npu nooodepoicke ¢hedepanvHou yenegoii npozpammsl «Hayunvie u

HayuHo-neoazo2uieckue kaopvl unnosayuonHou Poccuuy ('K Ne [12456 om 19.11.2009).
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KosunvecrBennas cnekrpockonus SIMP He HUCCJIeJ0BAHNM NPOLECCOB

THJIPOOYHUCTKHA NU3CJIbHBIX TOILINB

WU.J. PESHUYEHKO?, M.1. LIEJTIOTUHA?, A.B. POXUH', C.A. CKOPHUKOBA”",
J1.®. KYIIIHAPEB®

“OAO Anezapckuii 3a600 Kamanuzamopoe u opeanuuecko2o cunmesa, Aneapck, Poccus
b . - .
Upkymcxuil eocyoapcmeentulil mexuudeckuil yHueepcumem, Mpxkymcek, Poccus
c ~ o
Upkymcxuil eocyoapemeennblil yHueepcumem, Mpkymcek, Poccust

aciu@chem.isu.ru

Wzyuen ¢parmentHsiit coctaB (PC) nu3eIbHOTO TOIUIMBA METOJOM SIEPHOTO MAarHUTHOTO
pe3onanca (SAIMP) st KOHTPOJISE TEXHOJIOTMYECKOTO Ipollecca THIPOOYUCTKH HEPTIHBIX
¢dpakmuii. HeoOxomuMocTh  HCCIENOBAaHMN B 3TOM  HAMpaBICHUH  OOYCIOBIEHA
BO3pACTAOIIUMU TPeOOBAaHUSIMH K SKCIUTyaTallHOHHBIM CBOWCTBAM JM3ENIbHBIX TOILIUB,
KOTOpble  JOCTHraloTCs ~ BOBJICYEHHMEM B  mepepaboTky  Hedrelt,  coaepiKammx
BBICOKOCEPHHUCTbIE ~ KOMIIOHEHTBI, IMpPH COXPAaHEHMH CYIIECTBYIOIIEH  TEXHOJOTHUH,
CEJICKTUBHOW OYMCTKH, JAenapaduHU3aUU U TUAPOOUUCTKU. OIEHKa ChIPhs C TOYKU 3PEHUS
MOTEHLUUAIbHOTO COJEpKAaHUS U KadecTBa JHU3ENbHBIX TOIUIMB MpuoOpeTraer ocoboe
3HayeHue. Bo3zmoxkHoCcTH KOHTpOosst MetogoM SAMP cocraBa u cTpoeHHs] AU3EIbHBIX TOIUJIUB
paccMOTpeHbl Ha MpUMEpe IMpolecca TUIPOOUYUCTKH OOpa3loB [W3EIBbHOTO TOIUIMBA Ha
Co-Mo u Ni-Mo kaTanu3aTopax MpH pa3INuHBIX YCIOBUSAX BEJCHUS IMpoliecca (TeMmeparypa,
COOTHOIIIEHUE BOJOPOI/ChIPhE, 00BEMHAsI CKOPOCTH MOJAYH CHIPHS).

[Iponienypa moucka Hambosiee 3HAYMMBIX AHAIUTHYECKUX IapaMeTPOB IH3EIBHBIX TOIUIUB
BKJTFOYaJIa JOPMUPOBAHNE MATPUIIBI HAOIIOACHHUI HA ocHOBE (parMeHTHOTrO coctaBa (PC) u,
coOcTBeHHO, (hakTOpHbIN aHanu3. MakTOPHBIA aHAIN3 MPOBOIWICSA CIEIYIOIIMM MacCHUBOM
naHHbIX: Marpuma 9x11, T.e. 9 00pa3loB [OU3EIBHOTO TOIJIMBA OXAapPaKTEPU30BaHbI
11 cTpykTypHBIMH ITapaMeTpaMu, NOJTYy4EHHBIMHU U3 CIEKTpoB SIMP 'H.

VYcTaHOBIIEHO, 4YTO HSKCHEpHUMEHTAlbHAas MaTpHlla OINMCHIBAETCS YEThIpbMS (aKTopaMu
(Vi- V4) ¢ cymmapnoii mucnepcueit *90 %. Harpy3ku Ha ¢akropsl paBHbl 36,6%, 26,3%,
16,9% u 10% coorBercTBeHHO. IlosyueHHble (DakTOpbl (KOMIIOHEHTBI) OTBEYAIOT 32
IPOTEKaHWE OCHOBHBIX XHMHUYECKHUX TIIPOLIECCOB JAM3EIbHBIX TOIUIMB B  IpOLEcCce
KaTaJIUTHUYECKON THAPOOUUCTKH.

Ha ¢akrop V| ocHOBHOe BIHMSHHE OKa3bIBAaIOT Harpy3ku Ha mnapameTpel @DC,

XapaKTepU3yIoIllye coJlepKaHle aTOMOB BO0POia B MOHOoapoMaTHueckux, CHis-rpymnmns! npu
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apoMaTH4ecKkux U ojiepuHOBBIX (PpparmeHTax. OCHOBHOI BKJIaJ B JaHHBIA (aKTOp BHOCUT

MPOLECC TUAPUPOBAHUS APOMATHUECKUX COCTUHEHUN.

R R,
t, kat
—

Hz
R; R,
Ha daktop V, ocHoBHOe BnmsiHMEe oka3piBatoT Harpy3ku Ha CH- m CH,- rpynmel mpu
apomarndeckux ¢parmenrax, CH-rpynmnsl nzo-napauHoBbIX U HA(TEHOBBIX (ParMEHTOB,
CHj3- rpynmbl HAaCBIIEHHBIX YIJIEBOAOPOI0B. OCHOBHOW BKJIAJ] B JaHHBIA (PaKTOp BHOCHUT
npolecc THIPOKPEKHMHra 3a CYET pas3phiBa CBs3e B anupaTHYECKUX 3aMECTHTENSIX

ApOMATHUYCCKUX COCHHHCHHﬁ, aJIKaHaX.

t, kat

RI_R2 Ho ; Ri+ R2

R—R, Rl

t, kat N
— R>

H2

Ha c¢akrop V3 OCHOBHOE BIMSHHE OKa3bIBAIOT HATrpPy3KH, XapaKTEPU3YIOLIME COJAEp)KaHHe
aTOMOB BOJIOpOJia B OUIIMKJINYECKHX apOMaTHYECKHX, KOHIEHCUPOBAHHBIX apOMaTHUYECKUX U
reTepoaTOMHBIX apoMaTHYecKuX ¢parmeHtax. OCHOBHOM BKJIAJ B JaHHBIM (DaKTOp BHOCUT
HETOCPEJCTBEHHO MpOLIECC TMAPOOYMCTKH. B Xozme mpouecca NOHMKAETCs KOJIUYECTBO
OMLIMKINYECKUX, KOHJACHCUPOBAHHBIX U TETEPOLMUKIMUYECKUX APOMATHUECKUX COECAMHEHHMH.
[TpuMepoM reTepoLUKIMYECKMX apOMAaTHUYECKUX COECIUHEHUI MOTYT OBITh CEpOCOAEpIKalIINe

APpOMATHUYCCKUC COCANHCHUA.

S t, kat R

Ho H2S + /_<

Ha daxtop V4 ocHOBHOE BIHSIHHE OKa3bIBAIOT HArpy3kd Ha OJieUHOBBIE (hparMeHTHl,

R

CH,- rpynnel  mapaduHOBBIX — yriieBofoponoB. (OCHOBHOM BKIaJ BHOCHUT  IPOLIECC
TUIPUPOBAHUS HETIPEACTBHBIX COCIMHEHUH. 3HAUCHUEe Harpy3ku Ha HB- oTpuiiatensHoe, T.€.
npoucxoaut ymenoienne CH; —rpynn napaduHOBBIX Liemnel, cieoBaTeNbHO - HAOM01aeTCs
nporecc u3oMepusanuu. llomydeHHBbIE pPe3yJIbTaThl IMO3BOJISIFOT KOJUYECTBEHHO OICHUTH
Ka4eCTBO KaTajIu3aTropa, €ro THAPUPYIOUIYIO U KPEKUPYIOUIYI0 CIOCOOHOCTb.

Paboma ewvinonnena npu noooepicke pedepanvrou yenesoi npocpammvi «Hayunvie u

HayuHo-neoazozuyeckue Kaopsvl uHHosayuonnou Poccuuy (I'K Ne 112456 om 19.11.2009).
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Broicoko3ppexTHBHBIE HAHOCTPYKTYPHPOBaHHbIe Au-Ni KaTaau3aTopbl
AJISl IPOLECCOB THAPHPOBAHUSA, TMAPOAECXJIOPUPOBAHUSA U NTAPOBOii

KOHBEPCUM YIJIeBOI0PO/I0OB

Tarbsina H. POCTOBIIUKOBA®, Cepreii A. HHKOJIAEB?,
Exarepuna C. JOKTEBA?, Eaena B. TOJITYBUHA?, Anapeii JI. TAPACOB?,
Jdeonna M. KYCTOB?, Baraaumup M. KO)KEBUH”, Jlennc A. IBCUH"

“Mockoeckuii 2ocydapcmeennuiil ynueepcumem um. M.B. Jlomonocosa,
xumuuecku ghaxyromem, Mockea, Poccus
b o
Quzuro-mexnuuecxkuti uncmumym umenu A. @. Hopge, Cankxm-Ilemepodype, Poccus

rtn@kinet.chem.msu.ru

C HCcmonb30BaHHEM METOJOB JIa3epHOTO AJIEKTpOAUCIIeprupoBanus [l], mpomutku u
aHMOHHOHM ancopOunu [2,3] mojay4yeHbl HOBBIE HAHOCTPYKTYPHUPOBAHHBIE KOMITO3UTHI Ha
ocHOBe MMMOOMIM30BaHHBIX Ha X (X=y-ALO;, ZnO, SiO,, TiO,, ZrO,) xmacrepoB M
(M=Au, Ni, Au-Ni) pasmepom ot 3 mo 100 am. CTpyKTypa ¥ COCTaB HAaHOKOMITO3UTOB
n3yuenbl Mmetomamu HK-cnexktpockonuu aacopoupoBanHoro CO, TEM, POOC, POA,
XANES. Karanutuueckue cBoiictBa M/X uccrienoBaHbl B CIETYIOMIHUX MPOIeccax:

- OYMCTKM MOHOMEpOB IOJIMMEPHU3ALMU OT NpPUMECEH alleTUICHOBBIX COCIMHEHUHN IyTEM
CEJIEKTUBHOTO T'MIPUPOBAHUS alleTUJIEHA B IPUCYTCTBUM THIIeHA ipu 273-423K;

- YHUYTOXXEHUM TEXHOTEHHBIX OTXOJOB Ha MpHUMEpe peakUuu TUAPOAECXJIOPUPOBAHUS
xyopOen3ona mpu 523-673K;

- YTWIM3AlMK [NIMLEpUHA TapOBOM KOHBEPCHUEN INIMLIEPUHA B cUHTe3-Ta3 npu 373-793K;

- kouBepcuu CO BosiHbIM TTapoM nipu 473-693K.

Bo Bcex MOJENbHBIX pEaKIHUSIX HAHECEHHbIE KIIACTEPbl WHIUBUAYaJIbHBIX METaJJIOB
XapaKTEePU3YIOTCS CIEAYIOMHUMU OOIMMHI OCOOEHHOCTSAMHU KaTaJUTHUYECKOTrO TIOBEICHUS:

1) uMMOOUIM30BaHHBIE HAHOKIJIACTEPHI MPOSBISIOT aKTUBHOCTH TOJBKO NMPU TOM YCIIOBUH,
yTOo uX pasmep He npesbimaer 30-40 um. Ilpu ymensienun pamepa vactun ot 30 10 3 HM
yAeIbHas aKTUBHOCTb, OTHECEHHAs K CYMMAapHOM IOBEPXHOCTHM HAHECEHHOI'O0 METajlia,
Bo3zpactaer or 100 mo 10000 momb/monws*u. Ilpupoma HaOIIOIaEMOTO MOJIOKUTEIHHOTO
pa3MepHoro 3¢ ¢ekTa, To-BUTUMOMY, 3aKII0YAeTCS B POCTE JOIH MOBEPXHOCTHBIX aTOMOB C

HU3KUM KOOPJAWHAITMOHHBIM YUCJIOM IIPpHU YMCHBIICHHUH pa3dMCpa 4YaCTHUIL,;
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2) aKTUBHOCTH 30JI0TOCOJIEpKAIINX HAHOKJIACTEPOB BO3PACTAET C YBEITUUYEHHUEM KHCIOTHOCTH
MO/JIOKKU: TakK HPH MPOYMX PABHBIX YCIOBUSAX AKTUBHOCTh METAJVIOB, HAHECEHHBIX Ha
OKCHUJbl LIUPKOHUS, AIIOMUHUS M TUTaHA, Ha MOPSI0K MIPEBOCXOAUT 3HAYEHMsI, I1OTyYECHHbIE
JUis 00pas3lloB HAa OCHOBE OKCHIOB IIMHKA, KPEMHHUsS. BIusSHHE KHUCIOTHOCTH HOCHTEJS,
BEPOSITHEE BCETO, OOBICHAETCS (POPMHPOBAHMEM HOBBIX KATATUTUYECKUX LIEHTPOB Au® 3a
CYET MEPEHOCA NIEKTPOHHOM IUIOTHOCTH C 30JI0Ta Ha KHCIbIe HEHTphI JIbtonca u bpencrena
HOCHTEJIS.

Bo Bcex m3ydeHHBIX Ipolieccax 0OHapyKeH APKO BhIPAKEHHBIN CHHEPTU3M KaTaTUTHUYECKOTO
NENCTBUS  30JI0TO-HUKEJIEBBIX HAHOKOMIIO3UTOB, 3aKJIIOUAIOLIUIICS B PE3KOM pocTe
(8 100-1000 pa3) akTUBHOCTM HaHeCcEeHHBIX Au+Ni KJIacTepoB MO CPAaBHEHHUIO C CYyMMOM
AKTUBHOCTH KJIACTEPOB HHIUBUAYaJIbHBIX MeETauIoB. D(ddexT cuHeprusmMa HHBapUAHTEH
MeToy cuHTe3a. Bennunna s dexTa sKkcTpeManbHO 3aBUCUT OT COOTHOIICHUS HAHECECHHBIX
metaiioB. [Ipupona cunepreTudeckoro 3¢ dexkra MoxeT OOBSICHATHCS 1) BOZHUKHOBEHUEM
HOBBIX THIIOB AKTHBHBIX IIEHTPOB Au® B dopMHpyEeMBbIX OMMETAIUIMYECKUX YacTUIaX,
2) Oomblieli cerperaTUBHOM YCTOMYMBOCTHIO HAHECEHHBIX YAaCTHII B CMEIIAHHBIX
Karajau3aTopax 3) CIMUIOBEPOM MOJIEKYJ BOJOPOAA U KHCIOpPOJAa B KOHTAaKTHUPYIOIUX
kiacrepax Au u Ni.

[TomydyeHHble pe3ynabTaThl MOTYT OBITh HCIHOJB30BaHbI B TPOIECCaX CENEeKTUBHOTO
TUAPUPOBAHUS U TUAPOTEHOJIM3Aa YIJIEBOJOPOJIOB, a TaK K€ B CHHTE3€ HAHOCHUCTEM C
peryisipHoil  cTpykOTypoil W 3aJaHHBIMM CBOMCTBAaMM JJii TE€TEPOr€HHOIO KaTalln3a,
IIPOU3BOJCTBA CEHCOPOB, IOJIYYEHHS HOBBIX MaTEpPHANOB Ul 3JEKTPOHMKH, MAarHUTHBIX

MaTCeprajIoB U COp6eHTOB.

PabGora BhimonHeHa mnpu  moanepkke  MuHHMcTepCTBA HayKM M 00pazoBaHuUs
(I'ocynmapctBennbiii  konTpakT Ne 02.740.11.0026) m Comera mo rpantam IIpe3maeHta

Poccuiickoit denepanuun i rocy1apCTBEHHON NMOAJECPKKHA MOJIOJBIX POCCUMCKHUX YUEHBIX

(rpant MK 158.2010.3)

Jlureparypa:

[1] Rostovshchikova T.N., Smirnov V.V., Gurevich S.A., Kozhevin V.M., Yavsin D.A., Nevskaya
S.M., Nikolaev S.A., Lokteva E.S. Catalysis Today 2005, 105, 344.

[2] Nikolaev S.A., Smirnov V.V. Catalysis Today 2009, 147S, P. S336.

[3] Tkachenko O.P., Kustov L.M., Nikolaev S.A., Smirnov V.V., Klementiev K.V., Naumkin A.V.,
Volkov 1.O., Vasil’kov A.Yu., Murzin D.Yu. Topics in Catalysis 2009, 52, 344.
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JlecTpyKTHBHAasI THAPOM30MePHU3aLMs BTOPMYHBIX 0€H3MHOBBIX (PpaKumi

HA OM(PYHKIIHOHAJBLHOM KaTaJIu3aTope

M.U. PYCTAMOB, X.". ABA/I-3AJIE, 3.A. TACBIMOBA, A.H. KA3bIMOBA,
P.U. T'YCEMHOBA, H.X. DOEHIUEBA

Hucmumym nepmexumuueckux npoyeccog um. FO.I'. Mameoanuesa HAHA,
baxy, Azepbatiosxcan

azmea_nkpi@box.az; anipcp@dcacs.science.az

Mexanu3m OOJBIIMHCTBA KaTaIMTUYECKUX pPEAKIUil, B TOM 4YHUCIE€ TUIPOKPEKHHra U
U30MEpHU3alMK, KaueCTBEHHO OINMCBIBAETCS B paMKax KapOOHMH-MOHHOM TEOpHH, COTJIACHO
KOTOPOIl aKTUBHBIMHU MPOMEKYTOUHBIMHM YAaCTHLIAMU B PEAKLUSAX SIBJIAIOTCS KapOOKAaTHOHBI.
OO6pa3oBaHre KapOKaTHOHOB MOXKET MPOTEKAaTh MO ACCOLMATHUBHOMY M JHUCCOLUATHUBHOMY
MEXaHHM3MaM B 3aBHCHUMOCTH OT TUIIA YIJIEBOAOPOJa, CBOMCTB KaTajau3aTopa U PeakMOHHON
Cpelpl.

OO6pa3oBaHue KapOKaTHOHOB U3 0JE(PUHOBBIX YIJIEBOJIOPOJIOB HauboJiee JIErKO MPOTEKaeT Mo
acCOLIMaTUBHOMY MEXaHHW3My IIpU Iepefadye IMPOTOHA OT MPOTOHHOIO KHCIOTHOTO
KaTaJM3aTopa K MOJIEKyJIe oJieHHA.

B 210l cBsI3M, OTHUM M3 TIEPCIIEKTUBHBIX HAINPABIEHUN MHTCHCHU(PUKAIIMK PEAKIIUN MmpoIiecca
CUHTAETCs BBEJCHUE B COCTAB ChIPhSl aKTUBUPYIOLIUX 100aBOK, TAKUX KaK OJE(PUHBI.
HarnsaaeiM mpumepoM 3TOMY CIIy’)KaT paOoThl, B KOTOPHIX B KadyecTBE aKTHUBHPYIOIIUX
N00aBOK TpeIUIararoTcss KOHIIGHTPAThl oyIeUHOB, OCH3MHOBas (Ppakuus TEPMHUECKOTO
IPOMCXOXKAECHUS, BBICOKOMOJIEKYJISIPHBIE OJIUTOMEPBI Oy THIICHA.

Hawmu, ¢ nenbio vccieoBaHus BIUSHUS HETPEIENbHBIX YITIEBOJIOPOIOB HA KaTaTUTUYECKHE
coiictBa I'’K/I-205 (ueonmutcomepkammii  Ni-Mo-blif  kaTanuzaTop), HccleloBaHa
JeCTPYKTUBHAS THUAPOU3OMEpHU3alusl OCH3WHOBBIX (paKIUi KaTaJTUTHUYECKOTO KPEKHHTa
(comepxaHue AMEHOBBIX M HempenenbHbIX Y/B 30% wmac) u KokcoBaHHs (coaep:KaHUE
JMEHOBBIX M HEpeaesbHbIX Y/B34% Mac.) Ha katanuzatopHoi cucteme Al-Co-Mo/ I'KI-205
B cooTHoweHuu 1:1+1:5.

[Iponiecc mpoBOAMIM Ha TPOTOYHOW YCTAaHOBKE B CTAal[MOHAPHOM pPEXKUME PaOOTHI
karammsaropa (200 cm’) B mHTepBane Temmeparyp 240-350 °C, mapnenmn 1,0-4,0 MITa,
00BEMHOI CKOpOCTH moxaun chipbs 1,0-1,5 ', 06BEMHOM OTHOLICHHH BOIOPOX : CHIPBE

1500 /.
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B cinywae rugpousoMepuzanMuM  BTOPUYHBIX ~ OEH3MHOB  HENOCPEACTBEHHO  Ha
oudynkmonansHom karanuzarope ['KJ[-205 akTuBHBIE LEHTpBl KaTaiau3aTopa 3aHATHI
HEHACBIUICHHBIMU  YIJIEBOAOPOJAaMH,  KOTOpPbIE  HM30MEpPHU3YIOTCS,  pacCIIEIUISIOTCH,
TUAPUPYIOTCS M MOJMMEPHU3YIOTCS, MpPU 3TOM OHM B KAaKOH-TO CTENEHU CTAHOBATCS
HEIOCTYIHBIMM Ul NPEBpALCHUs JPYTUX yIIeBOAOPOAOB. ['uapupyromas u KpeKupyomas
aKTUBHOCTh KaTaJau3aTopa MOCTENEHHO YMEHBIIAETCs, KaTalu3aTop CO BPEMEHEM KOKCyeTcs
U TepseT CBOIO aKTUBHOCTb.

B onTuManbHBIX YCIOBHSX IpH COOTHOmEHHM Katainu3atopoB Al-Co-Mo/I'KI-205=1:5
UCXONIHOE chIphe cHadana nmpoxoaut Al-Co-Mo cioi, B KOTOPOM IMPOUCXOIUT THAPUPOBAHHE
JVUEHOBBIX, CMOJIUCTBIX, CEPHHUCTBIX, Aa30TUCTBIX COEAMHEHUH CBIPbS M  HEMOJHOE
THJIPUPOBaHUE MOHOOJIE(DMHOBBIX YIJIeBOA0poaoB, a 3areM cioi ['KJ[-205, B xortopom
IPOUCXOAUT FMAPUPOBAHUE, U30MEPHU3ALIUS U PACUIETUIEHUE YIJIEBOJOPOIOB.
HerunpupoBanHsie MOHOONE()HUHBI NEHCTBYIOT KaK HHUIIUATOPHI OOpa3oBaHHS HMCXOTHBIX
KapOOHMH-MOHOB ITyTEM IPUCOEIUHEHHUS NPOTOHA KHUCIOTHOIO HOCUTENs (Karajau3aTropa
'KI-205) wu yckopsitoT mporiecc. BbIXxoa HW30KOMIOHEHTAa TpHU  JECTPYKTUBHOM
THJIPOU30MEpH3alMi OCH3MHA KaTaIUTHYECKOTO KPEKMHIa M KOKCOBAaHHUS COCTaBiseT 35,
40% mac., COOTBETCTBEHHO.

B pesynbraTe npoBEeNEHHBIX HCCIEAOBAaHMM HAaMHU OBUIO BBISABIEHO, YTO MPH IOJHOM
THJIPUPOBAHUMU HEMPEJEIIbHBIX YIJIEBOJOPOJOB HOPMAIBHOIO M H30CTPOEHUS C MOMOILBIO
runpupytomiero cios (coornomenue Al-Co-Mo/ I'K/[-205 = 1:1) momaBnsieTcss HE TOJBKO
IPOLECC JIe3aKTUBALMKM KaTajlM3aTopa THIPOKPEKHHra, HO TaKXe Ipolecc o0pa3oBaHUs
KapOOHMH-MOHOB, B 00pa30BaHMU KOTOPBIX YYAaCTBYIOT HENpEAENbHbIE YIJIEBOJOPO/bI, UTO
COIIPOBOKIAETCS CHIYKEHHEM CKOPOCTH Iporiecca. [Ipu 3ToM OKTaHOBOE YUCIIO MOTYYEHHOTO
OcH3MHAa B TIpollecCe NECTPYKTUBHOM THIPOM30MEpH3alMU OCH3MHA KaTaJIUTHYECKOTO
KpeKHMHTa cocTaBisier 75 m  mporuB 82 m, a OeH3uHa KokcoBanust 70 m mpotuB 83 T,
MOJTYYE€HHOT'0 TIPU COOTHOIIEHUU KaTaJn3aTopoB 1:5.

Kak BHIHO, NECTPYKTHBHYIO T'MIPOM30MEpH3alMI0 OEH3MHOBBIX (pakuuil BTOPHUYHOTO
IPOMCXOXKACHUS 11eJIecO00pa3HO MPOBOAUTH MPH COOTHOIIEHUH KatanuzaropoB Al-Co-Mo/
I'KA-205=1:5. Ilpu sTOM Takke MHOYTH HE MPOUCXOJUT TUAPUPOBAHHE APOMATHUECKHUX
yIJIE€BOAOPOAOB, YTO CIIOCOOCTBYET YJIyULICHUIO Ka4eCTBA U MOBBILICHUIO OKTAHOBOT'O 4KCIIa
HOJYYEHHBIX OCH3MHOB Ha 1-2 MyHKTa MO CPAaBHEHMIO C UCXOIHBIM OEH3UHOM.

[losnyueHHble JaHHBIE CBUACTEIBCTBYIOT O IPOTEKAaHMM PEAKLIUH TUAPOU3OMEpPHU3ALNN
OCH3MHOB BTOPUYHOIO MpoucxoxaeHus Ha kKaranuzatope ['K/-205 mo kiaccuueckomy

OM(YHKIIMOHATTLHOMY MEXaHHU3MY .
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HoBble METOABI I'PAHYJIHPOBAHUSA KAaTAJIN3aTOPOB ! OINPEACJICHUEC UX

MOPUCTOCTH

SLU. PYCTAMOB?, IIL.T. MAMEJIOBA"

“Uncmumym nonumepnoix mamepuanose HAHA, Baky, Asepbaiioscan
b . . . . .
Cymeativimekuii 2ocyoapcmeentulil ynusepcumem, Cymeativim, A3epoatiodican

ipoma(@science.az

[Iponeccsl rpaHyIupoBaHHs MOPOIIKOOOPA3HBIX KaTalU3aTOPOB MIMPOKO IPUMEHSIOTCS B
COBpPEMEHHBIX  cHCTeMaxX HepTexumMuu U  HedrenepepaboTku. ['paHyIMpOBaHHBIC
KaTaJIn3aTOPbl MMEIOT MOBBIIIEHHYIO CBHIMTY4YeCTh M IUIOTHOCTb, MEHBIIYIO CKJIOHHOCTh K
CIEKaHUI0O W HCTUpaHMIO. BpIcokas MOABM)XHOCTh T'pPaHYJIHPOBAHHBIX KaTalu3aTOPOB
o0JierJaeT aBTOMAaTU3aLUI0 M MEXaHU3aLUIO TIPOU3BOJCTBEHHBIX IPOLIECCOB.

B coBpeMeHHOM »JTame CyIIECTBYIOT pas3lUYHbIE METOAbl Ipolecca TIpaHyIHMPOBAHUS
NOPOIIKOOOpa3HbIX  KaTaiu3atopoB. (€ TEXHOJIOTMYECKOH TOYKM 3peHus  crnocod
IPaHyJIUPOBAHMUS KATAJIM3aTOPOB METOJOM arjioMepaluyd YacTUIl C HCIOJb30BaHUEM
CBAI3yIOIIEH KHUIKOCTU Oojee noctymneH. [Ipu 3ToM B KadecTBE MOCIEIHETr0 HCIOJIb30BaHHE
BOJBI JJIS TPYIHO-BOJOPACTBOPUMBIX KaTalM3aTOPOB, UMEIOT OOJBIIYIO0 HKOJIOTMYECKYIO U
TEXHOJIOTMYECKYI0 BbITOxy [1, 2].

['panynooOpa3oBaHre BcexX TBEPABIX MaTepuaioB OCHOBAaHO HA MPUHIUIE arjioMepaluu UxX
YacTHUI] B 3aBUCUMOCTH OT CHJIbI B3aUMHOT'O KOHTAKTa UCXOAHBIX YacTUIl, e OOJIBIIYIO POJIb
UTPAIOT MX IOBEPXHOCTh KOHTAaKkTa U (opma. OCHOBHBIMH (DaKTOpaMH, OINPEAESIOUIUMU
CKOpOCTh TI'paHyJ000pa30BaHUsl IMOPOIIKOOOPA3HBIX KaTalM3aTOpOB B ammaparax ¢
MICEBIAO0KIKEHHBIM CJIOEM, SIBJISIFOTCSI CTENEHb YBIAXXHEHHUS WX CBS3YIOIIEH >KHJIKOCTHIO U
YHCIIO CTOJIKHOBEHUI YacTHUII.

HeoOxoaumMo OTMETHTb, YTO TMpU YBIAKHEHUU TPaHYJUPYEMBIX KaTaau3aTOpoB Ha
COOTHOILIEHHE BHYTPEHHEH M TMOBEPXHOCTHOW BJIAard 4YacTUI[ CYIIECTBEHHOE BIUSHHE
OKa3bIBaeT MOPUCTOCTh ATUX YacTull. [Ipu 3TOM Biara, mpoHHKasi C MOBEPXHOCTU BO BHYTPh
YaCTHII, MAKCHMAJILHO 3aMOJIHSAET aKTUBHBIE TIOPBI, ITOCJIe KOTOPOTO Ha YaCTUIIAX TOSBIIICTCS
yCTOWYMBAsi MOBEPXHOCTHAs BJlara, 4TO CIIOCOOCTBYET BO3HHUKHOBEHHIO MEXAY HUMHU CHII
aaresuy, SBISAOMMXCS  (akTopoM  00pa3oBaHMSA TpaHysl U3  MOPOIIKOOOpPA3HBIX
karanu3aTopoB. [loaTomy, ompezneneHue 3aBUCMMOCTH MEXKIY CTENEHBIO YBIAKHEHUS U
MOPUCTOCTBHIO TPAHYJIMPYEMbIX YaCTHIL SIBISETCA BaXXHOW 3a7auell ykazaHHOro mporecca [3].
C 1menpl0 MaTeMaTW4eCKOro ONHMCAaHUS dSTOH  B3aMMOCBSI3M  OBLIO  HICTIOJIB30BAHO

O6H_[eI/I3BeCTHOC BBIPAXKCHUC IJId pacueTa NOPUCTOCTU TBECPABIX TCII:
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e=1-Lx (1)
A

I[J'ISI OINMMCAHUA B3aMMOCBA3U MCKIAY pPx U MUHHUMaJIbHON BJIaXXHOCTH, O6€CH€‘IHB&IOH.I€I>1

HAYaJIo arJIoMEPALUY YacTULl IPEJIOAKEHO HAMU ClIeAyIollee BelpaxeHue [3]:

pk:RV(l_WM) (2)
[TocTanoBko# BeIpaxeHwus (2) u pemieHueM ypaBHeHUs (1) OTHOCHUTENBHO € MOYyYeHO,
1—
A=W, )
R

31ech, BeipaxeHue (3) OMUChIBAET 3aBUCUMOCTh MEXAY MUHMMAJIbHOW BIIaXKHOCTHIO Hauaja
arJioMepalyy 4YacTHIl U UX TTIOPUCTOCTH.

I'me, Wy — MuUHUManbHas BIAXHOCTh Hayajia arjioMepaliyd 4YacTHIl, B Macc. JOJAX; € —
MOPUCTOCTh TPAHYIHPYEMBIX YaCTHUIl, B OOBEMHBIX JIOJIAX; Po, Pw U Px — UCTHHHAS TIOTHOCTh
CyXOro M BJIQXKHOTO TpaHyJIMPYyEeMOro KaTajau3aTropa, a TakKe ero KaxKylasicsi MIOTHOCTD,
KI/M.

B anmaparax ¢ nceBI0OKMIKEHHBIM CJIoeM 00pa30BaHHME W POCT TPaHyJI MIPOUCXOAMT 3a CUET
CTOJIKHOBEHUS BJIQXKHBIX YAaCTHIl B YCJIOBUAX MHTEHCHBHOTO TmepeMeninBaHus. [Ipu stom,
aKTOM arJioMepaluy 3aBepIIAOTCS CTOJKHOBEHHUE MEXKIY YacCTULIAMH, MUMEIOUIUMHU ONTH-
MaJIbHYIO BJIQKHOCTbh, CIIOCOOCTBYIONIYIO BO3HUKHOBEHHUIO CHJIBI AT€3UU HA ITHUX YaCTHIIAX.

Uuciio CTONKHOBEHUH YaCTHIL B TICEBO0KHUKEHHOM CJIOE€ MOYKHO OTIMCaTh YPaBHCHUEM BU/IA,
N, =nD’-n 4
rae, Ne — YUCJI0 CTOJIKHOBEHUM YaCTHIl B €IMHULIC ITyTH ABWKEHUS, IIT./M; D — npuBeIeHHBIN

AUaMETp TpaHYJIUPYEMBIX YacTuUl, M; Ny — YHCIO YaCTull B CAUWHUIIC o0beMa

IICEBA00KHKEHHOT'O CJIOS, ./,

6(1-
C yuerom, uTO n, = (Tfl) ypaBHeHHe (4) mpeoOpasyercs K BUAY,
T

6(l—¢
N, = u (5)
D
31ech, € — MOPO3HOCTD MCEBA00KIKEHHOTO CITOSI.

Jluteparypa:

[1] PycramoRr .M. OcHOBHBIC IyTH UHTCHCU(UKALUU TPOIIECCOB TPAHYIUPOBaHuUs cynepdochaTos.
baky: OJIM, 1985. 85 c.

[2] A.c. 929614 CCCP, MKU C 05 B 19/12. Crioco6 rpanymupoBanus cymnepdocdara.

[3] Pycramor S1.1., JIemkoB M.B., Opymxkes C.C. // loxmag AH Azep6. CCP. 1979. T.35. Ne 9. ¢.51-54.
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HN3yvyeHue kaTaIMTHYIECKON AaKTUBHOCTH HAaHO -TiO; B peakuuu
dTepuPUKANMA MPONUJIEHITIUKOISI CAHTETHYeCKUMU HePTAHBIMU

KHCJI0TaAaMH

H.®. CAJIMEBA, 3.5. 3EHHAJIOB, III.LH. MATEPPAMOBA*,
C.A. UICKEHIEPOBA, b.K. AT'AEB

Hncmumym negpmexumuueckux npoyeccos um. FO.I". Mameoanueea HAHA,
baxy, Azepbatioscan

aykaza@inbox.ru

OCHOBBIBasACh Ha paHee MOJIYYEHHBIX pPE3yJbTaTaXx W C b0 JAIBHEHUIIETr0 H3y4YCHHS
BJIMSIHUSL TUCIIEPCHOCTH HUCHOJB30BAHHBIX TE€TEPOTCHHBIX KaTaIU3aTOPOB MPOMBIIIIEHHOTO
TiO, monudukamuu anara3 (¢ mpomoropom +Fe,Oy u 06e3 mpomoropa), PC-500, AT-1,
«Showa Denko» (anara3), RCI-696 (pytun) ¢ pasmepamu vactum 1,5 mxm , 5-10, 70 u
290 HM, COOTBETCTBEHHO, - HA MPOTEKAHHE PEAKIIMH W BBIXOJ] MOJYYCHHBIX d(PHUPOB, OBLIN
MPOBEJCHBl CEPUHN IKCIEPUMEHTOB IO ATepUPUKALNUN TPOMUICHTIUKONS CUHTETUYECKUMU
nedraupivu  kucnotamu (CHK) B Temmeparypeix uHTepBamax 80-150°C, MombHOM
COOTHOIIEHUH KucioTa : cnupt = 1: /1,3 -1,4 u xonuuectse katanuzaropa 0,5-1,6 mac. % [1].
Bbeno ycranoBieHo, 4yTO BBIXOA 3(UPOB B 3HAYUTENIBHON CTENEHU 3aBUCUT OT HMPUPOJBI U
JMCTIEpCHOCTH KaTtanu3atopa. Hambonee 3¢(eKTUBHBIM U3 NpUMEHSIEMbIX KaTalli3aTOPOB
okazasncsi HaHojguokcupa TtutaHa PC-500. Beixon »3¢upoB B NPUCYTCTBUM YKa3aHHOIO
KaTajau3aropa B ONTHUMaJbHOM pexuMe - temneparype 110-120°C, MOTbHOM COOTHOIIEHUH
kuciora: cnupt — 1:1,3. konmuectBe karanmsartopa 0,5-1,6 mac.% K B3STOM KHCIOTE U
MPOJOHKUTEILHOCTH peakiuu 4-5 yacoB - Ha 10-15% mpeBblaeT BbIXOJ, HAOMIOAaeMbIN B
CJIy4ae UCIOJIb30BaHUs BCEX JAPYrUX KaTalIU3aTOPOB.

CxeMaTHUYeCKH, MEXaHWU3M JTepUPUKANNN B TPHCYTCTBUU JTUOKCHJIOB THUTaHA MOXKHO

MPEJICTaBUTh CIEAYIOMUM 00pa3oMm:
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//O
R-C RCOOH
“oR' MeX,
d
//O\\ d»,//O\\
R-C >MeX, R-C MeX,
NA o AN
0-R OH
. H N )
H,0 PHR \ O/R R- OH
. Do
R—IC—O.MeXn d*'//o"\
OH R-C MeX,

rae R: pagukan kucnotsl, R': pagukan cnupta, Me + Ti (IV)

BoigBuraercs  HECKOJNBKO  OOBSICHEHWH  BBICOKOW  AKTUBHOCTH  HAaHOKATaJIHM3aTOPOB,
KaTaJu3aToOpOB THUIIA aHaTa3, B TOM YHUCJIE M KaTaJlu3aTOpPOB, COAEPKAIIMX ITPOMOTOPHI:
BBICOKAs IOBEPXHOCTh KOHTAKTa T€TEPOTr€HHBIX HAHOCTPYKTYP, Pa3HUIIA B KOOPIUHAITMOHHON
€MKOCTH W KHUCJIOTHBIX cBoicTBax Mmonudukanmii TiO, - aHata3 u pyTui, coJep)KaHUe
METAJIOB IEPEMEHHON BAJICHTHOCTH.

CTpoeHre CHHTE3MPOBAHHBIX POMWICHIHKOIEBRIX quddupoB CHK nokazano meromom MK
CIIEKTPOCKOITHH.

CunresupoBannabie quddupbl CHK mpencraBiasioT coOoi MaciasSHHCTBIE KHAKOCTH CO
crenupuIecKuM 3amaxoM, HEpPacTBOPUMBIE B BOJE, HO XOpPOIIO pPAacTBOPUMBIE B

OpTaHU4YCCKUX PACTBOPUTECIIAX.

Jlureparypa:
[1] H.®. CagueBa, C.A. HckennepoBa, b.K. Araes, 3.b. 3eitnanoB. Hanokaranu3 stepudukanun

anupaTUIecKuX CIIMPTOB M HaTCHOBBIX KUCIOT // A3epbaiimkanckoe HedTsHOE X03s1iicTBO 2009; Ne
3,c.57-61.
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CunTe3 OMIEOJMTHBIX KaTAJIN3aTOPOB HA OCHOBE LE0JIUTA

AJTIOMOCHJIMKATHOM MaTpHIbI

2.U. CAABIXOBA, I'.C. MYXTAPOBA, H.X. D®EH/IUEBA

Hncmumym negpmexumuueckux npoyeccos um. FO.I". Mameoanueea HAHA,
baxy, Azepbatioscan

azmea_nkpi@box.az; anipcp@dcacs.science.az

B Hacrosmiee BpeMs MHTEHCU(HKAIMS MPOLEcca KaTaJTUTUYECKOT0 KPEKHMHIa MPOUCXOIUT
KaK IyTEM YCOBEPIIEHCTBOBAHMS TEXHOJOIMM Ipolecca, TaK U IyTE€M BHEIPEHHS] HOBBIX
HEOJIUTCOAEPKAIINX KaTalu3aTOPOB, 001a1al0IIHX BBICOKOM aKTUBHOCTHIO.

[TprMeHeHrne EOTUTCOAePKAIINX KATAIU3aTOPOB CKA3alloCh Ha YMEHBIIEHUU COICpPKaHUS
OyTHJICHOB B T'a3e¢ KPEKMHTA, YTO MPUBEJIO K COKPAIIEHUIO PECYPCOB ATUX YIIIEBOJOPOOB ISt
XUMHUYECKOU TIEPepadOTKH.

OT10T 3¢ deKT, CBI3aHHBIN C MOBBIIICHHONW aKTUBHOCTBIO IIEOJIUTCOACPKAIINX KaTaTu3aToOpoB
B pEaKkIUu TepepacrnpesiefieHuss BOAOPOJa, MOXKET ObITh CBEIEH IO MHUHHMyMa Kak IpH
nepexo/ie K CUCTeMaM KpEKHHTa ¢ JU(T-peakToOpoM M MOBBIIIEHUH TeMIIEpaTypbl KPEKHHTa,
TaK ¥ IMyTEM MCIIOJIb30BAHMSI LIEOJTUTCOEPKAIIMNX KaTaJIu3aTOPOB, B COCTaB KOTOPBIX HapsAy
C 1eonuToM Tuma Y BBOJUTCS JPYrod ILEOJHT, a MMEHHO CBEPXBBICOKOKPEMHE3EMHBII
eosuT tuna ZSM.

Lenbto HacTosIIeH paboOTHI siBIsieTCs pa3padboTka merona cunre3a CBK neonura tuna ZSM u
CO3/1aHME Ha €ro OCHOBE, B COYETAaHHM C LIEOJIUTOM Tuma Y, OUILIEOJIUTHOrO KaTajau3aTopa,
MO3BOJIAIOIIETO YBEIUYUTh COACPKAHKUE HETIPeIeIbHBIX YIIIEBOAOPOIOB B ra3e KPEKUHTa.
BBenenue B coctaB karamuzaropa BMecTe ¢ neonutoMm tuma Y, CBK meomwura, moBblmiaer
CyMMapHBIH BbIXoa OecH3uHa Ha 5,8 %, OKTaHOBOE uMCIO Ha 3,5-3,7 MyHKTOB, BBIXOJ
NPOTHJICHA YBETMYNBACTCS B JIBa pa3a, a BEIX0 OyTHIeHOB Ha 25 %.

HccnenoBanre OWIICONMTHBIX KaTalM3aTOPOB, COJAEPXKAIIMX B KAueCTBE AKTHUBHBIX
KOMIIOHEHTOB IICOJIMTHI JIBYX THUIOB — (poXKa3uTa W yIbTpacuia, BBEACHHOTO B COCTaB
BBICOKOIVIMHO3EMUCTON aAIIOMOCHUIIMKATHOW MAaTpULbl I10Ka3ajlo, 4YTO BBEICHHE BTOPOIO
LIEOJIUTHOTO KOMIIOHEHTa — YJbTpAacuja IMO3BOJIIET YBEIUYUTh BBIXOJ HEINpPENEIbHBIX
YTJIEBOIOPOAOB MPHU KPEKUHTe HEDTAHOM (PpaKIMK U 3a CUET aJIKMJIaTa OBBICUTH OKTAHOBYIO

XapaKTepUCTUKY OCH3MHA.
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Jnst  momydeHuss  OWIICOJNIUTHBIX — KAaTalM3aTOPOB  HMCHOJIB30BAIMCH ZSM  11€0JIHTHI,
CUHTE3UpOBaHHBIE ¢ yuyacTueM o-aMuHocupToB (Cs-Cis). KaranuzaTopsl Oblu Miccne0BaHbI
Ha aKTUBHOCTbH B KPEKHHI'€ KEPOCUHO-Ta30MIeBOM (PpaKIIuK B CTAaHIAPTHBIX YCIOBUSIX.
Pe3ynbpTaThl MCnbITAaHUN MOKa3ajiM, YTO KaTajlu3aTopbl Ha OcHOBE IeonauToB Tuna ¥ u CBK
[IE0JINTA, CHHTE3UPOBAHHBIX C YYACTHEM O-aMUHOCITUPTOB C Pa3JIMYHOMN JJTMHOW yTIEPOTHOMN
[ENH, MaJlo OTIIMYAIOTCS JPYT OT ApyTa Mo akTUBHOCTU. Brixoa 6ensuna pasen 50-53 % Mac.
UYto KacaeTcsl cocTaBa ra30B KPEeKHMHTa coJiep>kaHue OyTHUIICHOB B Ta3e Bo3pactaer oT 11,2 no
16,1 % 006., a comepxanue mupomnmiaeHa ot 23 1o 34 % 00., mo Mepe yBEIWYECHHUS
MOJICKYJISIPHOTO Beca 0-aMHHOCIUPTA, HAa OCHOBE Kotoporo Ol mosryueH CBK-meoswr.
Takum oOpazoM, B pe3yJibTaTe MPOBEACHHOTO HCCIEIOBAaHUS YCTAaHOBJICHA BO3MOXHOCTh
ucnonp3oBanus B cuHTtese CBK-1ieonnra 0-aMMHOCTIMPTOB C YUCIOM YIJIEPOJIHBIX aTOMOB B
Hpez[enax Cg-C]s, B3aMCH I[OpOFOCTOHHlHX U MCHECC ,Z[OCTYHHI:IX AJIKUJIAMMOHHEBBIX
coenuHeHui. [Toka3zaHo, 9TO MO CIOCOOHOCTH K 00pa30BaHUIO HEMIPEACTBHBIX Ta3000pa3HBIX
YTJIEBOIOPOOB (OyTHIICHOB U TIPOIHJICHA), OHM HE YCTYMAIOT KaTajau3aTopam, IMOJy4YeHHBIM
Ha OCHOBE I[€0JINTOB, CHHTE3UPOBAHHBIX C YYacTUEM TeTpa’THIaMMOHMM Opomuaa (loauaa)
¥ HAMHOTO MPEBOCXOJAT MO YKa3aHHBIM CBOMCTBAM aKTUBHOCTH KaTallM3aTopa, COJIEPIKAIIETO
B CBOEM COCTaBe TOJIbKO IIEOJIUT THMa Y, a HUMEHHO, 10 oOpa3oBaHuio OyTHiieHOB Ha 4-8 %,

1o obpazoBaHuio mponuieHa Ha 4-18 %.
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KaTa.]m3aT0le OKMCJIICHUA MEPKANITAHOB HA OCHOBE KOMIIVIEKCOB M€E€IN C

AOHOPHBIMH JIMTAHAAMHA

HN.I. TAPXAHOBA, M.I'. TAHTMAH

Mocxosckuii eocyoapcmeentulil ynusepcumem um. M.B. Jlomonocoasa,
xumuuecku gpaxynomem, Mocksea, Poccus

itar_ msu@mail.ru

CuHTEe3UpOBaHBI M MCCIICAOBAHBI PA3INYHBIMU (PU3UKO-XUMHUYECKIMHU METOIAMH KOMIUIEKCHI
MeIu C a30T- U CEPOCOACPKAIIMMHU JIUTaHIaMH (IIPOCTHIMH W LUKIMYSCKUMHU aMHIaM,
JUHEHHBIMU U apOMAaTUYECKUMHU aMUHAMHM, UPUIUHOM, HUMUIA30JI0M M UX MPOU3BOJHBIMH,
AMUHOCTIHPTAMH ~ Pa3JIMIHOTO CTpOCHHUS, cyabpokcHgaMu M cyibdugamn).
[Nomm¢yHKIMOHANBHBIE TOHOPHBIE JIUTAH/BI HUCIIOJIB30BAIM KaK B WHIMBHIYalbHOM BHUJE,
TaK M 3aKPEIUICHHbIE HAa MHHEPAIBHBIX HOCUTEISX 32 CYET KOBAJICHTHOTO CBSI3BIBAHMS
CHHMPTOBBIX TPYMIl C TOBEPXHOCTHBIMH TUAPOKCHIAMH. TakuM IyTeM OBbLIM IOJIyYeHBI
UMMOOMITU30BaHHbIC KOMIUICKCHI c MOHO3TaHOJIAMUHOM, OyTaHOJIaMUHOM,
JIMATHIAMAHOATAHOJIOM, THAPOKCOSTHINMUPUINHOM. M3MepeHa KaTaauThdeckas akKTHBHOCTh
NOJYYEHHBIX KOMIUIEKCOB B KaTaln3e PEaKUUi OKUCICHHS MEpPKalTaHOB KHCIOPOJIOM B
MSTKHX YCJIOBHUSIX B MOJENIbHOW CHCTEME — PacTBOpPE MEPKAaNTaHOB B M300KTaHE, a TaKXKe
pa3nuuHbIX 00pa3nax HeQTIHOTO ChIpbs [ 1-4]. MccnenoBanue 3BOIIOIMN COCTaBa M CTPOCHUS
METAIJIOKOMIUIEKCOB B XO/I€ PEAKIIMH MO3BOJIMIIO BBIICIUTH /1B KJIACCa JOHOPHBIX JIUTaH/OB,
pa3MMUAIOIIUXCS XapakKTepy HMX y4acTHs B KaTaJUTHYecKoM mporecce. [lepBeiii kiacc
00pa3yIoT aKTHBHbIEC JIUTAH/bI, SBJSAIOMIMECS OJHOBPEMEHHO M KOMIUIEKCOOOpa3oBaTesieM, U
peareHToM, B3aUMOACWUCTBYIOIIUM C CyOCTpPAaTOM-OKHCIUTEIEM — KHCIOPOAOM — HIIU
CyOCTpaTOM-BOCCTAaHOBHUTEIIEM — MEpKalTaHOM, — T.€. YYacCTBYIOUIMX B CONPSIKCHHBIX
OKHCIIMTENBHBIX  IpoIleccax. YCTAaHOBJIEHA BBICOKAas AKTUBHOCTh  KaTAIMTHUYECKHX
KOMITO3HIIMH, COAEpKAIMX KOMIUICKCHl MEAM C aMUHaMW M aMuHOocnupTramu. Karamus B
JTAHHOM clly4yae 0OyCIJIOBJIEH POTEKAHUEM CONPSIKEHHBIX PATUKAIBHBIX PEAKLIUH C y4acTHEM
MepKarTaHa, KHCIOpo/a U JINTaH 2, MPUBOSIINX K OJHOBPEMEHHOMY OKHCIIEHHUIO CyOcTpara
u toHopa. [Ipn 3TOM HU OJTHO M3 COETMHEHUII 10 OTIEIBHOCTH HE OKUCIISETCS KUCIOPOOM B
NPUCYTCTBUM KOMIUIEKCOB Menu (WM OKHCIAETCS OYEeHb MEMJICHHO), HO peaKIuu
3 PEKTUBHO MPOUCXOJAT, KOTJIa B CHCTEME NPHCYTCTBYIOT o0a KOMIIOHEHTa. B ciyudae

cynb(pOKCUIa, HAPSIAY C KAaTaTUTHYECKUM OKHCICHHMEM MEpKalTaHa KHUCIOPOJOM BO3AyXa,
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peanusyercs MHOW mporecc — kKaramuzupyemoe moHamu Cu (II) okucienwe mepkanrtaHa
neiictBueM nuranaa. Ha ocHOBaHMM TMONYyYEHHBIX JAaHHBIX MPEUIOKEHA CXeMa OKHCIICHUS
THUOJIOB MOJICKYJISIPHBIM KHUCJIOPOIOM B MMPUCYTCTBUHA KOMIIJICKCOB MEau C
peaKIII/IOHHOCHOCO6HI>IMI/I OpraHn4€CKUMH JOHOPHBIMH COCANHCHUAMMU.

OO6Hapy>keH ApYyroil TUN KaTaJTUTUUYECKH aKTUBHBIX B OKHCIEHUH MEPKalTaHOB KOMITO3UIUI
Ha OCHOBE WMHIUBHUIYyalbHble U HUMMOOWIM30BAHHBIE HAa KpEMHE3eMe KOMIUIEKCHl MEAH C
aMuJaMH, TUPUIUHOM, HMHAA30JI0M W HMX NPOU3BOAHBIMU. Bpicokas cTaOWIBHOCTH U
OTCYTCTBUC 3aMCTHOI'O KOJIMYCCTBA NPOAYKTOB OKUCJICHUSA JIMTaHAA CBUACTCILCTBYCT O TOM,
YTO B CHUCTEME NPOUCXOJIUT OOpaTUMOE B3aWMOJCHCTBHE JIMTAaHIAa C WMOHOM MeTauia u

CY6CTpaTOM, 4UTO ACJIaCT YKa3aHHBIC CUCTCMBI Hauboee MNEPCICKTUBHBIMU JJIs1 KaTaJll3a.

[1] KaTanu3zaTop A OKUCIUTEILHON JeMEepKaNTaHU3AIUN YTICBOIOPOIHBIX KOMITO3UIIUH U CTIOCO0
ero noxydenus. EBpasuiickuii matent Ne 005122

[2] Crioco6 ourcTku He(TH, Ta30KOHeHCAaTa M HePTAHBIX (PPaKIHil OT MEPKAITaHOB.

[Tatent P® Ne 2358004

[3] Crioco6 oumcTkH ra30BBIX MOTOKOB OT CEpOBOOpOa. 3asiBKa Ha N300peTeHre

Ne 2009120383. Pentenue o Beigaue naredra ot 13.05.2010

[4] Cioco6 OYMCTKHY YTIAEBOAOPOIHBIX KOMITO3UIINN OT MEPKANTAaHOB. 3asBKa Ha N300peTeHNE

Ne 2009103262
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Karaanutnyeckas KOHBEpPCHUS OHOdTaHOJIA

B.®. TPETBSIKOB?, P.M. TAJBIIINHCKAIT®, 0.1. MAKAP®H",
K.B. TPEThSIKOB®, A.M. WJIOJIOB®, H.A. ®PAHIIY30BA®

“Mockosckas 20cydapcmeennas akaoemust MOHKOU XUMUYECKOU MEexXHOL02UU
um. M.B. Jlomornocoea, Mockea, Poccus
b
Hnemumym nepmexumuueckozo cunmesa um. A.B.Tonuuesa PAH, Mockea, Poccus

tretjakov@ips.ac.ru

Ha cramum xaTamuTuyeckold KOHBEPCHUH OMO3TaHOJA B MPUCYTCTBHH ILIEOJIUTCOACPIKAIIETO
kKatanuzaropa HZSM-5 mnonmydanu skuakyro ¢pakuuio, conepxkaimyro 6omee  50%
apOMaTUYECKHUX YTJIEBOJIOPOA0OB, KOTOPYIO MOABEPrald FMAPUPOBAHUIO C LENbIO MOTYUYEHUS
TOIUIUB CIIELIMAIBHOTO HazHadeHus. lIponecc ruipupoBaHus MONY4EHHON yIIEBOLOPOIHON
dbpakuuu npoBoAwM B aBTOKIaBe oobemoM 100 mu mpu gaBieHuu Bogopoaa 100 atm. B
npucyTcTBuM Pt-comepxkamero  karamusaropa. [locne mpomyBku peakTopa a3oToM U
BOZOPOJOM, peakTop Harpesanu 10 250°C ¥ npyu HHTEHCUBHOM IEPEMEIINBAHUM TTPOBOIUIN
IIPOLECC B TEYEHHWE 3 4acoB C MNepuoaudeckod nonadye Bomopoxaa. Ilocnme mpouecca
THAPUPOBAHUS Ta3oBas W OKuAKas (a3pl  aHAIM3HPOBAIMCH Ha  Xpomarorpade
«Kpucramn-Jlrokc 4000M». Pe3ynpTaTel rugpupoBaHus MPUBEACHBI B TabIMIEe 1.

Tabnuma 1. CocrtaB xuaKol (GpaKkIKy 0 U MOCIE THIPHPOBAHUSI.

CocraB *Kuakon Coneprxanue, % macc
JIO TUJIPUPOBAHUS TIOCJI€ THUIPUPOBAHUS
(pari 1,54 3y
Ci-G 4,19 1,42 1
Cs 8,3 7,36 6,48
Cy 3,26 5,17 4,93
Cs 6,91 7,21 6,99
OcH301 1,08 0,01 0,01
Cs 11,51 22,41 22,34
TOJTYOJT 4,16 0,01 0
C, 10,9 24,08 27,03
STUII0EH30I 2,26 0,96 0,63
MeTa-,napa-KCUI0J 9,01 0,42 0,33
Cs 0,1 1,19 1,05
OpPTO-KCHJIOJ 2,03 0,25 0,21
Cy mapaduHbI 3,65 9,88 18,17
METHII-,3THII-0€H301 15,53 10,05 1,34
Ci0 apomartuka 17,11 9,58 9,49
Uroro: 100 100 100
CyMMa apoMaTUKH 51,18 21,28 12,01
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Takum 00pa3oM, KOJIMYECTBO apOMAaTHYECKHUX YIJIEBOJOPOJOB B 3aBUCHUMOCTU OT ITyOMHBI
IpEeBpallEHus], CHIKaeTcs o cymme ot 51%, no 12-21%. IIpu 3TOM B KOHEYHOM NPOAYKTE
NPaKTHYECKH OTCYTCTBYyeT OeH3osn. Takum oOpa3oM, moiy4deHHass (pakuus I[ocie

THJIPUPOBAHUS MOXKET ObITh HCIOJIb30BAHA KAK PEAKTUBHOE WJIM aBTOMOOMIIBHOE TOILIUBO [1].

Jlureparypa:

[1] Maxkappu IO.U., SxmmoBa M.C., Komams JI.M., Epodeer B.M., Tamemmuuckmii P.M.,
B.®. Tpetpsakos. / CoBMecTHass KOHBEpCHS dTaHOJIA M OEH30Jla HA MPOMBIIIJICHHOM KaTalu3aTope
tuna HZSM-5. Tesuchl noxmanoB. [lepBoil BCEpOCCHICKON HAay4YHO-TEXHHUYECKOW KOH(EPEHIIUU
«AnpTepHATHUBHBIE ICTOYHUKH XHMHYECKOTO CHIPBS M TOTUTUBaY. Y da. 20-23
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JIByXCTaIMHHBIA CHHTE3 HAHOCTPYKTYPHPOBAHHBIX CYJIb()ATHPOBAHHBIX
OKCH/I0B IMPKOHMS M UX KaTAJIUTHYEeCKHe CBOMCTBA B Npouecce

U30Mepu3anny H-napapuHoOB

L.A. YPXKYHIIEB, A.B. KPACHOB, B.1. 3BAHKOBCKHM, I'.B. EHEBCKHUI

Huemumym xamanuza um. I'.K. Bopeckosa COPAH, Hosocubupck, Poccus

urg@ngs.ru

OnmHMM W3 OCHOBHBIX IIPOLIECCOB IOMYYEHHS BBICOKOOKTAHOBBIX KOMIIOHEHTOB MOTOPHBIX
TOIUIMB, HE COJEp)KalllUX apOMAaTHYECKHX YIJIEBOJOPOAOB, B HACTOSIIEE BpEMs SBISETCS
HpolLecc HU3KOTEMIIEpaTypHO M30MepU3alvu yriieBoAopoaHoN napaduHoBoit ¢ppakimu Cs-Ce.
TpaauIMOHHBIM KaTaaM3aTOPOM IpoLiecca M30MEPU3ALUM SIBISETCS XJIOPUPOBAHHBIA OKCH[
TIOMMHUSL, MOIM(DUIIMPOBAHHBIHN IIATUHOMN. B HacTosIee BpeMs OCYILECTBIISETCSI HHTEHCUBHOE
BHEJIPEHUE HU3KOTEMIIEPATypHOrO KaTalnu3aTopa HM30MEpU3alMd HOBOIO TIOKOJIEHUS —
Cynb(haTUPOBaHHOTO OKCHJIA LIUPKOHUS, MOANPHULIUPOBAHHOTO IATUHOM, (Pt-SZ). AKTMBHOCTD
Pt-SZ nHe ycTynaer akTMBHOCTHM TpaJWIMOHHBIX KaTaJM3aTOPOB HAa OCHOBE XJIOPHUPOBAHHOTO
OKCHJIa ATIOMUHHS, a [pPeuMYILIECTBA 3aKJIIOYaloTcs B Oosblleidl  yCTOHUMBOCTH K
KaTAJIMTUYECKUM SIaM.

Cy1ecTBytomiye cnocoObl CUHTE3a SZ CI0XHbBI, MHOTOCTaAUHHBI U IIJI0OXO BOCTIPOU3BOAUMBI,
COJIM IIUPKOHUS, UCIIONb3yEMbIE /ISl CUHTE3a, UMEIOT HEMOCTOSIHHBIN COCTaB, BIMSIOIIMNA Ha
cBoiicTBa KaTanuzaropa /1/.

Lenpro Hamiero ucciieZoBaHus SIBIsUIACh pa3paboTKa yNpaBiIsieMOro M BOCIPOM3BOJUMOIO
CHUHTE3a AaHUOH-MOJM(PHULIMPOBAHHBIX OKCHUIOB LUPKOHUS C 3aJaHHBIMM cBoiicTBamu. B
KayecTBE MCXOJHOTO COEAMHEHHUsS Obl1 BBIOPAaH OKCHUKApOOHAT LMPKOHUS, KOTOPBII
npespamiaercs npu temneparype Bbinie 70°C B JIMHEHHBIE MOJUMEPHI IHAPATUPOBAHHOTO
okcuaa UpKoHus. OKcukapOOHAT IIUPKOHHUS XOPOILIO PacTBOPUM B pacTBOpax KapOOHATOB
IIEJ0YHBIX METAJUIOB U aMMHaKa.

[Ipennmaraemass HamMu cxema TIPUTOTOBJICHUS SZ /2/ mpocTta W COCTOMT W3 CTaJuU
TEpPMOPA3JI0KEHNUs aMMHAuYHOTO pacTBOpa OKCHMKapOOHaTa IIMPKOHMSA B BOJHOM cpene, ¢
nociueayoomen aacopOuuell Ha CyCHEH3UI0 THAPATUPOBAHHOTO OKCHAA LHUPKOHUS
MOIUGHUIMPYIONMX KOMIOHEHTOB — Metayuia VIII rpynmel ¥ aHmoHa — cynbdarta,
BoJb()paMata u T.1. [ MapaTHpOBaHHBINA CyIb(aTHPOBAHHBINA OKCHA UPKOHUS (QUIBTPYETCS,
U M0/IBEPraeTcst SKCTPY3MOHHON IpaHy IsILMU 0€3 CBA3YIOLIETO.

CriocobaMu peryMpoBaHUs CBOMCTB KaTallM3aTopa sIBISIOTCS: pa30aBlieHHE, TeMIepaTypa,

CKOPOCTh IOJavu Kap6OHaTHOrO KOMIIIICKCa, BBCIACHUC ,Z[O6aBOK, O6CCHC‘{I/IB8.IOH_[I/IX O6pBIB
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Henu mnojuMepH3alui Komiulekca. Hampumep, yBennueHue pa3OaBiieHHs TNPUBOAUT K
IUIABHOMY W BOCIPOM3BOJMMOMY H3MEHEHHIO AMCIIEPCHOCTM dYacThl oT 7 Jgo 13 Hm.
[ToydeHHbIE [0 TAKOMY CIIOCO0Y 00pasipl SZ MMEOT moBepxXHOcTh oT 150 mo 220 m/r
Karajau3aTopa, 4To B 1.5-2 pa3a NpeBbIIAET MOKA3aTeId MOBEPXHOCTU SZ, IMOJyYEHHOTO
TPaAUIIMOHHBIM CITOCOOOM.

KaranuzaTop HM3KOTEMIIEpAaTypHON U30MEPU3AIIMH, ITOTYUEHHBIN B ONTUMAJIbHBIX YCIIOBHUSX,
MpeACTaBIsIeT co00l Mo JaHHBIM PDA XOpomo OKpHUCTAIM30BaHHBIN, TETparoHaJbHBIN
OKCHJI LIAPKOHMS C MOBEPXHOCTHIO 10 220 MY/r. JlaHHBIC MPOCBEYMBAIOMICH DICKTPOHHOM
MHUKPOCKOIIUH BBICOKOT'O pa3pelleHus MMOATBEPKAAI0T NMPaBUIbHOCTh OLIEHKH JHUCIIEPCHOCTH
n3 naHHbIx POA.

Karanmutuaeckass aktuBHOCTh Pd-SZ wmccrnenoBaHa B peakmuu CKEJETHON H30MEpHU3AINH
YTIEBOIOPOAOB - OyTaHa, MeHTaHa, TeKcaHna, u yriaeBoaopoaHon ppakuuu HK-62. TTokazaHo,
YTO €ro aKkTUBHOCTh B M30MEpH3allMU MEHTaHAa U TEeKCaHa BecbMa BbICOKAa. PaBHOBecHas
CTEIeHb MPEBPAILCHNS UTS 9THX YIIEBOJOPOIOB OCTHIACTCS [IPH HArPy3Kax Goiee 4 gac™.
B ycnoBuAx oauMHAKOBBIX C HM30MEpHU3allMed IEHTaHa W TeKcaHa paBHOBECHAsl CTEINEHb
npeBpalieHus H-OyTaHa He JOCTUTaeTcs axe B 00JacTh O4eHb HU3KUX Harpysok. [lokazaHo,
YTO AaKTHBHOCTh Karanm3aropa Pd-SZ B wu3oMepmsanmum H-OyTaHa OmNpeenseTCs
KOHIIEHTpaluei BoAOpoJa B MCXOMHOM cmecH. [IpM MONBHBIX COOTHOUICHHSX BOJOPOJI/H-
oyran — 0.15-0.3 cynpdaTupoBaHHBIN OKCHUJl LIMPKOHUS TPOSBIISICT BBICOKYIO aKTUBHOCTD,
CEJICKTUBHOCTh M CTAaOUJILHOCTh B M30MEpH3aIU H-OyTaHa, 4TO JeNaeT ero NepCreKTUBHBIM
B KaUeCTBE 3aMEHbI XJIOPUPOBAHHOI'O OKCH/Ia aTIOMUHUS B mporiecce «byTamepy.

B pesynbrate uccnenoBaHui TMOBENEHUS pa3paOOTaHHOTO HAMHU KaTalu3aTopa B TEUYECHUE
JUINTEJIBHOrO Mpo0era B M30MEpPU3aLMU MEHTaH-TeKCAaHOBOW MMPOMBIIIJIEHHONW (pakuuu
HK-62 6p1m1 monydens! cneayromue pe3ynbratel. B Teuenne 40 yacoB mpobera aKTUBHOCTh
KaTajau3aTopa He U3MEHSIIACh; CPEAHNUIN MTOKA3aTelb CEIEKTUBHOCTH 110 U30IIEHTaHy COCTAaBUI
72 %, o cymme nuMeTunOyTaHoB - 49 %, unnekc nzomepusanuu TIN cocTaBui B cpegHeM
121 myHKT, 4TO MO3BOJIAET OIEHUTh OKTAHOBOE YUCIIO U30Mepu3aTa 0ojiee 4eM B 86 MyHKTOB.
ConocraBneHne akTUBHOCTU pa3paboTaHHOTO B MHCTUTYyTe KaTaiu3a W IPOMBIIUIEHHOTO
KaTajau3aTopa MOKa3bIBalOT, YTO KaTalu3aTop, MOJTYYEHHBIH MO METOAY TEpPMOpPa3IOKEHUS
OKCUKapOoHaTa IUPKOHUS, O0JIee aKTUBEH, YTO MO3BOJISIET CHU3UTh TEMIIEpaTypy IMpolecca u

MOJIYYUTH AOMOJIHUTCIBHOC YBCINMYCHUEC OKTAHOBOI'O YU CJia U30MEpU3aTa.

Jluteparypa:
[1.] K. Arata, Adv. Catal. 37, (1990), 165
[2.] Hatent P® 2,306,175., omy6m. 20.09.2007T
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DJIEKTPOHHAsI CTPYKTYPa HAHOTPYOOK

AA. PATYIIAEB, C.A. PATYJIVIAEB, ®.C. BEXHUSA, A.®. AXMEJIOB

HUU Aspoxocmuuecxoii unghopmamuxu HAKA, baxy, Azepbaiiosxrcan

MHorue W3 TEpPCHEKTUBHBIX HANPaBICHUM B MAaTEPHUAJIOBEICHUH, HAHOTEXHOJIOTHUH,
NPUKIAJHOM XUMHM CBSI3BIBAIOTCS B IOCIEIHEE BpeMs ¢ (yiiepeHamMH, HaHOTpyOKaMH U
JPYyTUMH TOX0XKHUMHU CTPYKTYpaMH, KOTOpPbIE MOYKHO Ha3BaTh OOLIMM TEPMHHOM YIJIEPOAHBIE
KapKacHble CTPYKTYpbl. YTJEpOAHbIE HAHOTPYOKHM YK€ 3apeKOMEHIOBaIM cebs Kak
YHUBEpPCAJIbHBINA CTpoiiMaTepuas HaHOTEXHONOIHH. C UX MPUMEHEHUEM IOJIy4atoTCs JUOBI,
TPAH3UCTOPBI, OCLHWIIATOPHI M HAHOKATAJIU3aTOpbl. Pa3ianuyHbIC HAHOKATAIU3aTOPBI YiKe
MPUMEHSIOTCS IPU 00pabOTKe CHIPON HEPTH.

HanoTpyOku SBISIOTCS KBa3sHOJHOMEPHBIMU TMEPHOAMYECKUMH  CTPYyKTypamu. Bponb
OKPYXHOCTM Ha HAHOTPYOKy HajaraeTrcsl JONOJHUTEIbHOE TI'PAaHUYHOE YCJIOBHE, KOTOPOE
MOXXHO BbIpa3uth, kKak CyK=2ml, rome 1 — neiictBurensHoe umcio. Pacuérel 30HHOM
CTPYKTYpbl TNPEACKa3bIBAIOT, YTO HWHAEKCHl (n,m) T.e. JAWAMETp M Yol XHUPAIbHOCTU
ONPENeNAIOT  IMOJHOCTBIO  DJIEKTPUYECKHE  CBOMCTBa  OJHOCIOWHOW  HAHOTPYOKH.
W3onupoBanHas rpaduroBas IUIOCKOCTb — SIBJISIETCS  MOJIYINPOBOAHMKOM C  HYJIEBOU
3anpenéHHON 30HOM, Ybsl JJIGKTPOHHAs CTPyKTypa BOMm3u »Heprun Depmu 3amaéres
3all0JIHEHHON T U IIyCTOH T 30HaMH. DTH 30HbI UMEIOT JTHHEHHBIH 3aKOH JUCTIEPCUN U
nepecekatorcst B Touke K 30Hbl bprommena Ha ypoBHe @epmu. IloBepxnocts depmu
UcanbHON rpaUTOBON TNIOCKOCTH COCTOMT U3 IecTu yrioBeix K touek. [Ipu oOpazoBanumn
TPyOKH, BCIEICTBHE NMEPUOAUYHOCTH IPAHUYHBIX YCIOBUHN BAOJIb OKPYKHOCTH, MOTYT OBITh
paspelieHbl TOJbKO HekoTopble K-cocTosHHMS 1uiaHapHOM TpaUTOBONM MOBEPXHOCTH.
Pazpemiénnpie K-cocTosiHMs 3aBHCAT OT JuaMeTpa M XUpalIbHOCTH TpyOku. Ecim
paspemiénnbie K BimtouaroT Touky K, To cucrema ABisieTCd METATIMYECKOW C OTJIIMYHOW OT
IUIOTHOCTH  COCTOSIHMM Ha  ypoBHe @DepMH, UYTO COOTBETCTBYET OJHOMEPHOMY
METAJINIMYeCKOMYy MNpoBOAHMKY. Ecim ke Touka K He BKiIIOYeHa, TO CHUCTEMa SIBISETCS
IIOJIYIIPOBOXHUKOBOU C Pa3/IMYHBIM Pa3MEpOM DHEPreTUUECKOU LIeNIH. BaXKHO OTMETUTH, YTO
cocTosiHUSl BOMM3M sHeprun Pepmu, Kak B METAUIMYECKUX, U B IOITYINPOBOJHHUKOBBIX
TpyOKax, SIBJIAIOTCA COCTOSHUAMH BOMM3M Touku K M, cienoBarenbHO, TPAHCHIOPTHBIE U
JpyTHe CBOMCTBAa HAHOTPYOOK OIPENENAIOTC COCTOSHUAMM Ha pa3pelieHHbIX YPOBHAX. Tak,

HarpumMep, 30Ha MIPOBOJUMOCTH U BaJICHTHAs! 30HA MOJIYIPOBOAHUKOBOW TPYOKH HCXOIAT U3
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COCTOSIHHH BIIOJIb YPOBH:I, Onrpkaiiiiero k Touke K. B peficTBUTEIbHOCTH 30HHAS TEOPHS IS
n-m=3j TpyOOK HaéT METAJUTMYECKHIl THII MPOBOJUMOCTH, HO MPU UCKPUBJICHUH TIOCKOCTU
OTKpBIBAETCS HEOOIIbIIAs MIeh B ClTydae HEHYJIEBOTO j.

HanorpyOku THma kpecio (n,n) B OAHOMIEKTPOHHOM  IPEACTABICHUM  OCTAIOTCS
METAJIMYECKUMH BHE 3aBUCHMOCTH OT HCKPHUBIICHHUS MOBEPXHOCTH, YTO OOYCIOBJIEHO HX
cummetpueil. C yBenuueHueM paauyca TpyOku K mmpuna 3anpeméHHOil 30HBI IS
MOJTYIPOBOHAKOB ¢ OOIBIION M MAloil MIMPHHONW yMeHbIIaeTcs mo 3akony LR u LRZ,
COOTBETCTBEHHO. Takum oO0pa3om, aisi OOJBIIMHCTBA JIKCIEPUMEHTATHHO HAOIIOJAEMBIX
HAaHOTPYOOK IIENTh C MaJIOM IIMPHUHOW, KOTOpas ompenensercss 3PQPeKToM HCKPHUBICHHS,
OyZleT HaCTOJIPKO Maja, YTO B YCJIOBHSX MPAKTHYECKOTO MPUMEHEHHUS BCE TPYOKH ¢ n-m=3j
CUMTAIOTCA METAJNTMYECKUMH TMPH KOMHATHOW Temmeparype. Korma nuamerp HaHOTpYOOK
BO3pacTaer, BCE OOJbIIee YHUCIO BOJHOBBIX BEKTOPOB MOXET OBITh pPa3MEmIeHO 10
OKPYXHOCTU. OTO BIEYET 3a co00il MpeBpallleHue HaHOTPYOKH B CTpyKTypy 2D Tuma.
MeTaniasl UMEIOT BBICOKYIO MPOBOAMMOCThH Oyiarofapsi TOMy, YTO OTPOMHOE KOJUYECTBO
JMEKTPOHOB MOXET OeCHpemsITCTBEHHO NPOHUKHYTh B 30HY MPOBOAMMOCTH. B
MOJYTIPOBOTHUKAX dJCKTPOHAM TpeOyeTcss MpHUAaTh MOTOJHUTEIBHYIO SHEPTUi0o, YTOOBI
IPEOIOJIETh SHEPTETHUECKYIO MIENb JI0 IEPBOr0 CBOOOTHOTO YPOBHS MPOBOAMMOCTH. [ padur
SBIISIETCS MOJIYMETAIJIOM, T.€. UMEET HHM3KYIO MPOBOAMMOCTH 0€3 MPUIIOKEHHOIO BHEIIHETO
noJisi, T.K. TOJIBKO Majas 4acTh AJICKTPOHOB MOJKET MPOWTH CKBO3b Y3KUIU KaHal B 30HY

MMpOBOAMMOCTH.
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KOHBepCI/IH HpOHaH-ﬁyTaHOBOﬁ CMECH B yIJIEBOAOPOABI apOMATHIECCKOIO

psiia Ha Pt-a1ioMOCHIMKATHOM KaTajJu3aTope

M.II. ®POJIOB?, P.1. KY3bMHHA®, A.B. BOCMEPHUKOB", H.A. OPKUH*

“I'OY BIIO Capamosckuii 2ocydapcmeennuiii yuusepcumem um. H.I'. Yepuvluesckoeo,
«HMucmumym xumuuy
bYupeOfcdeHue PAH Uncmumym xumuu negpmu CO PAH, Tomck, Poccus
340 «Xumuko-mexnonocuueckuii yenmpy, Hosocubupck, Poccus

MPFROLOV@MAIL.RU

B cBs3u ¢ pepunurom HEQTSHOTO ChIpbsS B MOCIEAHHME TOMABI MPOBOJSATCS WHTCHCHUBHBIC
UCCIICZIOBAaHMUS 10 pa3padOTKe MPOIECCOB TMOJYYEHUS W3 TMPHPOJHOTO U TIOMYTHOTO
HE(TSIHOTO Ta30B OKHMCU YIJIEpOJa, HU3LIMX OJE(QHHOB, METAHOJA, MOTOPHBIX TOIUIUB WU
apoMaTHYEeCKUX yTriaeBoAopoAoB. Pa3paboTka Takux TIPOLIECCOB HEBO3MOXKHA  0e3
YCOBEPIICHCTBOBAHMS CYILECTBYIOLINX U CO3/1aHUS HOBBIX KaTaIUTUUYECKUX cucTteM. OcoOblii
MHTEPEC MPEJICTABISIIOT MOJIEKYJISIPHBIE CUTA, COAEPIKAIIMNE IIEPEXOAHBIE METAJIIBI B KAUECTBE
peleToYHbIX aToMOB. Takue MaTepuanbsl MOTYT o0sajjaTh YHUKAJIbHBIMU KaTaJIUTUYECKUMU
CBOMCTBaMH, OTJINYHBIMU OT TPAJAULIMOHHBIX IPONUTOYHBIX CUCTEM. SIPKUM IPUMEPOM MOTYT
CIIy>)KUTh Kelle30CoAeprKale MoJeKyIsapHble cuta Fe-ZSM, kotopsele, mogo0HO (epMeHTy
METaHMOHOOKCHUI'€Ha3a, CIIOCOOHBI NpH KOMHATHOM TeMIlepaType OKHCIATh METaH J10
METHJIOBOTO CIIUPTA.

Haubonee pacnpocTpaHeHHBIM JAETHAPUPYIONIUM KOMIIOHEHTOM, BXOJAILIMM B COCTaB
KaTaJIn3aTOPOB MHOTHX IPOLIECCOB HedTenepepaboTkH, SABIsSEeTCs IUaTMHA. B HacTosIiee
BpEMS B IIPOMBILUIEHHOCTH JJISl €€ BBEACHMS B KaTaJIM3aToOP MCIIONIb3YETCS METO IPOIUTKH,
IpU KOTOPOM MeTayll ¢ Oonbllel MM MEHbIIEH CTENEeHBIO JUCIEPCHOCTH HAHOCHUTCS Ha
IIOBEPXHOCTh HOCUTENS (OKCHUJ AJIFOMUHUS, eoauT). OTHAKO YaCTUIbI TNIATHHbI, HAHECEHHON
TaKuM 0O0pa30M, MOABEPKEHbI OTPABICHHUIO KATAJUTUYECKHUMM SJaMH M IOCTEIIEHHOMY
CIEKaHMIO B XoJi¢ peakuuu. B maHHON pabore uccienoBaics moixydeHHbId B MHCTHTyTE
xumun Heptrn CO PAH karamuzatop, mpeacTaBISIFOIIMA COO0H IEOTUT CTPYKTYPHOTO THITA
ZSM-5 ¢ BBeICHHOH B COCTaB aJllOMOCHJIMKATHOTO Kapkaca muatuHoi ([Pt] = 0,05 mac.%) Ha
CTaJlMd THIPOTEPMAJIBHOIO CHHTe3a. KaranuThueckas akTUBHOCTh JAaHHOIO KaTajau3aTopa
OLICHUBAJIaCh I10 OTHOIICHUIO K HM3IIMM ajkaHaMm (mpomaH, OyTaH, HM30-OyTaH), T.e. K

OTHOCHUTEIILHO HEJOPOTOMY CBIPBIO, KOTOPOE UMEETCS B M30BITKE.
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WcnbiTaHus NpoBOAMIM HA JJAOOPATOPHOM yCTaHOBKE IMPOTOYHOIO THIA MPH aTMOC(HEPHOM
nasiieHuu, B uatepsaie temneparyp 300-500 °C u npu 00BEMHOM CKOPOCTH MOJAYH ChIPbS
100 4. B kauecTBe UCXOAHOTO CHIPhsl UCIONB30BaNach nmpomnan-Oyranosas ¢pakius (I16C),
coctaB kortopoir coorBerctBoBasi ['OCTy P 52087-2003. PesynpTaThl HMCCIIEIOBAHUS

MIPUBEJICHBI B TAOJHUIIE.

Tabnuna — CoctaB npoaykroB npespaiienus [16C Ha Pt-comepxkaiiem neHTacune

Vcxomas Boixog HpO,Z[y'KTOB; % 00.

HaumenoBanue CMOCE Temnepartypa, °C

300 400 500
BOJIOPOJI — 0,2 1,9 3,1
ankafel C;-C, 0,1 0,3 0,6 4,9
MIPOIAH 19,8 35,2 40,3 22,8
H-OyTaH 47,8 30,5 8,6 1,9
n30-0yTaH 32,1 27,2 10,5 2,1
n-Cs-Cg 0,2 1,4 0,5 0,1
1-C5-Cg — 2,2 1,1 0,2
1-Ci0-Cr2 — 0,6 2,2 2,7
OeH3o01 — 0,1 1,8 6,4
TOJIYOJI — 0,7 9,0 17,5
0,M,IT-KCHJIOJIBI + 3TUI0EH301 — 0,9 14,8 17,8
HapTeHsl Cs-Cg — CIIeIbI 0,2 CIICIBI
STHJICH — 0,1 0,2 0,7
MIPONIJICH - cIIeIbl 0,2 0,6
onedunsl Cy — 0,1 0,3 0,4
onedunsl Cs — CIEBI 0,1 0,1

OCHOBHBIMH ~ TIPOJIyKTaMH  TPEBpAIICHUs  MPOMAaH-OyTaHOBOW  (Ppakiuu  SBISIOTCS

apomaTtuudeckue yrieBogopo sl Ce-Cg, BOIOpOA, MEeTaH U 3TaH. B HEOOMBIINX KOJTHMUECTBAX B
NPOAYKTaX PEAKIUH TPUCYTCTBYIOT MapauHbl HOPMAIbHOTO M HM30MEPHOTO CTPOCHUS C
YUCJIOM aTOMOB yTJiepojia OOJbINEe YEeTHIPEX, BBIXOJ KOTOPBIX CHIIKAETCS C IOBBIIIICHUEM
TEMIEpPAaTypbl B pe3yjbTaTe BO3pacTaHHsi CKOpocTH KpekuHra. CymMmapHasi KOHBepCHUs
oyranoB npu 300, 400 u 500 °C cocraBuna coorBerctBeHHo 10,7, 66,7 u 94,0 %. [Ipomnas,
SIBJISTFOIIUNCS TTPOAYKTOM KoHBepcuu OytanoB mpu 300 u 400 °C, mpu temmneparype 500 °C
yKe caM MOJIBEpraeTcsl MPEBPAIICHUIO C 00pa30BaHUEM apOMATHYECKUX YTIIEBOJIOPOIOB.

Takum oOpa3oM, TOKa3aHa BO3MOXXHOCTh KOHBEPCHH TMPOMaH-OyTaHOBOW (Qpakiud B
YTIEBOAOPOABl APOMATHUUYECKOTO psifia — LIEHHOE CBhIPhE ISl He(PTEeXMMHUECKOro CHHTE3a, B
MPUCYTCTBUH KaTaIU3aTOPOB HOBOTO MOKOJEHUS, MPECTABIAIOMIUX COOOM KPUCTATIINYECKUE

9JICEMCHTOAJIIOMOCHIIMKATHI.
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KaTtaauTnyeckasi 04MCTKA METAHOJbLHOM BOAbI OT ME€TAaHOJIa

B.M. IIAPKHHA, JL.K. CEPETHHA, B.H. EOCPEMOB, B.I'. IIAHKAHA?,
I'.C. DPAJIBKEBHY"
‘000 «HUAII-KATAJIU3ATOP», Hosomockoeck, Poccus
*000 «CAIIP-HE®TEXHMy, Mockea, Poccus

vesat@yandex.ru, sapr@sapr-n.ru

B nacrosimee Bpems OJHMM M3 HauOosee MEpCHEeKTUBHBIX IKOJOTMYECKH YHCTBIX CIOCOOOB
MOJTYy4EHUs! aJIbTEPHATUBHBIX TOIUIUB CYMTAETCS CIIOCOO MOMYUYEHHUS C UCIOIb30BAaHUEM CHHTE3 —
raza. [Ipu 3Tom oOpazyercst TOOOUHBIN MPOIYKT - BOJIA C IPUMECHI0 TOKCUYHOTO METaHOoIA (Tak
Ha3bIBaeMas «METaHOJbHAs» Boza). [[puMeHeHre TpaJulMOHHBIX, HE KaTATUTHYECKHX METOA0B
OYMCTKU OT METaHOJIa TPeOyeT 3HAYNTENbHBIX SHEPTeTUYECKUX U SKOHOMHUYECKHX 3aTparT.

B nuteparype cBeneHui, kacaromuxcsi KaTAIUTUYECKON OYMCTKH BOJIbI OT METAHOJIA IBHO HE
JIoOCTaTOuHO. BMecTe ¢ Tem, U3BECTHO, YTO B MPUCYTCTBUU BOJSHOIO Mapa MpU COOTHOLIEHUU
nap/raz=1 B NPOMBIIUIEHHOCTH OKcmtyatupyroTcs Cu-colaepikanige  KaTalu3aTopbl
KOHBEPCHUM OKCHJA yIJIepojaa ¢ BOASHBIM mapoM. Hawmbosiee ycToW4ymBBIE K BO3ACHCTBHUIO
[aporasoBoi cpeibl - 3TO KOHTAaKTbl, COJEpKallue coenuHeHus xpoma. IlosTomy, Ha
HAYaJIbHOM 3Tare paboThl PacCMOTPEH METOJ OYHCTKM METaHOJIBHOW BOJBI OT METaHOIIA,
CoJlep’)KaHHE KOTOPOro, He TMpeBbImIaeT 5% Macc. C HCIOJBb30BAHUEM CYIIECTBYIOIINUX
Cu-Cr-comepxamux katanuzaTopoB kKoHBepcuu CO ¢ BOAsSHBIM mapoM. beuin ucciaenoBaHbl
npoMelnuieHHble Cu-cofepiKaliie KaTalu3aTopbl, B COCTaBe KOTOpHIX, conaepkanue CryOs
12,9 u 25,8 % Mmacc.

VcnibITanusi mpoBOJMIINCH Ha 1a0OPaTOPHOM yCTaHOBKE MPOTOYHOTO THIA B MEJIKOM 3€pHE U B
tabseTke, B uaTepBane Temmneparyp ot 200 no 300°C, Bpems ucnbitanus ot 4 10 23 yacos. Y
00pas3IoB /10 U TOCIE ¥ IMOCIIE MPOBEACHHS AKCIIEPUMEHTOB ONPEIeIUTICh (a30BbI COCTaB H
npoyHOCTh. OO0 aKTUBHOCTH CYIWIM TIO CTENIEHH PA3NIOKEHUS METAaHOJa, aHaJIh3 KOTOPOTo
ocymecTBysuics Ha xpomarorpade «L[Ber-2000 M» ¢ neTekTopoM HMOHHU3AIMK B IJIAMEHU Ha
KaIUIIPHOM KosloHKe ImiHOHM 50 M ¢ BHyTpeHHUM auameTpom 0,32 mm Ha daze Se-54.
[Tokazano, uto mpombinuieHHBIE 00pasnbl Cu-comeprkaimiero katanuzatop KoHBepcuu CO ¢
BOJISIHBIM TapoM OOJaJaloT BBICOKMMHU TIOKa3aTelsIMU [0 aKTUBHOCTH. Tak, cTeneHb
pasNioKEHUsT METaHoJa, PacTeT MO Mepe MOBbImIeHus: TeMreparypsl ot 200 mo 300° C ¢
0,61-0,66 mo 0,95-0,98 COOTBETCTBEHHO, HO MPOYHOCTH IOCJI€ HUCHBITAHUN CHUXKACTCS.
[lTonyueHne xaramu3aropa C IHPOYHOCTBIO YCTOMYMBOM K BO3JECUCTBUIO IIapa SIBISETCS
IpeIMETOM JanbHeimeil paboTsl.

Pe3ynbpTaThl BBIONHEHHOW pabOThl Ha Ha4yallbHOM JTame, IMOKa3alu MNPUHIUIHAIBEHYIO

BO3MOXHOCTBb OCYHICCTBJICHUA OUUCTKHU OT METAHOJIA Ha Cu-Cr-conepmame KaTaJiu3aTopax.
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Hcnoab3oBanue metoaa repmMoodpadorku B mojie CBY B npouecce
NPUTOTOBJIEHUS KATAJIU3ATOPOB OKHCJIUTEIHLHOI0 AMMOHOJIM3a

AJKNJIAPOMATHICCKHUX YIVIEBOAOPOAOB

B.E. IEWHWH, 3.M. MATEPPAMOBA, H.W. TEXJIAPJIBI, T.Y. AJTUEBA,
IO.H. JUTBUIIIKOB

Hncmumym xumuuecxux npooaem um. M.®. Haeuesa, baky, Azepbatioxcan

itpcht@itpch.ab.az

HccnenoBan mporecc cuHTe3a ToHKoaucnepcHoro Y-Al,O; u3 mpoaykToB I'ssSHIKMHCKOTO
I'munozemuoro xombunara (I'TK), Bkmowarommii craguu oOpa3oBaHUS U JACKOMITIO3HUIIUU
aIIOMHUHATa HATPUsl, CYIIKH U IPOKAJIKU THIPOTelisi TUAPOKCUAA aTFOMUHUS.

IIpu ¢opmupoBaHMM HOCUTENS M KaTaJU3aTOPOB ObUI NMPUMEHEH HETPATULMOHHBIN METO.X
TepMooOpaboTku — B nose CBY. M3ydeHo BiusHUE YyCIOBHUH TepMHUUYECKOH 00pabOTKH
THIIPOTeNisl THAPOKCHIA ATIOMUHUA Ha (OPMUPOBAHUE TEKCTYPHBIX XapakTepucTuk y-Al,Osu
MOKa3aHO, 4YTO BJIMSHUE CBEPXBBICOKOYACTOTHOIO HArpeBa IMpPOSBIAETCS YXKE Ha CTaauu
CymIKH ruaporens ruapokcuma amoMmuams. OOpasubl Al(OH);, moaBeprHyThie CyIIIKe
TPaJULMOHHBIM MCTOYHHKOM TeIya (3JIEKTPOHArpeB), a Takke o0paslibl, MOJy4YEHHBIE
CMEIIAaHHBIM HAarpeBoM U HKcloHupoBaHHble B CBU-mone wmanoil HampsKeHHOCTH,
XapaKTepU3yIOTCS  OTHOCUTEJIBHO  HU3KMMH  3HAYCHUSIMH  YJIEIbHOM  IOBEPXHOCTH,
CyMMapHoOro o0bema IMOp W 3HAYUTEIBHBIM Pa30pPOCOM pacrlpeiesieHus o0bema Iop 0
pasmepam. IIpu ncnonb3oBanun CBY — HarpeBa ynenpHas NMOBEPXHOCTh M CYMMAapHBIN
00BbeM MOp yBEIMUYUBAIOTCA. B pacmpeneneHun xe rnop mo AuaMeTpy HabI0JaeTcsi CHUKCHHE
COJIepKAaHUS MEJIKUX U KPYITHBIX IOp U NMPeodiialaHue 1mop CPeaHEro AUaMeTpa.

Ha xaranuszatope, cuntesupoBaHHoM Ha 0aze nponayktoB I'TK u ¢ mpumenennem CBY-
U3IYy4YEHUs, HU3Yy4YEH TMPOLECC OKHUCIUTENBHOIO aMMOHOJM3a Tonyosa. OmnpeneneH
onTuMalbHbI cocTaB Bi-Sb-V-karanuszaropa, HE3HAUUTENBHO OTIMYAIOIIMICS OT COCTaBa
KaTaJln3aTopa, MPUTOTOBIEHHOTO TPAAMLMOHHBIM METOJOM 0€3 NMPUMEHEHUS TEXHOJIOTHU
CBUY. CenekTuBHOCTh MO OEH30HUTPUIY cocTaBwia 98% mpu MOYTH IMOJHON KOHBEPCUU
tonyosia. CoNocTaBIeHHE WHTEHCUBHOCTH PEHTTEHOBCKHMX JIMHUI Ha JU(paKTorpaMmax
00pa31oB, MPUTOTOBIECHHBIX TPAAULMOHHBIM METOAOM U ¢ npuMmeHeHueM CBU-uznyuenws,
[OKa3aJl0, 4YTO TOCJTEIHUE XapaKTepU3ylTcs OONbIICH WHTEHCUBHOCTBIO  JIMHUM,

NPUTUCHIBAEMBIX (Da3e BaHa/IaTa CypbMbI, OTBETCTBEHHOM 32 00pa3oBaHue OCH30HUTPUIIA.
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C 1nenpl0 CcpaBHEHHs KaTaJUTHUYECKOW AKTHBHOCTU J3TUX O0pa3lioB OBLIM H3y4YEHBI
KMHETUYECKHUE 3aKOHOMEPHOCTH PEAKUUH OKHCIUTEIBHOIO aMMOHOJIM3a TOJNyoJla Ha
KaTajau3aTopax ONTUMAJIbHOIO COCTaBa. OKCIEPUMEHT BBIIOJHEH B  OTCYTCTBUE
HCKa)KaIOLIEr0 BIMSHUA IIPOLIECCOB MACCO- U TEILUIONEPEHOCa B O€3rpaiueHTHON cCUCTEME U
IIOCTOSIHHOW aKTHBHOCTH KaTaJIn3aTopa.
N3yueHne KUHETHKM IOKa3ajo, YTO MpPEBpaIleHUE TOJIyosla B OCH30HUTPWI M JUOKCH]
yriepoza MpoTeKaeT Mo napajuieabHoi cxeMe. IIpennoxkena kuHeTHueckast MOJENb Mpolecca
U paccuutanbl ee kKoHcTaHTH Ha PC B Windows XP Professional ¢ mpuMeHeHneM MeTOJ0B
CKOJIB341Iero fomycka u [Tayanca. CpaBHEHHE OJIYUYEHHBIX JAHHBIX II0KA3aJ10, YTO HA 000UX
KaTaJau3aTopax IPUMEPHO OJIMHAKOBBIC BEIWYMHBI DJHEPrui axktuBauuu. Ho Beau4mHBI
IPEIIKCIIOHEHIIMAIBHOTO MHOXKHTEISI B YPaBHEHHUAX, OTHOCALIMXCA K KaTalu3aTropy,
IPUTOTOBJICHHOTO C MCTOJIb30BaHHeM TexHosnoruu CBY, npubnusurensHo B 2,7 pa3 Oosnblie.
OTO CBUIETENBCTBYET O TOM, YTO T€ K€ MOKA3aTeNId IO CKOPOCTSAM M CEJEKTUBHOCTH MOTYT
OBITh JOCTUTHYTHI HA TAKOM KaTaJIM3aTOpe MPU 3HAYUTEIbHO 00Jjiee HU3KUX TeMIIepaTypax.
[To-BumuMoMy, pe3KOoe YBEJINYEHHME BEIMYMHBI IPEIIKCIOHEHIIMAIBLHOTO MHOKHTENS
(yacToTHOTO (PaKTOPa) B ypaBHEHUSIX AppEHHyCa CBA3aHO C POCTOM KOHLIEHTPAIIMH aKTUBHON

(1)a31)1 BaHaJdaTa CYPbMbI B KaTajlnu3aTopax, NPUIOTOBJICHHLIX C MNPUMCHCHUCM TCXHOJIOTHU

CBUY.
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HOI{ﬁOp KaTajJau3aTopoB JJisl CMHTE3a aPOMATHYECCKUX YIJI€BOA0OPOI0B U3

C)KM’KCHHOI'O ra3a

b.2. LHIEPMATOB
V3bexckuil HayuHo-uccie0o08amenbCKull XUMuKO-ghapmayeemuyeckutl UHCmunym
um. A. Cynmanosa (YV3KOUTHU), Tawxenm, Y30exucman
uzkfiti@rambler.ru

Kartanutnueckas Xumus yriieBoJ0opoJ10B IpuoOpesa B MocieHee BpeMsi 0co00e 3HaueHue, B
CBSI3U ¢ OypHBIM pa3BUTHEM HEPTEXMMMU U MEPEXOJOM HPOMBIIIJIEHHOCTH OPraHMYECKOIro
CHHTE3a Ha He(hTEXUMHUUECKOE ChIPhE U MPUPOAHBIH ras.

Pa3paboTka HOBBIX KaTalaM3aTOPOB U ONpEAE/IEHNE TEXHOJOTHMYECKUX MapaMeTPOB IMpoliecca
(remnepaTypa, JaBleHHE, BpeMs W T.1.) MO3BOJSIOT IyTeM JeruaporeHu3anuen
CHUHTE3UPOBATh apOMATHYECKHE YTIEBOLOPOABI U3 CXKMIKEHHOTO rasa.

C 3T10i1 11e71b10, 1711 CUHTE3a KaTaJu3aTOpPOB, IOJIYyUYEHbl HOCUTENIN U3 THIPOOKUCH ATFOMUHUS
u OeHTonuta. IlomyueHHble 0Opa3ibl HOCUTEIEH MPOMUTHIBAIOT PACTBOPOM, COJEPKAIUE
aKTHBHBIE KOMIIOHEHTHI T.K. . Ni, Co, Cd, u Zn.

[Iporuranusle HocuTenu cymar npu temmeparype 120-130 °C B Teuenue 3 yacoB u
IPOBOJIAT MPOKAIKy mpu Temreparype 500-550°C B Teucnue 4 4acos.

[TomydyeHHblE KaTanu3aTOpbl MMEIOT OOJIBIIYIO YJEIbHYIO IOBEPXHOCTh, O0OBEM MOp U
JIOCTaTOYHYIO IIPOYHOCTb.

AKTHBHOCTP M CEJIEKTMBHOCTb KaTaJM3aTopa JAaHHOIO TIIpolecca OINpeAeseTcss Ha
7a00paTOPHOI yCTaHOBKE, KOTOpAasi MO3BOJSET M3YUHUTh BIMSHUE TEMIEpaTypbl, JaBJICHUS,
CKOPOCTh II0JIaYd CBIPbS, BpEMsS KOHTAaKTa Ha BBIXOJ LEJIEBOrO0 NPOAYKTa. ¥YCTaHOBKa
T03BOJISET POBECTH OMBITHI 110 APOMATH3ALIH CHKIKEHHOTO Ia3a ¢ AaBIeHHeM 10 16 kre/cm’
unmi Oe3 nmaBineHus B mpenenax temmeparyp 250-800 °C, mpu 00BEMHONM CKOPOCTH
0,05 — 100 Iiac'l, Ha 150 r karanuzatopa. KOMIOHEHTHBI COCTaB HMCXOJHOTO,
IPOMEXYTOUHOTO ¥ KOHEYHOTO CBIPbSl OINpPEAEsIeTCs XpOoMaTorpapuuecKuM MeETOJI0M
aHayIM3a.

B cBi3u ¢ 3TUM OCHOBHBIE HCCIIEOBaHUS OyIyT HAIpaBICHbI HA YBEJIWYEHHUE BBIXOJA
LEJIEBOI0 MPOAYKTa, CHIKEHHE TEMIIEpaTypsl, JaBJIECHUS IIpoLecca, CO3JaHue |
YCOBEpIICHCTBOBAHNE KaTaJlu3aTOPOB M3 MECTHOIO CBIpbS Ul CHHTE3a apOMaTHYECKHX

YIJIICBOOOPOA0B U3 CKMIKCHHOI'O Ia3a.
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Karanutnueckue cucremsbl, cogepxammne Hanouactunbl Fe, Co, Ni u Mn

JJIS1 TUAPOTEHU3AUM cMeceil OKCH/IOB yIJjiepoaa

T.®. IENKO, I0O.M. CEPOB

Poccuiickuii ynusepcumem opyaicovl napooos, Mockea, Poccus

sheshko@bk.ru

OObekTaMu HWCCIEAOBAHUS aJCOPOIIMOHHBIX W KaTaJUTHYECKUX CBOWCTB B OTHOIICHUH
TUAPOTCHU3AIMA OKCHUJIOB YTJepoja SIBJISUIMCh MOHO-, OU- M TPU-METAJUIMYECKHE CHUCTEMBI,
conepskamue Hanovactuisl Ni, Co, Fe, u Mn, matpuniupoBanssie B Al,Os.

MeTooM TEepMOIIPOrPaMMHUPYEMOI JecOpOIMH BIIEPBBIE HCCIEAOBAHO B3aUMOJICHCTBUE
OKCHJIOB yTJIEpOJla U HMX CMECH C IOBEPXHOCTHIO MOHOMETANTMYECKUX KaTalu3aTOPOB,
COJIepXKaIlMX HAHOYACTHIIBI Kejle3a W HHUKeIsA. YCTaHOBJIEHO, YTO 00a OKCcHia
afcopOUpyIOTCS Kak MOIEKYJSIPHO, TaKk M auccouuatuBHO. [Ipu coBmecTHO# amcopOruun
OKCcUJOB yriepoaa KoHkypeHuus Mexay CO u CO, ne npoucxomut. IlokazaHo, yTo
npeaaacopOIrs BOJAOPO/Ia Ha MOBEPXHOCTH BBI3bIBAET yHpouHeHue cBsa3u Me-CO, moBbIaeT
SHEPTHI0 aKTUBAIMH IECOPOIMH U YCUIMBAET JUCCOIMATUBHYIO XeMOCOPOIIMI0 MOHOOKCH 1A
yTIEpoAa, a TaKKe CIIOCOOCTBYET aKTUBAIIMU MOBEPXHOCTH KaTalM3aTOPOB, UTO MPHUBOJIUT K
MOSIBJICHUIO B MPOYKTaX JECOPOIMU yTIEBOIOPOIOB.

I'maporenusanus cMecH OKCHAOB YTJEpoJa MPOTEKAeT Yepe3 CTaAuI0 JTUCCOIMATUBHOMN
azcopOuu 000X KOMIOHEHTOB. [Ipupoma KOMIOHEHTa BIMSET Ha CTENEHB JAUCCOIHMAIIN
kak CO, tak u CO,. OCHOBHBIMU NPOAYKTaMHU PEAKLMH SBJISIIUCH METaH, STUJIEH, IPOIUJIEH,
a Ha Kobampconepkammx oOpasmax eme u dTaH. llpu mpoBeneHWH THAPOTESHU3AIUMU HA
karanu3atope Fe-Mn/Al,O; HaOMIOIANIOCH CYNIECTBEHHOE CHIDKEHUE BBIXOJOB IO METaHY,
OJIHAKO CEJICKTUBHOCTH MO oyiehpuHaM B cpeaHeM B 4-4,5 paza mpeBocXoawia JTaHHBIC,
nosrydeHHbie Ha Fe-Co/Al,O3; u Ni-Fe/Al,Os cucremax.

[Tpu nmpoBeneHNN THAPOTEHU3AIUU Ha TPUMETAIITNYECKIX KaTaJnu3aTopax B TE€X K€ YCIOBUAX

U TIPU T€X K€ COOTHOIIEHUSIX PEareHTOB, YTO U Ha OMMETaJUTMYECKUX 00pa3iax, HanOoIbIIne
BBIXOJIBI TI0 MeTaHy 3adukcupoBansl 1 Fe-Co-Ni AN OR KaTajan3aTopa, OHU 3HAUYUTEITHHO

HpeBOCXOI[SIT HC€ TOJIBKO OAaHHBIC II0 I[pyFI/IM TpeXKOMHOHeHTHBIM CUCTCMaM, HO U IIOYTHU B
2 paza BeIXOOBI s OuMmeraummueckoro Fe-Co/Al,O; kartammsaropa. A HamOomee

celeKkTuBHBIM 10 oJedunam okazaics Fe-Co-Mn/Al,O; o6pazen. Ha  mHOrMX
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NOJTMMETAUNIMYECKUX KaTaln3aTopax HaONI0ancsi CHHIPTeTHIECKU 3PPEeKT B OTHOMICHUU
00pa3oBaHuUs KaK METaHa, TaK U 0Je(HUHOB.

VYcTaHOBIIEHO, YTO YAAJ€HHE W3 PEAKIMOHHOM CMECH MOHOOKCHJA YTIJepoj]ia IMOBBICHIIO
BBIXO/bI MapaUHOB KakK IMPH TPOBEICHHH PEAKIMH B CTEXHOMETPHYECKOM COOTHOIICHHU
COs: Hy, Tak 1 B HemocTaTKe MOCJIEIHETO, OHAKO, PE3KO CHU3WIO BHIXOA ojehuHOB. B TO
xe BpeMs npu ruapupoBanun CO; B OTIMYKE OT THAPOTCHU3ALNU CMECH OKCHIOB yIilepoJa,
HaOJII0JaNIOCh YBEIMYCHUE SHEPIHH aKTHUBALMM O00pa30BaHUs HACBIIEHHBIX YTJIEBOIOPOIOB
C,-Cs u mpeadaxropa.

Hanpasienne peakiuy Mo MapmipyTaM, NPUBOIIIIAM K OOpa30BaHHMIO METaHAa M JPYTUX
QIKaHOB WM K oOJeuHaM TakXKe OIpeIesieTCsI W COOTHOIICHHEM KOHIIEHTpamui
Hu(npounocsszannoro) u Hy(cnaGocBsizaHHOT0) Ha MOBEPXHOCTH aKTUBHOM (hasbl, KOTOPOE, B
CBOI0O O4Yepenb, 3aBUCUT OT CBOMCTB MeTalyla M pa3Mepa HaHoyacTull. Bospacranue
KOHIIGHTpauu Bojxopona B ¢opme Hy yBenmmumBaeT BbIxon osiepuHOB.  Paznmuus B
KaTaJIUTUIECKOW aKTHBHOCTH MOJIMMETAUTMYECKHX O0Opas3loB MOTYT OBITh CBS3aHBI JINOO C
pa3nuuHOil ckopocThio Auddy3un crnadbocBazaHHoro Boaopoda (Hj) mo moBepxHOCTH
KaTaimzaTtopa. Henb3st HMCKIIOYMTH W BO3MOXHOCTB  JpKammoBep-3¢¢dekra, Korja
oOpasytomirecs: Ha jkene3HbIX neHTpax CHj-paankansl mepeHocsTcs Ha HUKENb WiIH KOOanbT
gyepe3 Ta30ByIO Cpedy, TAe MPOUCXOAWT WX JaJbHEWINas THAPOTCHM3AIMS aTOMapHBIM

BogopoaoM (Hy) 1o meTana, a aTuseH oOpazyeTcs Ha kKeje3e U MapraHiie.

262



PP-81
IIpyMeHeHHe MeTOA0B KBAHTOBOM XMMHUHM ISl MCCJICI0BAHUSA

KHHCTHYECCKHX 3aKOHOM€pHOCTeﬁ nmponoecca aJIKHJIHPOBAHUA

Hpsna O. LIHUJTOPOBA, Beponuka A. PETUCOBA, Hatraaus C. BEJIMHCKASI,
Anaroauii B. KPABIIOB

Tomcxuti nonumexnuueckuu ynusepcumem, Tomck, Poccus

fetisovava@mail.ru

OmauM W3 TEPCIIEKTUBHBIX  HAMpaBleHWW  pa3BUTUA  HedTemepepadaThIBaroIeit
MPOMBIIUIEHHOCTH  SIBJSIETCS  MPOU3BOJICTBO CHUHTETHUYECKUX MOIOLIIUX CPEACTB, W,
ClIeIoBaTeNbHO, TUHEHHBIX ankuinOeHn3010B (JIAB) kak cwipbs ajist ux mpousBoacTBa [1].

B pemennn 3amady  ONTUMH3AIUU  XUMHUKO-TEXHOJIOTHUECKHX ITPOILIECCOB XOPOIIO celst
3apEKOMEH/IOBAIM METObl MaTeMaTHYEeCKOr0 MOJENMPOBAaHUS M pa3pabOTaHHbIE Ha HUX
OCHOBE KOMIBIOTEPHbIE MOJAETUPYIOUIUE CUCTEMBL. (H(HEKTUBHOCTH M BO3MOXXHOCTH
NPUMEHEHHUsT pa3pabaThIBAEMBIX CHUCTEM 3aBHCIT OT YPOBHS JIETAIHM3AI[MH  CXEMBI
MPEBPAICHHSI PEareHTOB W OMPEICIAIOTCS Pa3pabOoTUMKaMH Ha CTATud COCTABJICHUS, B
3aBUCUMOCTH OT TIOCTABJICHHBIX 3a/1a4. OCOOCHHOCThIO OJTHOW M3 cTaauii mpou3BoacTBa JIAD
— ankunupoBaHus Oenzona onepunHamu Cjo — Ciy4 SBIASETCS €M0 MHOTOKOMIIOHEHTHOCTB: B
PEaKIMOHHOW CMECH TPUCYTCTBYIOT TOMOJIOTH OJICQHHOB C pA3IUYHONW NJTUHOW IIETH,
MOJIOKEHUEM JIBOMHOM CBSI3M, CTEMEHBIO PAa3BETBICHHOCTH, a Takxke nuoneduubl. CoriacHo
pe3yipTaTaM TEPMOJMHAMHUYECKOTO aHaln3a, KaKJI0€ W3 Ha3BAHHBIX BELIECTB MOKET
NPUHUMATH y4acTHe B peakiusx oopazoBanus JIAD, Tskenoro ankunaTta, MU30MEpHU3aUH 110
MOJIOKEHUIO JBOMHOW CBSI3U M CTPOCHHIO YIJIEPOJHOTO CKEJIETa. YUET BCEX HM3JIOKEHHBIX
peakiuii B cxeMe NMpeBpalleHui yIiIeBOJOPOAOB B MPOIIECCE ANKUIMPOBAHMS 3aTPYAHEH MO
NpUYrHE OOJIBIION PAa3MEPHOCTH MATEMAaTHYECKOTO OINHUCAHWS W HE OyneT SBIATHCS
MOKa3aTeIbHBIM C TEXHOJIOTMYECKOW TOYKHU 3peHHsS. TakuMm 00pa3oMm, LEIbi0 JaHHOW paboThI
ABIISIETCSI MCCJIEAOBAaHUE KHHETHUYECKUX 3aKOHOMEpPHOCTEH Ipolecca alKUIUPOBAHMS C
UCTIONb30BaHUE KBAaHTOBO-XMMHUYECKUX METOJOB pacueTa, a TakkKe BBIOOpP HEOOXOIUMOTO
YPOBHS JIETAIU3AIMN CXEMbI TTPEBPAILICHUIA.

Jns pacuera NpeadKCIIOHEHUMAIBHOTO MHOXUTENS, BXOIAIIEIO B YpPaBHEHHE pacuera
KOHCTAHTBI CKOPOCTH pEaKIMu, HCIOIb30Bajach HHTPOMHs 0Opa3oBaHHS MEPEXOIHOTO

cocTostHUA [2]:
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* AS#
KT %
ky=y—e
h
, (1)
rae ko — mpeadKCnoHeHIIMaTbHBI MHOKHUTEIh, BXOSIICH B ypaBHEHUE KOHCTAHTHI CKOPOCTH
peakmuu ; R — razosas nocrosinnas, Jx/(mons'K); T — temneparypa, K; k* — mocrosunas
bomenmana, JIx/K; h — mocrosauas Ilmanka, JIxk-c; x KOO PUITUEHT MPOXOKIACHUS
(TpaHCMICCHOHHBIH K03 uIeHT); AS” — SHTpONHUs mepexoxHoro coctosuus, Jx/(MombK).
TepMoaMHAMHYECKHAE XapPAKTEPUCTHKH TIEPEXOJHOTO COCTOSIHHS PaCCUMUTBHIBAINCH €

ucnonb3oBanueM nporpammuoro nakera GAUSSIAN 98 u HyperChem 8, npouexypst PM3.

Pe3ynbpTaThl IPOBEAEHHBIX pACUETOB MPEACTABICHBI HA pUCYHKaxX | — 2.

e

i i . ——
10 1 1; 12 14 *

Unieso aronion 1 2 1 p .
Tasomeenne Meoiimoii ceam

Pucynok 1 — 3aBucumocts 3HaueHus ko or Pucynok 2 — 3aBucumocts 3HaueHus ko ot
JUIMHBl yTIEPOJHOM LEeNM B MOJEKyJIEe IIOJIOKEHUS JBOMHOU CBA3H

oneduHa

W3 npuBeieHHBIX BbIIIE 3aKOHOMEPHOCTEW MOXKHO ClI€TIaTh CJIEAYIOIINE BHIBOBI:

1) 3HayeHue TPEIIKCIOHCHIIMAIBHBIX MHOXXHUTEIICH Il Peakiuid, B KOTOPBIX MPUHUMAIOT
ydactue oNleUHBI C pPa3sNIUYHON JUIMHOM IIeMH CYIIECTBEHHO 3aBHCHUT OT YHCJIa aTOMOB
yriepona B Mosekyne (puc. 1). IloatomMy mpu coOCTaBIE€HHHM MaTeMaTHYECKOW MOJENH
1[eJIeCO00pa3HO BCE PEareHThl pacCMaTPUBATh KaK OTICIIbHBIC KOMIIOHEHTHI, B 3aBUCHMOCTH
OT YHCJia aTOMOB YTJIepo/ia.

2) PeaknmonHass ciocOOHOCTh OyiepUHOB-1 3HAYUTENHHO BHINIE, YeM OJIC(PUHOB C ABOWHOMN
CBS3bI0 Y JPYTHX aTOMOB yriepoja (puc. 2). OTO MOXHO OOBSICHUTh HECTAOMIBHOCTHIO
COOTBETCTBYIOIIETO0 KapOkaTwoHa. TakuM oOpa3oM, TpU COCTaBICHHH MaTeMATHYECKON
MO/JIENIA HEOOXOTUMO BBIJIEIATE 0J€(PHUHBI-1 B OTCIBbHBIA KOMITOHEHT.
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2009, - Ne 6. - c. 27-33.
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FeTepOI‘eHHO-KaTaJII/ITPI‘IeCKOC OKHCJ/ICHHUEC X.]]OpﬁeHCiOJIOB

AJI. DOEHAN®, M.JI. XATUBU", M.P. MAHA®OB®

“Uncmumym xumuueckux npoonrem um. M.®@. Hazuesa, baky, Azepbaiiosxcarn
b .
Tezepancxuti ynueepcumem, Teeepan, Upanckas Ucnamckas Pecnyonuka
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XopOEH30JIbI  SABJISIOTCS OTXOAAaMH MHOTHX IPOW3BOJICTB, TOKCHYHBIMH BEIIECTBAMHU U
TPYIHO TMOJABEPraroTCs YTHUIM3AIMH, OCOOCHHO B OTXOASAIIMX Ta30BbIX BbIOpocax. HMx
KOHLIEHTpPAllMK B MOTOKE OYE€Hb MaJbl —1,0-10'2—4-10'3 MOJIB/J, YTO CO3HAET JOMOIHUTEIbHEIE
TPYIHOCTHU Ui UX BblAeJeHHs. XOTS B BOAHBIX PACTBOpPax 3Ta KOHILEHTpPALUS Ha MOPSIOK
BHIIIIE, TEM HE MEHEe, UX pa3felieHue W HAKOIUICHHUE SIBIISIETCS SKOHOMHYECKH HEBBITOIHBIM.
[ToaToMy TIOMCK KAaTAIMTHYCCKUX CHCTEM IS UX YTWIM3AIMHM M TPEBPAIICHHUS B ICHHBIC
COCTMHCHHUS SIBJISIETCS aKTyaIbHOM 3amaueid. M3yunB 3aKOHOMEPHOCTH OKHCIIEHUs OEH301a B
MaJICMHOBBIM AaHTUAPUI M JIPYTHE€ COCAUHEHHS, Mbl MPEINPUHSAIN TIOMBITKY MOBTOPUTH
WCCJICTIOBAHMSI PEAKIIUU OKUCIICHUS XJIOPOSH30JIOB, HCIIONb3Ysl AaHATIOTUYHBIE KAaTaIU3aTOPHI.
OpnHako, MacCHBHBIC KAaTaaU3aTOPhI, TAKME KaK OKCHJIBI BaHamus, ¢ocdopa U UX CMECh, HE
MPOSIBISUTM  OCOOCHHO BBICOKYIO aKTUBHOCTh. [loaTOMy HaMu OBLTM CHHTE3UPOBAHBI
KaTaJUTHYECKUe CUCTEMBbl Ha 0a3e OKCHa BaHAJMs, HAHECEHHOTO Ha pa3iINYHbIe HOCUTEIH,
takue kak Al,Os, Si0,, TiO, 1 TIpoMOTHPOBAaHHBIE PA3IMYHBIMU OKcHIaMu. Katanutuueckue
CUCTEMBI, IPOMOTHPOBAHHBIC OKCHJAMU IIEJIOYHBIX M MIEJIOYHO3EMEIbHBIX METaJUIOB, XOTS
Y TIOKa3bIBAJIM XOPOIIMKA pPe3yJbTaT MPH OKHUCICHUH (PYypaHOBBIX COCAMHECHHH, B PEAKITUIX
OKHUCJICHHS XJIODOEH30JIOB BBICOKOW AaKTUBHOCTH He TposBiIsu. [loatomy Obliu
CHUHTE3UPOBaHbI clieayronme oopasisl karanuzatopoB V-P-O/Al,O3 + MoOs, V-P-O/Si0, +
MoO3;, V-Mo-O/Al,03 + P,0s, V-Mo-O/ SiO,+ P,0s, V-Mo-O/ SiO,+ Co0,03, xoTopbie
MOKa3bIBAIM BHICOKYIO aKTUBHOCTH MTPU OKHUCIICHUU XJIOPOEH30JI0B B MaJCHHOBBIA aHTHIPHU]]
U UX xJoprpousBogHbie. C MOMOIIBIO PEHTTeHO(A30BOr0 aHanu3a ObLIO YCTaHOBJIEHO, YTO
akTuBHBIMH (hazamu sBIstOTC VoM0Og, VoM0sO4p, VOPO4 B mpucytctBum V,0s, P,0s,
MoO; mipu cootnomennu V:P:Mo=1:1:0,5 u 1:1:1. Taxke mist noiaydeHuss nHOOPMAIH O
NPUPOJIE M CHJIE AaKTUBHBIX IIEHTPOB Ha TIOBEPXHOCTH OTHUX OO0pa3loB TMPOBEICHBI
nepuBarorpaduyeckue ucciueaoBanus aacopouuu aneTona, oytmiamuna, CO,, penona. beuio
MOKAa3aHO, YTO HAa TOBEPXHOCTH KAaTaau3aTOPOB HMEIOTCA (U3MYECKU cladble, CpelHue,

CUJIBHBIC JJICKTPOHOAKHCIITOPHBLIC M OKHCIWUTCIBHBIC LHECHTPLI, OTBETCTBCHHBLIC 3a PCAKIUIO
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OKHCJIEHUSI XJIOpOeH30J10B. OKHUCIICHHE XJIOPOCH30JI0B MPOBOIWIOCH TPH TeMIlepaTypax
673-773K, Bpemenax konrtakta 0,1-1,1 cek., cootHomennun Xb:0, = 1:5-1:25, npu koTOphIX
KoHBepcust xyopOeH3onoB gocturanack 60-100%, BBIXOIBI MAaJCHMHOBOTO AaHTHApPUIA —

30-40%, MoHOXJOpMallenHOBOTO aHTHapuaa —35-40%, IUXJIOPMaIEMHOBOTO AaHTUIAPHAA —

40-50%.
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Pt(Pd)-ueoMTHBIN KATAJIU3ATOP FHAPOOYMCTKH MAJTOCEPHUCTBIX

AM3eJbHbIX (ppaKkuui

C.A. IIIHUK®, A.M. CTAITHUYEHKO?, O.B. TIALLIKE?, A.B. HIIIEHKO,
3.P. ICMATHJIOB?, A.M. BOPOHUH?, C.I. AJIMEBA®, C.III. T'YCEMHOBA",
3. UICMAWJIOB"
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Hanecennsle Pt- u Pd-karanusaTopbl paccMaTpuBaIOTCS KaK MEPCIEKTUBHBIE CUCTEMBI JUIS
BTOPOU CTaJMM ABYXCTAIUWHON T'MAPOOUYUCTKHU TU3EJIbHBIX TOIUIMB, KOT/A COAEPHKAHUE CEPbI
camxkeHo 10 ypoHs 300-350 ppm nHa cympduaasix Co(Ni)Mo/Al,O; kataimzartopax [1,2].
OCHOBHBIM OrpPaHHYEHHEM K HCIOJB30BAaHUIO OJIArOPOJHBIX METAUIOB B KaTallM3aTopax
TUAPOOYMCTKH SIBJISIETCSl WX JE€3aKTUBALUs OPraHMYECKMMM COEAVUHEHHUSAMM CEphl U
cepoBogiopoaoM [3]. YuuTsiBas, yTo B AU3EIBHBIX (pakiusx U3 azepOailikaHCKux HedTei
(MpSIMOTOHHOM W €€ CMECH C TMPOJYKTaMH BTOPUYHOM MepepabOTKH) CoJepKaHUE CEphl HE
npesbimaer 1200-2000 ppm, To Pt(Pd)-karanmzatopsl MOTYT TpeACTaBISATH MHTEpEC IS
npoliecca OJHOCTaIUIHON THAPOOUNCTKHI YKa3aHHBIX TU3EIbHBIX (PpaKLuii.

B nanHoli pabore wu3ydeHbl KartanuTuueckue cBoiictBa Pt(Pd)-meonurconepikaiiero
KaraquM3aTopa B THUIPOOYUCTKH TPSIMOTOHHOM ¥ BTOPHYHOW JU3EIBHBIX (pakiuid C
coaepxanueM cepsl 10 2000 ppm, U PU3NKO-XUMUYIECKHUE CBOWCTBA CBEKETO, OTPAOOTAHHOTO
U pereHeprupOBaHHOI0 00PA3IIOB.

Jlns moBeiieHus cepoyctoitunBoctd au3aiiH  Pt(Pd)-karanmsaropa Oblm OpraHum3oBaH B
COOTBETCTBMU C KOHIUENIHMEH, mnpenioxkeHHod Song [3]. Ilopucras cTpykKTypa HOCUTENS
conepxana Mukpornopsl meonmta (0.55 HM) U me3omopsl Mexay kpuctamumrtamu Al,Os; u
[[EOJINTA, TOKPHITHIMH TNIEHKOM MOHTMOpHUIOHHTA (8-12 HM). 1o nanasiM [I9MBP, gacTuib
Pt(Pd) pasmepom 1-2.5 HM pacrionaramch B ME30IOpax Ha MOBEPXHOCTH KPUCTALTUTOB Al,Os
u neonmuta (Puc. a). B cootBercTBuH ¢ [4,5] He HCKITIOYEHO TAKKE MPHUCYTCTBHE dacTuil Pt’
pasmepoM 10 2 HM B MuKporopax ZSM-5 (vco = 2065 em’) ¢ JIEKTPOH-/1eUILIUTHBIMU
atomamu Pt, B3aumozeicTByromumMu ¢ ogHou win asymst OH-rpynmnamu neonura.

W3ydenue BIUsSHUS TeMIepaTypsl mporecca Ha 3()(HEKTUBHOCTh THAPOOYUCTKU MPSIMOTOHHOMN
mm3enbHOM  (pakumu Ha Pt(Pd)-meonmmtHOM KkaTanmm3zaTrope IMOKas3ajo, YTO KaTalu3aTop
o0ecrieunBaeT CHIDKEHHE cojepkanus cepbl ¢ 1065 ppm mo 36-48 ppm B uHTEpBaie
temneparyp 280-320°C (Ta0u.). Ilpu 3ToM, CojepiKaHHE APOMATHYECKHX YIJIEBOIOPOJIOB
YMEHBILAETCS BABOE Ipu Temieparypax mpouecca 280-300°C. IIpu aHaIOMMYHBIX YCIOBHSAX

THUAPOOYUCTKH, COACPIKAHUC CCPbl B CMCCU NPSAMOIOHHOTO AW3CIIBHOTIO TOILIMBA C ra3omieM
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KaTAIMTHYECKOTO0 KpekuHra u KokcoBanus (70:15:15) camxkaercs ¢ 2000 go 110-175 ppm.
IMoseimenue Temieparypsl npouecca 10 340°C M BbILIE HEXKETATENBHO, MOCKOIBKY IPU ITUX
TEeMIIepaTypax Ha4MHAIOT MPeo0iagaTh MPOIeCcChl ACTHIPHUPOBAHUS U KPEKUHTA, MPUBOISIINE
K TIOBBIICHUIO COJEPXKaHHs apoOMAaTUYeCKHX  YIJIEBOJOPOJOB, CHIKCHHIO CTETEHU
THAPOOOECCEPUBAHUS U BBIXO/1A AU3EITBHON (QPaKITUH.

OrpaboTanHoil Katanmusatop comepxut uactumsl Pt-Pd crmasa n PE(Pd’) pasmepom 2-4 uwm,
W3MEHEHHE pa3Mepa YacTHIl OOYCIIOBIIEHO IPEABAPUTEIHHON 00pabOTKOM KaTaimsaTropa B
BOCCTAaHOBUTENBHBIX ychoBusX. [loBepxHocth HocutTens u vactuil Pt(Pd) B oTpaGoranHOM
Karanm3arope ObLIa MOKpPHITA TOHKOW IUIeHKOW yriepona. ComepikaHue yriiepoia M CTCICHb
MOJIMKOHJIEHCAIIMK BO3PACTallM NP MOBBIILEHAH Temreparypsl nporecca ot 280°C mo 340°C
(mo 9 mac% C, H/C=1,27). Cornacio manapiM [[TA, xumuyeckoro anaimza u IIOMBP,
Je3aKTUBalMs Karainuzaropa Obuta oOpatumoil. [locnme mnpokanumBaHus KaTanu3aTopa Ha
Bosayxe mpu 400°C, coxmepkanue yriepona He mnpesbimaer 0.3 Mac.%, TEKCTypHbIE
XapaKTEPUCTUKHN KaTalu3aropa BOCCTAHABIUBAIOTCS 1O 3HAYCHUH, XapaKTEPHBIX CBEKEMY

KaTaJau3aTopy, OAHaKo pa3Mep yacTull Pt-Pd crinaBa Heckonbko yBenuuuBaercs (10 3-6 HM).

Tabiuua. Xapakrepuctuku npsimoronHoro AT u ruaporenu3aroB, nmoay4deHnbix Ha Pt(Pd)-ueonautHom
KaTaam3aTope npu aasennn 4 MITa, LHSV — 0.5 4 u Hy/cbipne — 500 1/

Temneparypa mporecca, °C
IToka3arenu Cripsbe 1 340 370 300 730
IlnotHOCTS, d," , Kr/M® 846,7 876,6 844,0 8443 843
dpakuuoHHsIii coctas, 'C
Hxk., 10 % 210 64 78 184 205
50 % 271 267 268 275 269
Kk., 96 % 353 359 348 355 351
Copeprkanue cepsl, ppm 1065 310 48 44 36
CopeprkaHne apoMaTHIeCKUX
YIIIEBOJOPOJAOB, % Mac 20 49,5 16,5 14 9
IleTanoBoe uncIIO 45 38 42,1 42 42.5

IIOM u3o0paxenus Pt-Pd- katanusaropa, cBexero (a), orpadoTaHHoro (0) u pereHepupoBaHHOIO (B)

T

Pa6oTa BeinosiHeHa npu ¢punancosoii nognep:xkke CO PAH, UnTerpanuonnsiii mpoext Nel18 (2009-2011)
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Harmmmonanenoii Akagemuu Hayk AszepOaiimkana

baky, np. Xomxkainsl, 30

A3 1025, Baky, A3zepbaiimkan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

AHTOHOB Auxnekceii FOpbeBny
Poccuiickuii XUMHKO-TEXHOIOTHUECKHIA
yHuBepcuret umenu .M. Menneneesa
Muycckas miomans, 10M 9

125047 MockBa

Poccus

ten.: 8-499-9788839

e-mail: zest-alant@mail.ru

APTEMOBA Hpuna Uropesna

000 «Hay4Ho-nccnen0BaTeIbCKUN HHCTUTYT
MPUPOJHBIX TA30B U ra30BbIX TEXHOJIOTHH -
I'asmpom BHUUT'A3»

MockoBckast 00macTb, JICHUHCKHIA palioH,
. Pa3zBuiika

142717

HBanreeBka, MOCKOBCKOI 001acTi
Poccus

Tei.: (495) 355-92-06

taxc: (495) 399-32-63

e-mail: i_artemova@vniigaz.gazprom.ru

ACAJIOB 3usipenaun 'amug orJbl

WHcTuTyT HETEXMMUYECKUX MPOIIECCOB

nM. akagemuka HO.I'. MamenanueBa

HanwnonansHoit Akanemun Hayk AzepOaiimxana

Baky, np. Xomxanst, 30

A3 1025, Baky, A3zepOaiimkan

teit.: 99412-4902476

daxc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

ACKEPOBA A¢pmana Ucmani KbI3bl
Nucruryr Xumuueckux [Ipodiem

nM. M.®. Haruesa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, baky, Azep0aiikan

HanmonansHoi Axkagemun Hayk AsepOaiimkana
Tei.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az
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ACKEPOBA Xasaa I'eiizap KbI3b1

WHCTHTYT HEPTEXMMHUICCKHX MPOLECCOB

nM. akagemuka HO.I'. MamenanueBa
HammonansHot Akanemun Hayk AsepOaiimkana
Baky, mp. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: xayala 550@rambler.ru

ACKEPOBA Jabmupa HoBpy3 KbI3bl

WHcTuTyT HEPTEXUMUYECKUX MPOLIECCOB

uM. akagemuka FO0.I'. Mamenanuesa

HanmonansHott Axagemun Hayk AsepOaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, A3zepbOaiikan

tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

AYE30B Annii baiiananaaeBuua
TOO «ITomuxumTex-AnMaTbDy
Anmartel

Kazaxcran

e-mail: auyezov_ali@mail.ru

AXBEPJIMEB PoBiman ba6a orJibl

WHcTuTyT HEPTEXUMUYECKUX TTPOLIECCOB

uM. akanemuka l0.I'. Mamenanuesa

Hanmonansnot Axagemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

Az 1025, Baky, Azepbaiixan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

AXMEJIBEKOBA Canpa ®yajn KbI3bl

WHctutyT HEpTEXMMHUYIECKUX TPOLIECCOB

uM. akagemuka F0.I'. Mamenanuesa

Hanunonansnoit Akagemun Hayk Azepbaiimkana

Baky, np. Xomxanst, 30

A3 1025, Baky, Azepoaiimpkan

tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

AXMEJOB Apmaa ®apxaj orjibl

HUMN Aspoxocmuueckoit mapopmarm HAKA
Baky, yn. P. Mamenosa, 25

AZ 1123, baky, Azep6aifxan

Ten.: 99412 — 5710391



AXME/JIOB Baru¢ Menxua orJisl
Bakunckuii I'ocyiapcTBEHHbII Y HUBEPCUTET
Baky, yi. 3. Xanmosa, 23

AZ 1148, baky, AzepOaiimxan

Tei.: 99412 — 4303245, 99412 — 4390517
(hakc: 99412 — 5983376

e-mail: akhmed26@yahoo.com

AXME/JOB ®a3uab Ucaam orJibl

WHCTUTYT HEPTEXUMHICCKUX TIPOIIECCOB

uM. akagemuka 10.I'. Mamenanuena

Hammmonanenoit Akagemun Hayk AzepOaiimkana

Baky, np. Xomxkansl, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

(hakc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

AXMEJOBA I'osibHapa AJLIaXBepAH KbI3bI
WHcTuTyT HETEXMMUYECKUX MPOLIECCOB

uM. akagemuka F0.I'. Mamenanuesa
HanmonansHoit Akanemun Hayk AsepOaiimkana
Baky, np. Xomxanst, 30

Az 1025, baky, Azepbaiimxan

Ten.: 99412-4902476

daxc: 99412-4903520

e-mail: a gulnara@hotmail.com

BAVIPAMOB Aiiced Acaan oribi
Cywmraiisitckuii ['ocymapcTBeHHBIH Y HUBEPCHTET
CymraiisIT, KBapTai, 43
AZ 5008, Cywmraiibit, A3epOaiikan
Ten.: 99418 — 6448901,99418 — 6420270,
99418 — 4978062
daxc: 99418 — 6420270
e-mail: sdu@sdu.az

BAUYPUXUH Anexcanap Jleonugosuy
HNHCTUTYyT Oprannyeckoil Xumuu

mM. H.JI. 3enunckoro PAH

Jlenunckuit npocn., 47

119991 Mocksa

Poccus

e-mail: Shao-kahn@yandex.ru

BEJIbIA Anexcanap Cepreesuy
Wucrutyt npobiiem nepepaboTku
yraesoaopoaos CO PAH

yi. HedreszaBonckas, 54

644040 Omck

Poccus

ten.: +7(381-2) 67-04-50

dakc: +7(381-2) 64-61-56

e-mail: belyi@ihcp.oscsbras.ru
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BEXHUS ®upanrus Canex KbI3bl

HUU Aspokocmuueckoit nadopmannn HAKA
Baky, yn. P. Mamenosa, 25

AZ 1123, baky, Azep0aiipkan

Tei.: 99412 — 5710391

BPYCHUKHNHA KOs AjnekcaHIpoBHA
KypHaT «Mup HeTEIIPOIyKTOB

Mocksa

Poccus

e-mail: neftemir@rambler.ru

BYJAI'OBA Paruasi Ha3zum KbI3bI

HucturyT Xummdaeckux [Ipobiem

uM. M.®. Haruepa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, baky, Azep0aifmxan

Harmonansuoit Axkagemuu Hayk AszepOaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

BYXTHUSAPOB Banepuii UBanoBuy

Wucturyt karanusa um. I'. K. Bopeckosa CO PAH
npocn. Akajgemuka JIaBpeHTbeBa, 5

630090 HoBocubupck

Poccus

tein.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: vib@catalysis.ru

BYXTUSAPOBA TI'asinna AjekcaHApPOBHA
Huctutyt karanusa um. I'.K. bopeckoBa CO PAH
npocit. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

tei.: +7(383) 330-82-69

taxc: +7(383) 330-80-56

e-mail: gab@catalysis.ru

BAJIMEBA C.M.

Bbakunckuit 'ocyiapcTBeHHbII Y HUBEPCUTET
Baky, yn. 3. Xanmosa, 23

AZ 1148, baky, AzepOaitmxan

Teit.: 99412 — 4303245, 99412 — 4390517
daxc: 99412 — 5983376

e-mail: bsu@bsu.az

BOPOHUHA Kcenusi BnagumupoBna

HUU ¢usuku um. B.A. ®oka, CaHkT-
[eTepOyprckuii rocy1apCTBEHHBIH YHHBEPCHTET
Canxkr-IlerepOypr

Poccus

e-mail: kseniavvv@mail.ru



I'APAEB Cussym ®apxaj orJbl
Azepbaiimkanckas ['ocymapcTBenHas
Hedrsanas Axanemus

Baky, mp. Azamsir,20

AZ1010, baky, Azep0Oaitmkan

Ten.: 99412 — 4934557

(akc: 99412 — 5982941

e-mail: asoa.rector@yahoo.com

T'APAEBA CeBUHAK AJIM KbI3bI

Wuctutyr Xumudeckux [Ipobiaem

uM. M.®. Haruesa

Baky, np. I'. IxaBuna, 29

AZ 1143, baky, AzepOaifmxan

Hammmonansnoii Akagemnu Hayk AszepOaiimkana
Ten.: 99412 — 4393871

(axc: 99412 — 5108593

e-mail: chem@science.az

T'APUBOB HemaTt Ucmamn orisl

HHctuTyT HETEXMMUYECKHUX MPOLIECCOB

umM. akagemuka l0.I'. Mamenanuena

HanunonansHoit Akanemun Hayk Azep0aiimxana

Baky, np. Xomxansi, 30

Az 1025, baky, Azep0Oaiimkan

Ten.: 99412-4902476

thakc: 99412-49023520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

I'ACAH3AJE I'anuna 3augoBHa
Azepbaiimkanckas ['ocymapcTBeHHas
Hedtsanas Axagemus

Baky, np. Azamieir,20

AZ1010, baky, AzepOaiimxan

Tes.: 99412 — 4934557

daxc: 99412 — 5982941

e-mail: ihm@adna.baku.az

I'ACAHOBA I'onapa HapumaH KbI3bl

HNHcTuTyT HETEXMMUIECKUX TTPOIIECCOB

nM. akagemuka HO.I'. MamenanieBa

HammonansHott Axagemun Hayk Azepbaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

IT'ACBIMOBA 3aupa AinmMapaToBHa

WHctutyT HEPTEXMMUYECKUX TTPOLIECCOB

nM. akagemuka HO.I'. Mamenanuesa

HannonansHoit Akanemun Hayk AzepOaiimkana

Baky, np. Xomxanst, 30

A3 1025, Baky, Azepbaifmxan

tei.: 99412-4902476

daxc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az
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T'AIIMMOB ®arrax A0yJ1a orJibl
Aszepbaiimkanckas ['ocynapcTBeHHas
Hedtsanas Axagemus

Baky, np. Azamisir,20

AZ1010, baky, Azepbaiimkan

Tes.: 99412 — 4934557

daxc: 99412 — 5982941

e-mail: ihm@adna.baku.az

TENJIAPJIbI Hypaana Ucdanausip Kbi3bl
Wuctutyt Xummgeckux [Ipobiem

nM. M.®.Haruesa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, baky, Azepbaiikan

HarmonansHoit Axagemun Hayk AsepOaiimkana
Tei.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

I'YJINEBA Xypaman Hamuk KbI3bl
Aszepbarimkanckas ['ocymapcTBeHHAS
Hedranas Axagemus

Baky, np. Azamreir,20

AZ1010, baky, A3zep0aiimkan

Ten.: 99412 — 4934557

daxc: 99412 — 5982941

e-mail: ihm@adna.baku.az

T'YCEWHOB Hapuc Acaan orjbi

Wucruryr Xumuueckux [Ipodiem

uM. M.®. HarueBa

Baky, np. I'. [I>xaBuna, 29

AZ 1143, baky, Azepbaiipkan

Hammonansnott Axagemun Hayk AzepOaiimkana
Te.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

T'YCEMHOBA A3ana JIxke6pani Kbi3bl

WHctuTyT HEpTEXUMHUYECKUX TTPOLIECCOB

uM. akagemuka F0.I'. Mamenanuera

Hanunonansnoit Axkagemun Hayk Azepbaiimkana

Baky, np. Xomxanst, 30

A3 1025, Baky, Azepoaiimxan

tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

TI'YCEMHOBA Habxama CalpaH KbI3bl

WHCcTHTYT HEPTEXUMHIECKUX TTPOIIECCOB

nM. akagemuka 1O.I'. MamenanneBa

Harmmmonanenot Akagemuu Hayk Asepbaiimkana

baky, mp. Xomxkaisr, 30

A3 1025, baky, Azepbaiimkan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az



T'YCEMHOBA Pyxcapa McMani Kbi3bl

NHCTUTYT HEPTEXUMHUYECKHX IPOLIECCOB

nMm. akagemuka O.I'. MamenanneBa

HammonansHo#t Axkanemun Hayk Azepbaiimkana

Baky, np. Xomxkaisl, 30

A3 1025, Baky, A3zepbaiimkan

Tei.: 99412-4902476

taxc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

T'YCEMHOBA Dieonopa Mamenara Kbi3bl
Hucturyt Xummgeckux [Ipobiem

uM. M.®. Haruesa

Baky, mp. I'. [IxaBuna, 29

AZ 1143, baky, AzepOaitmxan

HarmonansHoi Akagemun Hayk AsepOaiimkaHa
Ten.: 99412 — 4393871

thakc: 99412 — 5108593

e-mail: chem@science.az

T'YCEMHOBA D;1bBupa AHBapoBHA
Aszepbaiimkanckas ['ocynapcTBeHHas
Hedtsaras Axagemus

Baky, np. Azameir,20

AZ1010, baky, Azepbaiimxan

Test.: 99412 — 4934557

daxc: 99412 — 5982941

e-mail: ihm@adna.baku.az

I'YCYHHOB Ilupun Jlatug orisi
l'ocynapcTBeHHbIN HayuHbIH LEHTp PO
DenepanbHOE rocy1apCTBEHHOE
YHHUTapHOE MPEANpUsITHE
«l"ocynapcTBenHsblil opaeHa Tpynosoro
Kpacnoro 3HamMeHu Hay4HO-UCCIEN0BATEIbCKUN
HMHCTUTYT XUMUH U TEXHOJIOTHU
2JIEMEHTOOPTaHUUECKUX COEIUHEHUI»
Mocksa

Poccus

e-mail: rejhan@bk.ru

JAXHABMH Dnbaap Myca orJibl
Kazanckuii rocynapcTBEHHbIN
TEXHOJIOTHIECKAN YHUBEPCUTET
ya. K. Mapkca, 68,

420015 Kazanp

Poccus

tein.: +7 (843) 231-42-16

¢axc: +7 (843) 238-56-94

e-mail: dahnavi@rambler.ru

JIJKABBAPOBA Haresia J10060BHa
Aszepbaiimkanckas ['ocynapcTBeHHas
Hedranas Axagemus

Baky, np. Azareir,20

AZ1010, baky, AzepOaitmxan

Ten.: 99412 — 4934557

daxc: 99412 — 5982941

e-mail: ihm@adna.baku.az
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JAXKXAHUBEKOB Hazunb ®a3uib oribl

HHctutyT HETEXMMUYECKUX TPOLIECCOB

nM. akagemuka FO.I'. MamenanueBa

HammonansHott Axagemun Hayk AsepOaiimkana

Baky, p. Xomxkansl, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

JAXKADAPOBA Hauna Aju Kbi3bl

WHcTuTyT HETEXUMUYECKUX TPOIIECCOB

uM. akagemuka FO0.I'. Mamenanuesa

HanmonansHoit Axagemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

Az1025, Baky, Azepbaiixan

Tei.: 99412-4902476

¢axc: 99412-49023520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

JAKADAPOBA Pena Asieknep Kbi3bl

WHcTuTyT HEPTEXUMHUYIECKUX TPOLIECCOB

nM. akagemuka F0.I'. Mamenanuesa

Hammonansnot Akagemun Hayk Asepbarimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimxan

Ten.: 99412-4902476

(bakc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

JAKADAPOBA Cycanna A0ayJ1-a3u3 Kbi3bl
Huctutyt Xummdaeckux [Ipobiem

uM. M.®. Haruepa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, baky, AzepOaifmxan

Harmonansuoit Axkagemuu Hayk AszepOaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

JOKEMUWUJIEB Yceun MemeToBuY
WuctutyT Hedrexumun u katanuza PAH
Yoa

Poccusa

e-mail: ink@anrb.ru

JOCYMOB Kycman {ocymoBUY
WHCTHTYT OpraHNYecKoro KaTajansa u
anekrpoxumun uM. J{.B. Cokonbckoro
yi. KyHaena, 142

050000 Ammatsr

Kasaxcran

Ten.: +7(727) 2915722

tbakc: +7(727) 2915722

e-mail: orgcat@nursat.kz



EI'OPOBA Cgetiana

Kazanckuii rocy1apcTBEHHbIN YHUBEPCUTET
yi. Kpemnesckas, a. 18

420008 Kazanb

Poccus

(843) 292-69-77

(843) 292-44-48

e-mail: segorova@rambler.ru

EYEBCKHWM I'ennaanii BuktopoBuy
Wuctutyt karanuza um. I'. K. bopeckosa CO PAH
npoci. Akagemuka JlaBpeHTbeBa, 5

630090

Hosocubupck

Poccus

tei.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: egv(@catalysis.ru

3AVIIEBA Hanexna AjleKcanapoBHa
Wucturyt xatanuza uM. I'.K. bopeckoa CO PAH
npoci. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

tei.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: zaitseva@catalysis.ru

3APBAJ/IMEBA Nnbxama Arajap KbI3bl

WHCTUTYT HEPTEXUMHUYECKHX TPOLIECCOB

uMm. akagemuka F0.I'. Mamenanuesa

HanmonansHoit Axkagemun Hayk Asepbaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimxan

Tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

3EMHAJIOB Dabaap Baraxyp orib
WHCTATYT HEPTEXUMHUIESCKHX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanieBa
Hammonansnott Axkagemun Hayk Asepbaiimkana
Baky, np. Xomxansl, 30

A3 1025, baky, Azepbaiimkan

Ten.: 99412-4902476

dakc: 99412-4903520

e-mail: elzey@yahoo.com

30JI0TOBCKHMM Bopuc Metposuy
00O «HayuHo-uccnenoBaTeabCKUi HHCTUTYT
MIPUPOHBIX Ta30B U ra30BbIX TEXHOJIOTHI -
I'asmpom BHUUT'A3»

MockoBckast 0051acTh, JICHHHCKUIA paiioH,
. Pa3Buiika

142717 Mocksa

Poccus

ten.: (495) 355-92-06

daxc: (495) 399-32-63

e-mail: b_zolotovsky@vniigaz.gazprom.ru
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UBPATUMOB Xukmert /:kaman orinbl

WHcTuTyT HEPTEXMMUYIECKUX TTPOLIECCOB

uM. akagemuka lO0.I'. Mamenanuesa

HannonaneHoit Axanemun Hayk AzepOaiimkana

baxy, mp. Xomxansl, 30

A3 1025, Baky, AzepOaiimxan

Tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

HNBPATUMOBA 3endunpa MareppaM KbI3bl

WHctuTyT HEpTeXUMHUYECKUX TPOIIECCOB

uM. akanemuka FO0.I'. Mamenanuesa

Harmonanenoit Axkagemuu Hayk AsepOaiimkana

Baky, np. Xomxanst, 30

Az 1025, Baky, Azepbaiimxan

Ten.: 99412-4902476

(akc: 99412-4903520

e-mail: azmea_ nkpi@box.az;
anipcp@dcacs.science.az

HNBAHOBA Asnekcanapa CtenaHoBHA
WuctutyT katamm3a uM. I'.K. BopeckoBa CO PAH
npocn. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

ten.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: iva@catalysis.ru

NJIbSACOB Uabaap PaBuiieBuy
Kazanckuii (mpuBopKCKuiA) enepaibHbId
YHHUBEPCHUTET

yi. Kpemnesckasi, 18

420008 Kazanb

Poccus

ten.: (843) 292-69-77

(hakc: (843) 292-44-48

e-mail: ilildar

HNCKEHIAEPOBA CeBuwib AJIMIIAH KbI3bI

WHCcTuTyT HEPTEXMMHYECKUX TIPOLIECCOB

um. akagemuka F0.I'. Mamenanuena

Harmonanehoii Akagemuu Hayk AszepOaiimkana

Baky, np. Xomxansi, 30

Az 1025, baky, Azepbaiimxan

Ten.: 99412-4902476

(hakc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

HNCMAT'MJIOB 3undep Pumarosuy
WuctutyT katammza um. I'.K. bopeckoBa CO PAH
npoctn. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

ten.: +7(383) 330-82-69

taxc: +7(383) 330-80-56

e-mail: ZRI@catalysis.ru



NCMANJIOB JxTtu6ap Xymoert oribl

HueTuTyT HeQTEXMMHYECKHX POLIECCOB

nM. akagemuka [O.I'. MamenanuneBa

Harmmmonanenoit Akagemuu Hayk Aszepbaiimkana

baky, np. Xomxkaisl, 30

A3 1025, Baky, A3zepbaiimkan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: spinel@azeurotel.com;
etibar.ismailov@gmail.com

WUCMAMJIOBA Tamuina AGay.a Kbi3bl
HuctutyT Xummdeckux [Ipodiaem

um. M.®. Haruesa

Baky, mp. I'. [IxaBuna, 29

AZ 1143, baky, AzepOaifxan

HarnwonansHo# Akanemun Hayk AsepOaiimkaHa
Ten.: 99412 — 4393871

(axc: 99412 — 5108593

e-mail: chem@science.az

KA3UMOB Hacumu ®@appyx orJbl

HUU Aspoxocmuueckoit nadopmanmn HAKA
Bbaky, yn. P. Mamenosa, 25

AZ 1123, baky, AzepOaiimxan

Tei.: 99412 — 5710391

KAKUYEB Anexcanap I[laBaoBu4
OO0 XUMTEXHOJIOT U
CeBepomoHenK

YkpaunHa

e-mail: fvkalin@mail.ru

KAJIAHTAPOBA Cyabxust Xaaua KbI3bl
Wuctutyr Xumudeckux [Ipobiaem

uM. M.®. Haruesa

Baky, np. I'. IxaBuna, 29

AZ 1143, baky, AzepOaiimxan

Hammmonanenoit Akagemnu Hayk AszepOaiimkana
Tein.: 99412 — 4393871

(akc: 99412 — 5108593

e-mail: chem@science.az

KAJIMHYEHKO ®epop BragumupoBuy
000 XUMTEXHOIOTHSI

CeBepoaoHeIK

Ykpauna

e-mail: fvkalin@mail.ru

KAITYCTHUH Baagumup MuxaiiioBuu
OAO «BHUITHHEDTH

yi. @. DHrensca, 32

105005 Mocksa

Poccus

Ten.: (495) 795-31-32

taxkc: (495) 795-31-31

e-mail: vkapustin@vnipineft.ru

281

KAPAEBA Jcmupa Myctada KbI3bl

WHCTHTYT HEPTEXUMHUIECKIX TIPOLIECCOB

nM. akagemuka 1O.I'. MamenanneBa

Hammmonanenoit Akagemnu Hayk AszepOaiimkana

Baky, mp. Xomxkaisr, 30

Az1025, baky, Azepbaiimkan

Ten.: 99412-4902476

(axc: 99412-49023520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

KACAUKHMHA Oabra TapacoBHa
HHcTuTyT XUMHYECKOH (DU3UKH

nm. H.H. Cemenosa PAH

yi. Koceiruna, 4

119991 Mocksa

Poccust

e-mail: okasai@yandex.ru

KACHUMOB Pacum MycTada oriasl

Wuctutyt Xumnyeckux [IpoGrem

nM. M.®. Haruesa

Baky, mp. I'. [IxaBuna, 29

AZ 1143, baxy, AzepOaiimkan

HarmonansHoi Akanemun Hayk AsepoOaiimkaHa
Tei.: 99412 — 4393871

daxc: 99412 — 5108593

e-mail: chem@science.az

KEJIBAJIMEBA DabHapa Cox0eT KbI3bl
WHCTUTYT HEPTEXMMHUUIESCKHX TIPOLIECCOB

nM. akagemuka HO.I'. Mamenannesa
HammonansHott Axagemun Hayk Azepbaiimkana
Baky, np. Xomxansl, 30

A3 1025, baky, Azepbaiimkan

Ten.: 99412-4902476

dbaxkc: 99412-4903520

e-mail: e _Inara@mail.ru

KEPUMOB To¢pux MagxumMaaanH orJibl
HUU Aspokocmuueckoit nadpopmannn HAKA
Baky, yn. P. Mamenosa, 25

AZ 1123, baky, Azep0baiimkan

tei.: 99412 — 5710391

KEPUMOBA YiabBusi Huzamu KbI3bl
WHCTHTYT HEPTEXUMHUYCCKHX ITPOLIECCOB

uM. akagemuka 1O.I'. Mamenannesa
Hammonanenoit Akagemuu Hayk AsepOaiimkana
Baxy, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Tel.: 99412-4902476

(hakc: 99412-4903520

e-mail: ulviyyakerimova@hotmail.com



KJIMMOB Ouner Baagumuposny

Wucturyt kartammza um. I'.K. bopeckoBa CO PAH
npoctn. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

Ten.: +7(383) 326-96-71

¢axc: +7(383) 330-80-56

e-mail: kim@catalysis.ru

KOKAPOBA JIrogmuiia BaHoBHa
Hucruryr Xumuueckux [Ipobiem

uM. M.®. HarueBa

Baky, np. I'. IxaBuna, 29

AZ 1143, baky, AzepOaiimxan

Hammmonansnoii Akagemun Hayk AzepOaiimkana
Tes.: 99412 — 4393871

(axkc: 99412 — 5108593

e-mail: chem@science.az

KOJIBYUKOBA Hpuna BajeHTHHOBHA

WHcTuTyT HETEXMMUYECKUX TPOLIECCOB

uM. akagemuka F0.I'. Mamenanuesa

HanmonansHoit Akanemun Hayk AsepOaiimkaHa

Baky, np. Xomxanst, 30

Az 1025, baky, Azepbaiimxan

Ten.: 99412-4902476

daxc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

KOHYCHAEB Canapxkaiu PeraBuu
WHCTUTYT XUMHUYECKUX HAYK

uM. A.b. bektyposa MOH PK
Vanuxanosa, 106

050010 Anmatsl

Kazaxcran

e-mail: srkonuspayev@mail.ru

KOPHAYXOBA Harajbs
WHCTUTYT OpraHnvecKoro Karannusa u
anexkrpoxumuu uM. J[.B. Cokonbckoro
yia. Kynaesa, 142

050000 Anmartsr

Kasaxcran

ten.: +7(727) 2915722

dbakc: +7(727) 2915722

e-mail: n_korn77@mail.ru

KOPHEEBA EBrenus BnagumupoBna
Wucturyt karanusa uMm. I'.K. bopeckosa CO PAH
npocn. Akagemuka JIaBpeHTseBa, 5

630090 HoBocubupck

Poccus

ten.: +7(383) 330-82-69

daxc: +7(383) 330-80-56

e-mail: kulko@catalysis.ru
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KY3bMMWHA Pauca BanoBHa
CaparoBCckuil rOCYJapCTBEHHBIN YHUBEPCUTET
M. H.I'. YepHsliieBckoro

AcrtpaxaHckas, 83

410012 Capatos

Poccus

e-mail: kuzminaraisa@mail.ru

KYJIMEB Axud¢ /{apbsx orasl

HHcTuTyT HEPTEXMMHUIECKUX TTPOIIECCOB

nm. akagemuka F0.I'. Mamenanuesa

Hanmonanshoit Akagemun Hayk AzepOaiimkana

baky, mp. Xomxkaisl, 30

A3 1025, Baky, AzepOaiimkan

Tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

KYCTOB Anekcanap JleoHugoBu4
HHeTuTyT Oprannyeckoi XuMun

um. H.JI. 3enmuackoro PAH
JlenuHckuil npocnext, 47

119991 Mocksa

Poccus

e-mail: kyst@list.ru

KYUUH Anexcanap BacuabeBuu
MNuctutyt xumun Komu HIJ
VYpansckoro oraenerns PAH
CBhIKTBIBKAp

Poccus

e-mail: kutchin-av@chemi.komisc.ru

KA3BIMOBA Aijirouas HoBpy3 KbI3bl

WHCTHTYT HEPTEXUMHYCCKHUX TTPOLIECCOB

uM. akagemuka O.I'. Mamenannesa

Hammmonanenoit Akagemuu Hayk AsepOaiimkana

Baky, np. Xomxanst, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

(hakc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

JIEBUH Ouier BragumupoBuy4

00O «HoBoKyHOBIIIIEBCKHIT 3aBOJT KATAIN3ATOPOBY»

HoBoxkyi#i0ObImeBck
Poccus
e-mail: SEKR-NZK@nk.rosneft.ru

JIMTBUIIKOB KOpuii HukosiaeBu4
Wuctutyr Xumundeckux [Ipobiaem

um. M.®. Haruesa

Baxy, np. I'. xaBuna, 29

AZ 1143, baky, AzepOaiimxan

HammonansHo#t Axkanemun Hayk Azepbaiimkana
Tei.: 99412 — 4393871

(axc: 99412 — 5108593

e-mail: chem@science.az



JINXOJIOBOB Baagumup AjiekcaHAPOBHY
HuctutyT npobiem nepepaboTku
yraesogoponos CO PAH

yi. HedrezaBonckas, 54

644040 Omck

Poccus

ten.: +7(381-2) 67-04-50

¢axc: +7(381-2) 64-61-56
val@ihcp.oscsbras.ru

JIYHUH Banepuii BacuibeBuu
MocCKOBCKU TOCYIapCTBEHHBI YHUBEPCUTET
umenu M.B. JlomoHocoBa

Mocksa

Poccus

e-mail: Knn@kge.msu.ru

JIBICEHKO Cepreii Bacnibsesn4
MOCKOBCKUI TOCYJapCTBEHHBII YHUBEPCUTET
nMenu M.B. JIomoHocOBa

Mocksa

Poccus

e-mail: Is@oil.chem.msu.ru

JIOT®AJINEB A.T.

Bakunckuit 'ocynapcTBeHHBIN YHUBEPCUTET
Baky, yn. 3. Xanunosa, 23

AZ 1148, baky, Azep0Oaitmxan

Teit.: 99412 — 4303245, 99412 — 4390517
daxc: 99412 — 5983376

e-mail: bsu@bsu.az

MATI'EPPAMOB A6ear Mamenaian oribl
Bakunckuii I'ocyiapcTBeHHBII Y HUBEPCUTET
Baky, yn. 3. Xanunosa, 23

AZ 1148, baky, Azep0aiipkan

Teit.: 99412 — 4303245, 99412 — 4390517
daxc: 99412 — 5983376

e-mail: bsu@bsu.az

MAT'EPPAMOB Mareppam Hanxxad oranl
Bakunckuit 'ocyiapcTBeHHBII Y HUBEPCUTET
Baky, yn. 3. Xanunosa, 23

AZ 1148, baky, AzepOaitmxan

Teit.: 99412 — 4303245, 99412 — 4390517
taxc: 99412 — 5983376

e-mail: bsu@bsu.az

MATI'EPPAMOBA 3empupa FOcud Kbi3bl
Wucruryr Xumuueckux [Ipodiem

uM. M.®. Haruesa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, baky, Azep0aiikan

HannonansHoit Akanemun Hayk AzepOaiimkana
Tei.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az
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MATEPPAMOBA Illaxua3 Haaup Kbi3bl

WHCTUTYT HEPTEXUMHICCKHX TPOIIECCOB

nM. akagemuka FO.I'. MamenanueBa

HanmonansHott Akagemun Hayk AzepOaiimkana

Baky, p. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Ten.: 99412-4902476

daxc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

MAS3I'APOB Axmer Ma3rapoBuy4
OAO «Bcepoccuiickuit HU
VYT1€BOIOPOAHOTO CHIPBS

yi. H. Epmiosa, 35-A

420045 Kazanb

Poccus

Tei.: (8432)76-41-33

¢axc: (8432) 72-40-93

e-mail: VNIIUS@tbit.ru

MAKAPOB Anexkceii CepreeBn4
000 «UTL «TexmpoexT»

yn. I'maBmocctpos, oM 22A
119618 Mocksa

Poccus

Ten.: +7(495) 363-45-42

e-mail: 0oo_tp@mail.ru

MAMEJAJIMEB I'eiinap Ayn orJibl
HayuHo — uccnenoBarensckuit u
MIPOU3BOJICTBEHHEIN IeHTp «OneduH
Baky, yn. H. Paduena 29

AZ 1025, Baky, AzepOaifmxan

Ten.: 99412 — 4905864

daxc: 99412 — 4904797

e-mail: HeidarElmir@mail.ru

MAMEJOB Aau ITanax orubl

WHcTuTyT HEPTEXMMUYECKUX TPOLIECCOB

uM. akagemuka l0.I'. Mamenanuesa
Hanmonansnoit Akagemun Hayk AzepOaiimkana
Baky, np. Xomxansl, 30

A3 1025, Baky, Azepbaiimxan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: aykara@inbox.ru

MAMEJOB Jabaap Myca orJibl

Wucturyt Xummdaeckux [pobiem

M. M.®. Haruesa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, baky, Azepbaiixan

Hanmonansnoit Axkagemun Hayk Azepbaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az



MAMEJIOBA Tapana AciaH KbI3bl

NHCTUTYT HEPTEXUMHUYECKHX TIPOLIECCOB

nM. akagemuka [O.I'. MamenanneBa

Harmmmonanenoii Akagemnu Hayk AszepOaiimkana

Baky, np. Xomxkaisl, 30

A3 1025, Baky, A3zepbaiimkan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

MAMEJOBA Ilamama I'eiizap KbI3bl
Wuctutyt [onmumepusix Martepuanon
CywraiisT, yi1. C. Bypryna,124

AZ 5004, CymraifpiT, A3epOaifkan
Teir.: 99418 — 6420075, 99412 — 4976038
daxc: 99418 — 6420400

e-mail: ipoma@science.az

MAHA®OB Mana¢ PusBan oribl

Nucruryr Xumunueckux [Ipodiem

uM. M.®. Haruesa

Baky, np. I'. [I>xaBuna, 29

AZ 1143, baxy, AzepOaiipkan

HammonansHott Axagemun Hayk AsepOaiimkana
Ten.: 99412 — 4393871

¢akc: 99412 — 5108593

e-mail: chem@science.az

MAPJAHOBA Heust Merkua Kbi3bl
Wuctutyt Xummyeckux [Ipobiem

uM. M.®. Haruesa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, baky, Azep0aiikan

HarnonansHoit Akagemun Hayk AsepoOaiimkana
Teir.: 99412 — 4393871

daxc: 99412 — 5108593

e-mail: chem@science.az

MAPKOBA Errenns UBanoBHa

HHCcTUTYT HEPTEXUMHYECKUX TPOLIECCOB

nM. akagemuka [O.I'. MamenanneBa

HarnmonansHoi Akanemun Hayk AsepOaiimkaHa

baky, np. Xomxkaisl, 30

A3 1025, Baky, A3zepbaiimkan

Tei.: 99412-4902476

taxc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

MEJ/KNIO0B Axnap AknepoBu4

Wuctutytr Xumugeckux [IpoOieM mm.
M.®.Haruesa

Baky, mp. I'.JI>xaBuna, 29

AZ 1143, baky, AzepOaitmxan

HarmonansHoi Axkagemun Hayk AsepoOaiimkana
Ten.: 99412 - 4399382

¢axc: 99412 - 5108593

e-mail: chem@science.az
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MEJKHUJOBA Conma3z Mameararu Kbi3bl
WucturyT Xummdaeckux [pobiem

uM. M.®. Haruepa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, baky, Azepbaiixan

Harmmonansnoit Akagemuu Haykx Asepbaiimpkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

MEJIMKOBA Adar SIpabsiM KbI3bl
Azepbaiimkanckas ['ocymapcTBeHHas
Hedrsanas Axagemus

Baky, np. Azamieir,20

AZ1010, baky, AzepOaiimxan

Ten.: 99412 — 4934557

(dakc: 99412 — 5982941

e-mail: ihm@adna.baku.az

MEJIMKOBA Hpapa I'acan KbI3bl

Wuctutyr Xumudeckux [Ipobiaem

um. M.®. Haruesa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, baky, Azepbaiikan

Hammonanehoit Akagemuu Hayk AszepOaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

MMUP3AMU Txaépaun Ucpadua oranl
Azepbaiimkanckas ['ocymapcTBenHas
Hedrsanas Axanemus

Baky, mp. Azameir,20

AZ1010, baky, AzepOaiimxan

Ten.: 99412 — 4934557

(hakc: 99412 — 5982941

e-mail: ihm@adna.baku.az

MHWP3OEBA JIroamuiia MycaeBHa

WHCTHTYT HEPTEXUMHIECKUX TIPOIIECCOB

nM. akagemuka O.I'. MamenanneBa
Hammmonanenoii Akagemun Hayk AszepOaiimkana
Baky, mp. Xomxkaisr, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

(hakc: 99412-4903520

e-mail:
azmea_nkpi@box.az;anipcp@dcacs.science.az

MMUTPOHOB Anexcanap IlerpoBuy
00O XuMTeXHOIOTUS

CeBepoioHEeIK

VYkpanna

e-mail: mitronov@himp.lg.ua



MYPAJIOBA Ilepu AraryceiiH KbI3bl
WucturyT Xummdeckux [Ipobiaem

uMm. M.®. Haruesa

Baky, mp. I'. [IxaBuna, 29

AZ 1143, baky, Azep0aiimxaH

HarmonansHo# Akanemun Hayk AsepOaiimkaHa
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

MYCAEB Madtyn Ucmana orJibi

HUU Aspoxocmuueckoit napopmarm HAKA
Bbaky, yn. P. Mamenosa, 25

AZ 1123, baky, AzepOaiimxan

Tein.: 99412 — 5710391

MYCTA®DAEBA Po3a MyxrTap KbI3bl
Hayuno — uccnegoBarensckuii u
MPOM3BOJICTBEHHBIH EHTp «Onedrn»
baky, yin. H. Paduesa 29

AZ 1025, baxy, AzepOaiimkan

Tei.: 99412 — 4905864

thakc: 99412 — 4904797

e-mail: HeidarElmir@mail.ru

MYXTAPOBA I'onb0enn3 CusiBym Kbi3bl
WHCTATYT HEPTEXUMHUYECKHX TIPOLIECCOB

nM. akagemrka HO.I'. MamenanneBa
HammonansHo#t Axkanemun Hayk Azepbaiimkana
Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Tei.: 99412-4902476

daxc: 99412-4903520

e-mail: gulermuxtarova@yahoo/com

HABHUEB ®apxax Ampad oribl

WHCTUTYT HEPTEXUMHICCKHX TPOIIECCOB

nM. akagemuka HO.I'. MamenanueBa

HammonansHot Axagemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

TelL.: 99412-4902476

dbakc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

HATJAJIMEBA 1Oas ParumoBHa

Wucruryr Xumuueckux [Ipodiem

uM. M.®. Haruesa

Baky, np. I'. [I>xaBuna, 29

AZ 1143, baky, Azep0aiikan

Hanmonanenot Axagemun Hayk AzepOaiimkana
Te.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az
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HAT'MEB Todur Mypry3a orjbl

Hucturyt Xummyaeckux [Ipobiem

M. M.®. Haruesa

Baky, np. I'. [I>xaBuna, 29

AZ 1143, baky, AzepOaitmxan

HammonansHott Axkagemun Hayk Asepbaiimkana
Tei.: 99412 — 4393871

daxc: 99412 — 5108593

e-mail: tnagiev@azeurotel.com

HAJTXKADPOBA Mauca Arym KbI3bI

WHcTuTyT HEPTEXMMUYECKUX TPOLIECCOB

uMm. akagemuka 10.I'. Mamenanmesa

HannonansHoit Axanemun Hayk AzepOaiimkana

Baky, np. Xomxanst, 30

A3 1025, baky, Azepbaiimxan

Tei.: 99412-4902476

daxc: 99412-4903520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

HAJIUPOB I1apeu3 A0ay/1a/i Orabl
Azepbaitmxanckas ['ocymapcTBeHHas
Hedtsnas Axagemus

Baky, np. Azamisir,20

AZ1010, baky, A3zepOaiimkan

Tes.: 99412 — 4934557

dakc: 99412 — 5982941

e-mail: ihm@adna.baku.az

HACHPH ®@axpus Mamaniax Kbi3bl
Hucturyt Xummaeckux [Ipobiem

uM. M.®. Haruesa

Baky, mp. I'. JI>xaBuna, 29

AZ 1143, Baky, AzepOaifmxan

Hanmonansnoit Akagemun Hayk AzepOaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

HACHUPOB ®u3yau Axbep orJibl

WHCTUTYT HEPTEXUMHYCCKHX MPOLIECCOB

uM. akagemuka HO.I'. Mamenanuesa
Hammonansnot Axagemun Hayk AzepOaiimkana
Baky, np. Xomxanst, 30

A3 1025, baky, Azepbaiimxan

TelL.: 99412-4902476

(axc: 99412-4903520

e-mail: fnasirov@petkim.com.tr

HACHUPOBA ®apuna Mup3sa Ara Kbi3bl

WHCTuTyT HEPTEXUMHUIECKUX TTPOIIECCOB

uM. akagemuka fO0.I'. Mamenanuesa

Hanunonansnoit Axkagemun Hayk Azepbaiimxana

Baky, np. Xomxansl, 30

Az 1025, Baky, Azepbaiimxan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az



HOBPY30BA ®apuaa Myroujiosna

NHCTUTYT HEPTEXUMHUYECKHX TIPOLIECCOB

nM. akagemuka [O.I'. MamenanneBa

Harmmmonanenoii Akagemnu Hayk AszepOaiimkana

Baky, np. Xomxkaisl, 30

A3 1025, Baky, A3zepbaiimkan

Tein.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

HYPUEB JIatud I'eiinapanu orjnbl

WHCTATYT HEeDTEXUMHUYECKHX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanneBa

HanmonansHo#t Axkagemun Hayk AzepOaiimkana

Baky, np. Xomxasi, 30

A3 1025, Baky, AzepOaiimkan

Tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

IMAHKHWHA I'annna BukropoBHa
MockoBcKuil rocy 1apcTBEHHBIN YHUBEPCUTET
nmenu M.B. JlomoHOCOBa

Mocksa

Poccuns

e-mail: pankina@kge.msu.ru

ITAPEHAT O Ouabra

WucTtutyT 0011IEH 11 HEOPTaHUIECKOH XUMUHN
nMm. H.C. Kypnakosa PAH

Jlenmnuckuit mpocrr., 31

117907 MockBa

Poccus

e-mail: oparenago@scf-tp.ru

ITAPMOH Basentun HukosaeBuu

Wucturyt karanusa uMm. I'.K. bopeckosa CO PAH
npoci. Akagemuka JIaBpeHTbeBa, 5

630090 HoBocubupck

Poccus

tei.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: parmon@catalysis.ru

IMAXOMOB HukoJai AjlekCaHIAPOBUY
OObeMHEHHBII HHCTUTYT KaTaln3a

um. I'.K. bopeckosa CO PAH

npocn. Akagemuka JlaBpeHTseBa, 5
630090 HoBocubupck

Poccus

ten.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: pakhomov(@catalysis.ru
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MEPUCTBIN Auton AnapeeBny
MocKOBCKUI rOCy 1apCTBEHHBIN YHUBEPCUTET
nmenu M.B. JlomoHoCOBa

Xumuyeckuit pakyabTeT

Mocksa

Poccus

e-mail: anton5111989@yandex.ru

INUMEP3UH Anapeii AnexkceeBu4

I'OY BIIO «Camapckuii TocyaapCTBEHHBIN
TEXHUYECKUI YHUBEPCUTET»

Camapa

Poccus

e-mail: pimerzin@sstu.smr.ru

MNOJYAEB Pamuc AdayapadoBu4
HayuHo — uccnenoBarenbsckuii u
MIPOM3BOACTBEHHBIH LEeHTp «Onedua»
Baky, yn. H. Paguera 29

AZ 1025, Baky, Azep0aifmkan

Teir.: 99412 — 4905864

¢axc: 99412 — 4904797

e-mail: HeidarElmir@mail.ru

NBIJ/INHUHA Auna UBaHoBHA
Poccuiickuii yHUBEPCHUTET APYKObI HAPOIOB
yi. Mukiyxo-Maxkmas 1. 6

117198 Mocksa

Poccus

e-mail: pylinina@]list.ru

PATHUMOB PsiBan A0y uiaTU( OTIbI
WHCTATYT HEPTEXUMHUICCKIX TTPOILIECCOB

nM. akagemuka [O.I'. Mamenanmesa
Hammmonanenoit Akagemnu Hayk AszepOaiimkana
Baky, np. Xomxaisr, 30

A3 1025, baky, Azepbaiimkan

Tel.: 99412-4902476

(akc: 99412-4903520

e-mail: revan_chem@mail.ru

PACYJIOB Ynuru3 Kussp orJibl

WHCTHTYT HEPTEXMMHYECKHIX TPOLIECCOB

uM. akagemuka F0.I'. Mamenanuera
Harnmonaneuoit Axkagemuu Hayk AszepOaiimkana
Baky, np. Xomxansl, 30

Az 1025, Baky, Azepbaiixan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: rchk49@rambler.ru



PA®UEBA CeBna Padu kbi3bl

NHCTUTYT HEPTEXUMHUYECKHX IIPOLIECCOB

nM. akagemuka O.I'. MamenanneBa

HammonansHo#t Axkagemun Hayk Azepbaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, A3zepbaiimkan

Tei.: 99412-4902476

thaxc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

PE3HUYEHKO Hpuna IMuTpueBHa
OAO «AHrapckuii 3aBoJl KaTaIU3aTOPOB U
OPTaHUYIECKOTO CHHTE3a»

Amnrapck, UpkyTtckas 00acTb

665830 Anrapck

Poccus

Tei.: (3955) 577273

e-mail: ReznichenkoID@anhk.rosneft.ru

P3AEB Axkpam Xaaus orJibl

HHcTuTyT HEQTEXMMUYECKHUX MPOLIECCOB

uM. akagemuka 10.I'. Mamenanuena

Hammmonanenoii Akagemuu Hayk AszepOaiimkana

Baky, np. Xomxanst, 30

Az 1025, baky, Azep0baitmkan

Tei.: 99412-4902476

thakc: 99412-49023520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

POJUH Jleonua MuxaiiioBu4
000 XUMTEXHOIOTHS
CeBepoIoHEIK

Ykpauna

e-mail: fvkalin@mail.ru

POCTOBIIUKOBA Tatbsina HukojsiaeBHA
MockoBcKuil rocy1apcTBEHHBIN YHUBEPCUTET
nMenu M.B. JlomoHocoBa

Mocksa

Poccus

e-mail: rtn@kinet.chem.msu.ru

PYCTAMOB Myca Ucmana orisl

WHCTHTYT HEPTEXUMHUYECKHX IPOLIECCOB

umM. akagemuka F0.I'. Mamenanuesa

HanmonansHoit Akanemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, Azepbaiimxan

Tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az
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PYCTAMOB Caxasat Teopu3 orJisi

WHCcTNTYT HEPTEXUMHYECKHX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanneBa

HammonansHoti Akagemun Hayk AsepOaiimkana

Baky, p. Xomxkansl, 30

Az 1025, baky, AzepOaiimkan

Teit.: 99412-4902476

dakc: 99412-49023520

e-mail: azmea_nkpi@box.az;
anipcp@dcacs.science.az

PYCTAMOB siBy3 Ucman orJisl
Wucrutyt Ionmumepnsix Marepuanos
CywmraitbiT, yn. C. Bypryna,124

AZ 5004, CywmraiibiT, A3epbaiikan
TelL.: 99418 — 6420075, 99412 — 4976038
¢axc: 99418 — 6420400

e-mail: ipoma@science.az

PYCTAOB Pydar Ampad ormasl

WHCTUTYT HEPTEXMMHUYIESCKHX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanneBa
HammonansHott Axkagemun Hayk Azepbaiimkana
Baky, np. Xomxansl, 30

Az 1025, baky, AzepOaiimxan

Ten.: 99412-4902476

(akc: 99412-49023520

e-mail: rufatl 3@mail.ru

CAJIMEBA Ha3uas @eiipy3 KbI3bl

WHcTuTyT HEPTEXMMUYIECKUX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanueBa

HaunonansHoit Akanemun Hayk AzepOaiimkana

Baxy, np. Xomxansl, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CAJIBIT'OB Omap A6ayparum orisl

HHeTUTYT He(hTEXUMHYECKHUX IPOLIECCOB

uM. akagemuka 10.I'. Mamenanuesa

HaunonansHolt Akanemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

Az 1025, baky, AzepOaiimkan

Tein.: 99412-4902476

¢axc: 99412-49023520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CAJIBIXOB Kamua Ucmani orisl

MNuctutyt Xumuu Ipucanox

nM. akanemuka A.M. Kynuesa

Hammmonanenoit Akagemnu Hayk AszepOaiimkana
Bbaky, mocce borokmop, kBaptan 2062

AZ 1029,baky, AzepOaiimxan

Ten.: 99412 — 5149612, 99412 — 5149651

¢axc: 99412 — 5149653



CAJIBIXOBA YabBus JJbaap Kbi3bl

NHCTUTYT HEPTEXUMHUYECKHX IPOLIECCOB

nMm. akagemuka O.I'. MamenanneBa

HammonansHo#t Axkanemun Hayk Azepbaiimkana

Baky, np. Xomxkaisl, 30

Az 1025, baky, AzepOaitmkan

Ten.: 99412-4902476

taxc: 99412-49023520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CAZIBIXOBA Damupa U6parumM Kbi3bl

WHCTHTYT He(DTEXUMHUYECKHX TIPOLIECCOB

nM. akagemuka HO.I'. MamenanneBa

HammonansHo#t Axkanemun Hayk Asepbaiimkana

Baky, mp. Xomxansl, 30

Az 1025, baky, AzepOaiimxan

Ten.: 99412-4902476

daxc: 99412-49023520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CAJIAEBA 3axpa Yepke3 KbI3bl
Hayuno — uccnenoBarenbckuii u
MIPOM3BO/ICTBEHHBIH HIEHTp «Onedun»
baky, yi. H. Paduesa 29

AZ 1025, baky, AzepOaiimkan

Teit.: 99412 — 4905864

¢akc: 99412 — 4904797

e-mail: HeidarElmir@mail.ru

CAJIAMOBA Hapru3s BaJjiex KbI3bl

HHeTHTYT He(hTEXUMHYECKHX IPOLIECCOB

uM. akajgemuka F0.I'. Mamenanuera

Hanumonansnoit Akagemun Hayk Azepbaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, AzepOaiimkan

Tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CAJIAXOB Mycraga Cartrap orJisl
Hucrutyt [HonumepHsix Marepuaion
CywraitsrT, yi. C. Bypryna,124

AZ 5004, Cymraiibi, A3epOaiipkan
ten.: 99418 — 6420075, 99412 — 4976038
¢axc: 99418 — 6420400

e-mail: salahoy jmustafa@mail.ru

CAJIMAHOBA Ynmna3s I'agap KbI3b1

WHcTtuTyT HEpTEXMMHUYECKUX TIPOLIECCOB

uM. akagemuka FO.I'. Mamenanuesa

Hammmonanenoit Axagemun Hayk AsepOaiimkana

Baky, np. Xomxanst, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

taxc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az
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CAPJAPJIbI Apat Magat KbI3bl

Wucturyr Xumunaeckux [Ipodiem

uM. M.®. HarueBa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, baky, Azep0baiimkan

Hammonansnott Axkagemun Hayk AzepOaiimkana
Teir.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

CADAPAJIMEBA ®apxyuniaa Jlagam Kbi3bl
HayuHo — uccnenoBaTeabCKuil 1
TPOHU3BOCTBEHHBIN IIEHTP «Oehum»

Baky, yn. H. Paduesa 29

AZ 1025, baky, Azepbaiimkan

Ten.: 99412 — 4905864

(bakc: 99412 — 4904797

e-mail: HeidarElmir@mail.ru

CEUAOB Hagup Mupudparum orJjibl

HHCcTUTYT HEPTEXUMHUIECKUX TIPOIIECCOB

nM. akagemuka 1O.I'. MamenanneBa

Hammmonanenot Akagemuu Hayk AszepOaiimkana

baky, mp. Xomxkaisl, 30

A3 1025, baky, Azepbaiimxan

tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CHUHUMIUH Cepreii AnekcanapoBuy
000 «UTL "TexmpoekT»

yi1. 'maBMoccTpos, noM 22A

119618 Mocksa

Poccus

Ten.: +7(495) 363-45-42

e-mail: sergeysinit@rambler.ru

CKOPHHUKOBA Cgeri1ana AjpanacbeBHa
WpkyTckuil rocyJapCTBEHHBIN TEXHUYECKUH
YHHBEPCHUTET

yi. JlepmoHTOBa, 83

664074 NpkyTtck

Poccus

ten.: 8-(3952)-40-57-43

e-mail: zeolite@mail.ru

CMOJIMKOB Muxaua JIMmutpueBny
WuctutyT npobiem nepepaboTku
yraesogoponoB CO PAH

yi. HedrezaBonckas, 54

644040 Omck

Poccus

ten.: +7(381-2) 67-04-50

¢axc: +7(381-2) 64-61-56

e-mail: smolikov@ihcp.oscsbras.ru



CITUPUIOHOB Anekceii AjekceeBUY
WuctutyT kartammza um. I'.K. BopeckoBa CO PAH
npocn. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

ten.: +7(383) 330-82-69

¢axc: +7(383) 330-80-56

e-mail: spiridonov(@catalysis.ru

CTAPUKOB Poman BuktopoBuu

HHeTuTyT HEQTEXMMUYECKHUX TTPOLIECCOB

nM. akagemuka HO.I'. MamenanneBa

Hammmonanenoii Akagemun Hayk AszepOaiimkana

Baky, np. Xomxkaisl, 30

A3 1025, Baky, Azepbaiimkan

Teit.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

CTAPHEBA Jlrogmuna SIkoBjieBHA

Wucturyt xatanuza uM. I'.K. bopeckosa CO PAH
npocn. Akagemuka JlaBpeHTheBa, 5

630090 HoBocubupck

Poccus

+7(383) 330-82-69

+7(383) 330-80-56

e-mail: star@catalysis.ru

CTOPOXEHKO IlaBen ApkagbeBud
l'ocynapcTBeHHbIN HayuHbIH HeHTp PO
DenepanbHOE TOCYIapCTBEHHOE YHUTApHOE
npeanpusaTue «I'ocy1apcTBEHHbIN OpAcHA
Tpynosoro Kpacunoro 3namenu
Hay‘IHO-I/ICCHeI[OBaTeHBCKI/Iﬁ HWHCTUTYT XUMHUU U
TEXHOJIOTUU 3JIEMEHTOOPTaHUYECKUX COETUHEHUI
Mocksa

Poccus

e-mail: chteos@yandex.ru

CYJITAHOBA I'tonbHapa J{ixaMui KbI3bl
Azepbarimkanckas ['ocymapcTBeHHAS
Hedranas Axagemus

Baky, np. Azamreir,20

AZ1010, baky, AzepOaitmxan

Ten.: 99412 — 4934557

(bakc: 99412 — 5982941

e-mail: asoa.rector@yahoo.com

TAT'UEB [{uaram ba6up orusl

WHcTuTyT HEPTEXMMHUYECKUX TTPOLIECCOB

uM. akanemuka l0.I'. Mamenanuesa

Hammonanenott Axagemun Hayk AzepOaiimkana

Baky, np. Xomxanst, 30

Az 1025, Baky, Azepbaiimxan

Tein.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az
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TATUEBA Ilaxja @UpyAuH KbI3bl

WHcTuTyT HEPTEXMMUYECKUX TTPOLIECCOB

nM. akagemuka FO0.I'. Mamenanuesa

HannonaneHoit Axanemun Hayk AzepOaiimkana

Baxy, np. Xomxansl, 30

A3 1025, Baky, Azepbaiimxan

tei.: 99412-4902476

¢axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

TAJBILINHCKHWM Pamnn MycaeBuu
HHCTUTYT HEPTEXMMHUIECKOTO CHHTE3a
uM. A.B. Tormunesa PAH

Mocksa

Poccus

e-mail: talyshinsky@list.ru

TAPXAHOBA Hpuna I'ennajaueBHa
Mocksa

Poccus

e-mail: itar msu@mail.ru

TOJIOYKO Bopuc Ilerpopny
VHCTHTYT XMMHH TBEPIOTO TeJa U
mexanoxumuu CO PAH

yi. Kyratenamze, a. 18

630128 HoBocubupck

Poccus

ten.: +7(383) 332-86-83

¢axc: +7(383) 332-28-47

e-mail: tolochko@inp.nsk.su

TPUINOJbCKUN Anpapeit UkkneBny
WuctutyT hmzndeckoit xumun [1rcapskeBcKoro
Kues

VYkpauHa

e-mail: atripolski@gmail.com

DATYJIVIAEB Akug Asaxsepan orJbl
HUWU Aspokocmuueckoit napopmannn HAKA
baky, yin. P. Mamenosa, 25

AZ 1123, baky, Azep0aifxan

Tei.: 99412 — 5710391

DATYJJIAEB Camup Aku oriasl

HUWUM Aspokxocmuueckoit nnpopmannn HAKA
Baky, yn. P. Mamenosa, 25

AZ 1123, baky, Azepbaiipkan

Tein.: 99412 — 5710391

XABUBOBA Anma3 I'yapert KbI3bl
Azep0aiimkanckas ['ocymapcTBeHHas
Hedranas Axagemus

Baky, np. Azamieir,20

AZ1010, baky, AzepOaitmxan

Ten.: 99412 — 4934557

(bakc: 99412 — 5982941

e-mail: asoa.rector@yahoo.com



XAPJAMIINMA XapaaMnuii IBKIUA0OBUY
Kazanckuii rocy1apCcTBEHHBIN TEXHOJIOTHYECKUI
YHHUBEPCHUTET

yi. K. Mapkca, 68

420015 Kazanb

Poccus

Ten.: +7 (843) 231-42-16

(axc: +7 (843) 238-56-94

e-mail: kharlampidi@kstu.ru

XEHAPOMAPTOHO
Azepbaiimkanckas ['ocymapcTBeHHas
Hedrsnas Axkagemus

Baky, np. Azamieir,20

AZ1010, baky, AzepOaiimxan

Ten.: 99412 — 4934557

(hakc: 99412 — 5982941

e-mail: ihm@adna.baku.az

XPAMEEBA Hunenas IlaBioBHa
Poccuiickas sxoHoMu4ueckas akageMus
uM. ".B. Ilnexanoa

MockBa

Poccus

e-mail: okasai@yandex.ru

HOBITAHEHKO Augekceii AjekceeBUY
Cankr-IlerepOyprckuii TocyaapcTBeHHBIN
YHUBEPCHUTET

Cankr-IlerepOypr

Poccus

e-mail: tsyg@photonics.phys.spbu.ru

IMAKYHOBA Hunean BaaguciaBoBHa
Hucrurytr Xumuueckux [Ipobiem

uM. M.®. Haruesa

Baky, np. I'. I>xaBuna, 29

AZ 1143, baxy, AzepOaiimKkan

Harmonanehoii Akagemuun Hayk AszepOaiimkana
Tein.: 99412 — 4393871

thakc: 99412 — 5108593

e-mail: chem@science.az

IMAXTAXTHUHCKAS Ilepu TypadxaH KbI3bI
Cywmraiisitckuii ['ocymapcTBeHHBIH YHUBEPCHTET
CyMraiisIT, KBapTai, 43
AZ 5008, CywmraiibiT, A3epOaiimxan
Teit.: 99418 — 6448901, 99418 — 6420270,
99418 — 4978062
taxc: 99418 — 6420270
e-mail: sdu@sdu.az
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IMAXTAXTHHCKHWM Torpya Heiimat oriisi
Wuctutyr Xumuaeckux [Ipobiaem

M. M.®. Haruesa

Baky, np. I'. I>xaBuna, 29

AZ 1143, baky, AzepOaiimxan

Hammmonanenoit Akagemnn Hayk AszepOaiimkana
Ten.: 99412 — 4393871

¢axkc: 99412 — 5108593

e-mail: chem@science.az

INEAHWUH Buktop Epumonuu

Hucrurytr Xumuueckux [Ipobiem

uM. M.®. Haruesa

Baky, np. I'. I>xaBuna, 29

AZ 1143, baky, Azep0aiipkan

Hammonanehoi Akagemuu Hayk AszepOaiimkana
Tein.: 99412 — 4393871

thakc: 99412 — 5108593

e-mail: chem@science.az

HEIIKO Tatbsina ®enqopoBHa
Poccuiickuii yHUBEpCUTET APYKOBI HAPOIOB
yi1. Mukiyxo-Makinas 1. 6

117198 Mocksa

Poccus

e-mail: sheshko@bk.ru

INNJINHA Mapuna MibuHUYHA
MocKkoBCKuUil rocy1apCTBEHHbBIN YHUBEPCUTET
nmenu M.B. JlomoHOCOBa,

XUMHUYECKHH (aKyIbTeT

Mocksa

Poccus

e-mail: mish@kinet.chem.msu.ru

MNXJINHCKAS Tapana AMHP KbI3bI
Hucturyt Xumnyeckux [Ipobiem

uM. M.®. Haruesa

Baky, mp. I'. [I)xaBuna, 29

AZ 1143, baky, AzepOaiimkan

HarnmonansHoit Akanemun Hayk AsepOaiimkaHa
Ten.: 99412 — 4393871

daxc: 99412 — 5108593

e-mail: chem@science.az

IEAPUHA JIuausa Aib0epToBHA
KypHaII «Mup HEQTEnpOIyKTOBY
Mocksa

Poccus

e-mail: afan33@rambler.ru

I®EH/IU Apud :xaBaHIINpP OIJIbI
Wucturyt Xummyeckux [Ipobiem

nM. M.®. Haruesa

Baky, np. I'. JI>xaBuna, 29

AZ 1143, Baky, AzepOaiikan

HanmonansHot Axkagemun Hayk AsepOaiimkana
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: itpcht@itpcht.ab.az



I9PEHJINEB Menxun Pamu3s orJibl
WuctutyT Xummdeckux [Ipobiaem

uM. M.®. Haruesa

Baky, mp. I'. [IxaBuna, 29

AZ 1143, baky, Azep0aiimkaH

HarmonansHo# Akanemun Hayk AsepOaiimkaHa
Ten.: 99412 — 4393871

¢axc: 99412 — 5108593

e-mail: chem@science.az

IOOEHINEBA Ha3ujst XeldpaaauH KbI3bl

WHCTNTYT HEPTEXMMHIECKUX TIPOLIECCOB

nM. akanemuka [O.I'. MamenanueBa

Harmmmonanenoit Akagemuu Hayk AsepOaiimpkana

Baky, mp. Xomxkaisl, 30

A3 1025, baky, Azepbaiimkan

Tei.: 99412-4902476

(axc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

3K0BOBA Xaaumka Taxup KbI3bl

WHCTUTYT HEPTEXUMHUESCKUX TIPOIIECCOB

nM. akagemuka O.I'. MamenanueBa

Hammmonanenoii Akagemun Hayk AszepOaiimkana

Baky, np. Xomxansl, 30

A3 1025, Baky, Azepbaiimkan

Ten.: 99412-4902476

thakc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

IOHYCOB Mupaxmap Ilynarosnu
VY36ekckuit xumuko-papmanesruaeckuii HUU
TamxenT

V30exucTan

e-mail: myunusov_uz@rambler.ru

IOHYCOB Caxu6 I'a:ku orJibl

WHcTuTyT HETEXUMUUIECKUX MPOIIECCOB

nM. akagemuka HO.I'. MamenanneBa

HammonansHott Axkanemun Hayk AzepOaiimkana

Baky, np. Xomxansl, 30

Az 1025, baky, Azepbaiimkan

TelL: 99412-4902476

daxkc: 99412-4903520

e-mail: azmea nkpi@box.az;
anipcp@dcacs.science.az

FOXHWH KOpuii MuxaiijoBuy
WHcTutyT XMMHUK TBEPIOTO TeNa U
Mexanoxumuu CO PAH
Hoocubupck

Poccus

e-mail: yukhin@solid.nsc.ru
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SIKMMEHKO Oxcana
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