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SIZE EFFECTS IN COMBUSTION OF HYDROCARBONS AND CO OVER SUPPORTED
METAL CATALYSTS FOR ABATEMENT OF CAR EXHAUSTS

V... Bukhtiyarov', A.Yu. Stakheev?

"Boreskov Institute of Catalysis, SB RAS, Novosibirsk, Russia
2Zelinsky Institute of Organic Chemistry, RAS, Moscow, Russia

Understanding why activity, expressed as a turnover frequency, depends upon
the particle size of a catalytically active metal has been an area of considerable
study in supported metal catalysis. This problem is not only of fundamental, but
also of practical interest, since its elucidation allows one to regulate the properties
of metal nanoparticles and to synthesize supported metal catalysts with improved
performance. Particular importance of this direction of science and technology has
for development of competitive catalysts which use expensive Pt-group metals as
active component.

Literature and own recent data in this field allows us to conclude that systematic
study of the size effects and their practical application is impossible without:

1) development of the methods for reproducible synthesis of the supported metal
particles with variation of the mean particle size in nanometer scale (1-10 nm),
but with homogeneous size distribution for each specific size;

2) application of the fool-proof methods for characterization of nanosized particles
and determination of their size distribution;

3) testing the catalytic properties and comparison of the TOF values depending on
the mean particle size;

4) investigation of electronic, structural and adsorption properties of the nanosized
metal particles with the aim to understand the reasons of the size effects.

The results of investigations of the size effects in oxidation of alkanes over
Pt/Al,O; and Pd/Al,O; catalysts and low temperature CO oxidation over Au/Al,O3
catalysts presented in this report illustrate this affirmation.

A series of supported metal catalysts with narrow particle size distributions
were prepared by incipient wetness impregnation (Pt/Al,O;, Pd/Al,O; and
Au/Al,O3), by deposition-precipitation and chemical vapor deposition (Au/Al,O3).
The catalysts were used both for catalytic testing and for physical-chemical
characterization with UV-Vis spectroscopy, XRD, XPS, SAXS, EXAFS, XANES and

TEM. It has been shown that the optimal size of the metallic nanoparticles for each
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specific reactions depends on the nature of the oxidized molecules, peculiarities of
metal-support interaction and reaction conditions. Practical result of the study is a
possibility to improve essentially the performance of the catalysts and/or to
decrease (up to few times) of loading the Pt-group metals via optimization of the

mean sizes of active metal nanoparticles.
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RESEARCH AND DEVELOPMENT OF SOFC AT DICP
Mojie Cheng'?

'Fuel cell Department, National Laboratory for Clean Energy
2Dalian Institute of Chemical Physics, Chinese Academy of Sciences
E-mail: mjcheng@dicp.ac.cn

Solid oxide fuel cell is one of most promising technologies for the high efficient
and clean conversion of chemical energy into electricity in the centralized and
distributed generations. Started from 1990, the research and development on solid
oxide fuel cells (SOFC) at DICP has experienced with two periods, fundamental
research in the first ten years and research on key technologies in the second ten
years. These experiences including understanding of electrochemical phenomena
of electrode materials, electrodes and cells, and practices of various technologies
for the fabrication cells, construct a solid basis for the research and development.
Now, the research and development of SOFC at DICP is getting into a period of
system integration. The presentation will summarize what we have done in the past

and looks into the future.



FUNCTIONAL IONIC LIQUID: A HIGHLY EFFECTIVE CATALYST FOR SYNTHESIS OF
CYCLIC CARBONATES
Linfei Xiao, Wei Wu
Key Laboratory of Chemical Engineering Process & Technology for High-efficiency
Conversion, College of Heilongjiang Province (Heilongjiang University),
School of Chemistry and Material Sciences, Heilongjiang University,
Harbin 150080, P. R. China

Carbon dioxide is the most abundant waste produced by human activities and
is one of the most important greenhouse gases. As a C1 resource, however, CO; is
recognized to be naturally abundant, inexpensive, recyclable, and nontoxic source
[1]. Under these circumstances, chemical fixation of CO, has become more
important for both the ecological and economic advantage. The reaction of coupling
carbon dioxide and epoxides to generate five-membered cyclic carbonates is one of
the most promising route for the utilization of CO, as a C1 building block in organic
synthesis [2]. Significantly, cyclic carbonates can be used in many application areas
such as solvents, monomers, valuable raw materials and intermediates in the
production of pharmaceuticals and fine chemicals [3].

In the last decades, various homogeneous and heterogeneous catalysts have
been developed for the coupling of carbon dioxide and epoxides[4], such as alkali
metal salts, metal oxides, transition-metal complexes, supported choline chloride/urea,
N-heterocyclic carbenes, polyoxometalate, ion-exchange resins, zeolites, and ionic
liquid. Although many catalytic systems have been reported, the development of more
efficient catalysts for the synthesis of cyclic carbonates from the reaction of carbon
dioxide and epoxides under mild conditions is still an interesting topic.

Recently, the functional ionic ligiuds have received attention in the synthesis of
cyclic carbonates from carbon dioxide and epoxides. Our group have designed and
synthesis carboxyl functional ionic liquids[5], it showed the high catalytic activity in the
synthesis of cyclic carbonates. In oreder to achieve the separation and chemical fixation
carbon dioxide, our group synthesized the amiono functional ionic liquids (Fig. 1).
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Fig. 1. Amino functional ionic liquid
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The catalytic ctivity of amino functional ionic liquids was investigated in the

reaction of carbon dioxide and propylene, and the resuls were shown in Table 1.

Table 1. The reaction result of different ionic liquids on synthesis of propylene

carbonate®®
o . o (0]
co, + Functional ionic liquids OJ\O
R >~/
R
Entry lonic liquid Yield™(%)
1 APMImCI 43.3
2 APMImBr 88.4
3 APMImI 97.2
4 APTEACI 58.3

[a] Reaction conditions: ionic liquid 71.45 mmol, propylene epoxide 5 mL, reaction
pressure1.5 MPa, reaction temperature 120 C. reaction time 1.5h.
[b] The selectivity of propylene carbonate was more than 98%.

From the Table 1, it can be seen that the catalytic activity was slightly affected
by the structure of cation in ionic liquid, but the species of anion was the key role in
this reaction. When chloride as the anion, the catalytic activity of ionic liquid was
bad, the CI" was replaced by I, the catalytic activity of ionic liquid was excellent and
the yield of propylene carbonate was achieved at 97.2% in the presence of

1-aminopropyl-3-methylimidazolium iodide (Table 1).
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DESIGNED SYNTHESIS AND APPLICATION OF CRYSTALLINE CARBON-BASED
MATERIALS

Honggang Fu*, Chungui Tian, Lei Wang, Ruihong Wang, Jun Yang

Key Laboratory of Functional Inorganic Material Chemistry, Ministry of Education of the
People’s Republic of China, Heilongjiang UniVersity, Harbin 150080, People’s Republic of
China, E-mail: fuhg@uvip.sina.com

Carbon has played a vital role throughout the development of human society.
The microstructures of the carbon materials have essential effect on their
performance and applications. We have performed our work mainly in three
aspects. First, based on the group-interaction principle, we have developed a
effective method for the synthesis of various carbons and carbon based
composites, in which the cheap polymer, biomass and some agricultural residues
with certain organic groups were selected as carbon source. The carbon capsules,
belts and plates with good crystalline were easily obtained by tuning the types and
numbers of groups in resin and their complex mode with metal ions [1]. When we
selected the glucose as carbon source, the carbon capsule and nanobelts was
formed followed similar procedure. In addition, by introducing the ferrous gluconate
in the hydrothermal carbonization of glucose, the magnetic components can also be
distributed in whole carbon spheres [2], and the magnetic-graphitic carbon (hollow)
microspheres [3] can be obtained. Interestingly, graphene with few-defect, high
conductivity have been prepared through “in-situ” self-generating template route by
tuning the types and numbers of groups in carbon source [4]. We have also
prepared carbide/carbon composites through the “in-situ simultaneous” route. In
detail, the carbide (WC, V;Cg) /carbon composites could be prepared by using resin
[5], chitoson [6] and foxtail [7] as carbon source. Compared with traditional
synthesis methods for carbide/Carbon, the in-situ simultaneous route has obvious
virtue of simple handle, low-temperature process and smaller size of carbide (below
10 nm) than conventional methods, and was well contact with carbon components
due to the unique preparation process.

The Pt (Pd) oading on carbon is state of the art catalysts for many fields. We
have developed several effective methods to load the metal NPs with small size
and good dispersion on our-prepared carbon support. By adopting an effective

separated step chemical reduction route, the Pd particles with small size (about
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2nm) and good dispersion were successfully loaded on the GO-derived graphene
[8]. In addition, through the simple galvanic displacement process between Pd ion
and Cu template [9], and taking the reducing ability oxygenated groups of graphene
obtained by in-situ simultaneous route, the small-size and high dispersed Pd
particles could also be loaded on the graphene with good conductivity [10]. These
Pd/graphene composites have showed good catalytic activity and stability toward
formic acid electro-oxidation. Notably, Pt-WC/crystalline carbon composites
displayed higher activity and stability toward menthol electro-oxidation reaction [5-
7]. By using graphene as support, the WC with small size below 5nm has been
formed. Electrochemistry tests show that the contacting Pt-WC nanostructures on
graphene have the superior CO tolerance, high catalytic activity and durability to
methanol oxidation, with a mass activity of 1.98 and 4.52 times to those of
commercial PtRu/C and Pt/C catalysts, respectively [11].

Final aspect of our work has been focused on the designed synthesis and
application of plate-structure carbon materials. Expanded graphite (EG) can be
produced from graphite by simple chemical treatment. EG could not only keep the
excellent conductivity and layer-shape structure of graphite but also overcome
some defects of natural graphite. This special expansion structure is more helpful
for the occurrence of quenching cracks, which result in the complete exfoliation of
graphite layers and the formation of graphenes through a hydrazine hydrate or
concentrated ammonia assisted quenching method [12]. As a nanoparticles or
polymer was used as inserting agent under special conditions, the
polymer/Graphene and mesoporous carbon/graphene and oxide/graphene [13] can
be obtained followed this idea. The doping of the plate-like carbon and their
composite with other functional materials has showed good performance for

photocatalytic and storage-energy fields.
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CATALYSIS IN THE INTERMEDIATE TEMPERATURE SOLID OXIDE FUEL CELLS:
DESIGN AND PERFORMANCE OF NANOCOMPOSITE CATHODE AND ANODE
MATERIALS

Vladislav Sadykov'?, Natalia Mezentseva'?, Vladimir Usoltsev',
Nikita Eremeev’, Vitalii Muzykantov', Vladimir Pelipenko’

"Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia,
sadykov@catalysis.ru
2Novosibirsk State University, Novosibirsk, 630090, Russia

Solid oxide fuel cells (SOFC) are the most efficient, promising and environment
friendly power generators especially for such applications as distributed energy
supply, mobile and emergency power sources. As fuel, they can use not only
hydrogen but syngas as well as hydrocarbons and biofuels in the internal reforming
mode. Priority task in their design is decreasing the working temperatures to 600-
800 °C which allows to improve performance stability by suppressing undesirable
solid state reactions and decrease cost by using inexpensive construction
materials. Approaches used to deal with this task include design of new solid
electrolytes with enhanced ionic conductivity, decreasing thickness of electrolyte,
development of new cathode and anode materials compatible with solid electrolytes
and possessing high catalytic activity and oxygen mobility in the intermediate
temperature (IT) range. In this presentation, results of research aimed at design of
efficient nanocomposite cathode and anode materials [1-6] are reviewed.

For cathode materials -complex oxides with perovskite Ln4,Sr(Bi)\MeO; or
Ruddlesden-Popper (R-P) Ln,MeO, (Ln =La, Pr; Me= Mn, Co, Ni, Fe, Cu etc)
structure and their nanocomposites with solid electrolytes (Zr-Y-O, Ce-Gd-O, doped
La silicate with apatite structure) kinetics and mechanism of O, activation and oxide
ions diffusion in solids were studied by oxygen isotope heteroexchange,
impedance spectroscopy and conductivity/weight relaxation  after step-wise
changing pO,. Dependence of the specific rate and mechanism of heteroexchange
on the type of transition metal cation, Me-O bond strength and real/defect structure
of the surface and bulk of oxide was elucidated. The highest rate of oxide-ions
diffusion was found for oxides with R-P structure due to a low barrier for oxygen
interstitials migration via ca ooperative mechanism. Redistribution of transition
metal cations between perovskite and electrolyte domains generates new highly
active sites of O, dissociation. Perovskite-electrolytes interface provides a channel
for fast oxygen migration with diffusion coefficients exceeding by up to 6 orders of
magnitudes those within electrolyte domains.

Nanocomposite anode materials comprised of NiO-YSZ co-promoted by
fluorite-like Ln-Ce-Zr-O, (Ln = Pr, La, Sm) or perovskite-like La-Pr-Mn-Cr-O oxides
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with a high oxygen mobility and Pt, Pd, Ru were designed and studied in reactions
of methane and biofuels (ethanol, acetone) steam/autothermal reforming . Their
composition and synthesis procedures were optimized and  main kinetic
parameters of catalytic processes were estimated including those for structured
catalysts on heat-conducting substrates made of deformation strengthened Ni-Al
foam alloy. Optimized systems provide a high efficiency of fuels transformation into
syngas and coking stability in the IT range (600-700 °C) at a low steam/carbon
ratio (1-2) at short contact times. Optimized nanocomposite cathode and anode
materials ensure a high and stable power density of thin film SOFC in the IT range
(up to 800 mW/cm? at 700 °C) using both wet H, or CH; + H,O feeds in the
internal reforming mode (S/C =2). Kinetic analysis revealed that under anode
polarization, nanocomposite anode materials provide not only efficient CH, steam
reforming but also oxidation of a part of CH, via direct electrochemical route..
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ASYMMETRIC CATALYSIS IN NANOREACTOR

Qihua Yang, Can Li

State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics
Chinese Academy of Sciences, Dalian 116023 China

Heterogeneous chiral catalysts, mostly solid catalysts possess inherent
features of practical advantages for industrial processes, such as simple separation
and reuse of chiral catalysts, easy purification of products, and convenient
operation processes. Therefore heterogeneous asymmetric catalysis is becoming a
fascinating area for both the academic research and the commercial applications.
However, the activity and enantioselectivity of most chiral solids is not high which
impedes the practical applications of heterogeneous asymmetric catalysis.

Recently, the novel chiral porous materials, the chiral periodic mesoporous
organosilicas, were synthesized by our group and these materials show application
potentials in heterogeneous asymmetric catalysis [1]. Moreover, our group
developed an efficient method for the preparation of nanoreactors for asymmetric
catalysis by encapsulating transition metal complexes in the nanocage of
mesoporous silicas (Scheme 1) [2-5]. For example, chiral [Co(Salen)] complexes
have been confined in the nanocage of SBA-16 by reducing the pore entrance size
through a silylation method, resulting in a solid catalyst for the hydrolytic kinetic
resolution (HKR) of epoxides. It was found that the activity of the solid catalysts
increased with the number of [Co(Salen)] molecules per nanocage increasing, and
the solid catalyst with more than two chiral [Co(Salen)] molecules in one nanocage
of SBA-16 exhibits much higher activity and enantioselectivity than the
homogeneous [Co(Salen)] catalyst in the HKR of epoxides at low substrate/catalyst
ratio. The significantly improved activity of the solid catalyst is due to a high local
concentration of [Co(Salen)] in nanospace because of the enhanced cooperative
activation effect of [Co(Salen)] molecules. This work provides a new opportunity for
the design of efficient solid catalysts for the asymmetric reactions as well as many
other reactions, which involve cooperative activation by separate catalytic centers

or second-order kinetic dependence on the local concentration of catalysts.
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Scheme 1. General process for encapsulating molecular catalysts into the nanocages of
mesoporous silicas and the chemical reactions in the nanoreactor catalyzed by the
encapsulated molecular catalysts.
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THE COMPARISON OF CoMoS AND NiMoS CATALYSTS
IN HDO OF ALIPHATIC ETHERS AND RAPESEED OIL

LV. Deliy"?, E.N. Vlasova', A.L. Nuzhdin', P.V. Aleksandrov’,
G.A. Bukhtiyarova'

"Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia, deljj@catalysis.ru
2Novosibirsk State University, Novosibirsk, Russia

HDO is considered as important commercial rout for producing of distillate
range bio-fuels from triglyceride-based feed-stocks such as vegetable oils, animal
fats etc. The promising strategies to produce hydrocarbons with the required
technical and environmental fuel standards could be the hydrodeoxygenation
(HDO) of triglycerides alone [1] or the co-hydrotreatment of triglycerides with
petroleum fractions [2]. In both cases the typical HDT catalysts, like CoMoS/y-Al,O3
and NiMoS/y-Al,O3, can be used. The HDO selectivity (trough the H,O or CO/CO, removal)
is a crucial factor for the process design and operation.

The aim of the present work is a comparison of selectivity of aliphatic methyl
ethers (methyl heptanoate and methyl palmitate) transformation as the model
compound on the sulfided CoMo/y-Al,O3 and NiMo/y-Al,O5; and the validation of the
obtained results in the hydroconversion process of the rapeseed 0il/SRGO blend.

The HDO of methyl heptanoate and methyl palmitate were performed in a batch
reactor at 300°C and hydrogen pressure 35 bars over CoMoS/y-Al,O; and
NiMoS/y-Al,O3 (0,14-0,25 mm particle size). The catalytic properties in HDO of the
rapeseed oil/SRGO blend was evaluated in trikle-bed down-flow reactor at
340-360°C and 4.0-7.0 MPa of hydrogen using the full-size granule of catalysts (the
trilobes with the [1=3-5mm, d ~1,2 mm). The hydrogen flow rate was
150-250 mL/min, and the organic phase was introduced at a rate of 15 mL-h™",
corresponding to a space velocity of 1.5 h™ (WHSV). The reaction products were
identified by GC/MS technique (Agilent Technologies 7000 GC/MS Triple QQQ GC
System 7890A) using HP-5MS quartz capillary column (30mx0.25mm) and
quantified by gas chromatography system (Agilent 6890N) equipped with HP-1MS
column (60mx0.32mmx0.25um) and atomic emission detector (GC-AED). The total
oxygen content in the reaction mixture was determined using CHNSO elemental
analyzer Vario EL Cube (“Elementar”, Germany). For monitoring of H,O content
produced in the reaction mixture the coulometric Karl Fischer titration (coulometer
DL39 KF, Mettler Toledo GmbH) was used.
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Methyl heptanoate has been usually used as model compound to investigation
of fatty acid methyl esters HDO over conventional sulfided catalysts [3], whereas
the major components of vegetable oils possess the more lengthy carbon chain.
We observed that the initial HDO rate of methyl heptanoate was about two times
higher than the initial HDO rate for methyl palmitate, but the HDO product
distribution is similar. It was stated that methyl palmitate completely transformed
into Cys and C4 hydrocarbons through the formation of oxygen- and sulfur-
containing intermediate compounds, the tentative reaction scheme of methyl
palmitate transformation was considered. The main product of HDO of methyl
palmitate obtained over CoMoS/y-Al,O; catalyst was hexadecane whereas
pentadecane is preferably formed over NiMoS/y-Al,O3 catalyst, pointing out to the
different reaction routes of methyl palmitate conversion (hydrodeoxygenation
versus decarboxylation). It was shown also that the activity of the CoMo/y-Al,O3
and NiMo/y-Al,O; catalysts in methyl palmitate HDO in the presence of different
solvents decreases in order: n-Tetradecane > HTDF = m-Xylene. Decrease the
catalytic activity of the catalysts in methyl palmitate HDO in the presence of
m-xylene or HTDF, containing appreciable quantities of aromatic compounds,
testify the inhibition of some reaction stage by the aromatic components. The
solvent possess the complicate effect on the reaction products distribution, as the
ring alkylation products of benzene had been found in the reaction mixture during
methyl palmitate HDO over CoMol/y-Al,O; and NiMo/y-Al,O; catalysts in the
presence of m-xylene.

The same dependence was obtained in the case of rapeseed oil
hydroprocessing: CoMoS/y-Al,O3 catalysts promote the direct HDO route, when
NiMoS/y-Al,O3 catalysts essentially enable to the decarbonylation/decarboxylation
transformation. The effects of reaction temperature, hydrogen pressure and the
ratio of H, to feed on the routs of rapeseed oil HDO were investigated. It was
obtained that the increase of the reaction temperature from 340 to 360°C results in
the decrease of the HDO route selectivity, whereas with H, pressure growth from
40 to 70 bar a higher HDO selectivity was obtained. The promotion of the catalysts
with P and Mg leads to the increase of the stability and HDO selectivity of
CoMoS/y-Al,O3 catalyst.
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The HDO results of the methyl ethers and rapeseed oil are in good agreement.
CoMoP/MgOly-Al,O3 catalyst displays a better selectivity of hydrodeoxygenation
versus decarboxylation route.
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SINGLE-STAGE HYDROCONVERSION OF VEGETABLE OIL TO
ISO-ALKANES USING METAL-CONTAINING SAPO-31 CATALYST

A.E. Rubanov, M.Yu. Smirnova, 0O.V. Kikhtyanin, and G.V. Echevsky
Boreskov Institute of Catalysis SB RAS, Lavrentiev Ave., 5, 630090 Novosibirsk, Russia

In the past 10 years, the importance of biofuels has increased, and this
tendency is expected to continue. Usually, the production of diesel fuel from
vegetable oil (triglycerides of carbonic acids) is performed in two stages. On the
first stage, the process over conventional hydrotreating catalysts gives a
deoxygenated hydrocarbon product, mostly a mixture of n-alkanes Ci5-Cqs. A
substantial drawback of such fuel is its bad low-temperature properties. To improve
them, the hydroisomerization of the n-alkanes-rich product is necessary.

We have demonstrated that Pd or Pt-containing SAPO-31 could be a
perspective catalyst for the one-stage hydroconversion of vegetable oil into the
diesel range hydrocarbon mixture with improved low-temperature properties [1, 2].
The content of n-alkanes in the reaction product can be lowered up to 10% that
corresponds to the n-alkanes content in the arctic diesel fuel. Due to the unique
properties of SAPO-31 structure, the isomerization is limited to the formation of
mono- and di-branched alkanes that have high cetane number and good cold-flow
properties.

Unfortunately, the hydrogenation and isomerization activity of the Me/SAPO-31
catalysts declines with time on stream. To find out the reasons of deactivation, the
physico-chemical properties of fresh and spent catalysts were compared. A decrease in Pt
and Pd dispersion measured by hydrogen chemosorption was observed in spent
Me/SAPO-31 catalysts. Comparing the IR-spectra of pyridine adsorbed on Pt/SAPO-31
samples before and after the reaction, we have found a detectable decrease in the
Bronsted acid sites concentration for spent samples. However, it looks doubtful that the
acid sites blocking is a primary reason of activity drop in the oil transformation, because
the partially deactivated catalyst demonstrates rather good activity in the
hydroisomerization of n-undecane. Moreover, the n-undecane treatment of the spent
catalyst restores its activity. Therefore, we have proposed that the weakening of metal
function is a primary reason for deactivation of Me/SAPO-31 catalyst during the
hydroconversion of vegetable oil. The decrease of noble metal hydrogenation activity
results in incomplete conversion of intermediate oxygen-containing products that are likely
to block acidic sites of SAPO-31.
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From this point of view, a study of influence of noble metal concentration and
conditions of oxidation treatment on Me/SAPO-31 physico-chemical properties and
their catalyst behavior is of a great importance. To examine the influence of
oxidation treatment conditions a series of 1wt% Pt/SAPO-31 samples was prepared
by wet impregnation of the microporous material with a solution of H,PtCls and
further calcination in air at different temperatures. The varying of calcination
temperature in the range of 300-450°C had no notable influence on Pt dispersion
and catalytic properties of Pt/SAPO-31 samples. The decrease in the Pt dispersion
was observed when the oxidation temperature exceeded 500°C that accompanied
by lowering of catalyst stability. The oxidation temperatures less than 300°C results
in the increasing of Pt dispersion but gives the samples with a low isomerization
activity. This fact shows that the catalytic properties of Pt/SAPO-31 samples are
determined not only the particle size but also the oxidation state of platinum.

To examine the influence of noble metal concentration a series of Pt/SAPO-31
samples with Pt loading from 0.5 to 2 wt.% was prepared. It was showed that the
increase in the Pt content leads to improvement of isomerization activity and
catalyst stability. However, it is accompanied by the decrease in selectivity toward
C15-C4g hydrocarbons because of formation of cracking products corresponding to
the hydrocarbons of gasoline fraction.

The obtained results give evidence that poor stability of Me/SAPO-31 catalyst in
the hydroconversion of vegetable oil should be considered as a main drawback of
the process. Optimization of noble metal content as well as conditions of the
samples pre-treatment and catalytic experiment is the task for future research.
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SALEN TYPE LANTHANUM (lll) COMPLEXES AS LEWIS ACID CATALYSTS FOR THE
NITROALDOL REACTION IN WATER

Guang-ming Li, Jing-Ping Li, Hua Tian

Key Laboratory of Functional Inorganic Materials Chemistry (MOE),
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Catalytic asymmetric reactions that can be performed in or on water are of
current interest, because water is cheap, safe, and unique reactivity and selectivity
are often observed when water is used as a solvent. [1] However, its use in organic
reaction processes is rather limited because many organic materials do not
dissolve in water, and therefore in most cases reactions proceed sluggishly. In
addition, many reactive intermediates and catalysts are decomposed by water. This
is the case for Lewis acid catalyzed reactions, which are of great current interest
because of the unique reactivities and selectivities they can achieve and for the
mild conditions used.

Nitroaldol (or Henry) reaction is an important carbon—carbon bond formation
reaction widely used in organic synthesis. [2] Henry reactions are usually performed
in organic solvents and only a few studies have involved water as the reaction
medium. [3] Herein, we describe a series of diamine lanthanide complexes which
can efficiently catalyze Nitroaldol reaction in water.

The target diamine ligands L4-L; could be synthesized in two steps in good
overall yield (Scheme 1). Diamine lanthanide complexes proved to be a very
efficient catalyst system that can promote the reaction of a wide range of aromatic
aldehydes to give the expected nitroalcohol products in high yields (up to 99 %)
(Figure 1). This catalyst system is very general, requires no additives for activation,
and is also simple in operation because no special precautions are taken to exclude
moisture or air from the reaction flask.
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Figure 1 Diamine-Lanthanum(lll) complexes catalyze the Nitroaldol reactions in water

References
[1] (@) C.l.

1114.

Herrer'ilas, X.Q. Yao, Z.P. Li, CJ. Li. Chem. Rev., 2007, 107, 2546;
(b) C.J. Li. Chem. Rev., 2005, 105, 3095. (c) L. Zhang, Z.G. Zha, Z-L. Zhang, Y.F. Li,
Z2.Y.Wang. Chem. Commun., 2010,46, 7196.

[2] (a) J.Y. Li, N.K. Fu, Xin Li, S.Z. Luo, J. P. Cheng. J. Org. Chem., 2010, 75, 4501; (b)
D.F. Lu, Y.F. Gong. J. Org. Chem.,. 2011, 76, 8869. (c) Q. j. Yao, Q. Gao, Z. M. A.
Judeh. Eur. J. Org. Chem., 2011, 4892.

[3] (a) R. Ballini, G. Bosica, J. Org. Chem., 1997, 62, 425; ( b) J.M. Fan, G.J. Sun,
C.F.Wan, 2.Y. Wang, Y.F. Li, Chem. Commun., 2008, 3792; (c) S. Jammi, T,
Punniyamurthy. Eur. J. Inorg. Chem., 2009, 2508; (d) G.L. Lai. F.F. Guo, Y.Q. Zheng,
Y. Fang, H.G. Song, K. Xu, S.J. Wang, Z.G. Zha, Z.Y. Wang. Chem. Eur. J., 2011, 17,

22
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Wu Wei', 0.V. Kikhtyanin?, Yajing Zhou', Rui Zhang', A.V. Toktarev?,
Linfei Xiao', G.V. Echevsky?

"Key Laboratory of Functional Inorganic Materials Chemistry, Ministry of Education,
"Key Laboratory of Chemical Engineering Process & Technology for High-efficiency
Conversion, College of Heilongjiang Province,

“2Russan Joint Laboratory for Catalysis, Heilongjiang University, Harbin 150080, China.
wuwei@hlju.edu.cn
2Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk 630090, Russia

SAPO-n molecular sieves with unidimensional pore system of average size can
be used as suitable acid support of the bifunctional catalysts for the
hydroisomerization of n-alkanes to increase the octane number of gasoline and to
improve the low temperature performance of diesel fuels and base oils [1-2]. The
unique parameters of crystal structure of these microporous materials are
responsible for high isomerization selectivity and, hence, for high yield of the target
products. On the other hand, the activity of bifunctional catalysts in the conversion
of n-alkanes is mostly determined by concentration of strong acid sites accessible
to the reactant molecules. For microporous aluminophosphates the formation of
these centers takes place as a result of isomorphous substitution of atoms of
aluminophosphate framework by atoms of modifying elements (M). At the same
time this substitution results in a change of lattice parameters, size and morphology
of obtained crystals as well as their textural properties which, in turn, may also
affect the catalytic properties of the resulting systems. Therefore, the link between
the method of preparation of aluminophosphate molecular sieves and their physico-
chemical and catalytic properties is of a great importance.

This paper presents the results of a systematic study of the effect of preparation
procedure of molecular sieves with ATO structural type on their physico-chemical
properties, as well as on catalytic properties of Pd-containing systems in the n-
decane hydroisomerization. The main guidelines of the research were as follows
(see Figure): the influence of aluminum source [3], nature and amount of a
modifying element (M = Si, Mg, Co) [3], as well as kind of template [4]; the effect of
a presence of fluoride ions in the reaction medium; the influence of heating method
of the reaction mixture [5]. All prepared samples were characterized by a complex
of physico-chemical methods: XRD, SEM, XRF, XPS, N, adsorption, NH3;-TPD, Py-
IRS, ?°Si NMR, H, chemisorption. For each research direction we have identified

23



key parameters that are more responsible for the activity of catalysts in the
n-decane conversion and their isomerization selectivity.

Subject research direction

Conventional hydrothermal synthesis Different templates

‘.' The synthesis of |
SAPO3T
molecular sieve |
Microwave irradiation synthesis )_m substitution
g g Fy SN :‘!CH

ISAPO-31 molecular sieve

Mechanism of hydroisomerization over bifunctional catalysts

As an example, for the first time the properties of SAPO-31 samples with
different Si content prepared by conventional hydrothermal synthesis has been
compared with those obtained by microwave irradiation method. According to the
293i NMR data, the two heating methods of SAPO-31 synthesis resulted in different
Si distribution in the molecular sieve framework. Microwave irradiation method
ensured more uniform Si distribution and formation of silica islands with relatively
small dimensions. It was found that the bifunctional catalysts Pd/SAPO-31
synthesized by microwave irradiation possessed comparable activity in n-decane
conversion but improved isomerization selectivity at Treac.>350°C due to smaller

grain size and appropriate acidity of MW-SAPO-31 samples.
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Direct oxidation of hydrogen sulfide:
H,S +0.5 0, = S + H,O (1)
is the most promising reaction for purification of natural and oil-associated gases for
their further use. The application of this reaction provides the following advantages:
¢ High selectivity for the formation of elemental sulfur (not lower than 98%)
¢ A continuous process with simultaneous purification of gases and production
of commercial sulfur
e Mild process conditions (the process temperature is 220-280°C) provided by
highly active catalysts.

An important advantage of the proposed engineering decision is the possibility

to construct compact units for on-site gas purification

In the Boreskov Institute of Catalysis, new processes based on direct catalytic
oxidation of hydrogen sulfide were developed [1-2]. The technology is schematically
depicted in Fig. 1.

Purified gas

Fig. 1: The technology of direct selective
oxidation of hydrogen sulfide.

H2S containing gas

Sulphur

1. Reactor with fluidized bed of spherical catalyst
2. Sulphur condenser

The technology was successfully tested in pilot scale on the largest sour gas
fields, refineries and gas processing plants in Russia [3-4]. In 2011 full scale
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industrial installation was set into continuous operation at the Bavly deposit (OJSC
“Tatneft” — company-operator) [5].

The general view of the industrial installation is presented in Fig. 2.

The Installation comprises the following main units: reactor with a fluidized bed
of catalyst (Fig. 3, shell-in-tube sulfur condenser (Fig. 4), trap for removal of fine
particles of elemental sulfur (Fig. 5), system of process computer control (Fig. 6)

Fig. 2: Industrial installation for direct . i . .
selective oxidation of H,S Fig. 3: Catalytic reactor Fig. 4: Sulfur condenser

Fig. 5: Sulfur trap

Fig. 6: Process computational control

The efficiency of hydrogen sulfide removal was proven to exceed 99%.

Since 10.05.2011 to 01.08.2012:

e 1600000 m® of purified commercial gas was produced;

e 150 tons of hydrogen sulfide were recovered as elemental sulfur;

e emission of 300 tons of sulfur dioxide and sulfuric acid to the atmosphere was
prevented;

e pollution damage for the amount of $ 0.4 million was averted.

Characteristics of the produced sulfur surpass those specified by Russian National
Standard #127.1-93 (commercial grade sulfur 9990).
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The Methanol-to-Olefins (MTO) process has been regarded as the most
successful non-petrochemical route for the production of light olefins from abundant
resources of natural gas or coal.' By the effort of the researchers of DICP since
1980s, the industial test of DMTO process with methanol feeding of 50t/d has been
sucessfully finished in 2008. Based on this work, in August, 2010, the world’ s first
commercial application of the MTO process licenced by DICP with a production
capacity of 600 000 tons of light olefins per annum, was proved to be completely
successful in Baotou, China.?

Over the past few decades, methanol-to-olefin (MTO) conversion over acidic
zeolites or zeotype molecular sieves has attracted much attention from academy
and industry. The mechanism governing the conversion of methanol molecules into
olefins within zeolite cages or channels has drawn considerable interest because of
the concern for C-C bond formation from C1 reactants.** Direct formation of a C-C
bond by C1 species derived from methanol has been proved to be energetically
unfavorable.” Alternatively, the “hydrocarbon pool” (HCP) mechanism, an
indirect pathway, avoids high energy barriers and has been consequently generally
accepted due to evidence from experimental observations and theoretical
calculations.®” The HCP mechanism indicated the organics species confined in the
zeolite and zeo-type catalysts govern the methanol conversion. In our recent study,
for the first time the observation of the confined multimethylbenzene carbenium
cations as the active intermediate was realized under real reaction condition and
the important role of this reaction intermediate for olefin formation in methanol
conversion was elucidated.® This consolidates the previously proposed
hydrocarbon pool mechanism of MTO reaction. Part of this work has been
published recently. With the employment of C13 labeling technique, the detailed the
reaction route of methanol conversion was studied and a complete reaction network

of methanol conversion was established in combination the reaction route of
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methanol conversion following hydrocarbon pool mechamism and the reaction
route of olefins methlyation with methanol in the reaction with different zeolite and
SAPO catalysts used.
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NPOLIECCbHI TMAPOU3OMEPU3ALIUM PA3ITUYHbIX YITNEBOOOPOOHbIX
®PAKLMA HA KATANTU3ATOPAX HA OCHOBE SAPO-31
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B nepenoBbix cTpaHax NMOCTOSHHO MPOVCXOAUT YCOBEPLUEHCTBOBAHME CTapbIX
M CO30aHME HOBbIX TEXHOMOMMYECKMX TMPOLECCOB C  LENbl  MOMyYeHus
BbICOKOKA4YeCTBEHHbIX TOMMMB 1 Maces. B obnactu nonyyeHus AuM3enbHbIX TONNB
1 6a3oBbix Macen Bce Gonbliee pasBUTME HaxoOsT MPOLECCHl rMaponepepaboTku
NCXOZAHOTO ChIpbSi.

CyLLeCTBEHHBIM [JOCTWKEHUEM B TEXHOMOMMM MOSYyYEHUs] HWU3KO3aCTbIBAOLLMX
On3enbHbIX TOMMMB U BbICOKOMHAEKCHLIX 0a30Bblx Macen crana paspaboTka
HEeKOTOpbIMM  3anagHbiMM  oMpMamy  npouecca, B OCHOBE KOTOPOrO  NEXWUT
MCMONb30BaHNE CENEKTMBHOMO Kartanusatopa rvapovsoMepusaumn  H-napaduHoB.
CyLLeCTBEHHOE CHWXEHME TemnepaTypbl 3acTbiBaHWsS MOSy4aeMon Au3erbHON
hpaKkummn He CONPOBOXOAETCS 3aMETHbIM M3MEHEHMEM 3HAYEHMS LIeTaHOBOro Y1cna,
MOCKOSIbKY Maropa3BeTBIIEHHbIE W30MepHble napaduHbl MMET 0Ooree HUskue
Temneparypbl 3aCTbIBaHWs, HO Gnn3kne K H-napadrHam 3HaYeHus LeTaHOBbIX YMCen.
B cnyyae nepepabotkm Ha nodobGHbIX KaTanmM3aTopax BblCOKONapagUHUCTbIX
MacnsiHbIX pakumn nnm rava (cMecb H-napacrHOB C TemnepaTypaMm BbIKUNaHWUSA OT
350 po 500 °C) BO3MOXHO MOMyYeHWe HU3KO3acCTbiBaKOLWMX 6a30BbIX Macern co
3HavyeHneM nHaekca Bsaskoctn 110-130 n 6onee.

OCHOBHbIM KOMMOHEHTOM 3TOrO KaTanusaTopa SIBNSIeTCs KpUCTannmyeckui
MUKPOMOPUCTLIN cunukoantomodocdar co crpyktyporn SAPO-11, yHuKanbHOCTb
KOTOporo oOycrnoBreHa HanMyiMem KUCIOTHbIX LEHTPOB YMEPEHHOW CWMbl MO
CpaBHEHUIO ¢ LeonuTaMu. [JononHUTENbHO BLICOKYHO CENEKTUBHOCTb B OTHOLLEHUM
peakuuin U3omepv3auuu npuaaeT cuctema kaHanos ¢ pasmepom 3.9 x 6.3 A B
KOTOPbIX MPOUCXOAUT WX U30Mepu3aumsi C NpPeMMyLLECTBEHHbIM 0Opa3oBaHMEM
MOHO-METUMNPOM3BOAHBIX NPOAYKTOB.

Cunukoantomodocdatel co cTpyktypor SAPO-31 npencrtasnstoT cobon ewle
OOHY Pa3HOBUOHOCTb CPEeOHENoOpUCTOro  KpuCTanimMyeckoro MaTtepuana c
pa3mMepoM KaHaroB npumepHo 5,4 A B WHcTutyTe kaTtanmsa CO PAH 6binn
paspaboTaHbl  OCHOBHble  MPUHLMMNbI  CUHTE3a U  BbISIBIIEHbl  OCHOBHbIE
3aKOHOMEPHOCTM MOSyYEHUST KaTannTUYECKMX CUCTEM Ha OCHOBE MaTepuarioB CO

ctpyktypori SAPO-31, obnagatoLwmx WNPOKUM MHTEPBANOM (OU3NKO-XMMUYECKMX
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cBolcTB. Ha ocHoBe aToro matepuana 6binv paspaboTaHbl BbICOKOIMDEKTUBHbIE
KaTanusatopbl rMapoM3oMepu3aLn pasnmnyHbIX YrneBogopPOaHbIX (hpakumiA.
Mpouecc rugpounsomepu3aummM  Au3enbHbIX — dpakunii  NpoBoaUTCS B

HenoaBWXHOM crioe KaTanu3artopa npu temnepartypax 320-360 °C.

Tabnuya. NpeBpaweHune ruapoobeccepeHHon (S <10ppm) AnsenbHoM
c¢ppakummu c TemnepaTypom 3acTtbiBaHuA -14 °C Ha KaTanusartope
Pt-SAPO-31. (P = 2,5 MIMa, ckopocTb Noga4n UCXOAHOIO CbIpbA —
1,247, H, : cbipbe = 2000 (06.))

McxogHoe Temnepatypa peakuuu, °C

celPee 1 300 | 310 | 320 | 330 | 340 | 350

Bbixoq Lenesom
dpakumnn, %
CopepxaHue H-
napadvHoB, %

100 98,3 97,6 96,8 | 96,2 | 95,1 93,6

22,5 12,7 9,6 8,7 7,3 58 4,4

TemnepaTyp? 5 29 44 .49 -54 -58 -62
nomyTHeHus, °C
Temnepatypa
3acTbiBaHus, °C 14 -39 8 3 o7 o B
PacueTHoe

54,0 53,2 52,6 51,7 | 51,1 50,6 | 50,1

LleTaHoBO€e 4Yncrno

McnbiTaHnsa katanusaTopa NpoBOAWMMCL Ha MUIOTHOW YCTaHOBKE B TeyeHue
1500 yacoB B CTauMOHapHbIX YCroBMSAX Mpu Temnepatype peakuun 340 °C u
paBsneHun 3,5-4 MIlla, akTMBHOCTb kaTanu3aTopa B TeveHue Bcero npobera
ocTaBanacb BbICOKOW. TemnepaTypa MOMYTHEHUS MNOMYYEHHOro AWU3eNbHOro
Tonnuea coctaenseT muHyc 37 — 40 °C, a TemnepaTypa 3acTbiBaHUs - MUHYC 44-
50°C npwu cpegHeM Bbixofe LieneBon gmsenbHon dpakumm 98-99 %.

Katannsatop Pt-SAPO-31 ©Obin  Takke wWCMbITaH B MpeBpalleHun
rMOpPOOYNLLEHHOrO ra3a (CMecb napadvHOB HOPMAIbHOTO CTPOEHWs, hpakums
360-500 °C, TemnepaTtypa nnasneHus +56 °C, cogepxaHue cepbl meHee 10 ppm).
Mpu npoBeaeHun peakumm npu 340 °C BbIXo4 MacnsiHOM dpakLummn ¢ TemnepaTypom
kmnenus Boiwe 350 °C coctaenseT 6onee 80%, a cogepxaHune H-napaduHOB B HEN
yMeHbLLIaeTcs 40 BenuduHbl meHee 5%, 4TO NPUBOAUT K CHUKEHUIO TeMnepaTypbl

3acTblBaHWsA 3TOW hpakuum 4o 3HAYEHUIN HUXKe MUHYC 8 °C.
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SYNTHESIS OF HIGH ACTIVE NANO-STRUCTURED PHOTOCATALYST MATERIALS
AND MECHANISM INSIGHT

Ligiang Jing, Honggang Fu
Key Lab of Functional Inorganic Materials Chemistry (Heilongjiang University),
Ministry of Education, School of Chemistry and Materials Science, Harbin 150080

Abstract: Covering the

Sol-hydrothermal
pracess

C,HL.OH+ H,0+ HNO, I TiO), sol

scientific questions of nanosized TBOT+ C,H0H

TiO, photocatalysis, mainly
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much defect, and the low ability to | o | Fviroternal |
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electrons, we have successfully obtained the high active TiO,-based photocatalysts
by increasing the thermal stability of nanocrystalline anatase TiO, through
introducing functional molecules as inhibitors at the subsequent thermal treatment
so as to keep large surface area and to improve the crystallinity simultaneously,

and by modifying with phosphate to increase the

adsorption of O,, especially for the nano-
structured composite of MWCNTs and TiO,.
Meanwhile, the mechanism insights are made
mainly based on the atmosphere-controlled

surface photovoltage spectra, transient

TCD Signal [ au.

00 200 300 40 500 6o )
Temperature / °C Phosphate-modified Ti0,

31



absorption spectra, O, temperature-programmed desorption curve and
photoelectrochemical measurements. Similarly, high acitive Fe,O3-based nano-

photocatalysts are also synthesized.

N
o
N
)

A T In Oxygen-bubbled water B PT In Oxygen-bubbled water

~ . . 450 . . —
3 Transient absorption spectra a0 | = Transient absorption spectra 450
N5 — T 1.5 —— 800
< N
E =
S 10 14518 E 10 10.0 us
~—1.04 o '
8 120 us é ' 48.0 us
2 [a)

0.5 Q 05

1E6 1E-5  1E-4 1E3 001 04 1E-6 A1E-5 1E-4 1E-3 001 041
Log (time) /s Log (time) / s

Keywords: High-thermal stability; Phosphate surface modification; O, adsorption; Photogenerated

charge separation; High photocatalytic activity
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and Far East
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11.10 KL-1 G.V. ECHEVSKII

Processes of hydroisomerization of the
different hydrocarbonic fractions using metal-
containing SAPO-31 catalyst

11.10 KL-4 V.A. SADYKOV

Catalysis in the intermediate temperature
solid oxide fuel cells: design and
performance of nanocomposite cathode and
anode materials

11.40 Coffee

11.40 Coffee

12.00 KL-2 JING Li-giang

Synthesis of high active nano-structured
photocatalyst materials and mechanism
insight

12.00 OP-4 S.R. KHAIRULIN

The process of H,S selective catalytic
oxidation for on-site purification of
hydrocarbon gaseous feedstock. Technology
demonstration

12.30 OP-1 LI Guang-ming

Salen type lanthanum (///) complexes as
lewis acid catalysts for the nitroaldol reaction
in water

12.20 OP-5 CHENG Mo-jie
Research and development of SOFC at
DICP

12.50 OP-2 A.E. RUBANOV

Single-stage hydroconversion of vegetable
oil to iso-alkanes using metal-containing
SAPO-31 catalyst

12.40 OP-6 I.V. DELIY

The comparison of CoMoS and NiMoS
catalysts in HDO of aliphatic ethers and
rapeseed olil

13.10 Lunch

13.00 Lunch

14.10 PL-2 V.I. BUKHTIYAROV

Size effects in combustion of hydrocarbons
and CO over supported metal catalysts for
abatement of car exhausts

14.00 KL-5 WU Wei

Molecular Sieves with ATO structure:
Synthesis, Characterization and Catalytic
Properties in n-decane hydroisomerization

14.50 OP-3 XIAO Lin-fei
Functional ionic liquid: a highly effective
catalyst for synthesis of cyclic carbonates

15.10 Coffee

14.30 Round table

15.30  Excursion:
Boreskov Institute of Catalysis SB RAS

18.00 Closing Dinner

You may present your report either English or Russian language.
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