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Modern trendsin studies of low-temperature CO oxidation

A.l. Boronin*?

'Boreskov Institute of Catalysis, Novosibirsk, Raissi
’Novosibirsk State University, Novosibirsk, Russia

boronin@catalysis.ru

The low-temperature oxidation (LTO) is a rapidlyvdi®ping field of heterogeneous catalysis.
Theoretical basis is related with the catalystsabdjpy to realize effective oxidation with highaetion
rates and low activation energies. Thus, LTO ioaegrful tool for studying the most effective wayks o
catalysis. Usually, the capability of catalystsLifO is tested by reaction of carbon monoxide (CO)
oxidation. This reagent is a most appropriate chahprobe testing the active centers of catalysestd
its small size, high adsorption and reaction prdiigs. To date, it has become generally accepibed
statements as follows: the decrease of CO adsargnthalpy, increase of oxygen mobility and the
separation of adsorption sites for CO and The most effective solution of these requiremesats be
connected with application of composite cataly&s inetal-oxide systems.

In this work the general approaches in realizatbeffective oxidation are considered on the M-
ceria based systems (M- elements of platinum groefals (PMG) or Ib group) [1-6]. Experiments show
that addition of metal to ceria results in incogd@mn of metal to ceria lattice with dramatic charaj the
support properties, one of which the main featunes the strong increase of oxygen vacancies
concentrations and enhancement of oxygen mobillityhis relation one of the main modern trends in
investigation of ceria based catalysts is a comata of support as important part of active congras
in catalysts. The formation of solid solutions iretal-oxide systems provides high oxygen mobilitgtth
IS necessary step to improve catalytic activitysdilthe formation of special surface structures is
considered as a most important step in realizatfaratalytic cycle. The comparison of metallic aondic
species of active components and their role in &@ation will be discussed in this presentation.

Practical application of CO oxidation is very imfaont in many fields of science and industry. The
most perspective directions will be consideredhis presentation, namely: the development of cstsly
providing high activity in CO oxidation at low tem@tures with preservation of their thermal stapili
and the capability of catalysts to oxidize CO irt asmbient.

This work was supported by RFBR Grant 14-03-01088.
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Some considerations on the (un)predictability of science

F.J. Cadete Santos Aifes

YYJRCELYON (UMR5256 CNRS/UCB Lyon1), Université dmlyilleurbanne, France
*National Research Tomsk State University, TomsssiRu

francisco.aires@ircelyon.univ-lyonl.fr

Predictability in science advances and their ten&h industrial application has been a constant
concern for decision makers whether they are stienésearchers, industrialists or politicians.sBarch
history has shown however that many forecastedesgses never became actual industrial applications
and many unforeseen developments became huge sesdesindustry and society.

In the field of catalysis some hot topics are nainf tackled and seem promising for future up
scaling such as predictive catalysis (theory), samotured materials, single-site catalysis, shajtem
catalysis, gold catalysis, advanced operando viatan of catalysts, VOC abatement, carbon dioxide
capture, hydrogen production, biofuels, biomimetics

Some of the above mentioned subjects will be aliffanalyzed.
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Ethanol steam refor ming on non noble metal catalysts (Ni, Co)

V. Cortés Corberan
Institute of Catalysis and Petroleum chemistry (JQPSIC, Madrid, Spain

vcortes@icp.csic.es.es

The increasing worldwide demand of energy and therenmental impact of the massive use of
fossil fuels have boosted the interest of hydrogeran alternative, clean energy vector. But onhEart
hydrogen exists only combined in other compoundsd, &eing the lightest of the gases, its volumetric
energy density is very low and it is difficult tahsport, both strong handicaps for mobile useas Tfor
reducing CQ emissions, renewable resources should be usesbdioige it and, for mobile applications,
preferably liquids. Ethanol is advantageous ovdrepntconventional substrates because it is readily
available, easy to obtain from biomass and to parisCQ-neutral and safe to handle.

Though noble metal-based catalysts are stable arnydactive for ethanol steam reforming; (ESR),
they are expensive and need high reaction tempegata be active. Nickel- and cobalt-based catalyst
are inexpensive, but under reaction conditions theffer from sintering and deactivation by carbon
deposition [1]. The latter can be prevented by supwith redox properties, based on Ge@ue to its
oxygen storage capacity and high oxygen mobilitysiBes, this type of catalytic systems is alsovacti
for preferential oxidation of CO (CO-PROX) [2]. TRey for implementing their use is to improve their
catalytic activity and stability.

With this objective, the catalytic behavior of natractured catalysts based on combinations of
oxides of Ce, Ni and Co for ESR has been studi@b@t500°C and atmospheric pressure. Catalysts with
different M/Ce (M = Ni, Co) ratios were prepared bgprecipitation within reverse microemulsions
(RME) [3], method that allows to obtain nanostruetlsystems with a high structural morphologic and
chemical homogeneity. In addition, some similaabets were prepared by conventional impregnation,
for comparative purposes. They were characterize8spr, XRD and TPO and tested for ESR in a fixed
bed, flow reactor. As prepared, the catalysts viascally formed by combination of the cubic phases
Ce(Q, NiO and CgQOy4, but upon reduction both Ni and Co were incorpenahto the Ce@network.

The catalytic behavior of the ;Hleduced fresh catalysts depended strongly on #ieren and
content of the metal (Ni catalysts were more activen their Co homologues) and the preparation
method. The most efficient catalyst was the monaitetwith the highest Ni amount prepared via
reverse microemulsions, which gave almost commétanol at 500 °C with 50% hydrogen selectivity,
and was stable for at least 22 h on stream. Alldtier catalysts deactivated due to carbon deposits
generated through acetone and ethylene format®opraven by TPO of used catalysts. However, initial
conversion values can be recovered (for Ni catsllysir even higher values can be reached (for Co-
containing catalysts), by high temperature oxidatigactivation treatment. The important improvement
of performance (both in activity and stability) atite change of product distribution observed after
oxidative regeneration for Co-containing catalystepared by RME point to a restructuration of the
active centers during the reaction-reactivatiorleyc

This work was supported by MINECO (projects CT@282928 and CTQ2015-71823-R). The valuable collation
of A. Martinez-Arias, C.L. Bolivar, |. Carbajal, M. Vidal Mejia and N. Pinton on this subject is méy acknowledged.
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Anion-modified M etal Oxides. «New Possibilities» of «Old Catalysts» for the
Production of Motor Fuels

A.V. Lavrenov

Institute of Hydrocarbons Processing, Omsk, Russia
lavr@ihcp.ru

Production of motor fuels is an important directioh development of the world economy,
including Russia. The efficiency of any oil refire is determined by quality and environmental tyadé
motor fuels. Present-day requirements for ecolégiatety of motor fuels include the severe restitt
of aromatic hydrocarbons and sulfur compounds critecommercial gasoline and diesel fuel.

The implementation of environmental requirementbased on the development of processes for
synthetic motor fuels production from-C, alkenes by catalytic oligomerization, alkylatiohnisobutane,
etc. It should be noted that the raw materialsylette, propylene and butylene fractions) for these
processes may be obtained not only by pyrolysis @adking of crude oil but also by the Fischer-
Tropsch process and oxidative pyrolysis of natgesd or biomass. Researchers pay special attemtion t
the industrial implementation of hydrotreating pgsses of carbonaceous raw materials as anothetoway
produce environmentally friendly motor fuels. Theshimportant among them are hydroisomerization of
benzene-containing gasoline fractions for low beeze&ontent gasoline production and one step
hydrocracking of vegetable oils for diesel fuelsqurction.

Industrial processes of propylene or butenes olgyoration and isobutane alkylation are carried
out on special acidic catalysts such as "solid phosc acid", sulfonic resins, liquid acids &0, HF).
"Solid phosphoric acid" has a short life span (6riéhths) and can't be regenerated and reused leecaus
of loss of mechanical properties by cementatiore Tlkage of sulfonic resins is limited by their low
temperature stability (up to 130 °C). Liquid ac{#sSO,, HF) as alkylation catalysts cause the corrosion
equipment and environmental pollutions. The priatigisadvantage of liquid acids is a necessity to
separate products mixture and liquid catalyst. Vage oil hydrotreating for diesel fuels productisma
two-step industrial process with catalysts of ddfg nature. The first stage is hydrocracking dplade
catalysts Co(Ni)-Mo(W)-S. The second stage is akaydroisomerization on bifunctional catalyst tisat
needed to provide low temperature properties cfaditiel.

Meanwhile, the heterogeneous acidic and polyfunalicystems based on anion-modified metal
oxides can be used as catalysts for ethylene giich Glkene oligomerization, for alkylation of isobugan
with butenes, for one step diesel fuel producticomf vegetable oils and for hydroisomerization of
benzene-containing gasoline fractions. Besidesatitiwity and selectivity advantages of these cataly
include simplicity of industrial production and logost. Thermal stability of the catalysts providies
possibility of multiple oxidative regeneration. Aspart of this work the possibilities of preparatand
testing of catalysts based on borate-containingsaitfdte-containing alumina and zirconia are exauhin
The chemical composition of these catalysts andequently average acidity of the borate-containing
alumina provide the double bond isomerization &kaés, alcohols dehydration, propylene and butene
oligomerization. Also sulfated zirconia is well kmo to have high activity in low temperature alkene
isomerization and isobutane alkylation. One of pinactical reasons to use these catalysts is oue wid
experience in industrial preparation of highly pggalumina and zirconia and catalysts based ore thes
systems.
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Ni-based catalysts for methane dry reforming:
effects of Ni active sitesand support composition

L.F. Liotta
Institute for Study of Nanostructured MaterialsMIS)-CNR,Via Ugo La Malfa, 90146, Palermo, Italy

leonarda.liotta@ismn.cnr.it

Nowadays the use of G@nd CH as chemical feedstock may contribute to reducecedely such
greenhouse gases in the atmosphere. Dry Refornfingethane (DRM) has received considerable
attention as an attractive route to produce syn@a3,+ H, which main application is electricity
generation and as intermediate in producing symtipetroleum via Fischer—Tropsch synthesis. Nigkel
the most frequently used metal in DRM becausesofiaod catalytic activity and its cost-effectivenas
compared with Pt, Ru or Rh-based catalysts [1]. élew, the formation of significant amount of carbon
coke and the particle sintering at the high tempeedimit its applications. The addition of secamable
metals, such as Pt, Au, Pd may reduce poisoningleactivation.

My research group has recently found for a trintietahtalyst, NiAuPt/A}O3, improved catalytic
activity and stability to carbon poisoning with pest to monometallic Ni and bimetallic Ni-Au and-Ri
systems [2]. This promoting effect was attributedhe formation of high active Ni-Au-Pt nanopari|
synergistically interacting. The support compositisuch as the use of Ce®I,03; or MgO-AlLOs, also
plays an important role on Ni activity and stailit

In present work, details on structural and surfagestigations, by EXAFS and CO-FT-IR analyses
carried out on NiAuPt/AlD; catalysts will be discussed.

The authors acknowledge the financial support mtegtiby Italy, EFOR-CNR Project (Energies by Rendsvaburces)
and by European Community, COST Action CM 1104 Hoancesco Giordano from ISMN-CNR is gratefully rmmkledged
for XRD measurements.
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Structural aspects of formation of catalytically active nanoparticles on surface of
various supports

E.M. Moroz
Boreskov Institute of Catalysis SB RAS, NovosipRsissia

emoroz@catalysis.ru

Fine metal and oxide particles supported by varmuades are an important class of catalytic systems
The surface of oxide support can strongly affeetdbgree of dispersion, structure and catalytipgats of
supported nanopatrticles. Structural characterizasdknown to play key role in understanding ofabat
structure-activity relationships. The most intersstn the structure of catalytically active nandioées.
However, traditional routine XRD methods are usugleffective for this study. The contribution tdRK
pattern originating from small fraction of activ@ngponent is insignificant in most cases. Moreover,
diffraction patterns of highly dispersed materiale characterized by strong background and broddene
peaks. Radial distribution function (RDF) of elecdic density or atomic pair distribution functioRXF)
method is effective for studying the local struet@short range atomic arrangement) of nanopartidleis
method is based on the Fourier relationship betwwetamsity of coherent X-ray scattering and RDF of
electronic density [1, 2]. Using this techniquee @an directly define interatomic distances anddination
numbers of atomic arrangement. To determine featofehe local structure of supported nanopartiakes
against well crystallized analogues a comparisah@experimental RDF and the model one construarted
the basis of known structural data is used [3].

In this work we report some examples of the RDHyaigapplication: 1) to determine the structure of
highly dispersed active component in supportedlyst$ta?) to elucidate structural aspects of intevac
between the support and active component.

The Au(Pt)f-Al,O3 catalysts with different metal content were coestdd. RDF data strongly
suggested an epitaxial interaction between supgpontetal Au and Pt particles and the surface of sripp
Such interaction may be a reason for high thermadlilgy of supported metallic nanopatrticles.

The Cu/ZrQ catalysts with tetragonal (t) and monoclinic (nmgania were considered. It was shown
that Cu/t-ZrQ catalysts contained undetectable by usual XRDyaisahighly dispersed copper species.
RDF analysis revealed that copper (ll) oxide chausters and chain network were the main copper
species, while particles with CuO bulk structureeveot formed significantly. Moreover, the obtairdada
were in agreement with the incorporation of sonygeo ions into zirconia lattice. RDF data also ssted
interaction of active component with zirconia sagan Cu/m-ZrQ catalysts, which efficiently stabilized
small CuO particles. The model of epitaxial growthCuO particles on certain planes of m-Zras
proposed.

References
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2. Moroz E. M.; Zyuzin D. AZ. Kristallogr. 2007, 26, 273.
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Scanning electron microscopy study of platinum catalysts etching
A.N. Salanov
Boreskov Institute of Catalysis, SB RAS, NovogipRsissia

salanov@catalysis.ru

To study the physical and chemical characterigifcsolid materials a variety of physical methods
of research are used. The most widely used metbiodetearch and measuring physical properties of
various materials is scanning electron microscdpigM). This method allows obtaining a number of
different properties of the micro- and nanoobjdntsscanning the electron probe. Due to the sigamfic
progress in the development of electron microscgitings of the electronic probe are widely vaiied
the current scanning microscopes. It makes thihoaeéxtremely flexible not only for research bigaal
for the characterization of materials. SEM can lasilg integrated into a single tool with such
applications as X-ray microanalysis (PMA), electtmackscatter diffraction (EBSD) and several others,
which greatly expands the possibilities for thelgsia and characterization of micro - and nanoniater
Using of these applications allows carrying oubenprehensive study of various material charactesist
such as morphology, chemical composition and siractApplication SEM allows imaging material
surface in the range of magnification from 10 t@0D 000x with resolution, reaching less than 1 fhe
current trend in the development of SEM is assediatith application of the electron probe with low
energy electrons. Modern microscopes allow to abtaiicroscopic images of objects in a wide range of
magnifications with high resolution when the praddectron energy is varied from 30 keV to 100 eV.
Reducing the energy of the electrons in this raaltmvs you to change the depth of penetration ef th
electrons in the volume of material from a few g to a few nanometers. As a result, it is posdibl
vary the depth of the analysis in such a range dllatvs analyzing the volume of the material arsd it
surface. This mode is commonly used for studyin@glgsts, since the active component of catalyst is
distributed not only on the catalyst surface, Hab an its volume. The variation of the probe elent
energy allows us to analyze the distribution ofdbve component in the volume of catalyst granule

Ammonia oxidation with air on platinum catalyst gas is widely used in chemical industry for
synthesis of nitric acid. It is well known that thg this process the gauzes undergo deep structural
rearrangement of surface layers (catalytic etchiegyling to the platinum loss and catalytic acfivit
decrease. To reveal the mechanism of the cataytiting of platinum catalyst gauzes during thesNH
oxidation, we studied in detail the surface mianastiure of the front and back sides of platinunalyest
gauzes used in ammonia oxidatidme platinum catalyst gauzes used in the study weade from a
polycrystalline wire with dc 82 um with the chemical composition (in wt.%) 81% P3%d Pd, 3.5% Rh
and 0.5% Ru. The surface microstructure was stugkety a scanning electron microscope (SEM) JSM-
6460 LV (Jeol) and SU8230 (Hitachi)his result seems to suggest that the etching dpseh the course
of gradual growth and transformation of the graime crystalline agglomerates during the growth and
merging of etching pits at the grain boundariestoligh pores with the size of 14&im inside the
agglomerates may be formed during merging of grgveitthing pits on the surface and in the bulk ef th
grains. The emergence and growth of the pits carellaged to the reaction of ammonia molecules with
oxygen atoms absorbed at the grain boundariexcdisbns and other surface defects. The reaction of
gaseous Nkimolecules with absorbed oxygen atomgs@ith the formation of gaseous NO results in
local overheating of the surface initiating theeesle of metal atoms to the surface. Intense relgfase
metal atoms from pits at the grain boundaries foextended voids between the grains. Metal atoms
released from the defects quickly migrate overdhen surface and are gradually incorporated at the
energetically most favorable sites. As a resulg trains are gradually reconstructed into faceted
crystalline agglomerates with through pores forrded to the growth and merging of pits. When these
processes go on for a long time, a rough corrosiper including crystalline agglomerates with thghu
pores separated by deep extended void is formed.

This work was supported by Russian Academy of Gseand Federal Agency of Scientific Organizati(preject
44.1.17).
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Ultrafast optical spectroscopiesreveal the mechanisms of photocatalysis
G. Jonusauskas
Laboratoire Ondes et Matiére d’Aquitaine, Bordedinversity — CNRS, Talence, France

gediminas.jonusauskas@u-bordeaux.fr

Since the invention of pulsed lasers, time resolgpdctroscopic methods observed tremendous
developments. The research around the world ierdifft fields from physics and chemistry to biology,
medicine and material science, widely utilize d#ish optical spectroscopies nowadays.

With pulse duration of 100 fs or less, it is poksito access most of the dynamics occurring in the
excited electronic states: internal conversionratibnal relaxation, intersystem crossing and matimer
processes leading to reactive pathways. The imgrfietween different electronic states often
corresponding to different molecular geometries lsarrevealed and these studies can be profitable fo
the conception of new intelligent materials.

During the conception of novel materials, the éfcies of functional processes (electron transfer,
energy transfer, geometry changes) in most casa®lated to their rate:

FAST = EFFICIENT,

since the losses of the population towards competside reactions and relaxation channels can
reduce significantly the efficiency of desired prsses and at worst can destroy the molecular system

Ultrafast spectroscopies are one of the best ttmoleveal all relaxation pathways from excited
states and to propose the solutions to block garesactions thus enhance desired functionalities.

In this report, | will present numerous applicasoaf practical value we continue to develop
exploiting photoinitiated electronic processes iolenular and supramolecular systems. Since molecula
association affects the energies of electronicl¢evehemical recognition is among the most natural
applications exploiting the energy and electromgfer in these supramolecular compounds [1]. Ad wel
as chemical sensing when energy or electron traissfgesent but also singlet oxygen generationbean
obtained, fluorescence of rare earth ions can biek etc.

A special attention | will draw on the first stepissome photoinitiated catalytical reactions weéhav
studied. The first example concerns the Copperlysttactivation driven by photoinduced electron
transfer [2] and the second deals with a supramtdephotocatalyst for the reduction of Au(Ill) Aw(l)

[3]. Additionally, | will show some examples of eteonic energy storage [4, 5, 6] and chemical energ
storage [7] which could be used as energy reserfoirlow concentration applications.

| thank the ERA.Net Rus Plus program (project DONBQS) for financial support.
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The catalytic dehydrogenation of light alkanes iotoresponding unsaturated hydrocarbons is an
important industrial process for petrochemistrygrastry, polymers, etc. The dehydrogenation ¢0g
hydrocarbons in Russia is realized predominantlylurd bed reactors with microspherical alumina-
chromia catalysts. The processes with fixed bechaving bed of the catalyst like Catofin, OleflexaS
are used in Russian industry ever due to the absehRussian-made catalysts. Thus, development of
new catalysts for a fixed-bed dehydrogenation giftliparaffins is an important challenge for Russian
petrochemical and catalytic industry.

The creation of catalysts within the research &llmited by lab equipment, while another reagents,
productive facilities and conditions are used i findustrial manufacturing of the catalysts. The
challenge to scale-up the catalyst preparation ogeffom lab to industry was and is of importance fo
research groups developing the catalysts. The mo@a of this topic is to show some examples of
synthesis of alumina supports and chromia-alumiatalygsts for dehydrogenation of paraffins from
several grams to several kilograms taking into antthe features of the feed used, reagents, ¢onslit
of preparation and treatments.

The first problem consists in the properties andtpwf the feed which are used in industry to
manufacture catalysts and which are different cosgpao those used in the lab (e.g., Sigma-Aldrich,
Acros, etc.). Thus, there are some industrial peers of AbO; which can be used (thermochemically
activated aluminum trihydroxide, boehmite prepaogde-precipitation, etc.). All precursors of alunai
are inhomogeneous in terms of phase composition camaprise boehmite, gibbsite and amorphous
alumina. The ratio between these phases in theim@cdepends on the production conditions and may
differ from one lot to another. Particle sizes, nests, loading of the main compound may also berdiff
which influences on the porosity, acid-base progertstrength of support granules and must be
controlled in the lab prior to each synthesis. Tyme of precursor of active components and modifier
also should be chosen very carefully to maximiz= Itading of the active phase in the precursor and
minimize the emissions of NOHCI, CL and other compound which are aggressive to indiistr
equipment, human health and environment.

The conditions of mixing, dissolving, impregnatianying and calcination significantly determine
the homogeneity of the component states and disioib in catalysts granules. For instance, it wasas
that the dissolution of alumina supports took pldoeng the impregnation by aqueous solution of the
concentrated chromic acid (pH<0). Fast impregnatonmpregnation under vacuum may be used to
minimize the time of contact of solution and sup@erd prevent dissolution.

The conditions of drying and calcination are alstfecent in the lab and industry. Thus, the
stationary drying boxes and ovens are used inabhgwhile belt, cylindrical and shaft driers ancens
with good mixing and treatment by air or inert lasv are used in industry. This significantly inases
the effectiveness of drying and calcination andvigles high homogeneity of the product properties. O
the other hand, the conditions of drying and caltton determine the porosity of the support or lgata
as well as distribution and state of componenthénporous structure of support. Thus, the conustiof
all operation in lab synthesis must be similathiose in industry.

The problem of standardization of measurementheridb and industrial labs should be taken into
account due to different applied equipment, methagproaches, standards. Such properties of support
and catalysts as size and shape of granules, girgrayosity (including macropores), volume weigHt,.

Is very important for industrial catalysts becatls®y determine the competitiveness of the product.

This work was supported by the federal target paogr‘Research and Development in the Priority Aredsthe
Science and Technology Complex of Russia for 2@RB~Zcontract no. 14.578.21.0028, RFMEFI57814X0028
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Design of catalysts able to efficiently transfornethane/natural gas/biogas into syngas in the
intermediate temperature range without coking igrgortant task in the hydrogen energy field inahgd
internal reforming of fuels in solid oxide fuel lsebnd synfuels production. In this lecture resaftshe
extensive international collaboration aimed at sg\this problem are presented. The main poinhag t
using ceria as a key component of nanocompositystd comprised of complex mixed oxides with
supported metal/metal alloys nanoparticles allawvadhieve a high performance and coking stabitity i
reactions of partial oxidation, steam and dry nefioig of natural gas [1-6]. This is explained by @en
of so called bifunctional mechanism of fuels tfan®ation into syngas on this type of catalysts
including activation of methane on metal sitesdarts —on metal oxide sites generating reactiygen
species rapidly migrating to metal-oxide interfé@msforming activated CHspecies into syngas. Hence,
phase stability of complex oxide supports in redgatonditions, their high surface/near surface exyg
mobility and strong metal-support interaction/deypeld metal-oxide interface are key factors pravide
by presence of cerium in mixed oxide supports (hgawith fluorite-like structure) ensuring high aaty
and performance stability in real operation coodis.

Next basic problems are considered [1-6]:

1) Effect of complex fluorite-like oxides (ceria-zinoi@ solid solutions, etc) preparation procedure
(citrate route, Pechini route, synthesis in sugical alcohols) and chemical composition on
the phase composition, structural features andiaspaniformity of elements distribution
between oxide nanodomains (by TEM with EDX), whvetre shown to be crucial parameters
affecting oxygen mobility in these systems;

2) Effects of metals (Ni, Pt, Ru, Ni+Pt, Ni+Ru) inteti@an with supports on their local surface
structure and reactivity (by XPS, FTIRS of adsorb€al TPR, TAP, etc);

3) Characterization of oxygen mobility and bondingesgth in nanocomposite catalysts
(especially, in steady-state conditions) by usirggen isotope heteroexchange, SSITKA and
pulse microcalorimetric methods;

4) Estimation of the rates of separate stages byadgtstate kinetic methods (SSITKA, chemical
transients, pulse methods including TAP);

5) Specificity of mechanism and kinetics of methama@sformation into syngas on nanocomposite
catalysts with a high oxygen mobility (with requdrenathematical modeling).

Optimized nanocomposite catalysts comprised of Ruvedoparticles supported on Pr+Sm doped
ceria- zirconia solid solution were loaded on heatducting substrates (Fechraloy foil and microclean
substrates, Ni-Al foams, etc) and demonstratedgh hctivity and coking stability in steam/dry/mixed
reforming on natural gas into syngas.

This work was supported by FP7 Projects OCMOL BrfdGO and ERA NET RUS PLUS Project NiCe
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The demand for olefins, especially ethylene, prepgl and butadiene, is expected to increase
significantly in the near future. At the presemi, the main sources of olefins are: steam crackug-
catalytic-cracking, and catalytic dehydrogenatidithough these processes are widely used, thegrsuff
from several limitations: thermodynamic limitatioms paraffin conversion; side reactions such as
thermal cracking; strongly endothermic reactionswioich large amounts of heat must be supplied;
formation of coke on the catalyst which requiresgtrent regeneration. With the goal of overcoming
these limitations, research is proceeding alongesdirections, of which the oxidative dehydrogenatio
(ODH) of alkanes is one of the most promising. OBIlbws overcoming thermodynamic limitations,
operating at low temperature, and avoiding freqeeatdlyst regeneration.

Over the past few years, significant steps forwerde been made in the study of new catalyst types
and reactor configurations for the ODH of ethan®e €thylene yield values reported with some catslys
are comparable to, or even better than, the carrebpg values obtained by steam cracking. Various
oxide catalysts on the base of molybdenum and yvamatiave been used for ODH of ethane. As the
catalyst composition become more complex — fromyviddal oxides to the binary ones and mixed
VMoTeNbO eventually, ethylene yield increases apphing the acceptable for commercial application
value — no less then 70 %. Kinetic study allowsc#pmg the impact of reaction conditions on cataly
performance. Longevity test during 500 h at 400iriCeaction mixture 15 % vol. £ in air have
confirmed the stability of the catalyst develop@dithin 360-450 °C temperature was determined does
not affect the selectivity to reaction product$hat equal value of ethane conversion.

The case of propane ODH is different because tls¢ yields reported are still far from being
interesting for industrial implementation. The masason is that the product of ODH of propane,
propylene, is more reactive and easily convertéal anfurther oxidation products: acrylic acid, aD@.
ODH of propane and oxidation of propane to acrgticd over mixed VMoTeNbO catalysts will be also
considered in the study.

This work was supported by the Ministry of Edugatamd Science of the Russian Federation, uniquerigésr of
application study no. RFMEFI60714X0053
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The interest of researchers to Cu-substituted tesoliZSM-5, SSZ-13, etc.) is caused by their
unique properties in DeNOXx processes [1-4] andra@dox reactions [5]. The activity of Cu-substguit
ZSM-5 catalysts in these reactions was found toeddpnonlinearly on the copper content [1,2].
Sometimes the catalytic activity of Cu-ZSM-5 withetsame copper loading may differ greatly due to
various electron states of copper cations [3,4].

Sorption of Cu(ll) ions by H-, Na- and NHorm of ZSM-5 during the ion-exchange with aqueous
and water-ammonia solutions of copper acetate ampper chloride are well described within the
Langmuir monomolecular adsorption [4]. Adding ammoto aqueous solutions of copper salts has a
nonlinear effect on the copper content in the CMZS which is due to hydrolysis, polycondensation,
and complexation reactions in the solution [4]. Tbatrol for the copper electronic states deteatdtie
ion-exchanged Cu-ZSM-5 by ESR, UV-Vis DR, TPRIl be discussed.

Cu-containing zeolites are candidate catalytic nedtefor diesel particulate filters, because Cu-
ZSM-5 catalysts combine unique DeNOx propertiehwgibod soot oxidation activity. The Cu-ZSM-5
catalyst formulation and especially the copperteteic state were shown to play a significant riole
DeNOx behavior as as well soot oxidation.

The structures of Cu(ll) ions with the extra-franmekv oxygen forming in the water-ammonia
solutions of copper salts at moderate ammonia cdrat@ns (NHOH/Cu = 6-15) are more active in the
DeNOx [4] than the isolated Cu(ll) ions and CuO ayzarticles on the surface of the zeolite cryseslit

The addition of NO into the oxygen containing mnetypromotes the soot oxidation over Cu-
containing zeolites. The structures of Cu(ll) iovith extra-lattice oxygen in zeolite channels agdase-
planar clusters (G,)x on the surface of zeolite crystallites was showmnsure the soot oxidation at
low combustion temperatures with high selectivityOIG,. The structure of the catalytically active centers
was not changed during these reactions, and tléysatid not lose its activity in the selectiveluetion
of nitrogen oxides by propane.

Prospects of the application of Cu-containing ZSM3he diesel exhaust post-treatment systems
will be discussed.

This work was supported by the Federal Agency iehEific Organizations, project #V46.5.6
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Dynamic Vapor Sorption (DVS) is a powerful method of solids characterization, based on sample
mass change detection during variation of surrounding atmosphere composition and temperature. Most
popular variable in surrounding is humidity, which leads to water adsorption/desorption isotherm. The
last is widely used to access hygroscopic characteristics of samples, which could influence on shelf life
and other important characteristic of products in various industries from pharma and food to building and
construction. In DV S method the precisely diluted vapor constantly going through the chamber with the
sample, situated on the microbalance pan. The state-of-art instruments can sense mass changes as low as
10" g and have incredible stability (less 1 pg drift per day), which gives the opportunity to work with low
guantities of solid samples greatly accelerating the speed of equilibration.

In general in catalytic studies it is much more interesting to use DVS with different gases and
vapors to study the properties of various parts of heterogeneous cataytic systems. If there is no
irreversible interaction in sample-vapor system, than the BET formalism can be applied to sorption
isotherms to get the specific surface area of the solid. With the help of BJH theory it is possible to get
pore volume distribution. In the case of microporous solids, i.e. zeolites, the change of adsorbing
molecule size helps to determine dependence of accessible sample surface from probe molecule size,
which can be very important for any heterogeneous catalyst optimization. Using the 2-gas/vapor feature
there is the possibility of competitive sorption experiments useful for transport properties studies, which
are necessary to predict industrial performance of the catalyst. With a little temperature changes energetic
characteristics of sorption of various molecules on the support or active centers can be analyzed. Vacuum
feature allows not only to evacuate the surface of the catalyst, but also to work at extremely low partial
pressures in static or dynamic sorption mode, which is useful for active centers characterization.

If the vapor or gas interacts with solid sample, which can be active center of the catalyst or its
support, there are alot of ways to characterize this interaction. Phase changes can be directly visualized
by internal video-cameras, Raman or NIR-probes. The kinetics of irreversible processes can be accessed
through mass/time plots at different temperatures or different partial pressures. Some simple catalysis
experiments can be also performed, if the catalyst mass changes during the experiment.

Another method for the catalysts or support surface investigation is the Inverse Gas
Chromatography (iGC), which in opposite to convenient GC is used to characterize solid materials by
their interactions with various gases. The sample is placed in column and the probe gases are passed
through it in carrier gas. Varying the probe gas polarity and temperatures and anayzing retention
times/peak forms it is possible to calculate the surface energy of the sample or distribution of surface
energy. Also it is possible to distinguish dispersive and polar components of surface energy, which are
hardly accessible for porous solids or fine powders by other methods. These energies are responsible for
adhesion and coating properties of solids important for the many heterogeneous catal ytic systems.

The leader in DVS and iGC instrumentation® design and manufacturing is an English company
Surface Measurement Systems®, who is not only produce and enhance the instruments for more than 25
years, but also has alargest research and scientific center for these methods.

References
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Komnanus CoxTpeiio pada npedcmasums cogpemeHHoe
000pYy008aHUe 8e0YUUX MUPOBLIX NPOU38oOUmenetl O
UCCe008aHUs KAMAIUZAMOPO8 U KAMATUMUYECKUX CUCTNEM

PeakTopsl BEICOKOTO JIaBJICHUS U3 HEPKABEIOUIEH CTAIA U IIUPOKOTO
JIMara3oHa pa3JIMyHbIX CIIaBOB KoMmanuu Parr Instruments,
CHIA oTaM4HO 3apEeKOMEHI0BaIu ce0s1 BO MHOYKECTBE
KaTaJIMTHYECKuX Jaboparopuii Poccumu, 11 KOTOPHIX Ha3BaHHUE
JTAHHOM KOMIIaHWHU CTaj0 CHMBOJIOM HAJIS)KHOCTH U yJ100CTBa B
paborte. B HacTosmMii MOMEHT B aCCOPTUMEHTE MPOTYKLIUU
KoMItanuu Parr Instruments mpucyTCTBYIOT KaK IMPOCThIC aBTOKJIABBI
C MAaHOMETPOM, TaK H CJIOKHBIC CUCTEMBI U3 TPYOUAThIX PEAKTOPOB,
Hanpumep, 1J1s nposeneHus: cunresa dumiepa-Tpomnina.

Cucrems! koMnanuu HEL, AHrIns no3BosisitoT IpOBOJUTD
00JIbI1I0€ KOJIMYECTBO MApAJUIEIbHBIX KaTAIUTUYECKUX

U CCIJIEJOBAaHNM, HAIIPUMeEp, NIPOLIECCOB THAPUPOBAHUS, OIIPEIEIISTH
OYHEPIreTUYECKHUE XapaKTEPUCTUKH PEAKIUH, IPOBOAUTH
a711abaTHYeCKylo KaJOPUMETPHIO IS OLEHKH 0€3011acHOCTH
IIPOLIECCOB.

[Iupokwuii muana3oH CBEPXKPUTHUECKUX CHCTEM KOMIIAaHUH Separex,
@paHUus T03BOJSET IPOBOAUTD MIPOLIECCHI IKCTPAKIIUH, U3ydaTh
MIOBEJICHNUE CUCTEM B OKCTPEMAIIbHBIX YCIOBHSIX, TOTOBHUTH
KaTaJn3aTOPhl B CBEPXKPUTUYECKUX Cpellax, a TAaKkKe MPOBOIUTH
karanutuueckue peaknuu B CK-darongax npu temmnepartypax o 500
C u paBnenusx go 1000 atm.

Ob6opynoBaHue AJIs ONpEAeIICHUS MIIOIA I TOBEPXHOCTH,
MOPUCTOCTHU, TOBEPXHOCTHON SHEPTHH U JPYTUX XapaKTEPUCTUK
MOBEPXHOCTHU KaTaJIN3aTOPOB METOIaMH TUHAMUYECKON COpOIIH
napoB ¥ 00paTHOM ra3oBoii xpomarorpaduu kommanuu Surface
Measurements Systems, BetnkoopuTanust 1o3Bosser
BCECTOPOHHE HCIOJIb30BaTh a1COPOLIMOHHbBIE UCCIEA0BAaHUS IS
MOJIY4YEeHHUs] XapaKTePUCTUK I ONTUMM3AINN KaTaTu3aTOPOB.
JI7151 HEOPHUCTHIX MMOBEPXHOCTEN Pa3INYHbIE COCTABISAIOIINAE
MOBEPXHOCTHOM dHEPTUU MOYKHO OIPEIEIUTDH C TOMOIIBIO
TEH3MOMETPOB U ONTUYECKUX U3MEPUTENeN KpaeBoro yria
kommanuu Dataphysics, I'epmanmus.

[Tpu HEOOXOAUMOCTH U3MEPEHUS Pa3MEPOB HAHO- WU
MHUKPOYACTHII, [3eTa-TIOTEHI[HATIa MOKHO BOCITOJIB30BAThCS
metonamu DLS, ELS, PALS u SLS, peanu3zoBaHHBIX B IpuOopax
kommanuu Brookhaven Instruments, CILIA, xop1oBeIMu 1
BUzicoMeTo1aMu B tabopatopHoM (Donner Technologies,
H3pawnas) nin B onjaiin ucnonnenun (Sequip, lepmanusn), a
Takke GpaKIMOHUPOBAHUEM HaHOUYACTHI] MeToaamu FFF, kommanuu
Postnova Analytics, I'epmanus.
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Catalytic decomposition of ammonia to produce,@®e hydrogen impurity is important for use in
fuel cells, producing protective atmospheres andtler cases. Ruthenium catalysts on carbon sugpport
are one of the best catalysts for ammonia decom@ogil]. The specific surface of the carrier affe
the distribution of ruthenium and promoters, theispersion and interaction, i.e., ultimately, or th
catalytic performance.

The main aim is to study the influence of spedficface area of support on the catalytic activity o
the ruthenium catalyst of ammonia decomposition.

As the carrier was used "Sibunit", (TU 38 41540-9Bth a specific surface area of 326/m
"Sibunit" not quite homogeneous, so it is fracti@daby density: in distilled water floats fractiaith
p<1,0 (Sib10) — the yield was 2 %, in solution ofNBD3), with a density of 1.3 floats fraction with
1.09<1,3 (Sib13) — the yield was 25 %, remains fractmath p>1,7 (Sib17) — the yield was 73 %
(fractionation of this fraction in the KI solutionith p=1,7 do not lead to fractionation). The obtained
fractions of "Sibunit" were kept in the solution(lS803), with a density of 1.3, so that the receiving
conditions did not differ, then washed with distllwater and dried. The obtained fractions of "Sitju
were characterized by XRD, Raman spectroscopy,ifspestirface area determined by BET. XRD
showed that with increasing density is slightly @asing interplanar spacing: Sib1gh0,348 nm,
Sib13 @>=0,348 nm, gh2 Sib17=0,346 nm. In the Raman spectra of sampteEsded intense scattering
band at 1595 cth(G-band) and 1325 c¢i(D-band), and also a little intense 1173, 264832%nd 3195
cm* (2D-band), the origin of which may be associatéth wlefective structure of carbon material [2].
With increasing density, the intensity ratio of Brdl intensity to G-banddll) decreases from 1.79 to
1.71 for Sib10 for Sib17 i.e., slightly increases rderliness of "Sibunit". According to the reésudf
XRD and Raman spectroscopy can conclude that #téidn of "Sibunit” structurally identical. However
the specific surface of the obtained fractionsSibtinit" differs greatly: Sib10 — 439%yg , Sib13 — 389
m?/g, Sib17 — 256 flg. Therefore, when studying the activity of caséyprepared on these support, we
can eliminate the influence of all factors excep¢ tspecific surface area of the support. For one
composition the active component of 4% Ru - 13,E8aeceived the specific catalytic activityat 400
°C (ml NHg/(m?min)): RF™Cs-/Sib10 — 0,087; RA-Cs*%/Sib13 — 0,097; RI-C%/Sib17 — 0,063.

Transmission electron microscopy shows that the efzthe particles Ru: RUHCs/Sib10 meet
with diameters of 3-5 nm, while at B4Cs*/Sib17 — 3-7 nm. SEM and TEM show that Ru, Cs and S
are distributed over the "Sibunite" distributed myeregardless of the density fractions.

Thus, the specific surface area "Sibunit" signifita affect the activity of catalysts for the
decomposition of ammonia.
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Metal-organic frameworks (MOFs) are a new classrgétalline porous hybrid materials assembled
by bonding of metal ions or clusters linked withyplentate organic molecules [1]. Their well-ordered
tunable porous structures with a wide range of gares and exceptional textural properties make MOF
perspective candidates for a variety of practiggbliaations. One field in which they proved to be
interesting is catalysis, for example in the Lewisid, Lewis base, acid-base concerted, tandem,
oxidation, hydrogenation, C-C coupling and othact®ns [1].

Few MOFs, namely Cr-MIL-100, Cr-MIL-101 and UiO-68how exceptional resistance to air,
moisture, common solvents, thermal treatment andreaver, they reveal interesting catalytic
performances. Cr-MIL-100 and Cr-MIL-101 consist @fO-carboxylate trimers bridged by anions of
trimesic and terephalic acid, respectively [2,3he$e MOFs have a rigid zeotype (MTN type) crystal
structure. UiO-66 consists of g0,(OH), building blocks connected via terephthalate liskigl. These
MOFs are able to behave as truly heterogeneoulysigtan various catalytic reactions; no metal leag
into the reaction media occurs due to their higibitity.

Adsorption of reagents and products on the catalydce is an essential part of heterogeneous
catalytic reactions. Since most of reactions catdyby MOFs are liquid-phase processes, liquidghas
adsorption over MOFs needs to be characterizedhighwork, we obtained liquid-phase adsorption
isotherms of various oxygen-containing organic coomus, such as 2-cyclohexen-1-ol, cyclohexanol,
propylene glycol, hydroxyacetone, and methanol o@e/MIL-101, Cr-MIL-100 and UiO-66 using
hexane or acetonitrile as solvent. Typically, aggon isotherms could be rationalized in terms of
Langmuir model. Adsorption constants of cyclohexaud cyclohexenol over Cr-MIL-101 in hexane
turned out to be close within the measurement e@de10 and 41+13 M, respectively). Styrene
revealed a lower adsorption constant, 28+8.Nloluene was found out not to adsorb over Cr-M@:1n
hexane. The adsorption constant for hydroxyacewrex UiO-66 in acetonitrile was determined as
42+12 M*. Strong adsorption of propylene glycol on UiO-@gigorption constant of 290+60 fylwas
found.

The acquired adsorption data can be useful tonalime some features of propylene glycol [5] and
cyclohexane [6] oxidation with tert-butylhydropeid& over Cr-MIL-100(101) as well as propylene
glycol oxidation with HO, over UiO-66.

This work was partially supported by RFBR GrantQ3300413.
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Titanium dioxide has been extensively studied dué&d unique physicochemical properties and
diversity of applications [1]. It is well known thaoptical and photocatalytic properties of FiO
significantly depend on the method of Bi€ynthesis, purification and way of treatment.

Currently, new technologies to synthesize titaraadal materials, which absorb light in the visible
region and have high photocatalytic activity, asveloped. Pulsed laser ablation (PLA) has attraated
great interest, since this technique allows obtgmure nanocolloids and nanocrystalline powdersdu
ablation in liquids [2] or vacuum or gaseous mgdjaThe purposeful use of different solvents andap
allows controlling the composition of particles goged via initiating various reactions, including
oxidation. Thus, oxides of metals [4] and nanopbkas with the a core-shell structure [5] can beaiviatd
using PLA of reactive metals.

In this work we obtained nanocrystalline Bifowder using PLA in liquid medium. A two-step
synthesis of the powder was carried out. As a fitep, a colloidal solution of metal target in idisd
water was obtained by PLA using Nd:YAG laser (wawgth of 1064 nm, frequency of 20 Hz, pulse
duration of 7 ns). In the next step the colloidallion was dried at 60 °C. The obtained superfiaek
blue powder of Ti@ consists of practically spherical particles witean sizes of 9-16 nm.

XRD data indicates that the phase composition 6% Tontains 65 anatase and 35% of anatase and
brookite, respectively. The brookite phase contedticed considerably after the heat treatment tup
400 °C, while rutile phase was not detected. It feasd that TiQ spectra had an absorption increase in
visible region and a small shift of absorption edgecomparison with the materials after the heat
treatment. Probably, it was connected with theterise of defect states (e.g., oxygen vacancie§)da
as well as the presence of small amount of metahitim in the composition of T¥DThe number of
defect states reduced during the heat treatmedt,sacording to the XRD data, a complete oxidatbn
metallic titanium to TiQ also took place. Thus, additional absorption baimndthe TiQ reflectance
spectra disappeared after the heat treatment. &tatgtic activity and sorption capacity was evidda
by degradation of anionic (methyl orange) and catigNile blue) dyes under visible light irradiatio
PLA-prepared TiQ nanopowder demonstrated higher photocatalyticviictin  comparison with
commercial Degussa P25 TiGatalyst. This good photocatalytic performance rnayascribed to either
the existence of defect states in the structufE@$ or the presence of small amount of metal titanioim
composition of TiQ.

This work was supported by the state assignmernhefRussian Ministry of Education and Science @saent
#2014/223, Project code #1347)
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The introduction of new ecological technical regolas [1] made refiners to reduce the content of
aromatic hydrocarbons (including benzene) in conciakgasoline for their environmental safety. A
promising way to reduce the amount of benzene t& Mol. is a hydroisomerization of benzene
containing cut. This process allows to convert leaezinto environmentally friendlgyclohexaneand
methylcyclopentane. That conversion along with flisx@isomerization leads to reduce benzene lavel i
the gasoline to increase the octane number.

Bifunctional platinum zeolite catalysts may be uasdhe hydroisomerization catalysts. It is known
that zeolites, which are active in the target rieast are mordenite (MOR) and beta-zeolite (BEA) [2
Activity of BEA is higher as compared with MOR dtee 3-Dimentional system of functional branched
micropores [3].

The support was prepared from a mixture of 70 wdl@&énina and 30 wt.% BEA The Si/Al mole
ratio of zeolite were 25 and 40. Platinum was ipooated into the calcined supports from cation
[Pt(NHs)s]** and anion [PtG]* forms of precursors. The content of platinum \dri®m 0.02 to 0.5
wt.%. Catalytic investigation was carried out wéttbinary mixture of 20 wt.% benzene and 80 wt.% n-
heptane in a down-flow fixed-bed reactor under ffilowing conditions: P = 15 bar, T = 200-320°C,
LHSV = 2 H', hydrogen/hydrocarbons molar ratio = 3.

The effect of the supported platinum amount andimien predecessor on the samples catalytic
characteristics are presented. It is shown, that:

1) the catalyst activity and yield of the targebgucts is directly dependent on the amount of
supported platinum;

2) the catalysts in which platinum was depositegsmframmine, showed higher activity. It is
probably due to the localization of platinum sit€ke yields of heptane isomers on samples, which wa
prepared from ammine, are lower;

3) Variation of Si/Al mole zeolite ratio from 25 #0 did not significantly affect to the catalyst
acidity and, as a consequence, to its catalytigiggt

4) The most efficient catalyst in the benzene/hepthydroisomerization is the 0.2-0.3 wt.% Pt
catalyst whose support consists of 30 wt.% BEA &havt.% alumina.
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Sulfated perfluoropolymer-mesoporous support nampasites can be used as high-effective
catalysts in a numerous of fine organic reactidBR/support; SFP = Nafifh (Du Pont), FlemioH"
(Asahi Chemical), Fumapem (Dow Chemical) and MF-4@{-Petersburg division BIC) [1]). The
advantage of these systems is their high stallitprrosive media and high resistance to deadbindty
acid sites leaching processes. These samples \waracterized by a high concentration of acid sites,
which were exclusively Bronsted and had approxitgatee same acid strength (Ho ~ -11, which is
comparable with concentrated sulfuric acid).

Previously composites based on a commercially abviglsulfated perfluoropolymer (Nafion) and
silica support (SAC13) have been successfully agpdis the solid acid in a set of heterogeneoud/tiata
reactions (etherification, nitration, alkylatiortcg [2]. In this case the silica addition raiséeé specific
surface of the result composite and increased vha#aaility of Nafion's sulfonic groups by a unifar
polymer distribution on the silica surface. SFPtays deposited on the other supports ¢Z1&l,0s3,
TiO; etc.) in the heterogeneous acid catalysis hathe®r investigated yet.

In present study, we provide the new data on tlieence of different SFP/support synthesis
parameters and the nature of composite precursotheophysical and catalytic properties of the Itesu
composite. The synthesized samples 5-20 wt.% SFM@nor carbonaceous material (M = Zr, Si, Al,
Ti; over 40 samples) were investigated by set ofspgal and chemical methods (low temperature
nitrogen adsorption, HRTEM, SEM, XRD, SAXS, spinolpe EPR, TGA, NBTPD, acid-base
irreversible titration, water-uptake measuremeids).eThese data allowed us to develop the method o
mesoporous hanocomposites preparation. The samipie. % SFP/ZrQwas characterized by the highest
ion-exchange capacity (up to 2.5 mmol/g) and higgrrhal stability (up to 300°C) in comparison to
other SFP-materials.

The catalytic activity was tested in the liquidagk acetic acid esterification model reaction
(methanol 2:1 mol. excess; 5 wt.% catalyst; 60°@Gjitial turnover frequency value (TOF;
Npeoac: (Nacid_sitesmin)'l) of SFP/ZrQ composite reached 9.7 (TOF of unsupported SFP Isangs 0.8,
whereas TOF of commercial available Nafion-siliocanposite SAC13 gave 7.3).

Furthermore, the catalytic activity of the prepasathples was tested in gas-phase carboxylic acids
esterification and aromatics nitration by methodatibed in our previous work [3]. The composites ar
stable in these reactions (up to 100 h time-orastjeand achieved close to 99% conversion of the
substrate.

This work was supported by RFBR Grant 15-03-08070a.
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Carbon based materials with grafted sulfonic grdugee a high promise in acid catalyzed reactions
such as alkylation, etherification, nitration andmy others [1]. Such materials as carbon-based aoid
(CBSA) with high density of sulfonic groups coulgptace sulfuric acid and increase ecological level
such processes. There are three typical ways oAdB&paration [2]:

1) Simultaneous carbonization and sulfonation gharc or natural compounds

2) Polymerization of monomers with sulfonic grogpsl subsequent carbonization

3) Direct sulfonation of as-prepared carbon mal®ria

Whereas in the first two cases carbonization psEesas temperature limit due to decomposition
of sulfonic groups (=250 °C) it means that such &B&aterials has a low and unstable specific surface
area values. In the third case for effective swdfmn of the carbons structure it is need to useirig
sulfuric acid. In the case of using usual sulfaded such process has a low efficiency. On therctlue
using fuming sulfuric acid is very inconvenient fiechnological applications and there is a chalkeng
how it possible to increase efficiency of usingalssulfuric acid for carbons sulfonation processes.

The main idea of this work it is using catalystsificreasing efficiency sulfuric acid for sulforati
processes of carbon materials. The main resuluofvork it is found possibility to replace fuminglfur
acid on sulfuric acid + catalysts (transition metgides) with similar efficiency. In the case ohgaes
has been used several types of carbons such asncaanofibers (CNF), carbon nanotubes (CNT) and
other carbon supports. It has been found that satdiytic systems (catalyst + sulfuric acid) alevaéd
to achieve concentration of sulfonic groups in cagup to 1.3 mmol/g without using fuming sulfuric
acid.

Prepared CBSA has been study by physical methoofsestigation. It has been found that in such
condition CNF are more stable comparing to CNT.ibgithe sulfonation procedure carbon surface are
oxidizing and according FTIR data has been proptsad CNT structure are partially destroyed while
CNF structure are more stable in such conditiontedeer in the case of CNF due to “fish-bone” type o
structure sulfonic groups are located on the teamamomatic rings. While in the case of CNT carbon
layers are forms defects and sulfonic groups aked to the terminal rings on the edges of thesecte
In the case of carbon materials prepared from glei@nd cellulose at 400 °C it is found small quwt
sulfonic groups. It can be explained a low raticambon matrix aromatic rings and condensed aramati
fragments. It is well known that aromatic condensidctures are formed at more high temperatures. S
we can to vary quantity of embedded sulfonic grdiopslifferent types of carbon matrixes.

Finally CBSA materials have been tested in reastioh low-length and fatty carbon acids
etherification. It has been observed good resoltstability and activity grafted sulfonic groupsthese
reactions.

The work is supported by the RAS and FASO Russipp¢M V.45.3.5.)
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Oil depletion, global warming and pollution are theoblems related to the dependence of the
modern societies on fossil fuels. The developmérd cenewable energy sources and effective energy
storage systems are important challenges whichschére these problems. The fuel cells (FC) and
supercapacitors are considered as perspective abteenergy source and storage devices. High surfac
area carbon materials (CM) are used as the elesrod these systems. The low corrosion stabifitye
CM in Pt/C catalysts is due to the cathode potensa up to 1.4 V upon start and/or stop of thgiea
when FC are used as power sources for the vehi€les.same carbon materials could be used as
electrodes for supercapacitors. In this case CMilshpossess high electrochemical capacitance. The
capacity of about 100-200 F/g obtained in an agsiedectrolyte on the activated carbon electrode was
reported in the literature [2]. This capacity cepends to the specific energy of 20-40 Wh/kg at\1..2
This energy is significantly lower as compared hattfound in the batteries. Thus the increase én th
specific energy for the supercapacitors by imprgwapacity of the material is the important taskhat
moment.

In the work we studied the series of high surfageaarbon materials (CM). CMs were modified
with the carbon, nitrogen and oxygen. The corrosiaility of CMs was studied in the using accekta
“Start/Stop cycling” protocol in 1-1.5 V RHE of thmotential range in 0.1 M HClCelectrolyte. The
changes in surface properties of CMs was contrdihec variety of electrochemical methods (cycling
voltammetry with the variable scan rates, chroncanmpetry at the constant potential,
chronopotentiometry at the constant current. ThesGMre also characterized by a set of physico-
chemical methods (X-ray photoelectron spectrosclopy temperature nitrogen adsorption). The possible
existence of two surface sites of different stajilcapacity and resistance was supposed on #is ba
the chronoamperometric results. It was also dematest that the simple method of the electrochemical
activation allowed us to increase significantly thectrochemical capacity of the carbon materifasr(
~ 50 to ~ 150 F/g). The effect of the modificatmircarbon materials with carbon and nitrogen atdies,
effect of the time and temperature of the activation electrochemical surface properties and
performance during electrochemical oxidation i€dssed in the paper.

This work was supported by Russian Academy of Gxsesnd Federal Agency of Scientific Organizati(prsject.Ne
V.46.2.4).
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Development of highly efficient photocatalysts iseoof challenges of modern inorganic and
material chemistry. Applications cover such areawastewater treatment, air purification, photdgéta
water splitting for ecological benign productionofdrogen, selective and efficient chemical synthes
Among the huge class of materials with photocatalgerformance, there is a large family of bismuth
oxohalides BIiOX (X = CI, Br and I) attracting muaktention due to their structural diversity andhhig
catalytic activity under UV and visible light irredion. The key factors affecting the catalyst\attiare
morphology, surface area and size of particlesrélage many approaches to control morphology and
particle size during synthesis but a difficult pieoh is to keep that size and morphology intact rdyri
catalyst applying. From this point of view, impragion of photocatalyst into a stable porous matrix
offers a suitable solution. Crystalline porous rhetganic frameworks are good candidates to be a
catalyst's supports due to huge diversity of topie®, regularity of their structure, high porosigyough
stability and accessibility via simple hydrothermsghthesis.

In this work, we present the original hybrid casity based on mesoporous chromium(lil)
terephthalate [GOF(HO)x(bdc)]-nH,O (MIL-101; bdc — terephthalate aniongtG(COO)?", n =
15-20) with embedded bismuth(lll) particles whigveals superb photocatalytic activity in degradatio
of organic dyes as model pollutants. MIL-101 is dhe most stable metal-organic framework with
outstanding porosity: the BET surface area exce&i) nf/g while pores with volume more than
1.9 cni/g are accessible to inclusion such a large gassgmlyoxometalates and cluster complexes.

Bi(lll)-containing species inside MIL-101 cages waltained by two step approach including
impregnation of metal-organic framework by Bi(IHlt in acidic media with following fixing of Bi(l)-
containing particles by ammonia solution. Two diéiet Bi-containing sources (BiCand BiOBr) were
used to obtain Bi(lll)-X@MIL-101 (X = CI, Br) witldifferent sensitivity to UV and visible light. Isi
well known that the substitution of Br for Cl leattsshift of optimal light wavelength of photocatiat
activity to higher values. Only a small amount cfnbuth was determined by elemental analysis: from
0.09 to 0.13 Bi atoms per MIL-101 formula unit dyvoat 1-1.5 Bi atoms per mesocage of MIL-101.
According to the powder X-Ray diffraction (XRD) M101 structure keeps intact as well as other phases
are absent in samples obtained. Interestinglyababrding to EXAFS investigations of Bi(lll)-Cl@MiL
101 sample bismuth atoms inside MIL-101 do notradewith chlorine atoms as it occurs in layered
BiOCI materials. Bismuth atoms in the cavitiestwd tatrix surrounded by six oxygen atoms at digtanc
Bi—O in the range of 2.1-2.9 A. On the other hameré are only two bismuth atoms at distances below
3.5 A in the vicinity of each Bi. It is clearly ifhtes about formation inside MIL-101 of small oxo-
hydroxo Bi-clusters containing about 3 metal atavith terminal aqua-ligands and connected by bridged
oxo- and hydroxo-ligands.

The photocatalytic activity of Bi(lll)-X@MIL-101 watested on a degradation of organic dyes.
Solutions of methyl red or methylene blue wereyfdliscolored after 30—50 min of intense irradiatimn
Hg lamp. The kinetics of the processes are desthlgehe first-order law with rate constants 0.037 *
and 0.11 mift for X = Cl and Br, respectively. The specific ait§ of Bi(lll)-CI@MIL-101 exceeds
those of pure BIOCI in 5-6 times. The catalystditityg was confirmed by elemental analysis and
powder XRD after catalytic tests as well as sohgivas examined for no leaching of both Bi or Gre T
stable performance of catalysts was demonstratddircatalytic cycles. It was demonstrated thali Iii(
Br@MIL-101 possesses photocatalytic activity undsible light irradiation while Bi(lll)-Cl@MIL-101
Is active only under UV light.

This work was partially supported by RF governn{@rant No. 14.250.31.006, leading scientist Ma@imrdder).
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Layered double hydroxides (LDHSs) are widely useddsorbents, anion exchangers, basic catalysts
and catalyst supports [1]. Application of LDHs agpgort precursors for dehydrogenation of light and
higher paraffins catalysts is a promising. MgAI-LBldre sufficiently investigated [2]. Stability dfet
catalysts can be raised by increasing of basititpugh an addition of the alkaline metal atoms [3].
Therefore, a synthesis of LIAI-LDHSs for increase liasic properties is a challenge. However, praoiuct
of LIAI-LDHSs by traditional coprecipitation methad hindered. Thus, a search of new methods of these
systems production is a topical task. One of thesthods is a mechanochemical synthesis allowing to
obtain of the materials simply, quickly and with@ablogical problems.

The aim of the work was investigation of properties the LiAI-LDHs synthesized by
mechanochemical method under different conditiong Yarying of the initial mixture chemical
composition, Li/Al molar ratio, activation time, mesial of milling bodies). Besides, the active nieta
(Pd, Pt) were introduced in LiAI-LDHs at the stagfethe support synthesis. Pt(Pd)/LiAl-LDHs catadyst
were investigated in model reaction of propane defgenation.

The synthesis of LiAI-LDHs was carried out in anggary AGO-2 mill with the weight ratio of
milling bodies to mechanically activated mixtureuafjto 40:1 (steel or ceramic milling bodies).
Activation time was 15, 3& 60 minutes and centripetal acceleration of milllmgdies was 300 and
1000 ni/s depending on the ball material. Al(QHYibbsite), AI(NQ)s-9H,0, LiNOs-3H,0, LiOH,
PdCL and Na[PtCls] were the initial components The structure of sgathesized LDHs was examined
using X-ray diffraction analysis (XRD), D8 Advan¢Bruker). Thermal decomposition of the samples
was studied on an STA-449C Jupiter (Netzsch). Tekjoroperties (specific surface area, pore sizk an
volume) of the samples were examined by the lowptmatture nitrogen adsorption after their calcimatio
at 550 T in a volumetric vacuum static setup ASAP-2020, riginceritics. Catalytic properties of the
Pt(Pd)/LiAl in propane dehydrogenation was invgeted in a fixed-bed flow reactor under the follogyi
conditions: sample weight 0,50 g., 550 °C, atmosph@essureH,/CsHg = 1:4 mol/mol, WHSV of 8
9/(Gear h).

According to the obtained data the compositionha& initial mixture is the major factor in the
synthesis of LiAI-LDHSs. It was found that each ghthesized systems was to be a polyphase one. The
application of ceramic milling bodies makes its bk to obtain the LiAl- LDHs phase under relalyve
mild conditions (centripetal acceleration 30&/snactivation time 15 minutes). It was demonsttatee
possibility of fast one-stage synthesis of the ®t(RAI-LDHs catalysts by mechanochemical methods.

The work was performed using facilities of the OReRgional Shared Equipment Center SB RAS and siggpby the
Russian Foundation for Basic Research (Project Nn03-04405).
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Metal organic frameworks (MOFs) have been estabtisas a new class of porous crystalline
materials with the aim to use them for gas sorptgaparation, chemical sensing devices and casalysi
[1]. These materials build from combination of kamkmolecules with metal-oxo clusters as nodes.

Cavka et al. [2] reported the first synthesis ofgus zirconium terephtalate UiO-66 in 2008. This
material attracted a lot of attention due to unpdented thermal (up to 540°C) and solvothermaluyat
benzene, ethanol and other chemicals) stabilityrgmdOFs. It consists of Zr-oxo-hydroxo clusters
Zrs04(OH), coordinated by terephtalate ligands. UiO-66 is oheéhe most promising candidates for
oxidative catalysis due to unique stability and Ivebwn zirconium ability to activate hydrogen
peroxide make. However, still it has not find sfgrant application in this field. One of the most
important problem is difficult traditional methodrfsynthesis of UiO-66. It consists in solvothermal
reaction between terephtalic acid and high-costonium (1V) chloride, which is highly susceptible i
moisture to hydrolysis with formation of zirconyhtloride. It leads to irreproducible results andessity
of argon atmosphere for reaction. The aim of thes@nt work is to investigate the effect of prepamat
method using zirconyl nitrate as a precursor amctitire of metal-organic framework UiO-66.

UiO-66 was synthesized in teflon-lined stainlegekautoclave. Terephtalic acid, ZrO(j©2H,0
and calculated amount of modulator were dissolved,N-dimethylformamide. Mixture was heated at
120 °C for 24 h. Obtained material was washed WtN-dimethyaformamide and ethanol. Before
characterization materials were degassed undeuwacailll samples were characterized by XRD, IR and
low-temperature nitrogen adsorption analysis.

We have successfully developed approach for syistleédJiO-66 material from ZrO(Ng),- 2H,O
through HCI excess addition. Highly crystalline mas solid (8t = 1264 ni/g) was prepared. BET
surface area was close to surface area of UiO-Gérrabprepared in [2]. XRD data confirmed formatio
of UiO-66 phase. No unidentified reflections weteserved. It was established that HCI amount was
important parameter for the formation of materiathwdesired properties. Addition of HCI| excess was
aimed to replace strong ligands in zirconium camation sphere on more labile"@ns. In the case of
ZrO(NGs),- 2H,0 terephtalic acid is not tend to replace hydra@od NQ ions in zirconium coordination
sphere for the formation of required structure.ekd, while ZrO(N@),-2H0O was used instead ZrTh
standard synthetic procedure [2], amorphous méateith low surface area was obtained. Addition of
nitric acid led to formation of low crystalline neatal with slightly increaseds8r (546 nf/g). In the case
of using HF no solid was obtained. It can resurfrstronger fluoride-zirconium interaction. Usade o
equivalent amount of NaCl instead HCI results inogshous precipitate withgsr = 268 ni/g. Thus
promoting effect of chloride ions is not enough fbe formation of UiO-66 phase. Hydrochloric acid
plays important role in protonation of oxo- and tod/l- groups of zirconium precursor. The effect of
water amount is also under investigation.

Catalytic activity of synthesized UiO-66 was exaednn propylene glycol oxidation with J8-.
We managed to obtain hydroxyacetone with selegti8k % at 10 % propylene glycol conversion.
Catalytic activity of standard UiO-66 was the same.

This work was supported by “The Tomsk State Unityescademic D. I. Mendeleev Fund Program” grant2016
(8.2.07.2015).
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Using XRD, NMR, SEM with mapping the structure afrpus CuAIO/CuAl ceramometall was
studied. The CuAlO/CuAl ceramometall is obtainedrbgchanical alloying Cu-Al mixtures (Cu:Al =
87:13 wt.%) with following hydrothermal treatmemtdacalcination under the air. The microstructure of
initial cermets has an egg-shell character withmahwm and copper metallic phases and X-ray
amorphous mixed oxides in cores randomly distrithutethe oxide matrix. It has been found, that the
activity of massive oxide AlCuZn catalyst is highleecause the surface area of ceramometalls is.|dwe
has been shown, that the activity of the specifietattic copper surface of ceramometalls in WGS
reaction is changed nonmonotonically and symbdyicabntent crystallized intermetallic compound
Al4Cu9. Mechanical, textural and thermal propertiéceramometals was estimated. It has been found
that the ceramometalls has macropores size todfermscrons. These pores promote to high activity of
coarse fraction pelleted catalysts in WGS readbecause high diffusion permeability. For this reage
activity of caremometalls is comparable to thataofranular oxide catalyst based on mixed oxides of
copper, zinc and aluminum. Mild leaching leads sigaificant increase in activity cermets granules.

This work was supported in part by RFBR grant #8430251 and FP7 Project BIOGO.
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Composites on the base of silica dioxide and sipagticles, including obtained by laser ablation
method, exhibit catalytic activity in the low-tempture oxidation of CO. CO conversion in low-
temperature area depends on the composite preparagthod, and its redox treatments. Previously, we
have shown that the active samples contained aui@tflayer consisting of silica dioxide and silvis
formation involves the interaction of these compuse

Laser ablation of the silicon and silver targetswiater leads to the formation of the composite
particles that contain Si and SiQwith the average size of 7 nm), and silver pl$d6 nm). According
to the data of UV-Vis spectroscopy, water dispersid silica-containing particles is stable overdim
Dispersion remains stable at water dilution. THeesiparticles in aqueous dispersions tend to form
aggregates, and this is expressed in widening,lamgiwave shift of their plasmon absorption peak.
However, mixing of the two dispersions leads togtabilization of silver particles due to the i@ietion
with the components of silicon dispersion.

The measurement of zeta-potential for silver plgishowed a result of — 41 mV, and for Si/SiO
particles of — 31 mV, i.e. charge interactions lestw them are excluded. After the mixing of two
dispersions the total zeta-potential decreases2® mV, and pH during 2 h was changed from 5.5aup t
12. The dispersion of silica-containing particleayntontain soluble silicic acid that were discodeby
the formation of a complex with molybdic acid wigallow color. They can either to bind the silvenso
that are always present in the dispersion, or tmiddon the particles surface. Decrease of thegrtbe
caused by acid-basic interactions.

To prove this, Si/Si@patrticles dispersion was synthesized in the paseh oxidizer—hydrogen
peroxide. The solid phase was separated by ultraitgation. Next the ablation of silver in silica
containing liquid was carried out. Silver particleistained have a narrow peak of plasmon absorption
with the maximum at 401 nm. The dispersions weablstover time because the situation of this pesk d
not change, but its intensity decreased. Two wdater the solution completely decolorized. This
suggests that soluble silicic acid stabilize thealémilver particles, but they stimulate the pdetc
oxidation, and silver transformation into ionic far The parallel study of the properties of silver
dispersions in BD, revealed that particles are strongly aggregatedchanoxidized.

Thus it can be assumed that the silver ions anticjes in the dispersion obtained by laser ablation
are stabilized by silicic acid, and the formatidnnerfacial layer may begin in the liquid phase.

This research was funded by the Russian Ministrizdifcation and Science (state task No. 2014/22@eet code
727).
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Catalytic oxidation is an effective way to conttieé environmental pollutants such as diesel engine
pollutions. Bulk mixed transition metal oxides, sifieally copper molybdates, show high catalytic
activity in the soot oxidation [1, 2]. However, ttevelop diesel particulate filter based on copper
molybdates, the supported catalysts can be usedig] present work is devoted to the preparation of
alumina-supported copper molybdates and studyeif tatalytic performance in soot oxidation.

Two series of supported copper molybdates wereapeepby the consecutive impregnation of the
support with (NH)eMo;0,4 and Cu(NQ), solutions. The first series of the catalysts wasthesized
using alumina as the support, while the secondvee prepared using the MgO-modified,@4. The
Cu:Mo molar ratio was 1:1 and 3:2 in both serielse Dbtained samples were calcined at C00*he
samples were investigated by the XRD;HPR and UV-vis DR electron spectroscopy. The gétasoot
oxidation was studied using thermogravimetry (T@J differential scanning calorimetry (DSC).

According to the XRD data, weak reflections ofsM0,09 were identified in the patterns of the
samples of the first series regardless of the CurMdar ratio. In the case of the second series, the
crystalline phases of copper molybdates as watbaper and molybdenum oxides were not found in the
samples indicating a high dispersion of the sumgabaoixides.

The H-TPR and UV-vis DR electron spectroscopy data amthtly confirm the primarily
formation of the crystalline GMo,0Og in both samples of the first series due to a gtroteraction of
molybdenum oxide with the support surface to folomanum molybdate. In contrast to the alumina-
supported samples, it was shown that the usingg®¥hodified alumina as a support for the samples of
the second series allowed preventing the intenadbietween supported oxides and alumina support
providing conditions to form dispersed §M0,0, and CuMoQ depending on the Cu:Mo molar ratio.

The catalytic performances of bulk and supportegpeo molybdates toward soot oxidation were
studied. The influence of the support and catalgatposition on the catalytic properties was disedss

This research was supported by the Tomsk Stateetdiy Academic D.l. Mendeleev Fund
Program in 2015-2016.
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Exfoliated graphite (EG) represents carbon matevfath possessed low density and high content
of mesopores. EG can be pressed without binderattmats to obtain different industrial materiali§
feature of EG lies in the basis of graphite foildasealing technology. These materials have good
mechanical properties and are able to keep thein fduring their operation [1]. EG has a number of
unique performances. a wide operating temperatangea, high chemical resistance, excellent sealing
ability.

EG is obtained from natural graphite, includingpstd intercalated graphite (IG) synthesis. IG is
graphite intercalation compounds (GIC), obtainedHgyintroduction of molecules and ions of substanc
(the intercalant) into the interlayer space of rapcrystal lattice. IG is heat treated at tempees of
900-1500 °C. After heat treatment, EG shows exthgihogv bulk density and high texture characterstic
Materials and gaskets made from EG are stable iat@osphere at the temperature up to 500-550n°C, i
water vapors — to 650 °C, in an inert atmosphete 3000 °C. Also, these materials withstand thermal
shocks and low temperatures to -240 °C. As a rethdse materials are chemically stable, have hégtt
and electrical conductivity [2].

EG differs by high values of capacitance in supegicaors due to high specific surface area. It was
revealed that the capacitance of supercapacit@sdban expanded graphite reached 110 F/g. This is a
key factor in the use of these materials as eldegolt is important that the capacitance of thmeaterials
can be considerably increased by applying the nogide nanoparticles [3].

This research was devoted to the synthesis of dgeajke material based on expanded graphite
with deposited nickel nanoparticles. The synthesis conducted by the method described in patént [4
EG with specific surface area of 300-356/gnwas impregnated by aqueous nickel salt solutiven it
was calcinated in air and reduced in a hydrogerogpimere. The sample obtained had a specific surface
area of 42 ig.

The presence of uniformly distributed nickel nantipees was confirmed by scanning electron
microscopy (SEM). The size of nickel nanopartickess ranged from 20 to 40 nm. The spectrum of
energy-dispersive X-ray spectroscopy (EDX) showea ¢ontent of metallic nickel on the level of 20
wt.% [5].

In conclusion, it was shown that the material, pred according the above-mentioned technique,
can be used for the decomposition process of hgtitocarbons, and as a material for supercapacitors

The research was financed by the Grant of Presid#nRussian Federation for Young Researchers PhB-(M
5360.2016.8) and this work was supported by Rudsémteration President scholarships, project num®er69.2016.1.
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Catalytic conversion of bioethanol is one of thegpective ways for synthesis of valuable
chemicals (acetaldehyde, ethylene, butanol, hydroge.) [1]. Now bicomponent catalysts such as
composition of noble metal (Ag, Au, Pt)/transitiometal oxide (Ce@ Co04 FeOs) supported on
different carriers are attractive candidates faberation of novel high-efficient catalysts. Modern
researchers describe the interaction between coemp®m catalyst in terms of so-called synergéfece
[2, 3], which is associated with improvement of ttedalytic properties for bicomponent catalysts in
comparison with monocomponent metal or oxide catalliowever, there is no consensus about the
nature of synergetic effect. The main aim is teestigate the influence of second component (irade)x
on the state and catalytic activity of Ag supportathlysts.

In the present work, two series of catalysts waepared by impregnation of active component
solution. The first group (titled as Ag-F@8i0O,) was prepared by simultaneous impregnation oftswsiu
of iron nitrate and silver trifluoroacetate andrhbe samples were dried at 110 °C with a subséquen
calcination at 550 °C for 6 h. The iron amount weaiged from 1 up to 10 %, the silver amount w&$.5
The second group of catalysts (titled as Agd£SiO,) was prepared by consecutive impregnation
method. At first silica was precalcined at 600 1@ #hen the calcined support was impregnated sgep-b
step via iron nitrate solution and silver nitragdter each step of impregnation samples were daied
110 °C and calcined at 550 °C for 4 h in air. Atalysts were investigated by XRD; &dsorption, TPR-
H,, and TEM and tested in oxidative dehydrogenatiogtimanol to acetaldehyde (2 %HsOH, 18 % Q,

80 % He).

The strong interaction between active componentsatidlysts Ag-Fe@SiO, led to the formation
of amorphous deposited Fe-silica layer on the gsitaburface and to shifting of their reduction
temperatures. The second group of catalysts (A@#8i0,) consisted of Ag nanoparticles and hematite
phase reduced at appropriate temperatures duriRgHpRxperiment.

Both groups of catalysts were active in oxidativehytirogenation of ethanol. The highest
acetaldehyde selectivity (~ 90 % at 230 °C) wasnhed for Ag-Fe@SiO, catalysts in comparison with
Ag-Fe04/SiO, (~ 70 % at 230 °C). The high selectivity of Ag-K&8O, catalysts are suggested to
associate with active bicomponent layer structumetle catalyst surface built of small species of
delafossite(AgFeQ) phase. The absence of interface contact betwampanents on the surface of Ag-
Fe,03/SIiO, catalysts was responsible for the decrease ohala@mnversion.

This work was supported by The Tomsk State Uniyeksademic D.l. Mendeleev Fund Program in 2016.
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Colloidal method based on immobilization of collaidnetal NPs over different types of supports is
an effective alternative approach to the synthesmipported metal catalysts with well-defined jotet.

A precise control over size and shape of NPs ah#dmemeter scale by varying the synthesis conditisn
expected to allow prediction of their catalytic foemance as well as to give a possibility to turegemal
properties with high accuracy and reproducibilithe purpose of the current work is to explore
regularities of ruthenium NPs formation via polyeduction and to determine key parameters for the
synthesis of Ru NPs with a controllable particleesallowing further preparation of heterogeneous
catalysts for different catalytic application, eagjueous phase reforming (APR) of bioderived sugads
sugar alcohols. The influence of different synthgsarameters, such as reduction conditions, the rat
between Ru and stabilizing agent (PVP), and thedteentration on the particle size was studied.

A series of colloidal Ru NPs were synthesized by polyol method using Rug&hH,O and
ethylene glycol (EG) as a metal precursor and aaied agent, respectively [1]. As a general procedu
RuCkxnH,O and PVP (mol Ru/mol monomers PVP = 1/1 — 1/50ewkssolved in EG under stirring
followed by heating up to a predetermined tempegafi70+-198°C). Reduction with NaBHeduction
was performed by addition of the stoichiometric amts of the reducing agent under efficient magnetic
stirring. Ru NPs formation as well as their stapiéifter immobilization over mesoporous Sibunit;bea
nanofibers of platelet structure and TiC carbidaveel carbon under reaction conditions simulatirigRA
were monitored by a range of physical methodsuatialg UV-Vis, XRD, TEM, XPS. The effect of the
PVP/Ru, Ru concentration, reduction temperaturetaadeducing mode on the mean diameter and size
distribution of Ru-NPs was investigated [1]. Thetjgte size prepared by the current polyol techeiqu
does not depend strongly on the Ru/PVP ratio addaten temperature varied in the range 1/1-1/50 an
170-198°C, respectively, while an increase in tle¢ahconcentration in the solution favored NPs ghow
The hundred-fold increase in RyQ@oncentration in the solution was shown to result particle size
growth from 1.7 to 2.6 nm. Faster reduction by NaBitlambient temperature resulted in formation of
smaller NPs of ca 1.8 nm compared to those redbgedG (2.5 nm). A highly concentrated colloidal
solution of well-defined Ru NPs (0.1 M) was obtairt®y the polyol method using PVP as a stabilizing
agent in lower excess (mol Ru/mol monomers PVP5} &hd used for immobilization over different
carbon supports. Two different methods, includimgitu and ex-situtechniqueswere evaluated for the
preparation of carbon supported Ru NPs. The hydrothl stability of differently prepared 3 wt. % Ru
on various carbon supports was assessed at APRasimyureaction conditions in aqueous solutions of
acetic acid at 220°C under high, lgressure. TEM, XPS, XRF, ;Nohysisorption were applied for
characterization of catalysts before and aftestéstthe case oh-situ method Ru NPs size was shown to
strongly depend on the type of carbon support beifigenced by NPs —support interactions while this
effect was negligible forex-situ synthesized Ru catalysts. Synthesized -catalystsveshogood
hydrothermal stability. ICP-AES and XRF data canfyd that Ru leaching was negligible.

The SusFuelCat project has received funding fraerBtiropean Union’s Seventh Framework Programmedsearch,
technological development and demonstration und@ntgagreement No 310490 (www.susfuelcat.eu).
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Copper molybdates have found wide applications,luding in manufacturing of lasers,
electrochemistry, temperature and pressure sensmrs[1]. Besides, copper molybdat€siMoQ: and
CwMo2.0, were shownto be catalytically active in a range of oxidatiemctions such as oxidation of
soot [2], alkenes [3] and (GBS, [4]. The use of copper molybdates as functionatlenes required
the development of preparation methods. The preserk is focused on the study of peculiarities of
formation of copper molybdates with desired phasaposition, structure and textural characteristics
the course of co-precipitation and subsequent thkemaatment.

The samples were prepared by the co-precipitatiethod. Water solutions of Cu(N§), and
(NH4)sM07024 or K:M0O4 (in case of KOH as noted belowjere used as copper and molybdenum
precursors, respectively. Aqueous solutions of,®H, KOH, NaOH were used as a precipitating agent.
The precipitate formed was aged in a mother sotwin25 and 60C. The obtained samples were dried
at 80 € for 6 h and then calcined at 500 for 4 h. The samples were investigated by a cormple
methods such as XRD, STA and MP AES.

According to the XRD, STA and chemical analysisagah case of NKDH precipitant, the
formation of a mixture of (Nk).Cw(NH3)sM050,0 and CuGBH,0O is observed under the precipitate
aging at 25¢ followed by drying at 80C. The precipitate aging at 6Q followed by drying at 80C is
accompanied by the formation of a mixture of Cu(@H,O and CygMo,0s(OH),. The calcination of
the samples at 500 Yesults in the formation of a mixture of £o,0g and CuO.

In case of KOH precipitant, the formation of a mia of CuyMo0,0g(OH), and KMo030;¢ phases
takes place under the precipitate aging at @5fdllowed by drying at 80 C. Subsequent sample
calcination at 500C leads to the formation of a mixture 0§®&us(M00O,)4 and CyMo0,0s.

The use of NaOH as a precipitating agent resulteerformation of an amorphous phase under the
precipitate aging at 25C°followed by drying at 80C. The temperature treatment of the amorphous
sample leads to the formation of the mixture of @@yvand CyMo,Oy copper molybdates.

For both KOH and NaOH precipitants, a single-pHasgMo,Og(OH), sample is formed as a result
of the precipitate aging at 6@ Y%ollowed by drying at 80C, with a single-phase GMo0,0Oy copper
molybdate being formed in the course of its calibom

Generally, according to the results obtained, trenation of copper molybdates in the course of
co-precipitation can be considered in the relatomnlassical molecular-kinetic theory, which is éa®n
the ideas of solutions and solubility of the subsés and the Gibbs—Volmer concepts concerning the
nucleation and growth of the crystals. The fornatid the single-phase @do0,0y copper molybdate
occurs via the preliminary formation of gio,Og(OH), phase. However, the formation of the single
phase CuMo®molybdate was shown to be hindered by the co-pitation under the given condition.

This research was supported by the Tomsk Stateetsityy Academic D.l. Mendeleev Fund Program in 220%6.
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Replacement of a batch reactor by continuous psesesising monolithic microreactor can make
them more effective, safer and produce producth stidble properties [1]. For applications as cataly
supports in flow reactors, porous silica monolitequire a combination of connected pores of micron-
scale to enable fluid flow plus nm-scale poresrabde high catalyst area and activity. They musb ale
mechanically strong to withstand the pressuresiredjio drive fluid through them at the requireovil
rate [2]. Such monoliths are made by the sol-gehrielogy. The sol-gel method is a widely known
method of obtaining silicon dioxide. This methotbais to obtain materials of the specific structarel
form.

The impact of the synthesis conditions (composjttemperature) on the silica structure, pore size
and permeability of the silica supports will beadissed.

Silica meso- and macro-porosity was obtained dua fohase separation method, invented by
Nakanishi [3]. Nitrogen adsorption and desorpti@otherms were measured at 77 K using a
Micromeritics TriStar 1l 3020 instrument. Mercuryonqosimetry experiments were carried out with
Micromeritics AutoPore 9500 equipment. The totalgsity of the monolith samples were determined by
weighing the monoliths when dried and when filletlvwater. The effect of heat treatment and mixture
composition on the gel composition will be examinging FTIR spectroscopy using a Nicolet 6700,
Thermo Fisher Scientific.

Crack free silica rods featured three types of paletected by mercury porosimetry and nitrogen
adsorption: small pore with diameters 3 nm, origmgafrom the presence of CTAB micelles, larger®ne
with maximum at 20-40 nm, and large macropores digmeters in the range of 140-16®, obtained
by PEG-induced phase separation. The monolithsbigHi surface area of about from 40 to 37F/gm
mesopore volume from 0.1 to 1.2 ¥mand porosity up to 94 %. The monoliths thus iolet appeared
to possess larger macropores compared to thosdedzfore [4].

Due to the presence of flow-through pores of 140+ sizes these reactors can operate at low
pressure drops which eliminate the need for theofi$egh pressure pumps. The relatively large s@rfa
area, exhibited by mesopores present in silicaetielallow to attaching functional groups and metal
nanoparticles.
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The paper investigated the change in the textudeamnd characteristics of previously modified
alumina support by acetic acid, ammonium fluoridesium nitrate or sodium hydroxide. Aqueous
solutions of these additives were mixed with pséogbmite, followed by calcination at 558G in a
stream of air and aluminum hydroxide treated wigsiem nitrate at 650C. The obtained samples of
alumina were used as the supports, which were caljeo chemisorption impregnation with solution of
palladium acetylacetonate in benzene. The pallagiontent in all samples was 0.5 wt %. Performances
of the supported systems were evaluated in theepsoof hydrogenation reaction of 1,3-butadiendnén t
laboratory. For this purpose, the catalysts weeérgated at 408C in a mixture of 5% O2 in argon for 2
h, 10 min under an inert atmosphere and then imxture of 5% H2 in Ar for 2 h

Study the properties of supports, pre-modified veitid-base additives, showed preservation of the
phase composition of-Al203, according to the results of X-ray analysfsccording to the low-
temperature nitrogen adsorption analysis, was wbdeincrease of the surface area of modified
aluminas, except for the sample containing theucesitoms, compared with the unmodifiedl203 (S
= m?/g). This was accompanied by the redistributionsofface area and pore volume with increase
percentage part of pore less than 5 nm. Pre-mdd#igport by cesium nitrate had S. = 22%gn
According to the method of temperature programmesbrption of ammonia, the introduction of acid
modifiers increases the acidity of the correspogdiarriers at the expense of growth of strong aites;
use of basic additives leads to a decrease tatdityawith increase in the fraction of medium artcbag
acid sites.

Studying the properties of supported palladiumiplad were carried out technique of temperature
reduction with hydrogen and carbon monoxide cherptemn titration, followed by desorption of carbon
dioxide. The introduction of acid additives in thgnthesis of the support leads to the formatiora of
larger number of electron-deficient palladium paes. Basic additives contribute to lowering the
concentration of strong acid sites of the suppodt @ a result, formation of particles of palladiwith a
high electron density.

A catalyst based on the not modified support presithe degree of conversion of 1,3-butadiene
and up to 56% with selectivity for the target comgmot, butene-1 up to 35%. Samples obtained by
modifying support by the basic additives exhibibheersion of 1,3-butadiene to 81% with a selectitity
1-butene to 37%. Samples of the catalysts prepssied) acid additives contribute to the low convanmsi
to 41%. These samples provide high selectivityutebe-1: 59% for a catalyst carrier that has been p
modified with acetic acid, and 53% for a sampletaming fluorine atoms.
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Colloidal method based on immobilization of collaidnetal NPs over different types of supports is
an effective alternative approach to the synthesmipported metal catalysts with well-defined jotet.

A precise control over size and shape of NPs ah#dmemeter scale by varying the synthesis conditisn
expected to allow prediction of their catalytic foemance as well as to give a possibility to turegemal
properties with high accuracy and reproducibiliyhe purpose of the current work is to explore
regularities of ruthenium NPs formation via polyeduction and to determine key parameters for the
synthesis of Ru NPs with a controllable particleesallowing further preparation of heterogeneous
catalysts for different catalytic application, eagjueous phase reforming (APR) of bioderived sugads
sugar alcohols. The influence of different synthgsarameters, such as reduction conditions, the rat
between Ru and stabilizing agent (PVP), and thedteentration on the particle size was studied.

A series of colloidal Ru NPs were synthesized by polyol method using Rug&hH,O and
ethylene glycol (EG) as a metal precursor and aaied agent, respectively [1]. As a general procedu
RuCkxnH,O and PVP (mol Ru/mol monomers PVP = 1/1 — 1/50ewkssolved in EG under stirring
followed by heating up to a predetermined tempegafi70+-198°C). Reduction with NaBHeduction
was performed by addition of the stoichiometric amts of the reducing agent under efficient magnetic
stirring. Ru NPs formation as well as their stapidifter immobilization over mesoporous Sibunit;bea
nanofibers of platelet structure and TiC carbidaveel carbon under reaction conditions simulatirigRA
were monitored by a range of physical methodsuatialg UV-Vis, XRD, TEM, XPS. The effect of the
PVP/Ru, Ru concentration, reduction temperaturetaadeducing mode on the mean diameter and size
distribution of Ru-NPs was investigated [1]. Thetjgte size prepared by the current polyol techeiqu
does not depend strongly on the Ru/PVP ratio addaten temperature varied in the range 1/1-1/50 an
170-198°C, respectively, while an increase in tle¢ahconcentration in the solution favored NPs ghow
The hundred-fold increase in RyQ@oncentration in the solution was shown to result particle size
growth from 1.7 to 2.6 nm. Faster reduction by NaBitlambient temperature resulted in formation of
smaller NPs of ca 1.8 nm compared to those redbgedG (2.5 nm). A highly concentrated colloidal
solution of well-defined Ru NPs (0.1 M) was obtairt®y the polyol method using PVP as a stabilizing
agent in lower excess (mol Ru/mol monomers PVP5} &hd used for immobilization over different
carbon supports. Two different methods, includimgitu and ex-situtechniqueswere evaluated for the
preparation of carbon supported Ru NPs. The hydrothl stability of differently prepared 3 wt. % Ru
on various carbon supports was assessed at APRasimyureaction conditions in aqueous solutions of
acetic acid at 220°C under high, l[gressure. TEM, XPS, XRF, ;Nohysisorption were applied for
characterization of catalysts before and aftestéstthe case oh-situ method Ru NPs size was shown to
strongly depend on the type of carbon support beifigenced by NPs —support interactions while this
effect was negligible forex-situ synthesized Ru catalysts. Synthesized -catalystsveshogood
hydrothermal stability. ICP-AES and XRF data canfxd that Ru leaching was negligible.

The SusFuelCat project has received funding fraerBiropean Union’s Seventh Framework Programmeedsearch,
technological development and demonstration undantgagreement No 310490 (www.susfuelcat.eu).
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I nfluence of Zr O, and CeO, addition on the activity of CrO,/Al,O; catalysts
in dehydrogenation of hydrocarbons
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Currently, isobutane, other light paraffins andyktbnzene, have a high impact on the world
petrochemical industry. Their dehydrogenation pot&lpropylene, n-butenes, isobutylene, styreis), ate
widely used in production of synthetic rubbersspés and valuable chemicals. For these purposespfthe
main ways to produce olefins from the correspondikgnes is a catalytic dehydrogenation. Thereraey
approaches to represent and carrying out the depgdation reactions, including fixed [1], fluidiz§2]
or moving [3] bed of catalyst, oxidative [4] andmoxidative [5] dehydrogenation, etc. Up to now,
different types of mixed oxides [6-8] have beenlstd as catalysts for dehydrogenation of hydroceshbBt-

Sn and Cr@supported on AD; are the main kinds of materials for alkane nomatiwe dehydrogenation.
Application of these catalysts is limited by higbstof Pt and toxicity of chromia. According tcehature,
chromia catalysts supported on Zr@ith low content of Cr¢) are among the most active systems in non-
oxidative dehydrogenation reactions [9]. Besidesg tb unique properties, Ce€ontaining catalysts are
popular materials for oxidative dehydrogenatiorctieas [10]. However, low surface area and lowistalof
zirconia and ceria at high temperatures limit these. Hence, the development of new Cr-containing
catalysts modified with Zroand Ce®@ with low chromia loading for dehydrogenation ofrgfins into
olefins is of vital importancet is proposed that reduction of Gy@ active phase will be held in the reaction
mixture flow instead of reduction pretreatment yaltogen before dehydrogenation. Thereby, the parpbs
the present work is to develop systems on mixegatpand study the effect of Zr@nd CeQ addition on

the state and activity of Ct@upported on alumina in isobutane dehydrogenation.

Cr-containing catalysts with loading of Cr corrasging to a monolayer (5@hnnf) were prepared by
incipient wetness impregnation method using wabéstisn of HCrO,. The catalysts were dried at room
temperature for 12 h and calcined at 600 °C for. £1®,, CeQ, CaZri40,, Al,Os and ZrGQ/AlOs,
CeQ/Al,03 and CeZry0/Al,03 (0.5 monolayer of zirconia and/or ceria, 5at/nnt) were used as
supports. Zr@Al,0s, CeQ/AI,0; and CZri0./Al, O3 supports were prepared by incipient wetness
impregnation technique using water solution of Z0f),- 2H,0O and/or Ce(Ng)s- 6H,O stabilized by citric
acid. Catalysts were studied by low temperaturediption, XRD, TPR, UV-vis spectroscopy and tested
reaction of isobutane dehydrogenation in a fixetirneactor.

The effect of modification by ZrOand/or Ce®@ on the formation of active cites and activity af C
containing catalyst supported on,@4 in dehydrogenation of isobutane will be preserted discussed on
the conference.

This work was supported by the Russian federaletapgogram “Research and Development in the PrjoAtreas of
the Science and Technology Complex of Russia fbt-2D20" (contract no. 14.578.21.0028, RFMEFI5780@X8).
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Ethylene is a valuable product in industrial chengislt is used as a monomer for production of
polyethylene. Acetylene is a strong poison for kthg polymerization catalysts. Therefore, selective
acetylene hydrogenation to ethylene is used foyletle purification from acetylene [1]. Palladium
catalysts are used for acetylene hydrogenationinfrove the acetylene hydrogenation selectivity,
supported Pd catalysts are promoted with a secatdl itZn, Ag) [2-4].

In the current study Pd/ Pd-CuC and Pd-Agl catalysts were synthesized. The synthesized
catalysts were studied in selective acetylene lgeatiation to ethylene, and their properties were
compared. Carbon nanofibers (CNF) and carbon naast(CNT) were used as the catalyst supports. For
both types of the supports (CNF and CNT) higherc@acentration in the catalyst was found to lead to
higher hydrogenation activity. However, the selatti of Pd/C catalysts was found to be different.
Pd/CNF catalysts based on carbon nanofibers wisttketl structure showed the best results in
purification of the acetylene-ethylene mixture fragetylene.

Over 0.08%Pd/CNF catalyst acetylene is subjectembnoplete hydrogenation at 70 °C. The ethane
concentration at the reactor outlet is 0.7 mol.%.ifMprove its selectivity, the palladium catalysasy
modified with copper or silver.

Modification of the 0.08%Pd/CNF catalyst with 0.2.9 Cu led to the decrease of the catalyst
activity. Hydrogenation of the acetylene-ethylen&tore started at 100 °C. Ethylene conversion redch
50% at 210 °C without any observed ethane formattomther temperature increase (to 235 °C) made it
possible to increase acetylene conversion to 98%e process selectivity decreased, and ethane
concentration at the outlet was equal to 0.4 mol.%.

Modification of the 0.08%Pd/CNF catalyst with 0.3.94 Ag led to an increase of its selectivity
with an obvious decrease of the catalytic activitging 0.08%Pd-0.3%Ag/CNF catalyst, 50 % acetylene
conversion was achieved at 90 °C with 99% ethykslectivity. It was found that modification of the
Pd/CNF catalyst with silver results in the formatimf Pd-Ag alloys. Their formation is the reasontfee
decrease of the catalytic activity with a signifitancrease of the selectivity for such catalysts.

The investigation was performed with the finan@apport of the Russian Science Foundation (Projémt 15-13-
10043).
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Nowadays fuel cells with polymeric proton exchamgembrane (PEM FC) are considered as
alternative and clean energy sources. Fuel for FEMs hydrogen. The #ich gas (reformate) obtained
from catalytic conversion of hydrocarbon fuels wihbsequent CO water gas shift reaction usually
contains 0.5-2 vol.% CO, which poisons the PEM RGda catalyst and must be removed to a level
below 10 ppm. Selective CO methanation is one ef phomising methods for CO removal from
hydrogen—rich gas mixtures. However, the refornygtecally contains about 20 vol.% G@nd 10 vol.%
H2O. In this case undesirable €@ethanation and reverse water—gas shift (RWGS}iogs may occur,
causing considerable consumption of hydrogen aagkasing CO outlet concentration. Therefore, there
is a need for highly active and selective CO madlian catalyst that prevent both undesirable, CO
methanation and RWGS reactions.

In this work we show the results on the comparasively of CO methanation inzHich mixtures
(1%CO; 1%CQ; 1%CO+20%CQ and realistic BHrich mixture (1%C0O+20%C8H,0)) on well-
characterized (BET, XRD, TEM, EDXA, HAADF-STEM a@D-chemisorption) Ni/Cefcatalysts.

Ni/CeQ, catalyst prepared by Ni (ll) nitrate precursor wasy active in CO and CQOnethanation,
in selective CO methanation in realistig-kth mixture the minimal CO outlet concentratiomsvonly
130 ppm at 245 °C. Ni/CeCQcatalyst prepared by Ni (ll) chloride precursoss Hagh selectivity in
selective CO methanation [1,2]. The £@ethanation is inhibited due to the formation e0CI species
on the ceria surface [2,3]. However Ni/Cefrepared by Ni (I) chloride precursor is lesshacthan
Ni/CeQ, prepared by Ni (Il) nitrate precursor [1-3]. So wg to optimize the chlorine introduction
procedure to provide high Ni dispersion over Clteamng ceria in order to obtain highly active and
selective catalyst. We prepared the Cl—containin@X)/CeO, and Ni/CeQCI*) by impregnation of,
respectively, Ni/Ce@catalyst with an aqueous solution of M and Cl-containg CeQwith an aqueous
solution of Ni(ll) nitrate. All Cl—-containing catgdts no matter by which method they were doped with
chlorine, showed sufficient performance in selectBO methanation, in contrast to Ni/Ce@he. All Cl-
containing catalysts showed much higher CO cleaefijgiency and provided CO removal from
reformate gas to the level §f10 ppm. In particular, [CQ];< 10 ppm and SCO ~90+50% were reached
at 240+285 € for Ni/CeQy(CI*); at 285+335 € for Ni(CI*)/CeOy; at ~320 € for Ni(Cl)/CeQ.

This work was supported by RFBR Grant 14-03-00457a.
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Currently, the most cost effective way to produgdrbgen is a steam reforming of hydrocarbons.
To increase the hydrogen content, the second statfee process — water gas shift (WGS) reaction is
used which occurs in a broad temperature range isrglightly exothermic. For the intermediate
temperature range, the catalysts containing oxidleson and chromium are often used, while catalyst
containing oxides of copper, zinc, aluminum, ancootium are usually applied in the low-temperature
range. In recent years, catalysts based on sdlidicas of cerium and zirconium oxides, includifgpse
doped with rare earth elements are considered thebmost promising.

Pro.2Cey.4Zr0.40, support was prepared via Pechini method. Ni/PrOeZamples containing 5, 7.5,
10, and 12.5 wt. % of Ni were prepared by incipieetness impregnation of support with the aqueous
solution of Ni2+ nitrate salts. Further, Ni/PrCeZgamples were dried using microwave heating and
calcined at 700°C in air for 2 h.

According to XRD data, the initial Ni/PrCeZrO cafstis are comprised of a solid solution of
praseodymium, cerium and zirconium oxides withftherite structure as well as nickel oxide. Theesiz
of NiO crystallites increases with the increasenafkel loading, while the specific surface area of
catalysts remains almost unchanged. UV-Vis spadfti@atalysts, when compared with the spectrum of
support, contain absorption bands correspondingdkel cations in the octahedral oxygen coordimatio
(Ni**op), being a part of the nickel oxide. According t&R FEM, the support is a well-crystallized
Pr0.2Ce 4Zr0 4O, oxide with a particle size of about 10 nm. Thekalan Ni/PrCeZrO samples is in the
form of oxide particles with a size up to 100 nm.

XRD analysis shows that testing of Ni/PrCeZrO gatlain WGS reaction leads to an increase in the
unit cell parameter of Pr0.26&ry40, solid solution when compared to the samples pgaaeaction.
The increase in the cell parameter is consequeitte oeduction of C¥ cations to C& and Pt to PF™.

In addition, samples contain metallic nickel witlparticle size comparable to that of NiO in theabat
before reaction. UV-Vis spectra of samples aftactien show an increase in the background that most
likely indicates the presence of metallic nickeiltjzées. According to HRTEM of samples after reanti

the active component is metallic nickel particleated with a thin layer of nickel oxide.

All studied catalysts exhibit a good activity iretmtermediate-temperature range (300-500°C). The
experiments proved that the yield of the reactimdpcts and, therefore, the catalyst activity atightly
depends on the loading of active component. It feasd that the optimum content of nickel in the
catalyst providing the maximum activity was 10 9.

To eliminate the local overheating of the catabystl decrease the pressure drop in the reactor as
required for further up-scaling, this active comgoinwas supported on a metal plate made of Ni-ahfo
alloy. At a fixed contact time the same level of €@version as for the fraction of the active cormgrd
was achieved with its loading on such support wb&&b.

Support by FP7 Project BIOGO and Russian Academ$oiénces and Federal Agency of Scientific Orgdioaa
(project V.45.3.8) is gratefully acknowledged.
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Considering the depletion of the world’s fossilffueserves and its uneven distribution, hydrogen-
based energy systems have attracted extensivei@tte®ne of the most interesting ways of hydrogen
production is photocatalytic water splitting witacsificial agents such as organic compounds. Aalide
model organic system is ethanol [1]. Earlier weéhaliown that the most active photocatalysts fa thi
donor system contaisrZn(OH), and CdZn;.,S phases [2]. J. Ran et al. have demonstratedNt(@H),-
loaded CdZnS samples show high photocatalytic activity andtpstability in the organic media [3].

In this work y% Ni(OHYCdy3Zno7S (labeled as y-Ni(OH), y% Ni(OH)/10%
ZN(OH)/Cdy3Zno /S (labeled as y-Ni(OH)10-Zn(OH)) photocatalysts were prepared by the
impregnation method. The obtained samples wereacterized by some methods included XRD, DRS,
FTIR, TEM techniques. It was shown thatyG€hy 7S, Ni(OH), (Ni(OH), and Zn(OH)) phases contained
in the prepared samples. Additionally nickel sutighiwas observed due to the features of nickel
adsorption at the first stage of the catalyst pregpgan. We platinized the synthesized materials tasted
their catalytic activity. The rate of hydrogen puction increased with the content of nickel hyddexi
increasing up to 10 wt.% for the y-Ni(OHyamples and 40 wt.% for the y-Ni(QH)0-Zn(OH) samples.
The maximum rates of Hevolution were 4.13 pumol/min and 4.22 pmol/min 1@-Ni(OH), and 40-
Ni(OH),-10-Zn(OH) samples, respectively. Above these values of thgosieed components, the
hydrogen evolution decreased gradually. This beinanfithe photocatalytic activity can be causedhzy
heterojunctions between the support and transitietal hydroxides, NiS phases.

Additionally, we prepared three series of the medifnickel hydroxide and zinc hydroxide
photocatalysts which differ in the order of the gmment deposition. These samples were labeled as y-
Ni(OH)2-10-Zn(OH}-number, where number (1, 2 or 3) indicated theesponding route of the catalyst
modification (1: support> Zn(OH), deposition— Ni(OH), deposition; 2: support> Ni(OH), deposition
— Zn(OH), deposition; 3: support-> simultaneous deposition of Ni(OH)and Zn(OH)). NiS,
Cdy3Zno 7S, Ni(OH) and Zn(OH) phases were observed for the first and the secenés of the
photocatalysts. XRD and FTIR methods revealed ttiatsolid solutions of Ni(OH)and Zn(OH) were
formed for the y-Ni(OH}10-Zn(OH)-3 samples. All prepared samples were tested iphiogocatalytic
hydrogen production from aqueous solutions of ethander visible light irradiation and demonstrated
high values of the catalytic activity. Besides thi® measured the hydrogen production rate of tbst m
active photocatalysts during six cycles, and ewsgle lasted 90 min. All samples saved their cataly
activity. Totally, 86 ml, 87 ml, 75 ml, 69 ml of yogen were produced on 10-Ni(QHJ0-Ni(OH)-10-
Zn(OH)-1, 30-Ni(OH}-10-Zn(OH}-3, 30-Ni(OH)-10-Zn(OH)-2 photocatalysts after irradiation during
9 h.

This work was supported by RFBR Grant5-33-20458 mol_a_ved.
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Desulfurization of hydrocarbon fractions of crudmbene coke industry is an urgent task [1,2].

This paper presents the results of a study of ydatadzonolysis of benzene fraction separated from
crude coal benzene. The choice of raw materiais, dietermined that the basic impurities contaiimed
raw coal benzene, such as unsaturated and suliysaunds, fully in focus head-benzene fraction.

The oxidation process was carried out in a strefmmzone-oxygen mixture in the reactor of the
bubbling type at a temperature of 25° C, the ommmeentration of the mixture of 30 mg/l, the reawti
kinetics was investigated for 1 hour [3-5]. Ozoeegived in the generator OGVKRZSaint Petersburg)
using a barrier discharge, with the measuremenizohe concentrations at the inlet and the outl¢hef
reactor. The amount of catalyst introduced into rémction mixture amounted to 1 tnand a particle
size of less than 1 mm. Samples of supported o@sAtatalysts were used, containing as the active
components of Mg-Cr, Pd or Pt. Analysis of the cosifon of the initial crude benzene and reaction
products was carried out on the chromatograph Carecr6000.2.

Analysis of the data shows that the catalytic oahe is achieved reducing the content of
unsaturated and sulfur compounds. The highest degfreemoval of sulfur compounds observed in the

presence of the supported magnesium chromite. @heecsion of sulfur compounds during the duration
of the test 1 hour is 90%.
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It is known that heavy oil is about 80% of provedonbal oil reserves and Russia takes the third
place by reserves the heavy oil feedstock in thddnafter Canada and Venezuela. A depletion oftligh
and medium crude oil deposits makes inevitableeatgr involvement of the heavy oil feedstock into
processing [1]. Another problem of oil industrytes increase a depth of oil refining via increasofg
efficiency of secondary refining processes of ekdstock (mazut, tar, cracking residues, etc.).tMos
approaches for obtaining of valuable fuel fractidreen heavy oil feedstock are based on the use of
catalysts for catalytic cracking and hydrocrackiAgcording to the report [2] in 2011, the total lgg oil
refining capacity was slightly more than 88 millibarrels per day and that of the catalytic crackinigs
was close to 14.7 million barrels per day. Besidesalytic cracking and ancillary units providedane
45% share of the global gasoline market, and dauted much to the global diesel and light olefins
markets as well. The catalyst is one of the keyofacfor the catalytic cracking process, and variou
catalysts can have a significant differences ingblectivity and the degree of conversion of petroi
feedstock. As is known to all, catalyst is alwaye @f the key factors for catalytic cracking pracasd
different catalysts could lead to significant difaces in product distribution. Moreover, compangith
technical reform and plant revamp, replacemenhefdatalytic cracking catalyst is the most econainic
and efficient way to obtain a better product dmttion [3].

Thus, the objective of this work was to investig#tie influence of a catalyst based on coarse
powders of tungsten carbide and cobalt on prodemtsposition of heavy petroleum feedstock catalytic
cracking and the determination of the optimal pssceonditions in the presence of tungsten carbide a
cobalt.

The mazut of Novokuibyshevsk oil refinery (den€it§870 g/cmy a sulfur content of 3.04 wt%.,
H/C = 1,56) was used as the heavy oil feedstocknr@ercial coarse powder of cobalt and tungsten
carbide were used as catalysts. The experiments penformed in autoclaves with volume 13cat
temperature 420 °C during 1-1.5h in inert atmosphef Ar. Catalyst load was 0.05 to 2 wt%.
Effectiveness of catalysts was evaluated by pradoctnposition and a content of light fractions rffro
initial boiling point to 350 °C). Fractional comptisn of liquid products was determined by DSC /A G
in an inert nitrogen atmosphere in the temperatange 20-600 °C. The residual sulfur in the liquid
products of the reaction were determined by XRHRyaisg H/C ratio was determined using the universal
elemental analyzer Vario EL cube.

First time ever was discovered the catalytic attiof tungsten carbide and cobalt in reaction of
catalytic cracking of heavy petroleum feedstocke Relds of valuable fuel fractions were 71.1 and
69.4% for WC and Co accordingly. In addition, aciiog to the results of XRF measurements WC have
a desulfurization activity — 48% of sulfur was remad from liquid products. Additional experiments
were conducted on catalysts reuse (at least 3 tiares the results obtained proved a hypothesistabou
poison resistance of WC and Co because as it wasmdrated, not only has the catalytic activity not
decreased but slightly increased.
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Changes in the structure of production and consiomif hydrocarbons show a steady increase in
the role of natural gas as an energy source andnaerial for the chemical and petrochemical ingust
Proven world natural gas reserves were specified&&3-1& m® [1]. Natural gas remains main
feedstock for production of hydrogen whose worldiszonption rate steadily grows. Hydrogen can be
obtained directly from natural gas by steam refagn{SR), partial oxidation (PO) or autothermal
reforming (ATR). ATR is a combination of PO and SRis characterized by reduced rate of carbon
deposition and more favorable thermal equilibritnat ican be varied as a function of the oxygen [2gd
The development and modernization of Ni-based ysitdbr ATR is the actual problem when the high
and stable process performance must be achievethl-Mgport interaction is one of key factors for
controlling the properties of supported nanopaticf active component [3]. So, in this work fonihg
the properties of supported Ni nanoparticles the,Cg0O, materials with different La content were used
as supports. The effect of support composition ertutral, structural and redox properties of
Ni/Cer4La,O, materials and their activity in ATR of Ghvas studied.

Cer4La,0Oy (x = 0-1) supports were prepared by polymerizablaplex method. The Ni/GgLaOy
samples were prepared by incipient wetness imptegnaf support with aqueous solutions of nickel
nitrate. The nominal content of Ni metal was edqodl0 wt.%. The catalysts were characterized by BET
XRD, TA. ATR experiments were performed in a qudned-bed reactor with a feed composition of
CH;: HO: O,: Heequaltol1l:1:0.75: 2.5 under atmosphaessure, at temperatures 300-950°C and
gas flow rate 200 mImin. Analyses of reaction mixtures were accomgishising a Stanford Research
Systems QMS 300 mass spectrometric gas analyzer.

According to XRD data, the type of Ni-containingagle and its dispersion depend on La mole
fraction. At x = 0-0.8 the NiO particles are obstwhile at x = 0.9-1 the formation of LaNj©Occurs.
The mean NiO particle size decreases with an isere La mole fraction in catalyst composition:nfro
25 (at x = 0) to atomic-dispersed nickel (at x 5)0The activation of catalysts at ?@0in Hy/Ar leads to
some increase of the particle size; meanwhile takilgy of Ni active component against sinterirgy i
promoted by La presence in support composition. rElaeicibility of Ni cations is strongly affected by
support composition, and temperature of'Nieduction differs in the range ofT = 300C. From the
screening of Ni/CglasOy catalysts in the ATR of CHit is found that difference in the support
compositions is the crucial factor determining #utivity of these catalysts. The conversion of raath
and B yields increase with a decrease of La mole fractaa 850C H, yields are equal to 35, 45 and
55% at x = 1, 0.5 and 0, respectively, which caited with the increase of the reducibility of Nesies
as a result of weakening of Ni-support interactidbhe additional differences in catalytic activityrahg
prolonged time on stream are discussed in coroglatith physicochemical properties of Ni/GkayOy.

The authors are thankful to Dr. V.A. Ushakov, M¥.al Efimenko and Ms. G.S. Litvak for their assistawith catalyst
characterization. This work was supported by Rus&iaderal Agency of Scientific Organizations (V456).

References

1. Horn, R.; Schlogl, RCatal. Lett.2015, 145 23-39.

2. Biswas, P.; Kunzru, DChem. Eng. 22008, 136, 41-49.

3. Ismagilov, 1.Z.; Matus E.V.; Kuznetsov, V.V.; Mot&l.; Navarro, R.M.; Kerzhentsev, M.A.; Ismagilov,RZ;
Fierro, J.L.G.Catal. Today2013, 210, 10-18.

58



CATALYSIS: from Science to Industry 2016 SectionXal presentations

Study of pretreatment conditions of Cr-containing catalyst of the
pentafluor oethane synthesis

R.V. Petrov, A.A. Zirka, S.I. Reshetnikov
Boreskov Institute of Catalysis, Novosibirsk, Rassi

petrov@catalysis.ru

The pentafluoroethane CHFCF; (hladon R-125) is obtained by gas-phase hydrofhadion of
tetrachloroethylene @C=CCL in the presence of chromium-containing catalystarious supports [1,
2]. The activity and selectivity of the chromiumataining catalyst depends significantly not only an
composition of the catalytic system but also on #uivation mode (pretreatment), including heat
treatment and hydrofluorination of catalysts preour The catalyst is finally formed under the actod
fluorine containing mixtures under conditions afadalytic reaction or fluorinating preactivation.

The aim of this work is to study the influence loiorinating pretreatment of Cr-containing catalysts
precursor on their activity in reaction of the &etnloroethylene hydrofluorination into pentafludtame.

The precursor of catalysts samples was prepareddiymixing method of powder magnesium
fluoride with CrCk-6H,0. The precursor of catalyst contained 5 wt.% @bohum. The physicochemical
properties of the catalytic systems obtained by treatment of the precursor in nitrogen and aineen
120 and 500°C and their influence on the catakbtitivity in tetrachloroethylene hydrofluorinatioreve
studied by thermal analyses (DTG, DTA) and spesifidace are measurements.

It is shown that by changing the heat treatmenditmms can form the precursors not only with
different BET specific surface area and chromiumtaming due to water and HCI removal but with
different atomic ratio O:Cr = 1.5-2. Change in atomatio O:Cr can be due to the passing of oxidativ
reaction in temperature range 140-350°C [3]:

Cr03+05Q0—-2CrO
Hydrofluoritation of CrQ-containig precurcor which heat treated in oxidatatmosphere (air) at
350°C leads to disproportionation of Gro Cr(lll) and Cr(IV) oxides [3]:
3 CrG — CrOs + CrG;
and then to formation of oxyfluorides with diffetezontaining of fluoride atom:
Cr,Oz+x HF— 2 CrQl.S—x/4)FX/2 + x/2 HO
CrO; + 2 HF— CrOF;,1 + HO1

In results precursor loss 1/3 chromium atoms frbomeirtinitial content. It is good agreement with
ICP-spectroscopy data of chromium content (3.4 Wtifbocatalyst heat treated in air at 350°C and
hydrofluorinated.

Activity of catalysis in kinetic regime of the vapphase hydrofluorination of tetrachloroethylene
were studied at temperature 300-380°C in lab-seaetor placed into a heat chamber. The reactor was
built as a U-type nickel tube (i.d. 0.6 cm) withtalgists volume 6 cf The gaseous product mixture was
passed through a scrubber, where acids HF and @& wonverted into COand HO, and then was
analyzed by chromatography on-line. The experimenthown that activity of catalyst heat treated in
oxidative atmosphere at 350°C and hydrofluorinated.7-3.5 times at different temperature more then
catalysts heat treated in nitrogen.

Influence of fluorinating pretreatment conditionasastudied of Cr-containing catalysts precursor
of the pentafluoroethane synthesis It is shown¢htdlyst heat treated in oxidative atmosphere dbveeit
1/3 chromium atom in fluorinating pretreatment, Imatve activity in reaction of tetrachloroethylene
hydrofluorination into pentafluoroethane in 2.7-8rBes then heat treated in nitroden.

This work was supported by Russian Academy of Gseand Federal Agency of Scientific Organizati(preject
V.44.2.5).
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The special interest to complex oxides with mixdelcteon-ionic conductivity is due to their
possible use as oxygen-permeable membranes anttodisc of high-temperature electrochemical
devices, including fuel cells. Solid electrolytesthwperovskite-like structures are good catalysts o
oxidation reactions [1] for, e.g., natural raw hychirbons conversion [2]. Their activity in oxidatiand
reduction [3] processes is characteristic of sabstrof different natures.

Of great interest are bismuth vanadates belongiriget BIMEVOX family, for which oxygen-ionic
conductivity is typical.The catalytic properties of solid electrolytes BIMEX family are not well
studied. These complex oxides as well as complesgiates (NASICON family) may be selective
catalysts in aliphatic alcohol conversion [4]. mstwork the catalytic characteristics 0f;8}.2,Zr,x011-0
were obtained at temperatures up to °85(n flow regime with chromato-graphically analysihe
samples were obtained by the solid state synthasdwere characterized by XRD, IR, XPS. Feature of
this work is to create acid centers on mixed osigiéace by the introduction of the FP@nions.

The selectivity of i-butanol dehydrogenation on BRMOX was 100%. The aldehyde yield
increased linearly when Zr content augment (x =@15%). In repeated experiment the catalyst agtivit
lowered, but the most active catalyst (x=0,15) wWasmost stable. The activation energy didn't ddpen
on XI.

According to IR spectroscopy has been shown to@gdroup is coordinated through catior*Zr
Phosphate groups resistant to reactionary effecmétion of BIZRVOX by phosphoric acid leads to
creation of surface acid sites, resulting in a ¢geam the selectivity of conversion of isobutanada
pyridine adsorption.

Thus, the catalytic activity of the modified bisthwtanadate in the conversion of alcohols depends
on the nature and amousttZr ion, as well as on the presence of anion-mediadditives, which allow
changing the nature of the active centres.

This work was supported by RFBR Grant no. 12-0381dnd state contradic 1001(/14255 (“U.M.N.I.K.").
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Zirconium phosphates of the NASICON (NZP) type wiitle basic composition Na{PO,); are
one of the most important compounds in inorganenaistry. The basic structure of zirconium phosphate
is a framework that consists BO, tetrahedra and Zr§{ctahedra, along with a large number of voids of
various sizes and geometries (conducting chanti@s)can be filled by various polyvalent cationkisT
can be used to control the strength of surface eiders and thus the selectiv{tirection) of various
processes. This is why framework zirconium phosghatith NZP structure areonsidered promising
catalysts of acid—base and oxidation—reductionticaasc[1-3].

Zirconium phosphates €sCoZro(POy)3 with x=0,15; 0,25; 0,50 were prepared by sol-gethnd
[4], characterized by physical-chemistry methodsrafx diffraction XRD, x-ray photoelectron
spectroscopy XPS, UV-, IR-spectroscopy, TEM) arstieie in decomposition of butanol-2.

The X-ray diffraction data substantiated the stitetof NZP. The XPS data showed that the
composition of the surface layer differed from gheichiometric: for example, the concentration oR&
on surface of CgsZr(POy)3 was overrated by a factor of ~2,5.

The main reaction of butanol transformation wasydedttion into butens. The triple phosphates
samples (x=0,15; 0,25) exhibited the highest agtithan double one (x=0,5). The process of ethanol
dehydration on framework phosphates takes placeigfr the mechanism of acid catalysis. It was shown
correlation of yield of olefins and number of acidenter.

Thus, the cesium-cobalt-zirconium phosphates apenising catalyst of butens production from
butanol-2. At the temperatures as high as-@0the total alcohol conversion was achieved 60% wit
selectivity to olefins up to 90%.

References

1. Sadykov, V.A.; Pavlova, S.N., Zabolotnaya, GKinet. Catal, 2001, 42, 390—396.

2. Pylinina, A.l.; Mikhalenko, 1.I. Mend. Comm2012, 22, 150-151.

3. Dorofeeva, N.V.; Vodyankina, O.V.; Mamontov, G.¥aykovskii, V.. Key Eng. Materials2016, 670, 224—231.
4. Danilova, M.N.; Pylinina, A.l.; Kasatkin, E.M. et aKinet. Catal.,2015, 56, 476—-479.

61



CATALYSIS: from Science to Industry 2016 SectionXal presentations

Design of NiPd/CeZr O,/Al,O; catalysts for effective conversion of methaneinto
syngas
l.A. Rundad? E.V. Matu$, V.V. Kuznetsov, O.B. Sukhovj |.Z. IsmagiloV,
M.A. KerzhentseV, Z.R. Ismagilov®

'Boreskov Institute of Catalysis, Novosibirsk, Raissi
’Novosibirsk State Technical University, NovosihiRkssia
3Institute of Coal Chemistry and Material Sciendésmerovo, Russia

irina_rundau@mail.ru

The modern industrial processing of natural gasliiected to the syngas production by steam
reforming, autothermal reforming (ATR) or partiatidation. Increasing amounts of syngas are needed
because of its wide application for methanol occk&—Tropsch synthesis, hydroformylation reactions,
ammonia synthesis or hydrogenation reactions [ffjoAg catalytic process of syngas production, ATR is
a more power efficient process since it combineo#rermic steam reforming and the exothermic partia
oxidation reactions. The catalyst used in ATR of,G#INi supported on different oxides. In order to
overcome the disadvantages of this catalyst (desitin due to the formation of carbonaceous deposit
sintering or oxidation of active component) theimation of support compaosition, preparation mode
promotion by noble metals are carried out [2, 3jeTaim of this work was to study the effect of
preparation mode and Pd content on the propertidgal/CeZrQ/Al O3 catalysts for ATR of CH

The NiPd/CeZr@Al,O3 catalysts were prepared by combined (Ni+Pd) ousetjal (Pd/Ni; Ni/Pd)
incipient wetness impregnation of Cezf@8l,0; support and calcined at 5@ The Ni content was
equal to 10 wt.% while Pd content was varied inrdrege 0.05-1 wt.%. The catalysts were charactérize
by BET, XRD, HRTEM-EDX and HTPR. ATR experiments were performed in a quarkedibed
reactor with a feed composition of gH H,O : O,: He equal to 1 : 1 : 0.75 : 2.5 under atmospheric
pressure, at temperatures 650-950°C and gas fl@n2€® mly/min. Analysis of reaction mixtures were
accomplished using a Stanford Research Systems W ass spectrometric gas analyzer.

According to XRD and HRTEM-EDX,y{6)-Al,0s, solid solutionCeZrO, (2-10 nm) and NiO
(14.0 £ 0.5 nm) are main phases in the prepareglysés. The high dispersion of active component is
preserved after activation of catalyst at ®n H,/Ar: the particle size of Ni-containing phase {Iér
NiPd against Pd content) is about 11 nm. FroaT PR data it follows that the reducibility of Nican be
regulated by catalyst preparation mode and, edpePid content in their composition. Differencestle
structural and redox properties of these seriestalysts correlate with the catalyst performamcATR
of CH,. It was shown that an increase of Pd contentdezigrowth of H yield, which may be caused by
a decrease of a portion of difficultly reduced®Nspecies. This effect is more pronounced for sasple
prepared by Pd/Ni sequential impregnation:yield rises from 45 to 65% at an increase of Palterat
from 0 to 1.0 wt.%. At equal chemical compositidrcatalyst, H yield was affected by the preparation
mode. Better process performance is attained isepiee of ex-Pd/Ni catalysts. The durability testveh
that catalyst performance in ATR of ¢lnd stability against deactivation increase in fibl®wing
sequence of preparation modes: Ni+Pd < Ni/Pd < Rav¥hich can be connected with particular features
of Pd distribution. At 858C the Ni0.5Pd/CeZrgAl,Oz catalyst prepared by Pd/Ni sequential
impregnation provides stable yield ok H 65% at 100% ClHconversion, which is close to estimated
thermodynamic values, confirming its good poterfoalsyngas production by the ATR of GH

The authors are thankful to Dr. V.A. Ushakov, DrY&E Gerasimov and Dr. S.A.Yashnik for their assist with
catalyst characterization. This work was suppotgdrussian Federal Agency of Scientific Organizei®/45-1-10).
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At present, much attention of researchers is da#daloy alternative processes for production of low-
sulfur diesel fuel. This is connected with the egeywing requirements to the abatement of sulfunteat
in motor fuels. One of new desulfurization methadthe process of oxidative desulfurization (OD§E) o
diesel fractions on catalysts by air oxygen. Theaathges of this method are its ability to remove
refractory sulfur compounds, such as dibenzothieh@BT) and its derivatives under mild conditions
and the use of air as a cheap oxidant [1]. Prelyipuge developed CuZnAlO catalyst (45 wt.% Cu)
modified by additives of B and Mo (B-Mo/CuzZnAlO),heh was found to be promising for the ODS of
individual sulfur compounds [2-3]. However the ughce of the joint presence of different sulfur
compounds on the B-Mo/CuZnAlO catalyst performawes not studied. Therefore the goal of this work
was the study of the effect of the structure offlBucompounds on the catalytic activity of B-
Mo/CuZnAlO catalyst at the joint oxidation of su@®mpounds as thiophene (T), DBT and 4,6-
dimethyldibenzothiophene (4,6-DMDBT). For the aityivtests model fuels based on toluene were
prepared, containing ~ 960 ppm total sulfur. Thalgat performance was studied in a flow reactor
placed into a furnace with a fluidized bed of gmaénd. The conditions of the tests were: 02/S=120
GHSV=3000 h-1, WHSV=6 h-1, T=300-4000C.

XRD study has shown that B-Mo/CuZnAIlO catalyst @xmé (Cu, Zn)Al204, CuO and MoO3
phases. The main ODS process products are sutixidei, carbon dioxide, water and desulfurized fuels
It was established that, independently on the teatpee, the sulfur removal efficiency from modeglf
was ca. 50%, while the sulfur conversion to gaspt®02 at temperatures above I5a@ttained 99.9%.

It was found from the fuel analysis that 4,6-DMDBiid DBT were easier oxidized in comparison with T
in the ODS process. The GC-MS analysis of the @éceéiiels showed the formation of benzene and its
alkyl and aryl substituted derivatives as a restitilkylation and aromatic condensation of toludnehe
processes of DBT and 4,6-DMDBT oxidation, in aduitito the unreacted sulfur compounds, the
formation of intermediate compounds was observadh s benzothiophene, DBT and 4-methylDBT.
No intermediates were detected upon thiophene baidaThe methods of CHS and DTA-TG-MS
analyses showed that the spent catalyst containkéar and hydrocarbon accumulated on the catalyst
surface and represented by sulfides/polysulfidessaitfates of metals and condensed hydrocarbon.

Thus, it can be concluded that the activity of Bio/CuZnAlO catalyst in the ODS depends on
the structure of sulfur compound and increasesenfallowing order: T<DBT<4,6-DMDBT. The sulfur
removal from toluene was assumed to take placehdastage of the reactive adsorption of T on the
catalyst surface with the formation of metal sw@Bd and sulfates followed by their
oxidation/decomposition with SO2 evolution. Thedation of DBT and 4,6-DMDBT may occur through
the formation of carboxyl groups with the subsequetarboxylation.

This work was financially supported by ARAMCO uncentract No.6600022642 and by Russian Federal gge
Scientific Organizations (Project V45.1.10)

References
1. Ismagilov, Z.; Yashnik, S.; Kerzhentsev, M.; Parmbi; Bourane, A.; Al-Shahrani, F.M.; Hajji, A.; seoglu
O.R. Cat. Rev.: Sci. and Eng011, 53,199-255.

2. Yashnik, S.; Kerzhentsev, M.; Salnikov, A.; Ismagil Z.; Bourane, A.; Koseoglu, CKin.&Cat. 2015, 56, 466—
475.

3. Yashnik, S.; Salnikov, A.; Kerzhentsev, M.; Ismagil Z.; Yaming, J.; Koseoglu, OChem. for Sus. DeR015,
23, 459-467.

63



CATALYSIS: from Science to Industry 2016 SectionXal presentations

Ethylene production through oxidative condensation of methane over
MnMW/SIO, (M = Na, K, Rb) catalysts

V.S. Popkov&? E.V. Matus, V.V. Kuznetsov, |.Z. Ismagilov, M.A. Kerzhentsel;
Z.R. Ismagilov

'Boreskov Institute of Catalysis, Novosibirsk, Raissi
’Novosibirsk State Technical University, NovosihiRkssia
3Institute of Coal Chemistry and Material Sciendésmerovo, Russia

sopova.2012@yandex.ru

Natural gas can be the starting material for sygithef most compounds commonly produced by
crude oil processing. For effective utilization oftural gas and environmental protection, the
development of rational way of methane conversitta value added products is an urgent problem. The
oxidative coupling of methane (OCM) is an attraetidirect way of methane conversion intg C
hydrocarbons - ethane and ethylene. The OCM reaaticcurs at atmospheric pressure and high
temperatures (800-900) - typical for processes of methane conversione Tilaximum vyield and
selectivity are 25% and 80%, correspondingly, wasrmethane conversion does not exceed 40% [1].
The limit of G vyield is connected with the thermodynamically fa nonselective oxidation of
hydrocarbons to CO and G{2]. MNnNaW/SiQ; type catalysts were shown to be among the motstidei
catalysts for OCM [3]. The composition and synthgirocedure of MnNaW/SiOcatalysts may have
considerable effect on the state and distributibthe active components in the Si@atrix [4]. In this
work the effect of preparation conditions on prajesrof MNMW/SIQ (M = Na, K, Rb) catalysts was
examined. These studies will be applied to elueidaticial factors, variation of which at the staje
catalyst preparation allows regulation of the OGdation parameters.

The MnMW/SIQ (M = Na, K, Rb) catalysts were prepared by seqakmbcipient wetness
impregnation or mixture slurry method and calcinatd 700, 850 or 100C. The catalysts were
characterized by BET, XRD, TG-DTA, HRTEM-EDX ang-FIPR. OCM experiments were performed
in a quartz fixed-bed reactor with a feed compositof CH;: O, : He equal to 4 : 1 : 2 under atmospheric
pressure at temperatures 650-950°C and gas fl@x28ft mly/min. Analyses of reaction mixtures were
accomplished using a Stanford Research Systems @ $ass spectrometric gas analyzer.

It was shown that the synthesis conditions havégaifcant effect on the catalyst texture and
reducibility of the active components, while theeyof alkali metal determines the phase composdfon
W-containing phase. The catalytic tests of MNMW/S{ = Na, K, Rb) samples in OCM shows that a
C, vield increases with an increase of catalyst patidn temperature from 700 to 16Q0 The
improvement of catalyst performance is also obgkreat catalyst preparation by the impregnation
instead of the mixture slurry method; ii) by selectof a more preferable alkali metal: K < RbNa.
Correlations between catalyst performance, prejparatethod and state of the catalyst were estadlish
The most perspective formulae of OCM catalysts #red rational procedure of their synthesis were
selected. The MnNaW/6} catalyst prepared by the impregnation method abcined at 1000C was
shown to provide ~22% Lyield and ~32% CH conversion at 850°C. The elaborated catalysts are
promising for application in resource-saving tedbgs of ethylene production through OCM.

The authors are thankful to Dr. V.A. Ushakov, Ms/al Efimenko, Ms. G.S. Litvak, Dr. E.Yu. Gerasirang Dr.
S.A.Yashnik for their assistance with catalyst eltarization. This work was supported by RussiadeFa Agency of
Scientific Organizations (V45-1-10).
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The present paper is focused on (i) structural yamglof TiAl powder anodized in fluoride
containing electrolytes before and after air amefraie annealing at 1093 K; (ii) influence of anieg on
band gap structure modification and photocatakigtivity of anodic oxide films (AOF) on TiAl powder

X-ray diffraction, Fourier transform infrared spectroscogyectron microscopy and atomic force
microscopy were used to analyze the structure e$ehfiims. The band gap values of investigated
powders were determined from their UV-vis absormpspectra. The photocatalytic behavior of anodized
TiAl powder was evaluated in the photo-catalytig@e&ation of methyl orange under UV-vis irradiation
technique.

It was shown for the first time, that under optiraalbdizing conditions in 10%80,+0.15% HF
self-organized porous film about 350 nm thick anthweffective pore diameter value & (70+10)nm
is formed on the powder particles ‘surface. It veatablished that the oxide film consists esseptil
TiO2: Al>,Os in a ratio of approximately 1:1 [1].

The as-anodized oxide films are X-ray amorphouse €rystal structure of air annealed AOF
corresponds mainly to the mixture of anatase (fermost part) and rutile as well as,®@¢ (a- andy-
polymorph) whereas air-free annealing results imarily anatase phase TiGnd AbO; (a- and y-
polymorph) and reduced titanium oxidesQ4, TiO. After air and air-free annealing at 1698qgular
nanoporous structure still remains [2].

For the first time it has been established, tha dptical band gap for x-ray amorphous
heterogeneous oxide formed on Ti-40%Al powder al{&y-2.5 eV) is smaller when compared to
titanium dioxide (§~3.4 eV). Thus for the developed films photocatalyctivity should be initiated
when exposed to radiation with wavelength500-560 nm (which corresponds to the visible ligdutt of
the spectrum). It was shown that a steady trendstgitace — in presence of anodized powder input
concentration of methyl orange declines under kdthand visible light range radiation.

The results obtained are promising for developrmé&new photocatalytic powder nanomaterials.
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In the present time the bigger attention is dravemvard materials possessing advanced
photocatalytic properties, better developed partstirface, and higher adsorption. The most commonly
used material for photocatalysts is titania, dué&ddigh activity, great chemical stability, namxicity
and relatively low price [1]. However, it also pesses a variety of notable disadvantages, sudhitsd
absorption spectra and fast recombination of cheageers.

The scientific interest in the compounds of bismtmainly silicates and titanates) has been
dramatically increased since recent times. Phaatysts based on these compounds possess the &bility
work in the visible light spectrum, which is undoedlly beneficial for the matters of energy savings.
Varying the phase composition of bismuth compousuas establishing a specific layered structure are
key points for achieving notable photocatalyticretoteristics [2].

In the following study the samples of bismuth sitee were prepared via hydrothermal treatment.
Two series of samples were obtained with Sif@4J, and NaSiO; as sources of Si with the addition of
water in both cases and concentrated HiNCihe case of tetraethoxysilane, while Bi(j¢dissolved in
ethanediol was used as a source of Bi in both c488smL teflon autoclave was employed as a vessel
with the molar ratio of 2:1 for Bi and Si, respeety. The temperature of hydrothermal treatment was
varied as 150°C, 160°C, and 170°C for both of thees. The resulting substances were calcined at
500°C and 600°C twice being grinded after eachiraion procedure.

The properties of obtained samples were investigaia XRD study, UV-Vis spectroscopy,
differential thermal analysis, and FT-IR spectrggcdhe photocatalytic activity of the prepared ptes
in gaseous phase was evaluated in a photodegmaddtequilibrium vapor of methanol diluted with air
with the catalysts being deposited on quartz whith use of acetylacetone in a procedure similaB}o [
The activity in water solution was evaluated inhtodegradation of methylene blue. Both experiments
were carried out with the use of 250W Xe lamp.

According to the results of XRD analysis, the mpstvalent phase in the obtained samples is
sillenite (Bh2SiO,). With this, the first series of bismuth silicatpsepared with Si(O&s), also
demonstrates a high amount of eulytite,&40O;,) in comparison with the second series. Howevex, th
photocatalytic activity of the second series prow@de significantly higher in both catalytic raacs
with the maximum conversion of methylene blue o#dafter 3 hours of experiment for the sample
prepared with the synthesis temperature of 160t@. Gest activity in the photodegradation of methano
was also proven by the same sample with the coiowveds 27%. UV-Vis spectra showed a significant
change in absorption characteristics for the sampmeared at 170°C with BN&aiO; in comparison with
the most active sample mentioned above. The fasés of the samples, however, didn’'t demonstrate a
notable change in absorption characteristics vighviarying temperature of hydrothermal treatmehe T
reasons of observed effects will be discussedandport.

This work was supported by the Russian Federal Fandssistance to Small Innovative EnterprisesSf3.
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Extensive research is presently aimed at developimgy producing pilot models of compact,
efficient, and reliable fuel processors—synthesis gnd hydrogen generators. It is anticipateddieth
fuel processors will become an integral part ofhbstiationary and portable fuel cell power unitseTh
operation of these processors is based on theytatabnversion of various fuels into synthesis gas
(hydrogen-containing mixtures) followed by the s@pian/conversion of its components that preveat th
efficient electrochemical oxidation of hydrogentire fuel cell. Promising raw materials for produgin
hydrogen-containing mixtures are alcohols (methamal ethanol), ethers, light hydrocarbons (methane,
and propane—butane mixtures), gasoline, diesehind,biodiesel.

High temperature solid oxide fuel cells are muchkslelemanding towards the fuel type and
pretreatment, so it is possible to optimize thecpss parameters and catalyst composition for refigrm
of different types of fuel under fairly similar r@&on conditions.

The problem of developing catalysts for diesel fstelam reforming and for the prereforming and
reforming of higher hydrocarbons is essentiallyghablem of creating new, efficient catalysts tivauld
be resistant to coking and to poisoning by sulfampounds plus the problem of finding reaction
conditions minimizing coke formation. Because af tomplexity of the diesel fuel composition, most
studies in catalyst design and testing were caoigdn simpler systems that are variants of mdokeel
fuels. These include isooctane, decane, dodecaragdhcane.

The steam reforming of hydrocarbon mixtures, nardedgel fuel satisfying GOST (State Standard)
R 52368-2005 (EN 590:2004) has been investigatledsd hydrocarbon feedstocks were chosen for the
reason that they are universally used as a fuevddous types of power generation units. Experitsien
have been carried out in a catalytic flow reactds@—600°C (for diesel fuel) and pressures of lathh
using a nickel-containing catalyst (NIAP-18). Tletalyst has been demonstrated to ensure conversion
of different types of hydrocarbon feedstocks intoteesis gas and methane—hydrogen mixtures usable a
a fuel for power generation units based on highpemature fuel cells and for spark-ignition, diesaid
gas-diesel engines.

This work was financially supported by MinistryEdfucation and Science of Russian Federation, Unidagtification
NumberRFMEFI60716X0149.
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Dihydrocarvone is a valuable product that has arspmt-like odor and is used as a flavoring
additive in food industry. It is typically formed a mixture of two stereocisomers and may be oldaine
starting from hydrogenation of biomass derived oaevusing molecular hydrogen over Ni, Pt, Pd, Rh,
Ru catalysts. This reaction path requires hydrog@maf a conjugated C=C double bond in the presenc
of other unsaturated functional groups, such as @sDan isolated C=C bonds. Application of the a&ov
mentioned catalysts typically favors hydrogenatidrother unsaturated functional groups, resultimg i
formation of a complex mixture, with the targetytihocarvone yield being less than 30%. In our recen
work for the first time stereo- and chemoselectimevone hydrogenation to dihydrocarvone catalyaed b
AU/TiO, catalyst with predominant formation of ttransisomer was reported [1]. This novel approach
is of great interest in terms of a possibility tbtain industrially valuable dihydrocarvone via dire
carvone hydrogenation. The highest total selegtitotdihydrocarvone (62%) was achieved at a nearly
complete carvone conversion (90%) after 13 h, hhtransto-cis-dihydrocarvone ratio being about
1.8. As a next step this study is focused on oneppacess consisting of sequential transformatimins
carvone oxime which is a key intermediate in caevegnthesis from limonene to dihydrocarvone. The
aim of this work was to study regularities of cargooxime transformation over Au/TiQcatalyst
focusing on exploring feasibility of the one-poh#iyesis of dihydrocarvone starting from carvoneroi

The reaction was carried out in a batch reactdt0&°C under hydrogen pressure of 9 bar over
1.9 wt. % Au/TIQ catalyst using methanol as a solvent. Dihydrogagveynthesis was shown to occur
via carvone formation with the subsequent hydrotienaof its conjugated C=C double bond [2].
Application of Au/TiG catalyst for both deoximation and selective hyeragion of olefinic C=C
functional group is reported for the first time. r@lmination of these steps provides optimizationhef t
synthetic method for dihydrocarvone production frearvone oxime which is a key intermediate in
carvone synthesis from limonene. Although the ieactate is lower than in the case of carvone, a
significant increase in the stereoselectivity tadgatrans-dihydrocarvone was observed for carvoimaex
hydrogenation. The ratio betweérans and cis- dihydrocarvone was close to 4.0 compared to 1.8
achieved in the case of carvone hydrogenation.iéajpbn of gold catalysts for dihydrocarvone symsike
from carvone oxime in particular and to controlgeneral consecutive chemoselective hydrogenation of
different functional groups seems to be a promisipgroach due to high selectivity.

This work was supported by RFBR Grant 15-33-20198.
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One-pot alcohol amination proceeding through tha@rdgen borrowing mechanism is an effective
approach for production of valuable amines for themicals synthesis and chemical industry in gdner
Biomass based amines are of great interest forlaf@went of new pharmaceuticals. Terpenoids belong
to the largest group of natural compounds whicheatensively applied in food and perfumery industry
as flavors, fragrances and spices. Moreover, teigeroften have biological activities and are ufed
medical purposes. Terpenoids utilization as plaifanolecules can provide new opportunities for
synthesis of efficacious chemicals in human disélaseapy and prevention. We have previously shown
that gold catalysts are rather active in one-pdatinah terpene alcohol myrtenol amination leading to
predominant hydrogenation in the last step of Cxdwdbinstead of a more reactive C=C group of
myrtenol [1]. The main objective of the present kvatas to study general regularities of one-pot rztu
monoterpene alcohol amination over gold catalystwell as to determine correlation between catalyti
activity, substrates structure, support natureiatetactions of Au with other metals.

A series of nanosized gold catalysts including AuPd and Pd deposited over different metal
oxides (ZrQ, MgO, ALOs, CeQ, La0O3) were synthesized and tested in one-pot naturalotegpene
alcohols amination with equimolar amounts of thbsstates without any additives at 140-18Qnder
nitrogen pressure of 9 bar. The catalytic perforoean each step was found to be strongly deperatent
the acid-base properties of the support requirirgerdain balance between different sites for edfiti
alcohol amination [1]. Among tested catalysts znieesupported gold catalyst with both acidic andiba
surface sites afforded optimum consecutive myrtéraoisformations resulting in complete conversibn o
myrtenol and selectivity to the target amine of 82%. The basic sites on the metal oxides surfaae w
suggested to be required for the initial alcohdivation, while availability of protonic groups was
important for the target amine formation. At themsatime it was found that catalytic activity and
selectivity can be also regulated by the catalgslox pre-treatment [2]. Differences in activity and
selectivity for pre-reduced and pre-oxidized catdywere proposed to be mainly related to a diftere
degree of the support basic properties modificatignresidual ammonia. The reaction kinetics was
studied in detail and modelled based on the mestiamionsiderations with the non-catalytic and lyata
deactivation steps introduced into the mechanigmTBe substrates structure was also varied toirobta
potential biological active compounds and to sttiegyr physiological properties.

This work was supported by RFBR Gra6t33-60028.
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The interest to study the particularities of oxyg#moto- and X-ray sorption development on the
surface of magnesium fluoride of different waysbtaining is determined by the fact that photosorpt
activity of magnesium fluoride situated far behithd edge of self-adsorption band is connected with
contaminations exciting. In this paper finely-diedlsamples of magnesium fluoride being of kind &our
for optical ceramics” obtained from MgCI2 - (MgF2-land samples of kind “pure for thermal
pressuring” formed from basic magnesium carbongfdgF2-2) have been studied. The acid surface in
connection with acid-basic properties is typical tloe samples of (MgF2-1) pHiip and pHiis = 4,64,
Ho=3,5, while that for (MgF2-2), is the neutral queiip and pHiis = 6,5-7,3; H0=6,0 [1, 2]. pHiigH
of izoionic point determined by thigpH — pHo ratio; pHiis — pH of isoionic state detered by the equal
pH value of water MgF2 slurry), HO - acidity furmti Gamete , determined from indicator method [3] .

Photo- and X-ray sorption of oxygen nave been erathion the samples mentioned above.
lllumination of the samples has been carried ouh whe help of full light of PRK-lamp. The portativ
apparatus REIS-I (a tube with copper anode) has bsed as a source of X-ray radiation.

The ions of contaminated oxygen as well as F- anddviters are considered to be possible centers
of photostimulated oxygen adsorption on the samgtiédied. It has been suggested that high temperatu
forms of (530 and 65K) can be a result of dissociative adsorption ofgaxy while low temperature
forms (430 and 44®) can be referred to the molecular form30&-t types [4]. Photosorption capacity
of the samples obtained by different ways is simila

Spectra of thermodesorption after photosorption(fdgF2-1) and (MgF2-2) are similar according
to the position of peaks and their intensity. Mehihvin the spectra of oxygen postsorbed from “cdk®
samples” the intensive low temperature maximums§ {@2have been observed. For “carbonate samples”
peaks of less intensity with more equal distribuitad intensity up to 788 have been registered.

Kinetics of oxygen photosorption for all the sansplas a power-law character. Kinetics of oxygen
X-ray sorption on magnesium fluoride can be eadigcribed with an equation of “local” kinetics.
Spectra of X-ray-sorbed oxygen thermodesorptiompdhaiffer from TD-spectra of oxygen photosorbed
on these samples. This fact also confirms the réiffemechanism of these processes development [1].

It is noticed that magnesium fluoride samples olgdi from basic magnesium carbonate have
neutral surface and more stable in acid-base aatbpand X-ray properties.
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Glyoxylic acid and its derivatives are used in nfanturing of important products at different
branches of industry, from cosmetology to pharmacalindustry. Glyoxylic acid can be produced from
glyoxal or ethylene glycol by oxidative treatmentha nitric acid, which gives harmful N@ases as by-
products [1]. Electrochemical and fermentative mdthof producing the glyoxylic acid are also known
[2]. A catalytic liquid phase oxidation allows adoig the use of aggressive acids, enzymes or eévat
temperatures and pressures; moreover, the catalstbe reused many times. Platinum group elements
are active in aldehyde oxidation reactions, ang Bte most selective toward the correspondingsg@H
According to [4], ceria as a modifier increases #utivity and selectivity of the Pt/C catalyst. Bhu
development of new catalysts for selective oxidatmf aldehydes into corresponding acids is of
importance.

The aim of the present work is to study the ligplthse oxidation of glyoxal into glyoxylic acid
over the Pt-Ce@catalysts supported on different active carbons.

Sibunit C-1 and hemosorbent CKN 2K were selectesuaports for the Pt catalysts. Carbons were
activated with 2N HCI and by the oxygen treatmearQ0 T. To prepare the Pt/C catalysts, modified by
CeQ, carbon supports were impregnated with aqueous mexdliH,PtCk and Ce(N@)s. The precursors
of the active componentsere hydrolyzed by 10 % solution of NaOH and reduceformaldehyde at
80 °C. After that the samples were filtrated, washedmMayer for pH 7 and dried at 50 °C for 24 h. The
oxidation of 0.1 M glyoxal aqueous solution (40%GBIA-ALDRICH) to glyoxylic acid was carried out
in a round-bottomed flask. The catalytic tests weeied out for 5 hours with an atmospheric oxygen
thepH of 7-8 at 20 and 40 °C. The reaction medium shbalk a pH value close to 7.7. In an alkaline
medium, a mixture of glycolic and oxalic acids amed through the Cannizzaro reactions. In thei@acid
medium oxalic acid is mainly produced because ¢versd aldehyde group is oxidized [3, 5].

Pore structure and specific surface area of th@am@tgp and catalysts were investigated by low-
temperature nitrogen adsorption using a 3Flex aealgMicromeritics, USA). The phase composition of
the catalysts was studied by the X-ray diffractibhe feed and reaction solution were investigatethb
gas chromatography and a high performance liquidrobatography.

It was shown that thactivation of the carbon supports by the hydrodblacid led to decreasing of
specific surface area and increasing of the avepage size. It was shown by the XRBat both Pt and
CeQ were stabilized in a highly dispersed state wilerage particle sizes of 5-7 nm and 3.3 nm,
respectively.

Both Pt-CeQ@/C catalysts showed high catalytic activity andesgVity toward glyoxylic acid of
60-75 %. The activity of the Pt-Cef@bemosorbent was higher than the one for the Pt{S@tinit due to
higher specific surface area and porosity. Increpsiie temperature of the catalytic reaction fradnt@

40 °C led to conversion growth without selectivity chasg

Thus, the liquid phased catalytic oxidation of gigbinto glyoxylic acid over Pt-CeflC catalysts

can be considered a promising ecofriendly way taialihe acid without NQemissions.
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Dehydrogenation of saturated hydrocarbons (pasgfiimo olefin hydrocarbons is among the most
important petrochemical catalytic processesCgolefins, in particular, isobutylene, are widelyedsin
production of synthetic rubber, membranes, fibkersl, additives, plastics, etc.

CrO/Al, O3 catalysts are used for industrial dehydrogenatibnsaturated hydrocarbons into
corresponding olefins. However, the catalyst deatibn caused by coke formation is the main problem
of the CrQ/Al,O3 catalysts. The catalyst modification by alkali edletand other elements is the main
way to increase the selectivity and stability oédé catalysts. The aim of this work is to study the
influence of copper- and zinc-based modifiers andtate of chromium oxides and catalytic propexies
the CrQ/Al,O; catalysts in the dehydrogenation of isobutanedbutylene.

A series of CrQYAl,O3 catalysts, unmodified and modified with copper aimt compounds, were
prepared by successive impregnation method, “otiehppregnation and sol-gel synthesis [1]. Activéte
aluminum oxide Cu(Ng)>*3H.0 and Zn(NQ)>* 6H,O were used as precursors. gEnd KNQ were
used as precursors of active component and alkptmoter, respectively. The prepared samples were
characterized by the low-temperaturg¢rption, XRD, H-TPR and UV-vis spectroscopy. The catalytic
activity of the samples was studied in the dehydnagion of isobutane to isobutylene in a fixed bed
reactor.

It was shown that the preparation method determihesstate of the active component and the
catalytic properties of the Cu- and Zn-modified @AD,O3 catalysts in the dehydrogenation of isobutane
to isobutylene. Using the UV-vis spectroscopy; HPR and XRD methods it was revealed that the activ
component is mainly distributed on the supportaefin two main states, namely,°Cand CF*. The
sample prepared by successive impregnation hadigtest conversion (14.2 %) with selectivity of
98.9%. Low conversion for the sample, prepareddne“pot” method, was due to formation of the sites
responsible for non-selective conversion of isobeitée.g., ZnCr@ ZnO, etc. [2]). The sample obtained
by the sol impregnation had the lowest isobutenevexsion, associated with a decreasing &f/Cr**
ratio over the catalyst surface. On the basis efctbmparative studies of unmodified samples ansgetho
modified with individual or both Cu and Zn modifserthe synergistic effect determining the distridnut
of the active component on the catalyst surface shasvn for the samples modified by both Cu and Zn
modifiers. It was found that under the influencer@diction mixture a sequential reduction of thehhig
dispersed copper species participating in the faomaf active and selective Cr-containing sitesws
on the catalyst surface. The role of the Zn-basediimer was probably connected with a decreasing of
the processes leading to the formation of cataifficinactive copper- and/or chromium sites on the
catalyst surface.

Thus, the simultaneous introduction of Zn- and @sdal modifiers results in an increasing of the
activity and selectivity of Cr@Al,O; catalysts in the isobutene dehydrogenation. Theadd Cu-based
modifiers provide the formation of active surfadetiee CrQ/Al,O; catalysts under the action of redox
conditions of the catalytic process. The approacpgsed can be used to produce novel highly efiecti
and stable catalysts for the dehydrogenation bt graffins into the corresponding olefins.

This work was supported by the federal target paogr‘Research and Development in the Priority Aredisthe
Science and Technology Complex of Russia for 2@R2B~Zcontract no. 14.578.21.0028, RFMEFI57814X0028
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Selective hydrogenation of acetylene alcohols telyi used in fine organic synthesis in production
of fragrances, biologically active compounds artestduble vitamins [1]. Palladium is well known lve
the most selective catalyst for hydrogenation gildér-C=C- bond of alkynols. Historically, Lindlar
suggested Pd/CaGCcatalyst modified with lead acetate and quinolimdich allows up to 95%
selectivity at nearly 100% conversion in triple ddnydrogenation [2]. However, the application céga
modifiers leads to pollution of target products.eThse of polymeric matrices as supports allows
achieving high activity and selectivity without tmecessity of the use of toxic modifiers as well as
providing the possibility of stabilization of Pd+taining species inside polymer nanostructures.

Functionalized polymers were shown to be the mosising ones from the point of view of
provision of high metal dispersion, improvementrefctant diffusion into the pores and facilitation
interaction between polymer and metal nanoparti@é3s) [3]. Recently it was shown, that Pd NPs
stabilized in hyper-cross-linked polystyrene begramino-groups allows achieving high selectivity in
triple bond hydrogenation (more than 98% at 95% vewion of acetylene alcohol -
dimethylethynylcarbinol (DMEC)) [4]. It is notewdny that free electron doublet of nitrogen in thareom
groups can be involved in binding of Pdons from the precursor solution that likely résuih more
uniform distribution of Pd precursor inside the ywoér along with prevention of Pd leaching. Besides,
more rapid reduction of Btions to P8 with formation of Pd NPs can be found.

In the framework of this study the series of Pdtaonng catalysts based on polyamines (1%-
Pd/PA) was synthesized via conventional wet-impa¢éign method at variation of PA type (molecular
weight, existence of additional functional group®H, -COOH, -PO(OH) etc.), cross-linking degree
hydrophobicity/hydrophilicity) while using Pd acttaas a precursor. All the synthesized catalyste we
tested in hydrogenation of DMEC (intermediate peidn the synthesis of fragrant compounds (such as
linalool, linalyl acetate, citral, citronellol ejcand vitamins A, E and K). Catalytic testing wasried out
in a batch mode in 60 mL isothermal glass batchtoeaat a temperature of 85. Ethanol was used as
solvent. Before the addition of DMEC, in each expent catalysts were reducadsitu with hydrogen at
reaction conditions during 60 min. Samples werdyaed via GC-MS (Shimadzu GCMS-QP010S).

It was shown that the use PA as supports led ticeadile increase in selectivity (more than 99% at
98% of DMEC conversion was achieved) at reasonabtwity, which was comparable to industrial
Lindlar catalyst, at lower metal loading. It is eabrthy that the variation of PA nature had strong
influence on the catalytic behavior: best resukserfound for hydrophilic polymer having highesgcke
of cross-linking.

This study was funded by the Russian Science Foundation, project 15-19-20023.
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Chloroaminebenzene is a significant chemical tlsatised extensively in organic synthesis of
different industrial important compounds. The ldjyphase hydrogenation is perspective method of
halogen substituted amine production. But high éegf dehalogenation decreases product yield of end
product. Therefore, the selection of catalytic eystcomposition requires thoroughness. Analysis of
literary data argues, solvent is determinativediaof selectivity for chloroamine as well as casaly

The purpose of investigation is study of 2-chloroitobenzene hydrogenation kinetics over
supported palladium, platinum, iridium catalystsd askeletal nickel in aqueous solutions 2-propanol,
comparison between degree dehalogenation, cont@apmpanol and solvation ability of solvent.

The hydrogenation of 2-chloro-4-nitrobenzene wadopemed in the temperature-controlled semi
batch stirred reactor. The stirred reactor alloawspérform of process without the effect of external
diffusion. The palladium, platinum and iridium sapied over "AR-V" granulated active carbon were
utilized as catalysts with different content of alet

The isopropanol and ethyl acetate was used asrgolViee reaction was monitored using hydrogen
uptake and samples were also removed at regularititervals and analyzed using a UV Vis scanning
spectrophotometer «LEKI SS 2110 UV» and a potergtomtitration method.

According to the obtained results, degree dehalaty@m 2-chloro-1,4-phenylenediamine increases
simultaneously with increases mole percent of watesolvent and dielectric constant of solvent.dils
this regularity is correct for individual solvents.

The carried study showed the sequence of reactit®s Icorresponds to order PdPt>> Ir. It is
well known that skeletal nickel widely applied iguid phase hydrogenation. Herewith, skeletal rlicke
may be analog of platinum and palladium. Suppopaltadium catalyst behaved similarly to skeletal
nickel with decreasing of palladium content.

It is well known that skeletal nickel widely applian liquid phase hydrogenation. Herewith,
skeletal nickel may be analog of platinum and g#lian. Hydrogenation of 2-chloro-4-nitrobenzene over
0.5% supported palladium catalyst behaved simikarlyydrogenation over skeletal nickel.

The catalyst samples, 10 % Pd/C, 0.8% Pd/C, 0.5% Rere examined using high-resolution
scanning electron microscope Mira 3LMH (TESCAN, €z&epublic), equipped with a detector of the
reflected (SE) and back scattered electrons (BSBg obtained images yielded information about
absence of catalyst surface changes after usireagstion.

The optimal selectivity of 2-chloro-4-nitrobenzendnydrogenation for 2-chloro-1,4-
phenylenediamine correspond to 1 % Rt/C % Ir/C. Dehalogenation of 2-chloro-1,4-phenyldinenine
did not observe over these catalysts.
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Cellulose is a naturally occurring biopolymer ofighbse with 1,4-glycosidic linkages. As the most
abundant non-ediblebiomass in nature, cellulosensidered to be a viable alternative to fossibueses
for the sustainable production of fuels and chetsic@he routes to glycols have attracted particular
attention due to their high atom-economy and enef@igiency as well as the versatile uses of payad
fine chemicals directly and as precursors for grgtesis of fuels and especially value-added comgsu

[1].

Ethylene glycol (EG) and propylene glycol (PG) #re most important chemical raw materials and
widely used in the manufacture of pharmaceutidajgid fuel, emulsifiers, surfactants, antifreezeats,
lubricants and solvents, as well as for the symshefspolyester fibers and resins, such as polyy{ehe
terephthalate) and poly (ethylene naphthalate)idP&@so used for the synthesis of lactic acid, Whg
widely used, particularly in the production of begptadable polymers (polylactones). Since the modern
production of glycol based non-renewable petroldéeetstocks and different environmental cleanliness,
is urgent to develop new efficient and environmitisiendly ways to produce PG and EG from pulp
stocks which are renewable and are large enougbrtpletely cover the chemical industry needs these
glycols.Development of effective methods for a pleimmass conversion for the needs of the chemical
and fuel industries, is currently of special inggrarticular attention is paid to the productsoich as EG
and PG. For this purpose cellulose is one of thetpimmising types renewable sources [2].

Ru-containing heterogeneous catalyst systems aee nmlost active in the conversion of
cellulose®New possibilities are opened by the use of magrssirarable catalysts based on magnetic
nanoparticles (MNPs) [3]. MNPs-based catalysts heveimber of advantages due to easy separation
from the reaction mixture by external magneticdiel

The main objective of this study is investigatiohtlee process of cellulose hydrogenolysis in
subcritical water in the presence of Ru-contairgatplyst based on magnetic iron oxide nanoparticles
5% Ru-Fg04-SiO, and the selection of optimal process conditionsnsure maximum yield of glycols.

The experiments were performed in a steel reac&@ ¢nt, Parr Instrument, USA).
Microcrystalline cellulose, a catalyst and 30 mLdutilled water were loaded into the reactor. Then
reactor was flushed three times with hydrogen us@ebar pressure.The mixture was heated and stirred
at 100 rpm. After reaching the operating tempegathe stirrer speed was increased up to 600 rpm. Th
moment was chosen as the reaction starting timbé\end of the experiment the catalyst was sephrate
by neodymium magnet. The non-hydrolyzed celluloas separated by filtration.

Ru-containing magnetically retrievable catalyststmnbasis of F©,-SiO, MNPs allow converting
microcrystalline cellulose into EG and PG with gaectivity 19 and 20%. The optimal conditionslo# t
process are temperature 2%5 hydrogen partial pressure 60 bar, the duratioh@fprocess 50 minutes,
0.1167 mmol ruthenium as a component of the cdtaks1 g of cellulose; Ca(OKas a cracking agent
in an amount of 0.195 mol per 1 mole of cellulodaeder the above conditions cellulose conversionis
100%. The catalyst is stable under hydrothermatitimms of the process, it is easily separated fthen
liquid phase with the external magnetic field amh e reused. Therefore, the results of the rdsearc
prove the advantages of the use of magneticaltieveible catalysts in biomass processing into chaisi
and second-generation biofuel.

This work was funded by the Russian Foundation for Basic Research, the project 15-08-00455.
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Previously it was investigated the influence ofeiland gold ions, modifying the anatase surface,
as well as calcinations procedure and UV irradmiod Ag-Cu/TiQ, on its catalytic activity in vapor
ethanol decomposition in oxygen free condition2][1The aim of this study was to synthesize by gel
method ultrafine amorphous TiOpowders with introducedCuCl-AuCl; and to test the Dye
methylorange photodecomposition (DPD) before artdraCu,Au/TiQ xerogels crystallization. The
hydrolysis-condensation reaction between TBT an@ T#as proceeding in butanol media with structure
evolution of TiQ after 120, 450 and 950 °C treatment.

DPD kinetics curves does not correspond the firdelg so the initial activity for 1 min irradiation
has been chosen as criteria to compare the sandplegate of photodegradatidw, that was calculated
from plots I3—t. The most active was the sample with gold. Cojpp@bits Au effect.

The samples were characterized by use of X-raydkeence spectroscopy (Clever C-31), AFM-
Raman (NTEGRA), DTG/DTA methods and absorption specThe ultraviolet light source was
broadband lamp PRK-4.

Raman data confirmed only anatase faze in casaloined samples, but also in case of JiO
nanoparticles, in which crystallization occurs aftv temperature drying (120 °C). The morpholody o
smooth TiQ films on glass support is drastically changedrdieD in aqueous solutions.

Thus, the gold introduction in pseudo amorphous, B@ments its photocatalytic activity in model
reaction of dye degradation. The binary modificatfa,sCu;s also demonstrates good result.
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One of the most important ecological problems of time is the treatment of wastewater
containing highly toxic and stable organic pollutgnparticularly phenolic compounds. Using of
heterogeneous photocatalysis allows one to oxidiganic substances with high mineralization at
relatively low temperature.

Currently, titanium dioxide is the most studied aeftective photocatalyst for decomposition of
wide range of organic and inorganic toxic substan@me of perspective direction of efficiency irage
of TiO, photocatalyst is modification of T¥with transition metal ions, such as ferric spe{ieg].

Plasma electrolytic oxidation (PEO) is one of theetmods for technological generating
multicomponent oxide coatings on metals. PEO istelehemical oxidation of metal or alloy surface
under electric spark and arc discharges [3].

The objective of this work is to prepare PEO-layangtitanium in silicate or phosphate electrolyte
with an addition of K[Fe(CN)] and study their characteristics and photocatlgitivity in phenol
degradation.

Oxide coatings were prepared by plasma electrotytidation of titanium in agueous electrolyte
containing NaSiO; or NaPO, with addition of various concentration of[ke(CN)].

Phase composition of the formed samples was detedrbby X-ray diffraction (XRD) analysis.
Surface morphology was characterized by scanniagtrein microscopy (SEM) equipped with energy
dispersive X-ray (EDX) spectroscopy and X-ray mpeabe analyzer. X-ray electron spectroscopy was
used to determine elemental composition of oxidgdings surface. Results

Photocatalytic activity of the coatings was deterai by photodegradation of phenol in aqueous
solution containing hydrogen peroxide under UVdiation. No degradation of phenol occurs without
any oxide layers and with coatings formed in siecar phosphate electrolyte without addition of
Ks[Fe(CN)]. However, when oxide layers are used as photlysasathere is a noticeable degradation of
phenol increasing with concentration offRe(CN)] in studied electrolyte.

The phenol degradation degree on Fe-containingeolagiers formed in silicate electrolyte is
significantly higher (reaches 80%) than phenol ddgtion degree on coatings formed in phosphate
electrolyte (reaches 55%).

It is believed that prepared composite oxide layamstitanium are perspective as heterogenic
Fenton like catalyst which can find an applicationvater purification.

Thiswork was supported by RFBR Grant (project N214-50-00034)
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O6opynoBaHue Ans uccienoBaHuii puanueckmux CBOCTB
- TeH3nomeTpsbl
- Mpunbopbl ana n3mMepeHns Kpaesoro yrna
- AHanu3aTopbl NeHbl
- AHanm3aTopbl CTabUNbHOCTM 3MYSIbCUIA U CyCMEH3UM
- AHanu3aTopbl NOIMMEPOB M KOMMNAyHAOB
- AHanu3aTopbl (hapMaUeBTUYECKMX NpenapaToB
- AHann3aTopbl XMMMYECKOro CoCTaBa MeTassioB
- PeomeTpbl NOPOLLIKOB

O6opynoBaHue ucnbiTaTtesibHOE
- Kamepebl Tenno-xonoa-snara
- TepMOLLOKOBbIe KaMepbl
- Kamepbl CEpHUCTOro rasa 1 KoHAeHcaTa
- Kamepbl CONSHOMO TyMaHa

Komnanuns TUPUT 3aperncTpMpoBaHa Ha OCHOBHbIX 3/1EKTPOHHbLIX MI0WaAKaX, ANs y4acTus B 3MEKTPOHHbIX Toprax,
NPOBOAMMBIX FOCYAApPCTBEHHbIMU yUebHbIMK 3aBeAeHUSMU U UCCIeAoBaTeIbCKUMU MHCTUTYTaMKu. Mbl paboTaem co
BCEMM permoHamm Poccum, a Takke OCyLLeCcTBAsSIEM NOCTaBKy B benapycb n KasaxcraH (CTpaHbl TaMOXXEHHOr0 COt3a).
Mbl Takke nMeeM annepoB-NapTHEPOB, KOTOPbIE NPeACTaBNSAIT Hawe 06opyaoBaHWE B pernmoHax.

Hawm TexHnyeckne CcneumanucTbl BbIEDKAOT Ha 3anyck M ob6ydyaloT nosb3oBaTenen paboTe CO  CHOXHbIM
obopynoBaHMeM. Ha Bce nocTaBnsiemMble npubopbl NPeaoCTaBAsSETCS rapaHTUs, Mbl  TakKe OCYLLeCTBASEM
nocnerapaHTUHY0 NoaaepXKKy. PeMOHT obopyaoBaHus, B Cilyvyae HeobXOAMMOCTW, MpPOM3BOAWUTCS B CEPBUCHOM
LueHTpe B Mockse.

Komnanus TUPUT npuHMMaeT y4yacTuMe B BbiCTaBKax, Ha KOTOPbIX MOXHO yBMAETb 0bopyaoBaHue, noobuatbcs co
cneuManncTamm, B3saTb TeMaTUUECKME KaTanork. Mbl pasbl NMPUHMMAaTbL FOCTEN Y Hac B oduce, rae eCcTb BO3MOXHOCTb
NnoKasaTb peakTopbl, TEPMOCTaTbl, HACOCHI M HEKOTOpbIE Apyrue npmbopsl.

MoceTuTe HalW calUT B MHTepHeTe: www.tirit.org, rae npeacTtaBneH MOMHbIM CNEKTp Halwero 060pynoBaHMs,
3NEKTPOHHbIE KaTaNoru, TeMaTnyeckme ctaTbu. Bbl Takke MOXETE MOANMCATbLCS HA PACChblIKy HOBOCTEN KOMMaHUM B
pasgene «HOBOCTU». ‘

Byaem paabl BuAaeTb Bac B unce nosnb3oBaTesnei Hawero o6opyaoBaHus!
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Reaction of low-temperature CO oxidation over A@'Scatalysts attracts much attention due to
practical and theoretical importance. Practicalerest is connected with indoor air purification.
Investigation of active sites and mechanism of CQdation is important for understanding other
processes catalyzed by silver. The Ag/Si@talysts have wide application not only for CGdaxion [1],
such processes as vapor phase alcohol oxidatian2Hehydrogenation [3], oxidation of alcoholsha
liquid phase [4] and deep oxidation of formaldehj&le Metal-support interaction plays crucial rde
achievement of high activity in many catalytic €mss. However, influence of “silver-silica” interamt
on the catalytic perfomance of Ag/Si@atalysts in CO oxidation remains still not clearspite of
numerous investigations. The aim of this work ignteestigate the silver states consistently afiifednt
pretreatments of catalyst during preparation proced

A number of Ag/SiQ catalysts (5 and 8 wt. %) were prepared on baskffefent silica calcined at
500, 550, 700 and 90 (Sser=40-250 ni/g) using water solution of AgN{and incipient wetness
impregnation method. Variation of calcination temgpere of silica allows to controlling the
concentration of OH-groups, which is evaluated BBDTH,O method. Additionally, surface charge of
silica was estimated at different pH by means depiometric titration. The catalysts prepared were
tested in CO oxidation and characterized by TPxhouag, UV-visible DRS, TEM, HO; titration method
and TG-DSC-MS. The silver state on the silica sigfavas studied after each stage of catalyst
preparation: 1) impregnation and drying, 2) oxidatpretreatment at 50 and 3) reduction at 20(C.
Two states of silver nitrate were proposed on thsidbof TG-DSC-MS results for the Ag/SH300
sample. The first of these states is amorphousdaedmposes at ~150-380 with exothermic effect.
The second state is crystalline and decompose$@&6@0°C with endothermic effect. Formation of
amorphous state was observed mainly for silicaimadc at 500°C. The concentration of OH-groups
effects on the stabilization and crystallizationsdf’er precursor. Crystallization of silver nitabccurs
mainly on the surface for silica with high concatitn of OH-groups. Amorphous layer of salt is fexdn
due to high concentration of SIOAg species. Mealeylerystallization of precursor occurs mainly let
solution for supports with low density of OH-groups this case small crystallites of salt are dépds
on the surface. Existence of two states of silvecyrsor results in formation of different Ag®pecies
after oxidative pretreatment of catalysts prepayedoase of silica with high and low concentratidn o
OH-groups. Formation of Ag nanoparticles with diffiet structure and dispersion was observed after
reduction of oxidized catalysts. It was stated tAgt nanoparticles on the silica surface with low
concentration of OH-groups have defective structame high catalytic activity even at subambient
temperature. However, optimal molar ratio OH/Ag ¢ptimal metal-support interaction) in the prepared
catalysts is required for obtaining defective Agogarticles with high dispersion and therefore #&onée
catalytic perfomance in CO oxidation.

This work was supported by The Tomsk State Untyeksademic D.l. Mendeleev Fund Program in 2016.
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Developing of new methods of biomass processing watuable organic compounds is one of the
urgent problems of modern chemistry. Careful aibenis paid to syntheses of bifunctional compounds,
in particular, glycolic acid, which is widely usedindustries [1]. Recently, a large number of weohas
been devoted to the heterogeneous process for rprgpapha-hydroxy carbonic acid using porous
ordered silicates modified with metal cations (sashtin, titanium, zirconium, and aluminum) [2].€Th
major advantage of this approach is high selegtiaivard the dicarbonyl compounds.

One of the important actual problems is to cretbls catalysts, which are resistant to leaching of
the active component. Moreover, the adsorption yepioducts also can be a reason for the catalyst
deactivation. Beta and MFI silicalites are known floeir water and thermal resistances as well as th
ability to substitute transition metal cations le tcrystalline lattice in a tetrahedral oxygen cgunation.

The aim of the present study is to investigate dalytic properties of different tin-containing
silica materials in the aqueous-phase glyoxal digprtionation reaction.

Tin-containing silicalites with MFI, Beta, SBA-151(-MFI*, Sn-Betd, Sn-SBA-15) structures
were synthesized according to the procedures testcin [3-5]. Structures of samples were confirmed
by the XRD, FTIR and low-temperature nitrogen agéon measurements. In addition, the sample based
on amorphous silica (Sn-SiDwas prepared by the impregnation method. ThenSw8lar ratio in all
materials prepared was 100:1.

Under static conditions the lowest glycolic acitessvity was observed for the amorphous Sn-SiO
catalyst (78 % compared to 90 % over the porousrertsilica catalysts). The formation of the aldols
was detected in the reaction mixture. The reaspifofonation of the by-products can be associatdt wi
the presence of the Bronsted acid sites on the@mas silica surface together with Lewis acid sifdse
selectivities toward glycolic acid were similar fttre Sn-MFI, Sn-Beta, Sn-SBA-15 samples, while the
conversion depended on the catalyst structure cbheersion over the Sn-MFI and Sn-Beta samples was
quite high (99 and 86 %, respectively), while thee dor the Sn-SBA-15 sample did not exceed 27 %
during 24 h of the reaction run. It can result frdme partially microporous amorphous structurehef t
SBA-15. The Sn-MFI and Sn-Beta catalysts were alsmsen to test the catalytic properties under flow
conditions.

It was stated that the Sn-MFI catalyst was morelstander flow conditions in comparison with the
Sn-Beta catalyst.

This work was supported by The Tomsk State Uniyeksademic D.l. Mendeleev Fund Program in 2016.
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Acetaldehyde is one of the most important largexége chemical. It finds numerous applications
as an intermediate in organic synthesis. Productibracetaldehyde from ethanol (bioethanol) is a
promising and ecofriendly way, especially in lownt@age industry. Recently, more publications have
been devoted to development and preparation ofysgtdor this catalytic process. Metals of IB goou
(Ag, Au, and Cu) are traditional catalysts for atide dehydrogenation of alcohols into correspogdin
carbonyl compounds. Supported Au catalysts havé higivity in this reaction [1,2]. However, the
formation of acetic acid as a main liquid by-prodrequires additional purification of the produCu
catalysts have low selectivity due to total oxidatof ethanol [3]. Ag-containing catalysts are thest
promising catalysts due to high selectivity towacogtaldehyde. The present work is devoted to dexign
new Ag-containing catalysts supported 60, and SiQ with controllable Ag-Ce® and Ag-SiQ
interfaces for oxidative dehydrogenation of ethanol

A series of silver catalysts was prepared. Theysttabased on mesoporous silica were synthesized
by sequential impregnation, co-impregnation andregpation of pre-reduced Cg@S8iO, support by
aqueous solutions of the corresponding nitratese Al/CeQ catalysts with controllable Ag-CeO
interface were prepared by impregnation and coxpitation techniques. The Ag loading was 10 wt.% in
all catalysts. Specific surface areasd and pore size distribution of the samples wereerdened
according to the Nsorption using TriStar 11 3020 analyzer (Micronties, USA). XRD patterns were
recorded with Shimadzu XRD-6000 diffractometer gs@@uKa in the range from 10 to 80° 4R The
structure of the catalysts and distribution of comgnts were studied by TEM using the JEM-2200FS
microscope. The reducibility of the catalysts aedtdires of the Ag-SiOand Ag-CeQ interactions were
studied by TPR-KHusing ChemiSorb 2750 analyzer (Micromeritics, USHK)e catalytic properties of the
prepared catalysts in ethanol dehydrogenation wested in a flow fixed-bed quartz reactor at
atmospheric pressure. The reaction mixture comgi2 % vol. of GHsOH and 18 % @in He was
passed through the catalysts (0.25-0.5 mm, 0.3 with a rate of 60 ml/min. The reactor effluentsva
analyzed by integrated online GC with a flame-iatizn detector to determine ethanol, acetaldehyde,
acetic acid and diethyl ether.

It was shown that the order of introduction of efhand ceria influenced on the activity of the
Ag/CeQ/SIO, catalysts in ethanol dehydrogenation. The sammlepared by impregnation of pre-
reduced Ce@SiO, support, had higher catalytic activity. This waseected with a strong interfacial
interaction of Ag and Cef®n the SiQ surface. It was also shown that for the Ag/€e@talyst, prepared
by co-precipitation techniques, a strong metal-supmteraction was observed, which led to incrdase
catalytic activity. For the Ag/CefZatalysts 15% conversion of ethanol to acetaldehyaie achieved at
85°C, but the selectivity reduced at temperaturey@ld®0 °C. Generally, for all Ag-containing catays
acetic acid, diethyl ether and other liquid by-proid were not formed;0, was the main by-product.

Thus, the Ag/Ce@SiO, and Ag/Ce@ catalysts can be considered promising to be used i
production of high-purity acetaldehyde from ethaaplbioethanol. The reason for the high activity of
these catalysts can be attributed to small Ag a&@ @articles and their closed interaction.

This work was supported by “The Tomsk State Unityerscademic D.l. Mendeleev Fund Program” grantd615-
2016.
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Mixed silver-copper oxide A€ wO; has a tetragonal crystal structure of a paramelecaype
(ISCD, CC=87609). The structure exhibits the follogvfeatures: (a) two non-equivalent lattice oxygen
(b) rhomboid distortion of square planar Gu&agments; (c) the non-typical elongated Ag-O hoRae
interest to AgCuw0Os in heterogeneous catalysis relates to its catalytoperties in low-temperature
oxidation of CO [1] and selective alcohol oxidati@). However, the paramelaconite structure is kmow
to be metastable [3]. So, it is necessary to inyat the stability of AgCwO3 under reaction conditions.

In this study, mixed oxide A€uO3; was prepared by co-precipitation in alkaline solut The
combination of XRD, TEM and XPS methods was appl@dtudy structure and surface composition of
A92CU203.

According to XRD the as-prepared sample containdy particles with paramelaconite structure.
Such particles with brick-like morphology are elategd along: axis. Air storage of AgCw,O;3 during 4
months resulted in the appearance of metallic isivase (up to 2 wt.%). However, no any crystatlize
copper-containing phases were detected in this lganhp accordance with EFTEM data the initial
Ag.Cw,03 bricks after long air exposure were covered bydbslike silver-containing 10-20 nm particles
and thin copper-rich layer. The small thicknessagper-rich layer can be a reason for the absenaeyo
XRD signal for CuQ@ structures. Moreover, the exfoliation of coppehriayers was observed.

Usingin situ XRD the mixed oxide was studied under differergtcteon conditions (air, He, CO,
CO+(O,) during calcination up to 500°C. It was observhdttthe initial decomposition of AGwOs
structure at temperature 100-150°C was accompabjedhe appearance of Agraces only. The
temperature of full decomposition into Aand CuQ was varied in 250-350°C range depending on Red-
Ox potential of reaction medium. Prolonged treathué\g,Cu,O3 by catalytic CO+@ mixture at 150°C
during more than 3 hours resulted in the appearahigeetallic silver.

To study the initial stage of AGwO3 decomposition the prolonged and powerful exposiyre
electron beam was performed in microscope chanmmerediately. Analysis of electron microdiffraction
images showed that silver particles were epitakigibwn relatively to the initial AgCu,O3 particles. In
accordance withn situ XRD data the decomposition of AQuw,Os under catalytic conditions was
accompanied by the significant decrease of crgital alonga andb directions only, while no significant
change was found for crystal size alangxis. The evident growth @flattice parameter was additionally
observed.

Using XPS data the Cu/Ag and O/(Cu+Ag) surfaceosatvere monitored during the calcination of
Ag>Cuw,03 under UHV conditions. The observed changes weseudsed in comparison wiit situ XRD
and TEM results.

Based on all obtained data the overall scheme ofCA®; decomposition under reaction
conditions is proposed. The possible reasons e€A®; instability during air storage are discussed.

This work was supported by RFBR, research projectl8-33-00202.
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Ammonia oxidation with air on platinum catalyst gas is widely used in chemical industry for
synthesis of nitric acid [1]. It is well known thdtring this process the gauzes undergo deep wtalict
rearrangement of surface layers (catalytic etchilegping to the loss of platinum and decrease of
catalytic activity [2-3]. To determine the role ioflividual metals: Pt, Pd and Rh in the catalyticheng
of platinum catalyst gauzes during the Noxidation, we carried out detailed investigatidrihe surface
microstructure of platinum, palladium and rhodiuatatysts treated in the reaction medium ¢NEL).
Each sample was assembled into a package withplatinum gauzes required to maintain standard
conditions of the Nkl oxidation process. A laboratory flow reactor madfl@ quartz tube with the inner
diameter of 11.2 mm was used at the feed (ca. 109 IN air) flow rate 880-890 I/h, the gauze
temperature 8605 °C and total pressure about &.6The surface microstructure was studied using a
scanning electron microscope (SEM) JSM-6460 LV IjJeo

The SEM study of polycrystalline Pt, Pd and Rhdalfter treatment at T~860°C for 5 h in the
reaction medium (~10% NHn air) revealed differences in the surface mittadure of these samples.
The G reaction with Rh during the catalytic oxidationNdfi; over rhodium foil results in deep rhodium
oxidation followed by the formation of a continudager of RhO3 crystals with the size 1-2m. Fast
reaction of gaseous NHnolecules with O atoms of rhodium oxide leadshe formation of oxygen
vacancies and movement of Rh atoms to the surflaiteemxide crystals. Rh atoms quickly migrate over
the oxide surface and desorb into the gas phasedsed concentration of Rh atoms in the nearirfa
gas layer initiates the formation and gradual ghowt elongated pyramidal Rh crystals with low
concentration of defects. The (Dteraction with Pd during the Ntbxidation on palladium foil leads to
intense dissolving of oxygen atoms at defects anithé metal lattice, whereas the resulting oxid® Pd
quickly decomposes under these conditions. Thetiomaof gaseous N molecules with absorbed
oxygen atoms gswith the formation of gaseous NO results in lomatrheating of the surface initiating
the release of metal atoms to the surface. Adsddaedtoms quickly migrate over the metal surfaak an
get incorporated into energetically the most fabteasites. Due to these processes, pits, pores and
crystalline facets grow on the surface, whereamgrare gradually reconstructed into faceted chysta
agglomerates with through pores formed due to tbevilp and merging of pits. So, dramatic structural
reconstruction of the foil surface layer (catalygiching) with the formation of a rough layer taldsce
during the catalytic Nkl oxidation with air on Pd. The Qnteraction with platinum during the NH
oxidation over Pt foil results in removal of therfage carbon impurities followed by dissociative
chemisorption of oxygen on the surface. It is welbwn that oxygen dissolution in the Pt latticehatihe
formation of oxide phases is substantially slowamnton Pd and Rh. Small amount of oxygen atoms can
be absorbed at the grain boundaries and othertdefidte NH reaction with Q,sat these defects initiates
release of a few Pt atoms to the surface leadimgetik etching of the platinum foil surface.

This work was supported by Russian Academy of Gseand Federal Agency of Scientific Organizati(preject
44.1.17).
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We report the experimental study of the effect wthenium on the kinetics and mechanism of
cobalt-alumina catalyst reduction by means of tlaremalysis (TG-DTA) and in-situ synchrotron
radiation (SR)-XRD, as well as of the catalytic fpenance of these Co-Ru/alumina catalysts in the
Fischer-Tropsch synthesis.

Cobalt-alumina catalysiCOAl) was prepared by deposition by precipitationGuf (11.4 wt. %)
during urea decomposition method usdgl,Os. Ruthenium promotion was performed by impregnation
with aqueous solutions of RUNO(NJANO3); complex with concentration corresponded to Ruilugaodf
x=0.2, 0.5 and 1 wt. %. The precursor of the catalwere calcined in flowing argon at 350 °C.

TG-DTA and XRD data concord that ruthenium promolbesh reduction steps (Co,ADs—
(Co,AlO..« and (Co,AlQ., —Cd and lowers the reduction temperatures by more fitdh°C. The
metallic cobalt phase is distinguished by XRD: @ &C for Co-Al, at 35¢F°C for Co-Ru(0.2)Al, and at
300 °C for Co-Ru(1.0)Al. The model-free kinetic analy§3zawa-Flynn-Wall isoconversional method)
showed that the activation energy values for tdeicBon processes accordingly decrease. Analydiseof
coherent scattering size of the main cobalt-comginphases (spinel like (Co,AQs;, NaCl-like
(Co,Al)Oq+x and metallic Co) together with non-linear regresskinetic modelling of the thermal
(TG/DTG) curves allowed to elucidate some commaiuiees of the reduction mechanism for promoted
and non-promoted Co-Al catalysts: (1) formationmiltiple nuclei of CoO phase within one crystallite
of Co-Al spinel-like oxide and further transforn@ti following Johnson-Mehl-Avrami-Erofeev-
Kholmogorov (JMAEK) kinetics, (2) kinetic controf €00 reduction process by the step of the metallic
nucleus formation, which is followed by its slowowith, limited by Jander diffusion of oxygen through
the Co-Al oxide shell. According to these findingse ruthenium promoter affects the rate of newspha
nuclei formation.

The promoted catalysts can be activated at modésatperatures, they retain high activity and
have beneficial selectivity in the Fischer-Tropsghthesis.

The work was performed in the framework of thetj®asearch and Educational Center for Energoefficieéatalysis
(Novosibirsk State University, Boreskov Institut€atalysis) and was supported by Russian GoverhidecreeNe V.45.3.6.
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By using of'H and'*C NMR spectroscopy, it was established that thalytit hydrogenation of
2,4,6-trinitrobenzoic acid to 1,3,5-triaminobenzeman proceed via the formation of 1,3,5-
tris(hydroxyamino)benzene, 3tBs(hydroxyamino)aniline, 5-(hydroxyamino)-1,3-diambemzene and
cyclohexane-1,3,5-trione trioxime. As a result qgli@eous-phase hydrogenation of sodium salt of 2,4,6-
trinitrobenzoic acid in the presence of 5 % Pd/8ibcatalyst at a temperature of 8D and pressure of 5
bars, a high yield of cyclohexane-1,3,5-trionexmae (about 70 %) was achieved. Unusual reduction
route via the formation of trioxime can be causgdthee nature of catalyst, chosen conditions of the
reaction as well as nature of substrate (effecsudfstituent). The selective formation of cyclohean
1,3,5-trione trioxime allows to consider the cati@iyydrogenation of sodium salt of 2,4,6-trinitemizoic
acid as a new method for the synthesis of this aumg.

Characterization of catalyst and identification mfaction products were performed using equipmenthef Omsk
Regional Center of Collective Usage. This work s@sported by RFBR Grant No. 16-03-00601.
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Platinum catalysts supported on metal oxides am@ngnthe most used and universal catalysts for a
wide spectrum of oxidation reactions. Platinum fi®mm combined with ceria as a catalyst intended for
important reactions, in particular, CO oxidatiom®X and WGS. PGM/CeJPGM - platinum-group
metals) systems are prospective catalysts accotdiitg high activity in low-temperature CO oxidati
(LTO CO). In this case, investigation of platinutate as an active component in PGM/Ge@d metal-
support interactions has a great importance foetstdnding high activity behavior in LTO CO for Buc
systems. X-ray photoelectron spectroscopy (XPS) key method for such investigations due to its
surface and electronic-state sensitivity.

Coprecipitation from platinum and cerium nitratemswised in this work to synthesize samples with
the platinum content of 1, 8 and 20 wt.% under #ssumption of anhydrous Pt/Ce®@amples.
Calcination temperature varied from 460to 1000C. Catalytic activity measurements were performed
using the temperature-programmed reaction (TPR-GD+D showed that increase in calcination
temperature leads to decrease in LTO CO activityafiosamples. However, samples with relativelyhhig
Pt loading (8 and 20wt.%) calcined at 45Gnd 608C showed abnormal catalytic behavior in LTO CO.
The dilution method employed in the case of highdied catalysts made it possible to obtain theainiti
regions of CO conversion curves with low valuescohversion (<15%) and to then calculate the
activation energies. The calculations yielded thenaalously low value of £= 10.5 kJ/mol, which
indicates the existence of a concerted mechanis@foxidation providing the main contribution to
LTO CO.

The state of platinum as an active component wadiest using XPS before and after reaction for
all samples. The main state of Pt with binding gpdf,(Pt4f;,) = 73.0 eV, which corresponds to solid
solution PiCe O,.x, was observed for all catalysts. Another Pt4f specomponent with §Pt4f;,) =
71.0 eV responsible for metal particles formaticaswebserved for high temperature calcined samijples.
seems interesting that for high-active ones (8 20Mit.% T.acinaior< 60FC) an additional component
with Ey(Pt4f;,) = 74.5 eV was found. This highly oxidized statdbformally can be attributed toPtlt
should be noted also that for all the samplessjpreetive of platinum loading, the Pt4f spectraha t
catalysts before and after their catalytic testilig) not differ from each other, which means that th
reaction medium did not exert a significant effeat the state of active component. Moreover, it was
found that after TPR CO oxidized states of Pt hawaamished. To exclude a reaction with oxygen of
ambient air after removing samples from reactosgectrometer, ex-situ experiments were carried out.
The most active catalyst (20%Pt/Ge€alcined at 45C) was treated in spectrometer varying sample
temperature in CO and,@ubsequently to simulate Red-Ox cycles occur falgi#c reaction. According
to XPS and TPR CO+Otesting reaction the presence of‘Rhight be connected with such catalytic
activity shown for high Pt-loaded catalysts. Thagaedindicates on the existence of a concerted mesrha
of CO oxidation providing the main contributionltdO CO.

This work was partially supported by the Ministry Education and Science of the Russian Federafitvas{dent’s
grant for young scientist MK-6911.2016.3).
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Polymer electrolyte membrane fuel cells (PEMFC)amasidered as an alternative environmentally
sound source of electric power. Such fuel cellsumeally fed by pure hydrogen or hydrogen-rich gas
mixtures produced by catalytic conversion of hydrbons or oxygenated hydrocarbons.

Dimethoxymethane (DMM), as well as methanol and aliml ether, is an easy to synthesize
oxygenated compound of,€Chemistry. DMM is a nontoxic and environmentalgnign chemical. It is a
liquid under normal conditions, therefore can bsilgastored and handled. These facts together stigge
that DMM is a promising feedstock for productionhyfirogen-rich gas for PEM FC applications.

Steam reforming of DMM is described by equation:

CH30OCH,0CH; + 4H,0= 8H, + 3CQ,

Beside this reaction, a reverse WGSR may proceptbtiuce carbon monoxide:

CO;+H,=CO + HO

DMM SR is similar to steam reforming of dimethyles this process proceeds via a consecutive
two-step reaction mechanism: the first step is atydn of DMM to methanol and formaldehyde over
acidic catalysts (or acid sites of the catalyshe second step is steam reforming of the produced
methanol/formaldehyde over Cu-based catalysts (Bb&3ed sites of the catalyst) to hydrogen-rich gas
[1-4].

Based on these scheme and the previous works, @@@-&d CuO-ZnO alumina supported
catalysts could be efficient catalysts for DMM stegeforming.

The present work reports results of kinetic experita on DMM steam reforming and
characterization of catalysts by number of methedsh as TPR, XRD, TEM, EDX, HAADF-STEM,
FTIR in situ. To elucidate the role of each catalysmponent in DMM SR, the data on the catalytic
performance of-Al,03, CuUON-Al,O3, ZNOA-Al,05 and CeQ@y-Al, O3 are presented as well. Based on
this data, nature of active sites and mechanistheofeaction are discussed.

It was shown that those catalysts provided commdt/ conversion under atmospheric pressure,
T~300 °C, GHSV = 10000 hwith hydrogen productivity of ~15 L #h-geca;and CO content in hydrogen-
rich gas below the equilibrium value (<1 vol.%).eTlatter fact is important as it allows using asien
scheme for production of hydrogen-rich gas for PEN application that dictates strict requirements
regarding the CO impurity.

Based on the data obtained, it was shown thatdteytic performance of CuO-Ce@-Al,O3 and
CuO-ZnO¥-Al,03 in DMM SR is associated with theAl O3 acid sites and alumina-supported copper-
cerium/zinc oxide species, which are responsible, foespectivelyy, DMM hydration and
methanol/formaldehyde SR.

So, bifunctionalCuO-CeQ/y-Al,03 and CuO-ZnOK-Al,O3 catalysts containing on their surface
both acidic and copper-based sites are active eledtsve for DMM SR to hydrogen-rich gas with low
(1 vol.%) CO content.

This work was supported by the RFBR grant 14-03084nd by Russian Academy of Sciences and Febigesicy of
Scientific Organizations (project V.44.2.9.)
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Nanocrystalline oxides, such as MgO, ZnO, Ji©Al,O3;, were shown to be highly efficient and
active adsorbents for many toxic chemicals inclgdair pollutants and chemical warfare agents [d]. |
this study dehidrochlorination of 1-chlorobutanesvedosen as a model reaction for investigatiorhef t
sorbents ability for decomposition of halogenateghaics.

It was shown earlier that catalytic activity of woanystalline MgO in dehydrochlorination
substantially increases with time due to the Mg@veosion to MgGl [2] followed by increase of the
acid sites concentration. Moreover, this procesglenl with a surface area decrease indicates thed m
active sites are formed on the surface duringrémstion. Acid sites can be characterized usingatio
molecules as a spin probes for EPR spectroscopy [3]

Nanocrystalline and commercial MgO an@l,0O3; samples were studied. The samples were placed
in an EPR sample tube, activated in an argon flewlfh at the reaction temperature, and subjected t
reaction with 1-chlorobutane. Its conversion to axtome of butenes was monitored by gas
chromatography. After the reaction was carriedfoutlesired time, the sample was quickly cooled mlow
to room temperature and filled with a 2 XM solution of perylene or anthracene (spin probies)
toluene. The concentration of electron-accept@ssitas determined by double integration of the EPR
signal registered immediately after the spin pratteorption and after additional heating at 80°Cl#h.

The catalytic activity of nanocrystalline aeroge¢pared MgO was found to increase significantly
during the dehydrochlorination reaction, which ¢g€@nmpanied by modification of the MgO surface and
bulk with chloride ions. No electron-acceptor siesre observed on the surface of initial MgO samsiple
They appeared only during the reaction. Their cotration normalized per unit mass gradually incegas
during the reaction due to the surface chlorinatgood correlation was observed between the ydatal
activity and the concentration of electron-accepttas.

For the first time the concentrations of electraoeptor sites were measured during a catalytic
reaction. The concentration of elector-accept@ssitas found to correlate with the catalytic attivihe
obtained results indicate that electron-accepttesstested using perylene may be the active sites
accounting for 1-chlorobutane dehydrochlorinatiorihie active state of the catalysts. It seems teeg
important to study possible correlations betweea toncentrations of electron-acceptor sites and
catalytic activity of various catalytic reactionslieved to take place on surface acid sites toiddbe the
possible role of electron-acceptor sites in thesetions.

This work was supported by RFBR Grants 16-33-0026I7 a and 15-03-08070-a.
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Copper molybdates are known as promising materiafs different applications, including
temperature and pressure sensors, lasers, elemtnasthy, etc. However, their catalytic properties a
poorly understood. Copper molybdates, primarily @@} show high catalytic activity in oxidation of
soot [1, 2], (CH).S; [3], propene and butes [4], etc. Catalytic properties of Wo0,09 are poorly
characterized. The present work is focused onttiay f catalytic properties of CuMQ@nd CyMo0,0q
in CO and soot oxidation.

Monophasic CgMo0,09 and CuMoQ samples were synthesized by co-precipitation ardyedo
methods, respectively. The samples were investighte X-ray diffraction (XRD) and temperature-
programmed reduction in carbon monoxide (CO-TPR)e Tatalytic soot oxidation was studied by
thermogravimetry (TG) and differential scanningocathetry (DSC) using NETZSCH STA 449C, while
CO oxidation was studied by temperature-programmealction using ChemiSorb 2750 system
(Micromeritics, USA) with mass-spectrometric anays

In case of CgM0,0g, the CO oxidation was shown to start at 300°C @mdplete CO conversion
occurs at 500 °C. However, notable CO oxidation whserved at temperatures above 450 °C, when
CuMoQ, was used. According to the CO-TPR and XRD date, d¢htalytic activity of the copper
molybdates in CO oxidation correlated with the fatimon of Cu(l)-containing phases, such as
Cu'3,CU,M0,00.,12 and CyMos01gin the case of Givio,0yand CyMos0;5 and CyMos0;7 in the case
of CuMoQ..

Both CyMo0,0Oy and CuMoQ was shown to promote the soot oxidation. In cattt@ CO
oxidation, soot oxidation for both copper molybdatecurs in the same temperature range from 400 to
600 °C and characterized by two peaks of, €@lution accompanied by two exo-effects at 477 Z3@l
°C. Similarity of catalytic properties of @40,09 and CuMoQ towards soot oxidation indirectly
indicates that soot and CO oxidation occurs ovHermint active sites. Mo-containing sites seemédo b
crucial for soot oxidation.

Thus, the formation of two types of active siteamely Cu(l)-containing sites responsible for CO
oxidation and Mo-containing sites responsible fmotsoxidation, were found to form in gMo,09 and
CuMoO, under reaction condition.

This research was supported by the Tomsk Statestsitiy Academic D.l. Mendeleev Fund Program in 200%6.
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Catalysts based on platinum and palladium are artteagiost used systems in oxidizing reactions.
For example, a three-way catalysts for the neattibn of exhaust gases contain all the metalsnpiiat
triad - Pt, Pd, Rh (PMG). The PMG/&); catalysts are widely used in oil refining, gas-aaponversion
of hydrocarbons, the PROX reaction, the productibgas sensors, CO combustion and etc. Despite the
fact that the catalyst systems based on oxidearidhbie valence (for example Cg®@iO, and FegOs3) are
extensively studied in worldwide, alumina §®) remains classical and most massive support for
different catalysts. The high surface area, therama chemical stability, a wide range of functional
groups on the surface and, importantly, in low st the reasons of its popularity. Thus, despiee t
canonical catalytic systems MPG#8%, investigations of possible new approaches tostreghesis of
more dispersed, defective or strongly interactiygjesms using alumina are in high demand.

The search for new approaches to the synthesisRG&MI,O; and MPG/Ce catalysts are also
highly in demand due to the need to establishrilne factors affecting the catalytic activity. Onietloe
most effective methods for the synthesis of complaroscale and nanostructured materials is a pulsed
laser ablation of bulk targets in a liquid or gak Control is achieved by varying parameters ef ldser
pulse (of the wavelength, pulse power and duratitamyjet composition, as well as the charactessiic
the reaction medium (the nature of the solvent,thegresence of impurities and precursor com@ogiti

In the present work the interaction of MPG (espcRt) with different types of supports — &)
and CeQ@ was studied to clarify the possibility of new-typetive catalytic cites formation. Four sets of
catalysts were prepared by laser ablation of MP& @&/ Almet targets in water or ethanol. Synthesis
of starting nanomaterials was made using main haiedd: YAG laser (1064 nm, 7 ns, 20 Hz, 180 mJ).

All four set (Pt/CeQuaicy PY/ALOsc), PY/CeQuroo), Pt/ALO3m20) Were dried in air followed by
calcination at various temperatures ranging frof #6800°C. The catalytic properties of the synittexs
catalysts were examined in the oxidation of CO wikygen using a temperature programmed reaction
(TPR-CO + Q). The experiments were carried out in a flow reaetith in-line mass-spectrometric
analysis of the gas mixture. All the catalysts befand after the catalytic tests were studied usetgf
methods: XRD (Bruker D8 Advance), XPS (ES-300 KRA)@nd HR TEM (JEM 2010, JEOL).

For all sets of catalysts the decrease of catalgtiivity in CO oxidation at the calcination
temperature growth was observed. At the same tangkes prepares in alcohol solution were found to
be more active comparing to one prepared in waigzording to XDR and HR TEM data alcohol-origin
samples have rather small platinum particles #izmuld be the reason of difference in catalytitiaty.

The XPS analysis of all four samples sets showegthsence of platinum in metallic statg(FE4f,,) =
71.1 eV). At the same time for Pt/Ce€amples the MPG-oxide interaction after the cakoom at 450
and 600C was established by formation &f Rt solid solution form (PtCe( described by §Pt4f,,) =
73.0 eV.

It could be concluded that in case of GefDpport more active in low-temperature CO oxidatio
samples could be obtained by laser ablation of Int@tgets. The variation of liquid phase compositio
effects on the MPG patrticles size. The smallegdrticles could be obtained in case of alcoholtgmiu
In case of Ce@support at moderate calcination temperature saolidtion MPG-CeQcould be formed.

This work was partially supported by the Russianreation of Basic Research, grant # 16-32-50076.
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Hydrogen is widely used in industrial processes pofyethylene production with titanium-
magnesium catalysts (TMC) as the molecular weighitrol agent for preparation of different polymer
grades. It is known that hydrogen reduce the dgtiof titanium-magnesium catalysts at ethylene
polymerization [1-3]. There are a lot of speculasion literature about the reasons of this effleat,still
there isn’t generally accepted theory which cougdl@n the deactivating effect of hydrogen at etimgd
polymerization. In this work the data on the hydnegeffect on the number of active centers) (&d
propagation rate constantplkat ethylene polymerization over titanium-magnesicatalysts with
different compound and at the variation of polymation conditions were obtained by the method of
polymerization inhibition with radioactive monoxidéCoO).

It was found that the decrease of the activityyatrbgen introduction to the polymerization media
is mostly caused by reduction of the determinedamel value. The number of active centers is weakly
depends on hydrogen. Effect of the hydrogen conatom on G and k values is studied. It was shown
the decrease of the polymerization rate with tloeeiase of hydrogen concentration is caused mawly b
the decrease of determinegivialue. Only small decrease of the number of aatemters is observed at
large molar ratios of ¥C,H,4 in gas phase. It was found that the hydrogen effiedhe activity and £
and k values do not depend on the monomer pressure iratige of 1-4 bar.

Rest upon the data obtained in this work and ustegature data about the hydrogen effect at
ethylene polymerization on activity,pCand k values for vanadium-magnesium catalysts [4-5] the
scheme of active centers transformation in the dgyein presence at ethylene polymerization on TMC is
proposed. The scheme involves the diethylaluminuritlg reversible adsorption on active centers
resulting in temporary stop of the propagation tieacand explains the decrease of polymerizatide ra
and determined valug kn the presents of hydrogen.

This work was supported by Russian Academy of G@eand Federal Agency of Scientific Organizati(preject
V.44.2.1).
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Oxidative dehydrogenation (ODH) of light alkanesars attractive alternative to produce valuable
intermediates for polymer, chemical and petrochamindustries. However, low catalyst selectivity
towards alkenes remains the primary challenge. &tgg vanadia catalysts have been extensively
studied in ODH of hydrocarbons. Their high activgycaused by specific character of the surfacadian
species, with the catalytic performances beingiagmtly affected by the formation of V-O-Cr, V-Oy
V-O-Mo, and V-O-Mg bonds. Formation of Mg-V-O spegior dispersed My.0g on the support
surface is believed to be a reason for high seiectof VO,/MgO catalysts. However, only sparse
information concerning the alkane ODH over magrmasuanadates supported on alternative supports is
reported in literature. For the supported Mgy catalysts studied [1-3], the correlation of catialy
performances with the catalyst acidity is mainlysidered. No data on magnesium vanadates formation
on the surface of commonly used supports, theucsire and effect on the catalytic properties are
reported.

In our recent work [4], the detailed study of theface V-Mg-O phase formation for the case of
MgO-V,0s/Al ;05 catalyst with the Mg:V molar ratio of 1:2 revealsttong dependence of the phase
composition and structure of the catalyst surfacghe preparation approach, with the formationhef t
surface magnesium metavanadate species resultingpnovement of propene selectivity in the propane
ODH. The present work considers the effect of Mgnular ratio on the surface phase composition and
structure as well as catalytic properties of sufggbMgO-\,0s/Al ;03 catalysts in propane ODH.

The samples were prepared by a consequent incipietitess impregnation gfAl,O3; support
with NH;VO3; and Mg(NQ), water solutions. The Mg:V molar ratio in the pregghcatalysts was 1:1;
1:2; 3:2. For comparison, aWs/Al,03 sample was also prepared by the incipient wetmapseignation
of the support with NEWOs3. The prepared samples were characterized by aleerapmethods such as
XRD, UV-vis DR and Raman spectroscopes, agd FR. The catalytic properties in propane ODH were
tested in a flow catalytic installation with a ftkébed tubular reactor and an online analysis of the
products.

For all MgO-\LOs/y-Al,O3 samples, the formation of dispersed M@Om+sn2 Magnesium
vanadates on the support surface is revealed. ®hpasition and structure of magnesium vanadates
formed strongly depends on the Mg:V molar ratidhie samples. The primarily formation of magnesium
metavanadate species is observed in the case c&athple with Mg:V ratio of 1:2. The sample with
Mg:V ratio of 1:1 is characterized by the formatioha mixture of dispersed Mg®s and magnesium
pyrovanadate species, while the sample with Mgtbraf 3:2 is characterized by the formation of a
mixture of magnesium pyro- and orthovanadate specie

The formation of dispersed magnesium vanadateshénMgO-\,0s/Al,03 samples results in
improvement of their catalytic properties in terofsalkene selectivity in comparison with those loé t
V,05/Al,O3, with the increase of the Mg:V ratio in a row 112] and 3:2 resulting in propene selectivity
increase. The sample with the Mg:V ratio of 3:2wfidhe highest initial propene selectivity among th
samples studied, but low stability in the stream.

This work was supported by the Tomsk State Untyeksiademic D.I. Mendeleev Fund Program in 20156201
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Associated petroleum gas (APG) is a mixture oftligiidrocarbons H4, C,+) produced at oil
fields. Typical APG composition is (vol.%) 50-TH,, 5-10C,He, 5-15 G.i-hydrocarbons (up to octane),
1-10 N, 1-10 CQ. Due to the presence og&fraction, APG causes engine damage and thereforeot
be used as a fuel to generate electricity direaitlyil fields. APG also has high dew point tempamatand
can not be transported by conventional gas pipeline

Low temperature catalytic steam reforming of liglftirocarbons (LTCSR) is a promising method
of APG utilization [1]. The process convertg.{raction to methane with additives of ¢@nd H;
received mixture can be used in combustion engmegnerate electricity, or it can be transportedds
processing plants by the pipeline system.

The LTCSR process occurs on Ni-based catalystempdrature range 250-35Q.°The main
chemical reactions can be described as follows [2]:

1) GHzns2 + 2nHO — (3n+1)H, + NnCG (n > 1)

2) CO, + 4H, — CHy + 2H,0

This work reports our new results on kinetic stuafy LTCSR of model mixtures of light
hydrocarbons(@{H,, CsHs — CsHiz), which composition is close to the realistic ARfwer the Ni-based
catalyst at T = 200-35CC°and atmospheric pressure.

It was shown, that reaction (2) occurs in a qugsH#drium mode at T > 250 °C and the LTCSR
process is limited by the reaction (1). Effectieacstion orders with respect@Hg, C4H10, andCsHy, are
close to one; reaction order with respect to stesagightly negative or close to zero. Concentragiof
CH4, CO; and H do not significantly affect on the hydrocarbonswersion. Effective activation energies
of propane, butane and pentane steam reforminglase to each other and range from 120 to 150
kJ/mol.

On the basis of the received data the two-stageakiaetic model was suggested for LTCSR of
model methane-propane-butane mixture. It includiemns reforming of propane and butane rate
equations, which are first-order with respect te thydrocarbon. The model also considers the CO
methanation reaction as quasi-equilibrium one.

Comparison of the simulated and experimental datéhe model methane-propane-butane mixture
shows that proposed model describes well the obdetfependences and so, can be used for catalytic
reactor design.

The work was supported by Project V.44.2.9 and Rp®ject 14-03-00457.
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Materials based on chemically modifigd\l ,O3; have found broad application as catalysts for many
chemical processes. The surface acid sites i.etreteacceptor (Lewis acid sited-AS) or proton donor
(Brgnsted acid sites BAS) sites of such systems play essential role inatiorption and catalytic
properties of these materials. It has been recémtiyded that Pt/BD;—Al,O3, Pt/ BOs—Al,O3, Pt/MoQOs—

Al, O3 and Pt/WQ-AIl,O3 catalysts demonstrate high activity in hydroisomeion process [1], thus it's
necessary to determine the influence of modifigoraon the acid properties of the resulting catalys

Probe electron paramagnetic resonance (EPR) spegpp is practical and express method that
may extend the qualitative and quantitative infaroraabout the acceptor surface sites and desthidbe
dynamics of adsorbed species. Nitroxide radicals,eikample 2,2,6,6-Tetramethyl-piperidin-1-yl-oxyl
(TEMPO), or aromatic molecules with low ionization poiehtsuch as anthracene, perylene and their
derivatives, are widely used for this purpose [2,3]

In current research acidic properties of hydroisamagion catalysts based on anion-modified
alumina were investigated by probe EPR.

Synthesis of ajg—AbOg (BA), P205—A|203 (PA), MOO3—A|203 (M OA) and WQ—A|203 (WA)
samples containing 10 and 30 wt. % of modifyingdesi is presented in [1]. EPR measurements were
carried out on Bruker EMXplus X-band (~9.7 GHz) dpemeter at room temperature. After calcination
at 500°C each sample were treated with probe soluGx10* M TEMPO in n-hexane or 5x18 M
antracene or 2x1DM perylene in toluene) with further spectra regison and processing as described in
[4].

The analysis of EPR-spectra observed after addafoMEMPO to BA and WA shows that the
signal of ‘TEMPO-LAS’ complex is substituted to ‘WEPO-BAS’ complex with increasing of oxide
content. As for MoA and PA there are almost no gesnin EPR spectra, represented almost only by
‘TEMPO-LAS’ complex, from oxide content for both tabtic systems. All results are in good
agreement with simulated spectra.

Quantitative determination of radical cations fednfrom anthracene or perylene after their
interaction with BAS of investigated catalysts aléml us reveal an important role of detected BAS in
hydroisomerization reaction. In other words catslysith high concentration of perylene radical cas
such as BA and WA demonstrated high yields andcBeiy (up to 97 %) ofiso-heptanes’ forming,
while PA and MoA having low radical cation conceaitvn shows worse yields and selectivity (less than
6 %). Thereby the developed method may be an usebllfor the catalyst’'s activity prediction in
hydroisomerization reaction. It's preferably to @sset of spin probe to make more reliable results.

The investigation was carried out in Omsk Rese&@alaboration Centre SB RAS.
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Pt-CeQ system is a key component of there-way catalystsnéutralization of exhaust gases.
Although these catalysts have been widely studibd, nature of Pt active center is still debated.
According to recent literature publications ionterh of Pt on the surface of ceria plays importate i
many oxidation reactions [1]. Many researchers tpout that catalytic activity enhance when Pt-geO
solid solution is formed. The solid solution is daerized by homogeneous distribution of Pt iorthiw
Ce(Q structure. According to our latest data increas®ti loading up to 20 weight % in solid solution
dramatically increases catalytic activity in COdation [2]. 90% CO conversion al®was detected for
20%Pt-Ce@ sample. However, the structure of Pt-Gesdlid solutions has not been studied yet.
Therefore the aim of this work is detailed analydistructure of Pt-Cefsolid solution with different Pt
loading.

Five series of catalysts with platinum loading 0f81 15, 20 and 30%wt were prepared by co-
precipitation method. This method allows obtaingagmples with a wide range of Pt content in a solid
solution. Samples were synthesized from solutiohsplatinum and cerium nitrate, followed by
calcination at various temperatures ranging frord &b1000°C. All samples were studied using set of
methods: XRD, XPS and HRTEM. The local structurd?6CeQ solid solution was analyzed by Pair
Distribution function (PDF) method. The diffractiatata for the PDF were obtained using synchrotron
radiation at station 1D21 of the ESRE0.177A.

The XRD data indicate that samples with differdatipum content and the calcination temperature
below 800°C are single-phase. All the peaks weréated to an oxide with fluorite structure. Mdial
Pt or its oxides were not detected. The increagbetalcination temperature above 600°C leadbdo t
formation of metallic Pt. XRD data are fully comfied by HRTEM, which revealed that the initial
samples do not contain any extended platinum spekiewever, according to EDX microanalysis data
platinum is distributed uniformly within entire caparticles. The lattice parameter of the fluoptease
increases with increase of Pt loading. The fluoptaticle size decreases when Pt loading increases.
Doping with Pt strongly hinders the sintering ofiaeat high temperatures.

According to XPS data the main platinum state insamples is Bt. It can be attributed to
platinum in PtCey..O. solid solution. Pt4f spectrum for 1%Pt/Ge€amples indicated only single’Pt
state, while for other samples there are two st&€5and additional Pistates.

According to PDF data Pt-Ce@olid solutions exhibit the main features of afite structure on
the local level. In addition to the main fluoritgee distances some additional peaks were detethede
distances can be attributed neither to metallionBt,to platinum oxides. By analogy to Pd-Gesolid
solutions that we have studied previously [3], welaute these additional PDF peaks to Pt-O an@&t-
distances in a REe;xOz5 solid solution.

This work was supported by the project of BasicgetidinancingleV.44.1.16 (the SB RAS program V.44.1).
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Current trends in the field of "green chemistry8 associated with a search for alternative catalyst
based on noble metals (Ag, Au, Pt). Mixed iron andlybdenum oxides are known to show high
catalytic activity in various processes. For examfir many years the Fe-Mo-O catalysts have bsed u
in industry to produce formaldehyde through methanadation [1, 2]. The usage of the FeP®@ith
small additions of Mo as catalysts for oxidatiorpobpylene glycol into valuable organic compoundsw
presented by M. Ai et al. [3]. The addition of Macieased the selectivity towards methylglyoxal as
compared with the results for FePO4. The main atterwas paid to the bulk Fe-Mo-O catalysts. The
active component distribution on the support s@fexcreased the activity of the catalysts in prepgl
oxidation to methylglyoxal.

The aim of the present work is to synthesize thgpstied Fe-Mo-O/Si@catalysts with different
Mo/Fe ratio and study the influence of the phasemasition on the catalytic properties of the systém
the propylene glycol oxidation to methylglyoxal.

The Fe-Mo-0O/SiQ catalysts were synthesized by varying the Mo/Féamatio from 0.5 to 3 (the
Mo content in all samples was 10 wt. %). (NdMo;0,, and Fe(N@)s were used as Mo and Fe
precursors. FEMoO,); was prepared as a reference sample by the pracethscribed in [4]. The
supported samples were prepared by incipient wetimapregnation of silica (KSKG, LLC "Salavat
Catalyst Plant", with surface area of 345 m2/g)hwitot citrate solution containing ammonium
paramolybdate and ferric nitrate. The resulting gaswere dried at 120 °C and calcined in air fetw
600 °C.

The phase composition of the samples was investigay the XRD method, the reactivity of the
catalysts was described by the TPR-Hhe catalytic properties of the Fe-Mo-O/SiCatalysts were
studied in the gas-phase propylene glycol oxidaiomethylglyoxal in the temperature range of 250-5
°C and using different contact times (mixture cosipon: 3% GHg(OH),, 3.7% Q, 62% N, 30% HO).
The major reaction products were methylglyoxalifaldehyde, acetaldehyde, acrylic acid, etc.

The influence of the Mo/Fe ratio and phase comrsidbn the catalytic properties of the produced
catalysts was revealed. The distribution of thavactomponent on the SjGsurface increased the
selectivity towards methylglyoxal almost 3 timesup to 14%, compared with the values for the bulk
Fe(MoQO,); sample. The influence of the phase compositiosupported catalysts on the final reaction
product ratio was studied.

This work was supported by the State Universityd&osc D.l. Mendeleev Fund Program in 2016.
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Oxidative carbonylation of methanol is an attraetioute for dimethyl carbonate (DMC) synthesis.
Methanol, oxygen and carbon monoxide are cheapapanng to methyl nitrite or ethylene carbonate,
which are used for production of dimethyl carbonatsv. The reaction of oxidative carbonylation of
methanol

2CH50H + CO + %20, = (CH30),CO + H,0 (1)
is thermodynamically favorable even at room temioeeawith ArG°298= — 227.1 kJ/mol, unlike direct
carboxylation of methanol,

2CH30H + CO; = (CH30),CO + H20 ()]
which is thermodynamically restricted proceas3°298 = 28.5 kJ/mol). Several groups of reseascher
have reported formation of DMC from CO and oxygemroCu-containing oxide catalysts, like Gu
substituted CuY [1] or Cu-ZSM-5 [2]. Low content 60" cations restricts catalytic activity of these
oxides. Higher concentration of Caations can be found in CuM®, (Me=Al, Cr or Co) oxides with
delafossite-like structure.

We have synthesized a series of delafossite-likeesx incl. CUAIQ and CuCo@ delafossite, and
recorded their FT-IR spectra during consecutiveositpn to CO, @ and methanol and to methanol,
oxygen and CO at elevated temperature, as well eaformed the catalytic tests in oxidative
carbonylation of methanol. If CO adsorption is daed by oxygen treatment and then methanol is fed
over the surface of Cu-Al delafossite, then bidengand unidentate methoxy-groups are the maincirfa
species at low temperatures. Increasing the termyeréeads to oxydation of methoxy to formate and
carbonate groups. The catalyst surface becomeseddind methanol is oxidized via formates to carbon
dioxide. If methanol is fed first, then it is repé by oxygen and CO adsorption comes the lagi, ttiee
oxydation of methoxy species leads to carbonates rmanomethylcarbonate groups. The latter are
considered as the intermediates on the route frethanol to DMC [3]. However further treatment oé th
surface with CO removes methoxy- and methylcarlgadups and C{and water are produced. These
findings are in the agreement with the resultdefdatalytic tests.

Thus, our experimental data evidence that intewactf CO, oxygen and methanol over*Cu
containing oxides occurs via carbonate intermesliatecarbon dioxide. It means that ‘@wontaining
oxides are active in both reactions (I) and (llpwever the yield of DMC is determined by the
equilibrium of the least favorable process (ll) aaduires elevated pressure.

The work was performed with the support of the 8figiof Education and Science of the Russian Feaergproject
no. 221-2014/139).
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Rhodium is an active component of many catalytstesyps showing activity in both oxidation and
reduction processes. In particular, Rh/Ge@talysts proved to be active for ethanol and areghsteam
reforming, methanol combustion, oxidation of CQO. 8tlee interaction of rhodium species with Gefas
established to play a crucial role in catalytichatt of the materials, however many aspects of
functioning of these systems are still need tolasefied.

The 5.5 wt%Rh/Ce@catalysts were synthesized by coprecipitation bfdRd Ce nitrates with
subsequent calcination in air at temperatures udQ@0 °C. Their catalytic and physical-chemical
properties were studied depending on the calcinatenperature. To analyze the nature of active
catalytic species the combination of X-ray photoln spectroscopy (XPS) and temperature-
programmed reactions (TPR -COs#and TPR-CO) experiments were performed.

Rh/CeQ catalysts calcined at 450 °C and 600 °C showatditgcin CO oxidation reaction at room
temperature with temperature of 50% CO conversl&®) being about 50°C-60°C. For samples calcined
at 800 °C, 900 °C the curves of CO conversion atiifo higher temperatures, while Rh/GekD00 °C
catalyst did not reveal any activity at low-temgearas. The TPR CO experiments show presence of
several types of surface and bulk active speciégitCeOx system. The catalysts calcined at 450ntC a
600 °C are characterized by high oxygen mobilitg egactivity at lower temperature range, while well
crystallized samples active onlyat-250 T.

The XPS data showed the Rh enrichment of surfatteincrease of calcination temperature due to
the segregation of active component. The Rh3d spetthe initial samples were characterized bymmai
component at binding energy(Rh3ds,) = 309.0-309.2 eV, typical for Rhspecies in Rh-CeCsolid
solution. The small peak at 307.5 eV related talitnm clusters Ri* was also present in Rh3d spectrum
of Rh/CeQ-450 °C sample. No signals corresponded to bufkd®RiRhO; species were observed. XRD
and TEM data confirmed the XPS results. No reflexpart from the ones corresponding to the £eO
fluorite structure were observed in XRD patternsamples up to the calcination temperature 1000 °C.
TEM images showed only ceria crystallites for taenples calcined at 450 °C and 600 °C. N& Bh
Rh,O3 particles were detected. However, EDX mappinghef $amples area demonstrated that rhodium
was uniformly distributed over the entire area.

Analysis of XPS and TPR CO results showed thaséonples calcined at lower temperatures, the
reduction/reoxidation RA'<—>Rh** proceeds easily due to the high oxygen mobilitgl@nsurface as well
as in the entire volume of the samples. OppositRhifCeQ-450 °C and Rh/Cef£600 °C samples the
reduction/reoxidation process for well-crystallizeb/CeQ-900 °C and Rh/Ce£1000 °C samples is not
so effective leading to substantial decrease @iyt activity.

The maximum activity in LTO CO demonstrated Rh/Gefatalysts with defective amorphous
structure of Rh-Cesolid solution phase, characterized by high oxygetility that provided effective
interaction with CO and facilitated the reoxidatiprocess. Samples remain active up to the calomati
temperature 800 °C, above which the crystallizabbithe system takes place with decrease of oxygen
mobility and LTO activity.

This work was partially supported by the MinistfyEmlucation and Science of the Russian FederaBoesfdent’s
grant for young scientist MK-6911.2016.3).
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Volatile organic compounds (VOCs) make a large rwoution to the environmental pollution. This
requires the development of effective methods tevgmt emissions of these substances into the
atmosphere. Catalytic deep oxidation of VOCs tg, @ad water is one of the perspective directions. At
the present time, many catalysts are known andbeansed for this purpose [1]. Silver supported on
different supports (such as: silica (SBA, MCM), @es of cerium, cobalt, manganese, molybdenum, etc.)
Is one of promising catalysts [2]. These catalystge a number of advantages and disadvantages, Thus
Ag/SiO; has a high specific surface area and activitypwiemperature CO oxidation [3]. Ag/CeBas
high catalytic activity and low specific surfaceay low thermal stability and high price.

One of the possible methods to solve these probtemsists in supporting of the Ag/CgC€atalyst
composition on the surface of primarily inert sugipae. silica [4]. This method allows obtaininiget
granular catalyst, which combines high specifidae area, thermal and mechanical stability otaili
with high activity in VOC oxidation due to the peexe of interaction between supported silver and.Ce
[5]. The aim of this work is to study influence cbnditions to support silver and Cg0n the silica
surface on them distribution and the catalytic praps of the catalyst in oxidation of VOCs.

Series of Ag-Ce@SiO, catalysts were prepared by wetness impregnatemigues, characterized
by N2 sorption, XRD, TPR and tested in low-tempa@aiCO oxidation.

It was shown that the use of citric acid as a Brahg additive at the stage of deposition ledte t
formation of small Ce®particles (2-4 nm) on the silica surface. The kgais without citric acid led to
nonuniform distribution of Ce on the silica surface. Similar results were olgdinfor the
Ce-ZrO,/SiO, catalysts.

It was shown that the obtained Ag-containing catal\had high activity in low-temperature CO
oxidation. The component input order and pretreatnsenditions also influenced on the distributidn o
Ag and CeQ on the surface of silica and catalytic properidésthe Ag-Ce@/SiO, catalysts in CO
oxidation. Catalytic properties of the preparedbyets will be tested in deep oxidation of forméalgee.

This work is supported by the RFBR (grant 16-33320thol_nr).
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Activity and selectivity of the catalyst which usdédr pentafluoroethane CHFCF; (R-125)
synthesis by gas-phase hydrofluorination of perddthylene CGECCL depends on initial content of
main catalytic components — chromium oxides andnotong and stabilizing admixture Al, Mg, Ni, Zn
and parameters of pretreatment [1-3]. Pretreatmie@t-containing catalysts includes heat treatnaert
hydrofluorination.

In this work we studied the influence of the tengpere and gas phase composition of heat
treatment on the physicochemical and catalytic @rgs of high-concentrated chromium-aluminum
catalysts.

Precursor of Cr-Al catalysts containing 95 wt %arhium oxide CfO; and 5 wt % AIO; were
prepared by the addition of a mixture of Gy@hd AICk solutions to a solution of ammonia (9%) at a
constant pH and a temperature of 75€80After the completion of precipitation, the susgien was
aged for 1 h at the same pH and temperature vaksesed with distilled water, filtered and driedain
at 110-120C for 12 h. The resulting air-dry sample was theattieeated between 165 and 60Qising
different procedures: treatment in nitrogen orim a

Thermal analysis (TA) was carried out using a NECASSTA-449-Jupiter. Samples were heated
from room temperature to 600°at a constant rate in nitrogen or air flow. Thenpkes were
characterized by differential thermal (DTA), themgnavimetric (TG) and differential thermogravimetric
(DTG) analyses.

Samples (precursors) after heat treatment werectaized by the specific surface area (BET). It
was found that during the heat treatment in nitnogéth a temperature increase from 100 to 500°C
samples have lose water, accompanied by an incoddise specific surface from 150 to 300 m2/g. Upon
further heating occurs exothermic crystallizatiorfdrm a-chromium oxide, resulting in reduced specific
surface area to 100%g or less. When the precursor to heat treatmeairias sample loss of water is
observed, but the larger specific surface areaisobserve. At temperatures above 200°C is observed
oxidation Cr (lll) to Cr (IV) and with further haag above 400°C result in loses oxygen by £rO
becoming CjOs, crystallization and reduction of its specific feuwe area to 50 m2/g. This can be
explained taking place in an oxidizing environmaotording to the following process chart showing th
transition from amorphous (am.) chromium to crygtal) state:

Cr,O,(am.)d #PE% - crg (am )%~ CrQ (am) & - a -CtO (c

Activity of prepared catalysts was tested in tHedaale reactor with a fixed bed (volume 2 cm3) in
the synthesis of pentafluoroethane (HFC-125) bglderethylene hydrofluorination in temperature rang
320-360°C and at a pressure of 4 atm.

The influence of heat treatment conditions wasistidf high-concentrated chromium-aluminum
catalysts. It is found that heat treatment of thtalyst in an oxidative atmosphere (air) at temijpeea

about 450°C can increase catalyst activity at abth% compared with traditional method of heat
treatment in inert atmosphere (nitrogen).

This work was supported by the Russian FoundatioBésic Research, project No. 15-08-04789-a.
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The main question of the catalysis science is tediption of catalytic activities. A promising area
of searches can be regarded as the use of thevecteats of the adsorption theory for the synthesis
the catalyst surface with desired adsorption ptogserin relation to the reactants. The surface of
hydrogenation catalysts based on transition meiats be formed and be modified with its properties
directly during synthesis, in different operatirenditions, and while introduction of various compds
with high adsorption properties, examples of sughngounds are catalyst poisons. The purpose of this
study was to determine the correlation such asaligat activity - surface structure - adsorptive
properties” of catalysts for hydrogenation readiaf "carbon-carbon” multiple bonds at a variety of
process conditions.

We used such catalysts as skeletal nickel cataljgamey’s nickel) and nickel inflicted on a
different support (silica, alumina, carbon). In therk the methods of supported nickel catalystsrsssis
was developed to allow controlling the concentratid metal on the support surface, and the value of
active metal surface area.

The catalytic activity was tested in a liquid ph&8d + 0,9 MPa 30 °C) and gas phase (0.1 MPa,
150 °C) hydrogenation of maleic acid diethyl estherorder to control the adsorption capacity of th
catalyst in relation to the reactants, especialyydrogen, sulfur compounds were introduced iht t
reaction system. The variation of the synthesishoas, conditions of catalytic process and introiunct
of catalytic poison deliberately allowed to adjtis surface properties of nickel and to receivalgats
with the specified parameters of activity and dgl@g. The composition and the properties of the
catalysts surface were studied using XRD, the lenvgterature adsorption, the laser dispersion amsalysi
the atomic absorption, the infrared spectra, aedatifisorption calorimetry. Adsorptive propertieshasd
produced catalysts were studied using a set omileanalysis and mass spectrometry, comprising: a
synchronous thermal analysis instrument STA 4493ter® NETZSCH and mass spectrometer QMS
403 C Aeolos®, reaction gas dispensing system PAIRe vacuum system, and high-temperature
furnace and a sensor for the STA 449 F3 Jupiter®.

The experimental data obtained in the work allowedsearch for correlations structure vs.
composition of the nickel catalysts surface vsirthetivity for the reduction reaction of the doelidond
"carbon-carbon". It was proved by direct experimaéniethod the existence of various forms of adsbrbe
hydrogen on the surface, and was determined thdrenaical characteristics of these forms. Approaches
to creating optimal nickel surface for reductioaatton of the individual classes of organic compsun
were showed.

The practical part of the work is carried out agfpgovernment task (project 1800). The theoretjat of the work is
supported by the Ministry of Education and SciefpeejectNe4.1385.2014/K).
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The products of aldol condensation of acetone wattious aldehydes, for instance formaldehyde,
have very high industrial demand. These materi@suaed mainly as composite binders in construction
and mending of oil wells as well as modifying agefdr glues and other polymer systems [1,2]. It is
possible to obtain different products possessingrarolled selection of useful parameters dependimg
synthetic conditions, which is very convenient fseparation of materials with the desired propsrtie
involving the same reagents. It should be notetisheh versatility can cause technological probldoes
to the lack of determined regularities of the pescand proper study of reaction kinetics in various
conditions. The preliminary experiments have sholat the kinetics of aldol condensation of acetone
and formaldehyde is influenced the most by tempeeatind concentration of alkaline catalyst, while t
properties of final products (oligomers) depend enon the reactant ratio. In this work the kinetés
acetone and formaldehyde consumption and formaifomtermediate products of their condensation
products in alkaline conditions is studied, as vasllthe influence of temperature on the kineticghisf
process with fixed component concentrations instaeting mixture in isothermal conditions.

The experiments were carried out with the use lafrcaeter «<ATLAS» (Syrris) in the mode of heat
compensation method with automatically controlléd, pemperature of reaction mixture and reaction
enthalpy. The reaction temperature was varied & rdnge of 25 + 55C with constant starting
concentrations of acetone and formaldehyde in thegmce of alkali metal carbonates used as catalyst
Formaldehyde was used as 37% wt. water solutidmiligeed by methanol. Acetone (analytical grade),
sodium and potassium carbonates were used withadditi@anal treatment. The forming mixture of
oligomers was analyzed via gas chromatography &yt dfficiency liquid chromatography with mass
spectrometer. The identification of by-products aoliomers was carried out via TOF mass-
spectrometer with electrospray ionization as wsliNMA, FTIR and Raman spectroscopy. The resins
obtained after concentrating the solutions of ahigos, as well as their polymerization products,ewer
studied via synchronized TG-DTA/DSC method.

According to the analysis of the kinetic curvesyés shown that formaldehyde reacts with acetone
with molar ratio ~ 3:1, which is preserved regasdlef reaction temperature. The detailed study@fF T
mass spectra of reaction mass allows concludingtiigastructure of main oligomers includes the dasi
fragment of diacetone alcohol (DAA) which is chdegistic for acetone autocondensation on the
beginning stage of oligomer formation. Next, arerattion between formaldehyde molecules and DAA
occurs, resulting in the formation of respectivethgio| derivatives. Chromatographic data indicates
equilibrium formation of DAA. The products of ditemondensation of acetone and formaldehyde are also
detected in reaction mixture. According to the wsial of obtained data, a reaction mechanism is
suggested, by-products and final products are iitksht and the rate constants of main reactions are
determined.

This work was supported by “The Tomsk State Unityefgcademic D. . Mendeleev Fund Program” granidl6
(8.2.07.2015).
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Effect of Mo:Al ratio in zeolite containing catalysts on their activity in the course
of non-oxidative methane conversion
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The process for converting methane to aromaticdoatbons under non-oxidizing conditions is of
considerable interest as a promising method ofrab#ind associated petroleum gases recovery. biéect
catalysts for this process are high-silica ZSM-8lires modified with transition metal ions. Bifuraal
properties of these catalysts are due to bothsaigd of the zeolite itself and Mo-containing sites2].

The aim of this work is to study the effect of te:Al ratio in the catalyst systems prepared using
zeolites with different silica module (M = 16-80)cathe nanoscale Mo powder (NSP) on their activity
and stability in the course of non-oxidative corsuen of methane into aromatic hydrocarbons.

Mo/ZSM-5 catalysts were prepared via solid-phasgh®sis by mechanically mixing the H-form
zeolites with a nanosized molybdenum powder. Thalti@g mixture was calcined at 540 °C for 4 hours.
The catalytic activity of the samples was invedgdan a laboratory flow setup at 750 °C and tredfe
space velocity of methane 1000.The reaction products were analyzed by gas chamgrephy.

Our previous investigations on the process of metl@nversion over Mo-containing zeolites with
silica modulus 40 showed that the highest actiaiyg stability were exhibited by the catalyst camteg
4.0% Mo nanopowder with the Mo:Al ratio being eqt@ll:2. It was therefore of interest to investiggat
the influence of Mo:Al ratio in the catalysts pregé using zeolites with different silica moduligohieve
the Mo:Al ratio 1:2. For comparison, we preparedlite catalysts containing 4.0% Mo NSP regardldss o
the value of silica modulus.

The tests of catalysts containing 4.0% Mo showed tite lowest activity in the course of methane
conversion was exhibited by Mo-containing zeolieth silica moduli 16 and 80. The modified zeolite
with M = 30 is characterized by the highest agyivit the first 100 minutes of operation, but witlet
operation time increasing to 380 min its activgysignificantly reduced, so it does not exceed 3al%e
end of the reaction cycle. The highest stabilityirty the whole reaction cycle was exhibited by the
sample with M = 40.

The tests for Mo-containing zeolites whose Mo:Alaavas 1:2 have shown that it was the large
amount of Mo nanopowder (8.6%) required to achiéng ratio (Mo:Al = 1:2) in the zeolite with a low
silica modulus (M = 16) which resulted in a sharppdin its catalytic activity and stability. Thetabysts
with the silica moduli 30 and 40 exhibited closduea of methane conversion during the first 140
minutes and then the activity of catalyst with M4@ began to decline more rapidly than that of the
sample with M = 30. Thus, within the subsequent @4Qutes of reaction, the methane conversion over
zeolite with M = 40 decreased by 4.7%, while thagrahe sample with M = 30 by only 2.4%. With the
silicate zeolite modulus increasing to 60 or 80dhsvity and stability of Mo-containing catalyststhe
course of methane conversion are lower as compeithdhe catalysts prepared on basis of zeolitel wi
the silica moduli 30 and 40.

A comparison of the catalytic activity and stapilitf a number of catalysts having the Mo:Al= 1: 2
ratio with those having 4.0% Mo has shown thatzeelite with M = 30 is very active in the first 100
minutes of reaction and an increase in Mo conteim 4.0 to 4.8% has resulted in a significant insege
in the stability of a catalyst with M = 30 after@inutes of the reaction.

Thus, the results obtained suggest that the Ma#d in Mo-containing zeolite systems is of great
importance for the formation of active sites of athane molecule activation and hence for
manufacturing the most selective and stable catafgs the process of methane dehydroaromatization.
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Aluminum derivative peroxides in catalytic systemtBuO)s;Al — 2t-BuOOH as source
of electron-excited dioxygen, @(123): a quantum chemical study on a model
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Based on the presented quantum chemical studyed¥i#gOOH/(MeOjAl model system, one can
conclude that the excited dioxygefy( blzg), is produced in the liquid phase in the catalytic
decomposition ot-BuOOH. Thus, it was exhibited for the first timeat O, is generated chemically
excited.Oy( blz;) is formed as a result of the successive reactdraduminumtert-butoxide withtert-

butyl hydroperoxide at the mole ratio of 1:2. Iretfirst step, the aluminum-containing peroxide (
BuO)AIOOt-Bu for the experimental system or (Me®OOMe for the model system is produced. The
latter one reacts with the second MeOOH molecuté bHwrough the pathway of the substitution of the
methoxy group (main reaction pathway) and throughdix-membered transition state (minor pathway)
with the formation of metastable metal-containingnm+*~and bisg>~methyl peroxides and the
elimination of the MeOH molecule. The formationtbé isomeric ozonides (Me&8IO3Me is the rate-
determining step. For the main reaction pathwag dttivation energy ¢ of the intermolecular O atom
transfer was calculated to be 159.2 kJ/mol. Fromnme-1,3, (MeQAIOOOMe, the corresponding
metal dioxygen intermediate-(MeO)Al*O,, is generated in the decomposition reaction wents
with the elimination of dioxygen in the electroneited stateO,(*Zy). The electronic state @b, was
established by the analysis of the energy diagratcutated for the (MeQM/O, system at the
CCSD(T,fc)/lcc-pVTZ, CCSDT(Q)/cc-pVTZ, and CAS(14)83311G(d) theory levels. For the
decomposition of*-(MeO)Al*O,, a non-adiabatic pathway, that includes the sirtgialet transition
and leads to the generation of chemically activifdwas exhibited.

The conducted simulation makes it possible to psepthat the catalytic decomposition of t-
BuOOH leads to a complicated oxidizing system béinegsource of the reactive oxygen species: mono—
n’—, bis-q’—peroxides, isomeric ozonides;-peroxide, chemically activatedd,*) and chemically

excited (Q(b'Z;) and Q(*Ay)) dioxygen. Q(*Ay) is the product of the decay of the higher excittde.

Oy blz;) is characterized by the significantly shorteetifine than qlAg). The latter is the product of
the spin-allowed transition decomposition oj(blzg). One can believe that quenching through the e-v
mechanism for gblzg) can create a pathway to exhibit an uncommon iregcof Oz(lAg) which
results from the chemical activation of the sulietkey energy excess released in thé@y—oz( blzg)
relaxation. The formation of th&BuO)Al*O, complex analogous to (Meg®)l*O, predicted here on the
basis of quantum chemical study can determinedéetivity of chemically immobilized goblz;). Both
pathways make the new chemistry '6J, possible, that is, the oxidizing activity resuttsectly or

indirectly from the reactivity of leZ;). Thus, it may determine important enhancemerfatoous
Fenton and Haber-Weiss chemistry.
A.l. Petrov is thankful to SFU Super - computer Centre (http: cluster.sfu-kras.ru) for generous donation of computer

time. O.B. Gadzhiev is thankful for the partial support of this study provided by a grant under agreement of N.I. Lobachevsky
Sate University of Nizhny Novgorod and the Ministry of Education and Science of the Russian Federation.
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Methodologies for preparation of facet-controlleghaparticles (NPs) are developed intensively
since the shape-selected nanoparicles exhibit siective catalytic properties. Moreover, dueltape
selection, the NPs can be building blocks of adgdntanomaterials with high surface area, whicmis a
important property for the catalyst. Specific fidtt these materials is also spintronics and plasoso
The most methodologies are based on surfactantifispstabilization of the facet. That is, the
manipulation of surface energy of a given facetubing surface-binding molecules has been the major
synthetic strategy. However, the data on specifisogption energy are very scarce. In the present, |
addressed to these properties.

In order to elucidate catalytic properties of PtsN&apped by DDT (1-dodecanethiol) in the
crotonaldehyde hydrogenation, the presented quargiemical study of (finite, free) clusters was
conducted on R¥111} (two-layer cluster), Rt{100} and Pt{111} (three-layer clusters) as models for
different facets of Pt NPs corresponding to crystehphic planes. The data onpdP100} were reported
earlier [1]. BUSH was used as a model for DDT. ©O#dsorbates wereHsyn-and anty-®)-but-2-enal
(crotonaldehyde), propenal (acrolein). In coincickewith the earlier study [1], the reported resulese
obtained with the BLYP exchange-correlation GGA signfunctional in conjunction with CRENBS
effective core potential (ECP) and orbital basisfseplatinum, LANL2DZdp ECP and orbital basis set
for sulfur, and 6-31G(d,p) all-electron basis setdarbon, oxygen, and hydrogen atoms.

As was calculated with the BLYP density functiond), the exothermicity of the dissociative
adsorption is reduced for the successive cooradinadf the BuS-group (averaged reaction energy is -
112.8 kJ/mol); 2) the adsorption energy is neanlgependent on size of the cluster for the studied
clusters, if the same coordination mode is consiiteB) energy of physical adsorption for BuSH (kng
molecular approximation) is remarkably lower thae torresponding dissociative adsorption;4) CQnis a
ambidentate ligand; 5) coordination through carlbtom onto Pt cluster surface is thermodynamically
highly favorable with respect to coordination thghuoxygen atom; 6) two-and four-fold coordination
modes were determined for CO adsorption throughoraatom onto Pt{100} model surface. In the later
case, three bond lengths are about of 2.22 A whéefourth one is about 2.41 A; 7) the IR vibratibn
shifts for the stretch mode of CO (sharp mode endimulated IR-spectra) due to adsorption are €200
! and -330 cnl, respectively to the adsorption mode; 8) CO canpete with BuSH for the adsorption
site even in the single molecular approximationwéeer, in case of the dissociative adsorption it ca
compete with the second and successive coordinaiiaine BuS-group; 9) bridge, planar, and vertical
coordination modes of the aldehyde molecule adsbdmo Pt(3x3) square (the upper layer of thg)Pt
either croton or acrolein were determined in timglei molecule approximation (this translates toNI9
coverage in the experiments with non-capped Pt NEY)for bridge-like coordination of croton (anty-
conformer) and acrolein, comparable adsorptiongeswere determined to be similar for the Pt{100}
facet; 11) planar coordination either croton alakhgr acrolein is thermodynamically more favorahle
respect to bridge-like and vertical modes of camaton.

0O.B. Gadzhiev is thankful for the partial support of this study provided by a grant under agreement of N.I. Lobachevsky
Sate University of Nizhny Novgorod and the Ministry of Education and Science of the Russian Federation.
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Effect of lanthanum concentration on the adsorptasedic and catalytic properties of H-ZSM-5 in
the toluene ethylation reaction was investigatefluénce of modifying on catalytic properties of $i4-
5 zeolite is studied in a 300-Atemperature interval. Under these conditions eASMI-5 selectivity
of p-ethyltoluene was made by 40,1-47,3%. It ial@gthed that increasing concentration of lanthanum
on H-ZSM-5 makes reduction of porous volume, esskedecrease in concentration of the strong acid
centers that in turn leads to increase selectimityp-ethyltoluene. By the increase in concentratbn
lanthanum in H-ZSM-5 to 10,0 wt. % selectivity oreghyltoluene increases from 42,3 up to 80,5%. The
protonic parent HZSM-5 zeolite was obtained by éxachange of the commercially available ZSM-5
with NH,CIl. The H-form of the zeolite was prepared by th@rmecomposition of the NHform at
500°C for 4 h. The catalysts modified by introdantiof 1.0-10.0 wt.% of lanthanum were prepared by
impregnating the zeolite H-form with a solution lahthanum nitrate at 80°C for 6h. The samples
obtained were dried in air for 16h then for 4 haimrier at 110°C, and then they were calcinated in
muffle furnace for 4h at 550°C. The La-loading bése catalysts was measured by atomic absorption
spectrophotometer XRD. The specific surface wasutatied according to BET method. The volume of
pores was evaluated by t-plot analysis of the gdsor izoterm.
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Transmission electron microscopy investigation of iégler systems nature in
arene hydrogenation catalysis: nickel systems
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The possibility of arene hydrogenation on Zieglgstems has been described in several articles
[1, 2]. The other fundamental research about tpgtare practically absent in the literature.

The report presents the results of studies of hi¢legler system based on Ni(acae)4AlEt; that
are active in benzene and its methyl homologuesaggohation by the high resolution transmission
electron microscopy (HRTEM) in combination with @l®n diffraction. The size and nature of the
nanoparticles forming in such system were deterchitie elemental composition was analyzed.

It has previously been shown [3, 4] that formatmithe particles in benzene solution during
interaction of Ni(acag)with AlEt; at ambient temperature and pressure was not ety TEM.

During the hydrogenation of benzene in an autoctdie= 120 °C and® = 15 bar oft, for 40 min
there was patrticles formation the size of whichesafrom 0.6 to 2.5 nm. The average size of thégles
was 1.38 + 0.33 nm. The inter-lattice distance @521 1.6671 1.4437,1.2913 A, obtained by the
electron diffraction, are similar to those of Ni@8-004-0850). Although it cannot be excluded gath
inter-lattice distances can also correspond toouarinickel aluminides, for example, NiAl (# 00-044-
1188). The HRTEM image analysis shows the intdicktdistances of 2.032 — 2.04 A that correspond
the planes both (111) of the Ni (2.034 A # 00-085@) and/or (110) of the NiAl (2.0413 A # 00-044-
1188).

Sample from the reaction mixture at 80 minutesrdfte start of hydrogenation, is characterized by
the presence of particles with the average siZ21# + 0.10 nm. The particle size varied from D8R
nm. Analysis of the data that obtained by both tdcteon diffraction and HRTEM shows that
nanoparticles are correspond to the clusters d&ehiar perhaps different types of NiAl. The incread
the particle size could be due to diffuse aggregaflhe elemental microanalysis of the differealds of
sample indicated the presence of Ni, Al, O, and C.

It was shown that the catalyst formed on the bakithe Ni(acac) reduced only by hydrogen is
25 times less active in benzene hydrogenation ysasathan system based on Ni(aga€)4AlEt; that
consists mainly of nickel particles (inter-lattidstances of 2.0382, 1.744, 1.2812, 1.0789 A ardlasi
to those of Ni (# 00-004-0850)) and NiO (inter-legtdistances of 2.4186, 2.1126, 1.4793, 1.3884€A a
similar to those of Nb (# 00-044-1159)). The NiO is probably formed bmaspheric oxygen oxidation
of the sample in the course of its installatiorthia microscope. The particle size commensurate tvéh
size of particles formed in the Ni(acae)4AlEt; system according to the data of electron diffactBy
the HRTEM it was shown that in the absence of thbikzer, the role of which performs the AlEnd
the products of its transformation [3], the pa#iegglomeration into clusters of size to 200-300ism
take place. The elemental microanalysis of theedsffit fields of sample indicated the presence o\
and C.

This work was supported by a base part of Government Assignment for Scientific Research from the Ministry of
Education and Science, Russia (/22014/51, project code: 627). The TEM studies were carried out on the equipment of Baikal
Nanotechnology Center (Irkutsk National Research Technical University, Irkutsk).
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The mechanism of cobalt Ziegler catalyst systems&bion at room temperature and atmospheric
pressure were discussed in detail in our work $b.the report presents the results of researclolultc
Ziegler systems based dbo(acac) — 3AlEtz; and Co(acac)2H,O — 3AIEt; that active in arene
hydrogenation catalysisT'(= 120 °C and® = 15 barH,) by the high resolution transmission electron
microscopy (HRTEM) in combination with electron fdifction and X-ray microanalysis. The size and
nature of the nanoparticles forming in the systemese determined, and was analyzed its elemental
composition.

During the benzene hydrogenation in the autocldavé a 120 °C and P = 15 bar of;Hh the
presence of the syste@iv(acac)-2H,O — 3AIEt; for 60 min there was a particles formation. Thee sof
the particles varied from 0.71 to 1.35 nm. The agersize of the particles was 0.88 + 0.16 nm. Assaly
of the data that obtained by both of electron ddfron and HRTEM shows that nanoparticles are
correspond to cobalt clusters. The elemental mialyais of the different fields of sample indicatbe
presence of Co, Al, O, and C.

It has previously been shown [1] that formation tbé particles in benzene solution during
interaction of Ni(acag)with AlEt; at ambient temperature and pressure was not ety TEM.

In the sample, taken after 60 min of benzene hyatration in an autoclave @t= 120 °C and P =
15 bar of H amorphous matrix consisting of Al, C and O acaogdio elemental analysis was identified
by the TEM as well as impregnations in the mathaying a certain degree of crystallinity. Accurate
estimate of such areas is not yet possible, althdlig analysis of diffraction pattern shows that size
of generated particles in a given system is confpparto the size of the particles that formed in the
system on the basis @o(acac)2H,O — 3AIEt. Moreover, detailed treatment of the diffracticattprn
of the consideration areas is indicates the presehthe following inter-lattice distances 2.472Q1,681,
1.5249, 1.3545 A that are similar to those of iitttice distance€o [2.62348 A (111), 2.272 A (200),
1.60655 A (220), 1.37007 A (311), # 00-042-1300}e elemental microanalysis of the sample indicated
the presence of Co, Al, C and O. Also the individnanometer size particles were registered. The
diffraction pattern of the containing these paeticlarea is described by the following inter-lattice
distances 3.6498, 2.7911, 2.0916, 1.8289, 1.568%84 A that are similar to those of inter-lattice
distances AlC¢Cy5[3.7 A (100), 2.616 A (110), 2.136 A (111), 1.85200), 1.6547 A (210), 1.3081 A
(220), # 00-029-0023].

Analysis of HRTEM image indicates the presencehefinter-lattice distances 3.55 — 3.65 A, that
corresponded to the (100) plane of A}Ces (3.7 A # 00-029-0023), which confirms the dataaited by
electron diffraction. Probably, formation of AlgZy s occurs under the action of the electron beamen th
process of shooting of the sample in the electramascope.

This work was supported by a base part of Government Assignment for Scientific Research from the Ministry of
Education and Science, Russia (1/22014/51, project code: 627). The TEM studies were carried out on the equipment of Baikal
Nanotechnology Center (Irkutsk National Research Technical University, Irkutsk).
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Catalytic reforming is the major processin modesfining, which yields high-octane components
of motor fuels. The quality of the product dependghe most important component of this procese - t
catalyst. The main criteria for the work of refongicatalysts areactivity, selectivity and stabibfytheir
work. The introduction of third-generation polymétacatalysts helped to increase the production of
high-octane fuel. Moreover, it allowed extending ttycle between regenerationsfor the catalyst velum
more than twice.

For a comprehensive analysis of the catalyst, tifferdnt groups of methods are used. The first
group are kinetic methods, that's are usually usedxplain the formal mechanism of the reaction, to
show physico-chemical mechanism of specific proeesand provide baseline data for the sound
management of all production and process withnifglémentation, to determine the kinetic parameiérs
the reactions. Another group is called instrumentathods, that allow to determine the structuréhef
reaction surface of the catalyst and the compasibiothe active center of the direct reaction, enfef
the reactants activation, and most importantlyjustify the mechanism of surface reaction on this
platinum contact.

Based on the foregoing, one of the stages of toeméng catalyst research was to analysis of the
chemical composition and structural characteristtc®t-Re catalyst, which was used in the real fuel
production. The analysis results were obtainedguaiacanning electron microscope JSM-7500FA. These
results has given an opportunity to evaluate théoumity of the various elements on the surfacehaf
sampledistribution.

In the preparation of the catalyst during the disiog step, the active components are distributed
evenly across its surface. However, some elemem®nter the porous structure of the catalyst filoen
outside and reduce its efficiency. It causes bluglaf the pores or poisoning of the catalyst swfae.
the formation of local clusters that cover the\acglements.

This effect can be observed when comparing the datalyst samples taken before and after the
working cycle. For example, aluminum is the mospamant component of the platinum-rhenium
catalysts, the so-called support or matrix. ltsosmrration in the amount is up to 99% by weightthe
figure that shows the detailed structure of unusatlyst it can be seen that all the components are
uniformly distributed. However, in the figure thetows the texture of the been-in-use catalyst wesea
big surface portions that are covered by other eteés More detailed analysis showed that theséopesrt
are covered with iron.

However, the processing of the experimental dath wie help of special software allowed to
translate the visual characteristics of the expenita samples into numerical and directly evaluhée
content of a particular component. The calculatisimswed that the content of iron on the surfacthef
catalyst reaches 0.37 wt.%, while it should noteexic0.02 wt%. at average rates.

Thus, the detailed analysis of catalyst propeashelp prevent the premature loss of the catalyti
properties and increase the catalyst lifetime. ,Timgurn, will reduce the costs for regeneratidrthe
catalyst components and to obtainbetter qualityomfoiels with less investment.
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Addition of synthesis gas to the natural gas irmarount of 10-15% leads to greater uniformity of
the combustion of fuel in the combustion chambega¥ turbines, a significant reduction in the erarss
of NOy and CO. Stability of the process of partial oxidiatof methane (POX CHl with air for catalytic
reformer of gas turbine power plant is a cruciales Overheating of the front point of the cataltyed
(hot spot) leads to instability of the process lbiseaof possible catalyst sintering and destrudtddnFor
the industrial realization of this technology itnecessary to study the catalytic process PO &H
elevated pressures.

In this work, we investigate the effects of press{i = 2, 4, 6 atm.), excess air ratiscQ, /2-CH,
= 0.32; 0.37; 0.42), gas hourly space velocity (#H#S19900 - 49500 1) on the temperature in the front
point of the structured catalyst. Also comparisoh tike composition of reaction products with
thermodynamically equilibrium was done. We usedrahouse made catalyst based on porous nickel
stripes (trade mark eK0.021.742TU Type 2).Using Mg@pport for nickel catalysts leads to the
formation of a solid solution NiO-MgO, which potaily may increase the catalytic activity by highly
dispersed nickel particles which are generated &afteeduction from solid solution. It was reportttht
small Ni clusters (<6 nm) prevent catalyst coki@f put unfortunately the degree of Ni reductioonfr
its solid solution with MgO may be very low. Soetpreparation of such a catalyst is a challengasg.t
Our catalyst 14,4%NiO-7,7%MgO/porous Ni demonsttdtee lowest hot spot temperature in POX;CH
among such catalysts with different loadings of M@ MgO. The sample was in the form of structured
cylindrical monolith formed from alternating flanh@ corrugated porous Ni tapes.

According to our experimental results: (1) incregsithe pressure leads to a reduction in the
temperature of the frontal point of the cataly®},ificreasing the air excess ratideads to an increase in
methane conversion (which is consistent with [dijd increases the inlet hot spot temperature;ftaete
of a on the temperature of the frontal point decreastsincreasing pressure, (3) increasing GHSV leads
to an increase in the temperature of the frontaitpaf the catalyst (this effect was also obserbgdhe
authors of [3]). According to reports [3-5] the pess POX Ckl can be divided into three parallel
reaction pathways: combustion (exothermic), steafarming (endothermic) and reverse-shift reaction
(slightly endothermic). Our experimental result$ ¢ describe by model, in which ¢ldombustion
takes place in the external diffusion control bya@d is independent from pressure [3-5] from 1 &ir8.
CH, steam reforming, according to our model, occuraimixed chemical-diffusive control by GH
(which is similar with report [5]), but is closer external diffusion than kinetic regime. The expental
compositions of reaction products are close tottieemodynamic equilibrium (calculated according to
this model), so it can be argued that the procéd93GX CH, at the monolith outlet occurs near the
thermodynamic equilibrium. This is a good preret@isor future testing of this catalyst in a fullaede
industrial catalytic reformer.

This work was carried out on state assignment Yod8oreskov Institute of Catalysis.
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The selective oxidation of cyclohexane (CH) to opelxanone (ANON), cyclohexanol (ANOL),
cyclohexyl hydroperoxide (HPCH) is a key stagetha industrial production of caprolactam, adipicac
(ADA) and some other valuable products of largeatage organic synthesis. More than 95% of ANON is
used in the production afcaprolactam, which in its turn is used to manufextpolyamide and wide
range of chemical products, including syntheti@fsy engineering plastics, and films. Global prdiduc
of polyamides reaches more than 3 million tonsygar. In industry the liquid phase oxidation of @id
is carried out 150-160 °C and 5-10 atm. in thegmes of a catalyst or in an autothermic mode. THe C
conversion does not exceed 4-6 %, while the selgctowards ANOL and ANON together reaches 75-
80 %.

Patent searches as well as other open informatiarces show that the interest in CH oxidation has
not been falling for the last 20 years. A large bemof studies is directed towards the increasthef
reaction rate of CH oxidation and rise in seletgitowards the main products. The most active appts
from the observed documents are JCS “Kujbyshev ’A@assian Federation) and Vista Technologies
(the Netherlands), while the most numbers of ytpihtent applications worldwide belong to ChinaAJS
Japan, Russia, and international applications.

Modern trends in CH oxidation technology developtraae as follows:

1. search for an effective homogenic/heterogenialytic composition allowing users to increase
the CH conversion without substantial loss of tbledivity towards the main products, i.e. ANON and
ANOL,

2. reveal a highly efficient combination of trammit metal cations contained in a catalytic
composition providing the preferential formationtieé ANON in the products of CH oxidation;

3. elaboration of the catalysts for selective dgmosition of HPCH up to ANON;

4. creation of a new technologic methods directadthe rise of contact between the oxygen-
containing gas and CH with application of sevemales for introduce of gas mixture;

5. elaboration of combining contact apparatus wetttification of valuable products;

6. improvement of the technology of product mixttrematment, etc.

According to our experimental results for microscdbboratory device the usage of the
bicomponent catalytic systems on the basis of N«dwyphthalimide derivatives and transition metal
salts allows increasing the growth of the CH cosngr more than 2 times per single cycle, while the
selectivity towards ANOL and ANON remains unchanded important that the formation of the resins
and other oligomer compounds is not observed. Bsalts of computer modelling and preliminary
calculations show that the application of the psmabcatalytic system allows decreasing the spduifat
load in rectification columns of the recycled CHup to 60 %. Moreover, we expect a decrease of the
waste up to 30 %.

In the present work the results of computer moaglivill be presented for comparison with the
real technological process. The prospects for tbeeldpment of the imide catalysts for oxidative
processes in industry will be discussed.
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Air regeneration in a self-contained breathing aafes is based upon the use of chemical product
which generates oxygen in the reaction of potassuperoxide with water vapors and carbon dioxide
contained in exhaled air.

Different structure-forming additives and catalyate often included in the compositionaof air
regenerative product to enhance the diffusion adewaapors and carbon dioxide inside the granules o
the shape product. As such additive it is suggetteduse of alkali metal ferrates (VI) which can be
obtained by self-propagating high temperature sgifh[1, 2].

It is found that during the process of air regetienain the presence of alkali metal ferrate (\fig¢t
autocatalytic type reaction takes place. Ferratg (®acts with moisture resulting in formation obn
(111 hydroxide, Fe(OHy, which catalyzes the decomposition of potassiupesaxide [3].

The tests of the regenerative product composit@nprising ferrate (VI) catalyst in the rebreather
system showed higher conversion of the regeneraireduct, reducing the concentration of carbon
dioxide in inhaled air and elongation of operatiione of the apparatus.

The regenerative products comprising ferrate (V@talyst are promising for commercial
production.
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The studies of catalytic processes in the micrainkhreactors have received great attention in the
last years. Due to the small sizes of reaction zeneh types of reactor have some advantages, in
particular, high efficiency of heat and mass transThis benefit plays important role if the proxes
accompanied by substantial heat release, or heatiogotion.

The paper is devoted to experimental and theotesitalies of highly exothermal process of
methanol to formaldehyde oxidation in micro-chanmeglctor. The reactor consists of 5 plates with Fe-
Mo catalyst. The plate length is 40 mm. Each ptatetains 4 channels, 0.4 mm height and 5 mm width.
The distance between channels is equal 2 mm. Hwtoreis heated up to the temperature of reaction i
the flow of inert gas. The temperature in the dusfehe reactor is kept at a constant value byletmg
the power of the furnace. The oxygen to methani ia 1.5. We studied the influence on methanol
conversion and formaldehyde selectivity of the paeters as follows:

» The temperature variation at the reactor outlanf@40 to 340°C. Inlet methanol concentrations
are 6.5 and 12 vol.% at two different mixture fleates 26250 and 52500:h

« The mixture flow rate variation in the inlet of otar from 10000 to 65625 Inlet methanol
concentrations are 6.5 and 12 vol.% at constanpéeature value at the reactor outlet 300°C.

Mathematical simulation is done on the base of plvase model. The model takes into account the
convective heat and mass transfer in the gas pifabe reactor channels, change of both conceotrsti
and temperature due to reactions in the solid pba#iee plates, the heat exchange with oven anal axi
thermal conductivity of the solid phase of the g&theat and mass exchange between gas and solid
phases. The inlet concentrations are given. Thet teimperature was set so that the outlet temperatu
would coincide with experimental one.

We obtain a good agreement between calculated gretimental data. We reveal that under fixed
values of the gas flow rates 26250 and 52560témperature increase in the reactor outlet frai @

340 °C results in the rise of methanol conversmmbbth values of inlet methanol concentrationsahé

12 vol.%. The mixture flow variation at 300°C iretheactor outlet shows that under low value 10080 h
the methanol conversion comes to 97-98% for bolgt imethanol concentrations. The increase of the
value up to 65625 hat the same temperature in the reactor outlesleméhll of conversion up to 44 and
39% under 6.5 and 12 vol.% of the inlet methanaicemtrations, respectively. This is connected with
insufficient residence time in the reactor for céetg conversion, especially in the case of largdue of
inlet methanol concentration.

This work was supported by RFBR Grant 15-08-02963.
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In many types of heat engine devices a combusiifgleis employed and its heat of combustion is
transferred to a working fluid for conversion. Anamon type in widespread current use employs an open
plasma flame as the transfer medium. Another typpleys a flameless combustion process that utilizes
a catalytic coating at the surface area where isetat be applied. In practice, an increase in tbe fof
thermal energy being transferred to the externat bagine is the primary mechanism for improvement
of its performance. At the same time, it is knovmattsyngas (mixture of Hand CO), which can be
prepared by the conversion of natural gas, is ytally oxidized very easily. We hereby propose a
dedicated catalytic heating element (CHE) that mt®® the catalytic combustion of syngas, thus
generating the primary source of thermal energytifgr an external heat engine device.

A detailed presentation of the CHE device can b@dion Ref. [1] nevertheless, a brief overview of
the proposed design is provided here for completlonorder to promote the CHE is a cylindrical
structure consisting of an annular tubular heatharger, which is located inside a gas distribution
perforated tube where the premixed air-fuel mixtisrsupplied to the element. Uniform distributioh o
the fuel mixture and the extension of the mixtuets jissuing from the holes around the gas distabut
pipe, a perforated splitter is introduced arourelftrel mixture supply tube. The catalytically aetiayer
has a regular structure, and is composed of fiae dhd corrugated strips, wound on the tube heat
exchanger and sintered together. The thicknedseo$trips is about 1 mm with the winding pitch be t
tube heat exchanger amounts to 27.5 mm. Tapes pblent® the gas form catalytically active channels
with a diameter of 2.5 mm. The width of the tape2% mm, and the spacing between adjacent rows of
winding is 2.5 mm. The first and last rows are fedrby flat ribbons, while the intermediate layers
consist of alternating flat and corrugated strips. reduce the heat losses, the catalyst layer dzcee
beyond the length of the heat exchanger. Furthexmororder to reduce the start-up time of theihgat
element, the outer layer of the catalyst has alaiger than the critical size of ribbed channelsthe
penetration of flame into the porous structure. Thecentrations of the components in the fuel mectu
were measured by a GC (Crystal-2000M), and the exttrations of CO and NQOn the exhaust gases
were measured by a gas analyser (KM-900).

This process is carried out on reinforced metabpsicatalysts produced by self-propagating high-
temperature synthesis. According to X-ray analysmnposite catalyst comprises the following phases:
Ni, a-Cr,0s ando- Al,Os. The specific surface area of 3.4/gy catalyst characterized by macroporous
structure: a main pore volume in pores with a rediiam 15 to 100 microns.

The use of the aforementioned CHE device for thalytiec combustion of natural gas (here mainly
methane, 86 — 98% by volume) allows the heatinggvoand temperature to be regulated over broad
ranges by suitable adjustment of the air-fuel ratidhe mixture. The use of such a CHE allows the
generation of a high-intensity, uniform heat fllagd therefore, its employment acts to promote the
intensification of the heat transfer process todktrnal combustion engine. In fact, it has bedeows
that the overall engine system efficiency can berdased to 30-35%, and by using thermochemical
recuperation up to 41% [3]. Furthermore, it is ewitifrom our current results that the syngas i®gead
at the desired ratio of 1:2 and that the concaontraif CO and NQwithin GOST levels.

This research was performed under the UNIHEAT mtoj€éhe authors wish to acknowledge the Skolkoundation
and BP for the financial support.
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Hydrocracking is one of the most quickly developprgcesses of the oil refining. Several units of
hydrocracking of vacuum distillate on the basisfarkeign catalysts and technologies are operated in
Russia today.

Research of production of petrol and diesel fratiaising the industrial aluminium-nickel-
molybdenum catalyst in process of hydrocrackingafuum distillate is performed on JSC “AC&0OSP ”
within import substitution program.

Tests was carried out at a temperature of 380-@2@ressure of 15 MPa, feed space velocity 0.3-8
h-1 in a pilot flow reactor with volume 100 cm3. Aswv materials used viscous vacuum distillate (BT
530 °C).

As a result of this work the optimal technologipalrameters of the process of hydrocracking are
determined.

It is shown that catalyst allows to produce lightpsoducts with total yield about 57 % wt. (terms
of feed) at a temperature of 400 °C, feed spacecitgl0.5 h-1 and at a temperature of 420 °C, feed
space velocity 0.8 h-1, losses of raw materialfhyrocarbon gases — 20 % wt. The vyield of petrol
fractions are equaled 29-33 % wt. and diesel foastiare equaled 39-44 % wit.

The density and content of sulfur of the petrotfians correspond to quality of GOST R 51886-
2002 “Unleaded petrol”, octane number is equaledZ.0

The characteristics of the diesel fractions comwespto quality of GOST R 52368-2013 “Diesel
fuel EURO™:

- type Il according to sulfur content;

- class 0 according to low temperature propeties.

The breakdown product represents deep treated iksows fraction with viscosity 3.7 mm2/sec at
100 °C, flash point — 177 and 209 °C, pour poimtgerature 6 and 9 °C, content of sulfur 0.0012 and
0.0027 % wit.

Tests are carried out within 1224 hours, that atarees stability of catalytic properties in this
process.
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For many years JSC RI “Yarsintez” has studied dawkloped the process of propylene production
by propane dehydrogenation in fluidized catalysi.de has been found that using for this process th
modifications of industrial catalysts for the delggenation of paraffins provides high catalytic
performance at pilot plant of JSC RI "Yarsintez] {dr a long time (more than one year), nevertheles
insufficient to compete with other industrial preses.

Eventually JSC RI "Yarsintez" has developed theehawiginal catalyst IM-2212 for propane
dehydrogenation process. It has higher catalytazadteristics. The effect of temperature and volume
feed rate on the performance of dehydrogenatiosgs®was studied in the wide range. The effect of
temperature and volumetric feed rate on coke faonain catalyst IM-2212 in propane dehydrogenation
process was studied.

Process ofMM-2212 catalyst production has been developed. @Gptiprocess-dependent
parameters of propane into propylene dehydrogamatiocess on the new catalyst have been determined.
Mathematical model of reactor and regenerator heen bspecified, besides, the new reactor design
providing stable operation at high feed rates lenlproposed.
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In industry glyoxal is produced by vapor-phase atimh of ethylene glycol on silver catalysts.
Novel catalysts with low silver loading (up to 4%wivhich were created in Laboratory of Catalytic
Research of Tomsk State University, allow produchmg 30-34 %wt glyoxal solution for one cycle with
selectivity towards glyoxal of 75 % at 99 % ethyeglycol conversion [1]. It is necessary to notat th
these results were observed in quartz reactoreRs&son of similar parameters in industrial scatauld
significantly increase the production effectivendsss obligatory to use a protective covering the
walls of reactor, evaporator etc to provide theunesgl conditions.

It is known that metal surfaces of evaporator atierowalls of apparatus influence negatively on
the process, and usually the glyoxal yield is desed. Creation of “inert” covering would allow both
decreasing of reactor cost and increasing of gllygeid.

To perform laboratory investigations small reactare commonly used. The ratio between the
volume and the wall surface in such reactor is iBaggmtly higher in comparison with industrial
apparatus. Hence, influence of hot metal surfacest tve considered for laboratory or pilot reactaie.
Another important factor is the increase of reliofor the research results, which requires tkenaure
that the covering of reactor walls are inert. Instlstudy the research results of ethylene glycol
transformation with the use of titanium foil with @rotective covering prepared via microplasma
oxidation [2] are presented.

To establish the role of the covering in ethyleheg transformation the results were compared to
the data obtained in a flow quartz reactor. It wiagwn that the composition of the used complex exid
coating on titanium foil significantly influenceshdhe reagent conversion, with the one for theradto
reaching 70% under 65C. The titania-based coating showed results comjeaxaith the quartz reactor
data without a catalyst, which indicates its inest towards the featured reagents (oxygen, ethylene
glycol) as well as prospect of using such coatimgpioducing construction materials used for high
temperature oxidation including the studied process

This work was supported by The Tomsk State Untyeksademic D.l. Mendeleev Fund Program in 2016.
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At present, the overwhelming majority of catalytozacking units operate using synthetic
microspheric zeolite catalyst [1-2]. The testingules of the cracking zeolite catalysts using the
mathematical model of catalytic cracking developethe Department of Fuel Engineering and Chemical
Cybernetics of Tomsk Polytechnic University areegivn this research

The aim of this research is to evaluate the effiéthe catalyst type on the yield and distributain
the main products of catalytic cracking during vaoudistillate conversion with a high content of
saturated hydrocarbons.

The object of research are industrial catalystsTdAand CAT-2) used in the catalytic cracking
units. CAT-1 catalyst is characterized by a highteat of zeolite components (Y and ZSM-5) — 31.8 an
12.0 % wt. relative to the catalyst CAT-2 (20 an%h2nt.). The zeolite ratio ZSM-5to Y is 0.381 the
CAT-1 catalyst and 0.11 for the CAT-2 catalyst.

The mathematical model is based on the formalizelderae of hydrocarbon conversion in
accordance with the results of the laboratory mesedy determining composition of feedstock and
products and thermodynamic analysis of the catabytacking reactions using the methods of quantum
chemistry [3].

The calculations were performed at the constardrpaters of the technological mode (temperature
at the exit of the regenerator zone is 690.0°Cdseek flow rate is 378.0 {th, feed temperature is
304.0°C, slops flow rate to the reactor is 9Zhmsteam flow rate in the grip of the riser rea@$c5500.0
kag/h, the catalyst circulation rate is 5.56 d@ton.eqd. The ratio of saturated hydrocarbons to aromatic
hydrocarbons in the vacuum distillate is 2.1, thatent of alcohol-benzene resins is 3.5 % wt., and
feedstock density is 0.904 kgim

The calculation results are showed that the yiélavet gas is significantly higher in case of the
operating CAT-1 catalyst (38.53 % wt.), than ineca$ the CAT-2 catalyst (16.8 % wt.), due to a high
content of the ZSM-5 zeolite at CAT- 1 catalyst @asition, which provides high selectivity of the
secondary cracking reactions of gasoline hydrocasath wet gas formation. At the same time the coke
content on the CAT-1 catalyst is above (0.94 % veiagtive to the CAT-2 catalyst (0.78 % wt.), whish
associated with a high rate of condensation reastio the wide pores of the Y zeolite. Wet gashef t
CAT-1 cracking catalyst is characterized by a heghtent of propane-propylene fraction (37.07 % wt.)
relative to the wet gas produced during operatioth® CAT-2 catalyst (31.50 % wt. with a low conten
of the ZSM-5 zeolite).

Gasoline fraction is characterized by a high cantérolefinic hydrocarbons (19.53 % wt.) during
CAT-1 operation because the catalyst has a lowatecd of ZSM-5 zeolite, and for this reason the
cracking reactions of olefins from gasoline withsgarmation occur less. The content of aromatic
hydrocarbons in the gasoline is significantly higharing CAT-1 operation (42.36% wt. — CAT-1 and
34.29% wt. — CAT-2), which is associated with ahhrgte of aromatic hydrocarbons dealkylation and
olefins aromatization, that is characteristic isecaf a high content of the high-porosity Y-zeolite

The content of isoparaffin hydrocarbons in gasolsm@bove in case of CAT-2 operation that is
characteristic for the low ratio of the ZSM-5/Y #&® (0.11). Therefore, the reaction rate of hyanog
redistribution is high. The high content of arorodtydrocarbons in gasoline in case of CAT-1 provide
high octane number (93.8 RON). The gasoline fraatioring CAT-2 operation is characterized by a high
content of isoparaffinic hydrocarbons (91.35 RON).
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Chlorinated alumina catalysts containing 2-10 w€%and 0.2-0.5 wt.% Pt are widely discussed as
catalyst for low-temperature hydroisomerization atid/lation of G-Cgs alkanes [1-3]. The activity and
stability of the chlorinated alumina in these reat is known to depend on the surface acidity][3,4
which is controlled by chlorine content [4]. Chimaited alumina are early prepared by alumina intierac
with CCl, at 300 °C [5], AIC} at 500 °C [6] or HCI at 650-700 °C [7]. Here, wee aeporting our
systematic study of the effect of chlorination @dares into the textural characteristics, partisies,
particles morphology and acidic properties of dnlatedy-Al,O; catalysts.

We are discussing regularities of chlorine aniargtion by alumina from Cglas function of CGl
concentration, temperature and time. At the sam@eéeature (300 °C), the sorption of chlorine anibys
X-Al,0O3 was shown to be well described within the Langnminomolecular adsorption. Sorption
capacity ofx-Al,Os; was equal 56015 mkmol Cl/g, it reached at passing of €(Cl.5 vol.%) through
catalyst bed. This value by 4 times exceeds coraiort of the basic AI-OH groups which are
characterized by bands located at 3795 and 3775 @hFTIR spectra. The basic Al-OH groups are
believed [4,8] to be primarily exchanged with tiocide ions.

When step-by-step modification of alumina by ) and CCJ| was used, the Cl-content was
shown to be additively increased. It is because td@hed at NHCI thermal decomposition reacts with
the surface Al-O-Al groups, increasing total amaafral-Cl groups.

Chlorination temperature that was changed from #0®00 °C had a nonlinear effect on the
chlorine content in the alumina and their morphgldg is due to different route of C{£tecomposion
over ALOs. At 300 °C and below, there is reaction betweem,@@8d surface Al-OH, resulting in alumina
modification by Cl-anions and carbon deposit. Téwural properties and particles size/morphology of
alumina chlorinated at 300 °C were similar to tho$ehe pure alumina. At 400 °C and above, L£CI
transforms to COGland latter reacts with alumina, giving surface GAl-groups as well as Algl
nanoparticles. So, here the smaller alumina pagicbmpared with pure alumina were formed due to
destruction of alumina lattice.

The surface acidity detected in the chlorinatedmaha by FTIR-CO and TPR-NHwill be
discussed. It was shown that chlorinationyeAl,O; by CCl, is a key factor in the improvement of its
surface acidity associated exclusively with medamd strong Lewis acid site.

This work was supported by Russian Academy of Gmeand Federal Agency of Scientific Organizatigorsject #
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An Influence of Wood Flour Additive on Porous Structureand Strength
Properties of Moulded Alumina

A.l. Zolotukhina, T.A. Bugrova, O.V. Magaev, G.V.avhontov
Tomsk State University, Tomsk, Russia

tatarkina.nastya@mail.ru

At present, there are strict requirements for itmiiscatalysts. The catalysts must possess both
high activity and selectivity, be resistant to tggh poisons, withstand to short-time overheatiagd
have high stability, including retaining of hightalytic activity and a longtime granule strength 1.
Special attention is given to the porous structoiredhe catalysts because it determines the catalyst
activity, stability, granule strength and othertégas. The properties of the supported catalystkaown
to significantly depend on the support properti8s The preparation of supports and catalysts with
desired porous structure is an important problenb@iith fundamental and applied catalysis. Thus, new
methods to design the materials with controllab&rarchal nano- and macroporous structure must be
elaborated [4, 5].

In the present work the methods to controlthe p®rstnucture and strength properties of the
alumina during its moulding by addition of the waitalir were proposed. Special attention was giwen t
porosity due to nanopores providing high specififace area and the stabilization of supportedracti
component in a dispersed state. Wide macropores sfewn to effectively transfer the reagents to the
active sites of the catalysts and withdraw the pot&l The thermochemically activated Al(Qk)as used
as an alumina precursor because of its high spestififace area and appropriate properties for nnogld
(e.g., high workability).

The alumina supports were prepared by mixing thermlochemically activated aluminum
trinydroxide (TCA ATH) with an aqueous solutiontdNO3z; and a wood flour. The wood flour was used
as a pore agent with a loading from 0 to 5 %wt. nTk#e wetting viscous mass was formed by the
extrusion. The resulting cylindrical granules witliameter of ~3 mm were dried at 100 °C for 12 hours
and calcined in air at 750 °C for 4 hours. A seakal,03; supports with different wood flour loading (O,

2 and 5 %wt.) were studied by the SEM, low-tempeeai\, sorption, XRD, granule strength and water-
absorbing capacity methods.

It was shown that the alumina supports, prepared fthermochemically activated aluminum
trihnydroxide precursor, had both high stability ateleloped porous structure. All supports represknt
Al,O3 phase, making them promising materials for varimplications. It was shown that addition of the
wood flour led to increasing the porosity of thepgort including broadening of the nanopores and
significant reorganization of structure of the movath sizes of several micrometers. It was fourat the
increasing of the wood flour addition led to forinat of a well-developed structure required for the
catalyst. There was an insignificant increase ef tittal pore volume and a reduction of the specific
surface area for supports with a wood flour in cangon with the alumina support without wood flour
additive. The addition of a big amount of wood flgb %wt.) led to significant reduction of the stgth
of the support granules.

This work was supported by the federal target paogr‘Research and Development in the Priority Aredisthe
Science and Technology Complex of Russia for 2@2B~Zcontract no. 14.578.21.0028, RFMEFI57814X0028
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