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Komnanus CoxTpetio paoa npedcmasums cogpemeHHoe :
000py00saHUe 8eOYUUX MUPOBBIX NPOU3BOOUMENEUONS SOCTrade
UCCeD08aHUsL KAMAIUZAMOPOE U KAMAIUMULECKUX CUCTEM

PeakTopbl BBICOKOTO /1aBJIEHUS U3 HEP>KABEIOLIEH CTaIH U IIHUPOKOTO
Jrara3oHa pa3IMyHbIX criaBoB kommanuuParr|nstruments, CLIA
OTJIMYHO 3aPEKOMEHIOBANIN Cce0s1 BO MHOKECTBE KaTaTUTHUECKUX
naboparopuii Poccuu, 11 KOTOPHIX Ha3BaHUE JAHHON KOMITAHUH
CTaJI0 CHMBOJIOM HA/IG)KHOCTHU U y100CTBa B pabore. B HacTosmuit
MOMEHT B aCCOPTUMEHTE NMPOAYKIMU Komnanuu Parrinstruments
MPUCYTCTBYIOT KaK MPOCThIE aBTOKJIABBI C MAHOMETPOM, TaK U
CJIOKHBIE CHCTEMBI M3 TPyOUaThIX peaKTOPOB, HAIIPUMED, JUIS
npoBesieHus cuate3a duiepa-Tpomnmia.

Cuctemsl komnanuu HEL , AHTiMst m03BOJISIOT TPOBOJIUTH
0O0JIBIIIOE KOIMYECTBO MApaAUICTbHBIX KATATUTUYECKUX
WCCJICIOBAHMM, HAITPUMEP, MPOIIECCOB THIPUPOBAHUS, OIIPEICIIATh
DHEPreTHUECKUE XapAKTEPUCTHKHU PEaKIIUU, IPOBOIUTH
aanadaTHIEeCKyI0 KaJIOPUMETPHUIO JIJIs1 OIICHKH 0€3011acCHOCTH
MPOIIECCOB.
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Supercritical Fluid Technology
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karanutrueckue peakun B CK-dmongax nmpu remneparypax mgo 500
C u masinenusx no 1000 atm.
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Adsor ption and catalysis for renewable and sustainable ener gy applications

Yu.l. Aristov* 2

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

aristov@catalysis.ru

Nowadays, the main primary sources of energy assilféuels. The persistent trend towards the
sustainable power production requires the replaoéwfefossil fuels with renewable energy sourced an
rational use of heat in industry, transport andltimgs (re-using exhaust heat, energy storage, €tgse
new heat sources have a lower temperature potehaalopens a niche for applying adsorption and
catalytic technologies for energy transformatiord atorage. Indeed, both processes allow efficient
conversion of chemical energy to heat and backgthealled thermochemical energy conversion, TEC)
[1-3].

The TEC thermodynamics is determined by an evalutithe Gibbs free energyG in the course
of energy converting process (catalytic reactionadsorption). The Carnot efficien@ycamot Can be
reached in the case of a mono-variant reactioresystvhereas for a bi-variant adsorption process the
efficiency is lower thamcamot due to the entropy production caused by the thecmapling between a
reactor and an external heat source [4, 5]. Maitofa affecting the efficiency have been analyZ&db|
6].

The catalytic version of TEC (CTEC) is found torhere applicable for transformation of heat with
the temperature potential higher than 200°800rhe adsorption version (ATEC) is suitable foathef
low temperature potential (100-1%), first of all, for renewable and waste heat sear At present, huge
amounts of this heat are unproductively dissipatedhe environment [7]. Because of this strong
motivation, so far ATEC has been more advanced @BHEC: many adsorption chillers/heat pumps were
developed in the Z1century, and some of them have passed over frastotgpe stage to serial
production [8].

These emerging technologies give the exiting gtiidt1) use fossil fuel 30% more efficiently than
current best practice (for heating), 2) utilize teaseat that is otherwise lost (100% saving ofifdasl),

3) cool using low temperature renewables, 4) stiaste heat for reuse, and 5) upgrade low temperatur
waste heat for industrial processes. This couldaedhe consumption of fossil fuels by at least 23p6

Despite the recent progress, there is still a ré@nsignificant ATEC improvement by means of
thermodynamic harmonization of the adsorbent an&@Tycle to enhance the efficiency [9]; dynamic
optimization of the ATEC unit to increase the casu@n/storage power [10]; better cycle organization
and the ATEC hardwire towards more simple and rofesigns [11].

Innovative materials are a prerequisite for majarakthrough applications influencing our daily
life, and therefore new efficient adsorbents anidlgsts are pivotal for efficient TEC. Several relat
materials (zeolites, silica gels, metal-aluminogih@ges, metal-organic frameworks (MOFs), ordered me
soporous silicas (SBA, MCM), activated carbons, emthposites) are considered and compared.

Our analysis of the current state-of-the art andieno trends in TEC has demonstrated that new
ideas, methods and materials emerging from baseareh in catalysis and adsorption science witl tea
pronounced breakthroughs and changes in the sablaianergy industry of the near future.

This work was supported by RFBR Grant 14-08-01185%0 RAN Integration Project 120.
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Structural and chemical dynamic evolution of catalysts under gaseous

environmentsin real-time at high spatial resolution

M. Aouin€', E. Ehret, L. Roibar, T. Epicief?, F.J. Cadete Santos Aifes

YYJRCELYON, UMR 5256 CNRS/Université Claude Bernahll, France
MATEIS, UMR5510 CNRS/INSA de Lyon, France

francisco.aires@ircelyon.univ-lyon1.fr

Catalysts being generally very divided materialsposed of active phase nanoparticles supported
on powder supports, their catalytic performancei\gyg, selectivity, stability) is intimately relad to
their active phase surface properties (atomic dadtrenic structure, atom coordination and valence,
chemical composition, segregation effects...) anthéway they dynamically evolve during the catalyti
reaction. Surface science methods such as scanmingeling microscopy (STM), polarization
modulation infrared reflection absorption spectopsc(PM-IRRAS), X-ray photoemission spectroscopy
(XPS), working under gaseous reactive environmgmtd], are thus well appropriated to obtain
quantitative structural, electronic and chemicatadan extended catalytic surfaces (single crystal,
polycrystal, thin films, ...). These are used as lgatamodels from which it is possible to finely oer
information on the influence of a given parametetlee catalytic behavior of such surfaces.

In order to progress in the understanding the mashes that control the behavior of the catalysts
in a reaction, we must verify that the results olgd on extended surfaces can be extrapolatedhite fi
catalysts and use this information to design bettet more effective catalysts with specific conéal
properties. The study, at a local scale, of suggodr powder catalysts requires high-spatial reégmiu
methods due to the nanometer scale of the matetralthis sense transmission electron microscopy
(TEM) provides a platform within which it is poskbto perform both imaging and spectroscopy at
subnanometer and/or atomic level. Environmental $EHMve been developed for many years [5,6];
however, only recently the evolution of TEM platfts, namely aberration-corrected TEMs, opened the
possibility of performingn situ real-time experiments in environmental conditigRgs up to 20 mbar
and T up to 1000°C) while maintaining high spatesdolution capabilities [7].

Here we will show examples of studies performe@nnenvironmental aberration-corrected TEM

(the Ly-EtTEM of the CLYM, Lyon) under reaction daftions on dynamic real-time
morphologic/structural and chemical evolution opgorted catalysts with high-spatial resolution:tki¢
evolution of the surface structure/chemical comipasiof ceria nanoparticles in presence of,@D O;;
(i) the dynamic real-time structural/morphologitwénical modifications of silver nanoparticles
supported on amorphous-carbon in presence gfaDhigh temperature. We also report on the
tomographic capabilities of our microscope and eisflg on the fast (minute-level) 3D approach on
catalysts under gaseous environments at variaelespre and temperature. Finally, issues dealing wit
the electronic beam interaction with the catalystder environmental conditions will be addressed.

The Center Lyonno-Stéphanois de Microscopie (CL¥Mw.clym.fj is acknowledged for the access to the Lyon
Environmental and tomographic Transmission Electioroscope (Ly-EtTEM).
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Preparation of SIO,/TiO, sol and its photocatalytic properties

B. Moongraksathum, Y.W. Chen
National Central University, Jhongli, Taiwan

ywchen@cc.ncu.edu.tw

Titania has been extensively used as a photocat&lgsvever, when Ti@is coated on glass, the
light transmission is not high enough. This studymeal to investigate the synthesis of IO,
hydrosols with the different compositions of $iQvhich possess high light transmittance and high
photocatalytic activity simultaneously. The preseid SiQ in the films could inhibit the diffusion of
sodium cations from the glass substrate to,TdGring heat treatment process. It also has aleatédin
and antiglare properties.

TiO, and SiQ/TiO, hydrosols were prepared by peroxo sol-gel methyodsing TiCk as precursor.

It was found that the as-prepared Ti§bl was stable light-yellow transparent sol whadmntained the
rhombus shape of Tihanopatrticles dispersed in the sol. The high dspéo of TiO, particles and high
surface area yielded high activity. The sol wastmaisolution, instead of acidic solution. It hadtn
dispersibility without adding any surfactant. Indén, the as-prepared SiiO, sols showed that the
TiO, nanoparticles were embedded in the sphericab adticles. This type of combination possesses
some better advantages than the others due tofficeere reversible absorption of target organic
substances and short traveling distance from tkerbdd site to the active one. For antireflectitl,
the films were prepared by dip-coating on glassrher to obtain the thickness of aboupuh. It was
found that the transmittance increased along whth gresence of SpOand could enhance the light
transmittance up to 4% compared to the bare glasstraite. The presence of Si@so could suppression
the migration of sodium from glass to BiOFor the photocatalytic degradation of methylehgeb
aqueous solution, the bare TiO2 film had the higheBvity among all the samples. Instead, basethen
same amount of TiO2 species in the films, the preseof SiQ in the film could enhance the
photocatalytic activity of Ti@ SiO,-TiO, film also has anti-finger print property.

Bi-functional TiG-SiO, sols with antireflection and degradation of orgatlyes were prepared by
using peroxo sol-gel method. This can be the atera way to produce the film coating on substrate
which possesses high light transmittance, prevémssodium diffusion from substrate to film and
preserves high photocatalytic activity simultandpuBy adding other metals, such as Ag and Auas h
antibacterial properties.

References

1. Sasirekha, N.; Rajesh, B.; Chen Y. Whin Solid Films2009, 518,43-48.
2. Zhao, B.; Chen Y. WJ. Phys. Chem.. Soli@911, 72, 1312-1317.

3. Lee, D.S.; Chen, Y. Wl. Taiwan. Inst. Chem. Engra014, 45, 705-711.
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The activity of TS-1: some considerationson itsorigin

M.G. Clerici
Eni Group, Italy, Torino

mg.clerici@alice.it

Following first applications of ammoximation in 20@nd HPPO in 2008, current world production
of bulk chemicals, based on TS-1, can be estinatted. 300 kt/a of caprolactam (ammoximation) aind o
1.2 Mt/a of propylene oxide, with other projectemsengly under way. Such a rapid growth is certainly
due to a greater environmental awareness and tieegoent stricter rules issued for waste production
and disposal. The basic pillar, however, of thecess of TS-1 is its catalytic effectiveness, onclhi
three decades of studies coming from different gsoallow reasonable considerations to be made and
some conclusions to be drawn.

Different factors appear to contribute to the agtivof TS-1. The nature of the surface
(hydrophobic), the structure of Ti site (tetrahédead the nature of active species (Ti-OOH) aredh
obvious ones. Hydrophobicity alone, however, dogsfully explain certain catalytic performances and
trends in the oxidation of a range of substrated)out envisaging a positive role for porosity. Aally,
the molecular dimensions of pores (ca. 0.55 nmnably perceived as just a drawback for the ranige o
potential substrates, can also play a positive irol€S-1 catalysis. The purpose of the presentasdo
illustrate and discuss such issues, with supporiigences mostly taken from the oxidation of olefi
and alkanes.
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Coherent synchronized oxidation reactions by hydrogen peroxidein aspect of

the biomimetical catalysis

T.M. Nagiev
Nagiev Institute of Chemical Problems of Azerbaljational Academy of Sciences

tnagiev@azeurotel.com

Various types of possible interactions betweentreas are discussed. Some of them are united by
the general idea of coherent synchronized chemmaaditions. The ideas on conjugated reactions are
broadened and the determinant formula is dedubed¢caherence condition for chemical interference is
formulated and associated phase shifts are detedmihis shown how interaction between reactioay m
be qualitatively and quantitatively assessed andetld analysis of complex reactions with
underresearched mechanisms may be performed witliltaneous consideration of the stationary
concentration method. Using particular exampletgriarence of hydrogen peroxide dissociation and
oxidation of substrates is considered.

The area between enzymatic and chemical catalgsssciated with simulation of biochemical
processes by their basic parameters, is acceptedinastic catalysis. The key aspect of the mimetic
catalyst is diversity of enzyme and biomimetic fiime processes, which principally distinguishes the
mimetic model from traditional full simulation. Bas on the analysis of conformities and diversités
enzymatic and chemical catalysis, the general éspacmimetic catalysis are discussed. The most
important achievements in the branch of catalysesshown, in particular, new approaches to syrghesi
and study of biomimetic catalase, peroxidase andomxidases reactions.

References
1. Nagiev T.M. Coherent Synchronized Oxidation Reaxgtiby Hydrogen Peroxide. Amsterdam: Elsevier. 2007.
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| sotopic-kinetic study of reactivity of surface oxygen specieson oxide catalysts

in partial and deep hydrocarbon oxidation

E.M. Sadovskaya

Boreskov Institute of Catalysis, Novosibirsk, Rassi
Novosibirsk State University, Russia

sadovsk@catalysis.ru

Metal oxides are most effective catalysts for paxaxidation of hydrocarbons. In spite of extensive
studies of mechanism and kinetics of these reagtitihe main question — which factors determine
reaction selectivity — is still under consideratidt the present time role of different surface gem
species, which are responsible for partial or deagation, are discussed. Oxygen on the oxide sari&
known to exist in different states, it differs bgotdination environment, binding energy and other
properties. For example, there are bridge and teinuxygen species and hydrated VOH species on the
surface of vanadium oxide. Participation of the fgmecies in the partial oxidation is more displgahll
of these species are identified with the use of enoghysical methods: NMR, IR, XPS and others.
Unfortunately, the potential of these methods forestigations under reaction conditions are strong|
limited. For this moment issue on in situ invedtigas of surface oxygen species, which are resptmnsi
for various reaction pathways, is one of the mostiua problem in the selective oxidation of
hydrocarbons.

In recent years there is appreciable progresserstiving of question on the reaction mechanism,
generally due to development of isotopic-kinetictmoes, particularly SSITKA technique (Steady-State
Isotopic Transient Kinetic Analysis). This technegailows to reveal the main pathways of transforonat
of labeled reagents into reaction products direatigler steady state reaction conditions [1]. Ini¢icture
various methodological aspects of isotopic-kinetkperiments with SSITKA technique as well as
mathematical modeling will be discussed. The resaftinvestigation of partial oxidation over widely
used vanadia-titania catalysts (W@ TiO2 [2] as well as over novel multicomponent oxideabaits Mo-
V-Te-Nb [3] will be presented.

This work was partly supported by RFBR Project B180584-a and the Ministry of Education and
Science of the Russi&aderation.
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NMR and EPR spectroscopy in homogeneous catalysis

E.P. Talsi, K.P. Bryliakov, O.Y. Lyakin, A.M. Zima
Boreskov Institute of Catalysis, Novosibirsk, Raissi

talsi@catalysis.ru

The basic principles of electron paramagnetic rasoe spectroscopy (EPR) and nuclear magnetic
resonance spectroscopy (NMR) are similar. Both ousthallow probing with electromagnetic radiation
the energy levels emerging in the molecules whew #re subjected to an external stationary magnetic

field B,. In the case of EPR, these levels arise from asten of B, with magnetic moment of the
unpaired electron(s}i,, in the case of NMR with magnetic moment of nugleiA magnetic moment

(a1, orf,) will effectively interact with the oscillating ngaetic componentB, of electromagnetic

radiation ifAE = hv . In this case, the resonant absorption of eleagmatic radiation will occur. The
values of v lie in the radiofrequency range for NMR spectroenet(10-1000 MHz), and in the
microwave range 9-10 GHz for the most widely usebaxd EPR spectrometers. Only paramagnetic
systems can be studied by EPR (organic radicatigicdransition metal complexes, etc), while alinos
all substances contain magnetic nuclei and areabesssible to NMR. NMR spectroscopy usually brings
most detailed and complete information on the stinecof molecules in solution as compared with othe
spectroscopic methods. Nevertheless, for the studfighe unstable paramagnetic intermediates of the
catalytic reactions, EPR spectroscopy can be nygpeoariate than NMR spectroscopy due to the higher
sensitivity, and the absence of the backgroundatsgfrom diamagnetic compounds present in the
reaction solution. To illustrate this point thesfipart of the lecture is devoted to the applicatd the
EPR spectroscopy for the detection and charactenvaf the active species of the iron catalyzed
oxidations. In the second part of the lecture thglieation of NMR spectroscopy for the studies loé t
active sites of the catalyst systems for polyméiwraand oligomerization af-olefins is considered.
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Oxidative dehydrogenation of hydrocarbons on nanostructured catalysts

V. Cortés Corberan
Institute of Catalysis and Petroleumchemistry (ICP$IC, Madrid, Spain

vcortes@icp.csic.es.es

Catalytic dehydrogenation reactions used by ingiusir the production of olefins and styrene are
endothermic, their conversion is limited by theryaimic equilibrium, and they suffer fast deactioati
due to coke deposition. Oxidative dehydrogenat®@BKl) overcomes these drawbacks, but faces the fast
decay of selectivity with increasing conversiongdo overoxidation of the desired product [1]. This
limits the product yield and catalyst productivityhich causes that to date its industrial impleragon
is still an mostly unresolved challenge [2]. Thsslectivity is the key parameter for reaching pcatt
application.

The intrinsic ODH process complexity and the catlahgultifunctionality imply the need of a close
control of many parameters (active centre natuactant composition, reaction mechanism, etc.) to
improve the selectivity. To get this goal completaey approaches have been proposed: to tune the
nature of the active centre, oxidant selectioraftoid overoxidation), and catalyst arrangement [3].

Oxide catalysts play a foremost role in these reast At a variance of metal catalysts, their atoms
(anions) may take part in the catalytic oxidatieaations. Controlling the properties of oxide cadtd at
the nanoscale, by a tailored design of the nandsim opens new ways to improve the catalytic
performance of known catalyst compositions as a&Hlo discover new applicable (i.e., useful) materi
and even new functionalities [4,5]. Besides inareashe proportion of atoms accessible to reactants
reduction of particle size down to the nanoscaledsr especially a broader range of M-O bond energy
values, that may change the reducibility, mobiitd electronic character of the oxygen atoms iraahlv
thus bringing unusual selectivity features.

Relevant examples of the unusual performance aedntiprovement of activity and selectivity
attained by nanostructured oxides, such as the blgfin selectivity of oxides known as typical
combustion catalysts, will be discussed for sev®faH reactions using both conventional (oxygen), air
and unconventional (Cpoxidants. These include examples of substituerd\skites, cobalt oxide, and
titania and zirconia-based catalysts. Also the meatures brought by nanoscale pore diameters in the
ordered mesoporous oxides [6] will be discussetklims of the reaction mechanism and the interaction
between homogeneous and heterogeneous processestdarODH [7].

The proper design and control of the catalyst nancsire may provide substantial performance
improvements. Nevertheless, one must take intoustcihat the working state of the oxide catalyst is
either in dynamic equilibrium with or irreversibiypodified by the reaction mixture, and the overall
process efficiency is highly dependent on reactat process engineering. As a consequence, further
developments towards industrial implementation widled a multidisciplinary approach for the full
exploitation of the advantages provided by suchrsostructure control.

This work was supported by MINECO (project CTQ208827-E) and CSIC (projects 201180E104 and 2014800
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CoBpeMeHHO€E COCTOSIHUE UCCJIeIOBAHNI H MEPCIIEKTUB Pa3BUTHS MPoOIecca u

KaTaJan3aTopoB pudopmMuHra 0eH3MHOBBIX (PpaKkumii

A.C. bemnprit

Hncmumym npobaem nepepabomku yeneeooopooos CO PAH, 2.Omck

belyi@ihcp.ru

B nexuuu 0000mIeHB! pe3yabTaThl HCCIEJOBAHUM COCTOSHUS IUIATHMHBI B AIIOMOIJIATHHOBBIX
katanuzaropax pudopmunra (KP), seimmonaennsix B UIIITY CO PAH 3a nocnennue 20 netr. OCHOBHBIM
pPe3yNbTaTOM ITHX HCCJIEIOBAHUM SBISETCS YCTAHOBJICHHE BAKHOM POJIM HEMETAUIMUECKUX COCTOSHUMN
mnatunsl (PF) B mpomeccax agcopOiuu u Karaause peakuuii pudopMUHTa.

[TpuBoasATCS pe3yabTaThl UCCIEAOBAHUN COCTOSHUS AKTUBHBIX LIEHTPOB U UX CBOMCTB B MOJEIBHBIX
peakiuii TuapupoBaHUS OEH3071a, ACTHAPHPOBAHUS IMKIOTEKCaHa, ACTHAPOLUKIM3ALMN TeNTaHa, a
Takke B pHupopMuHre O€H3MHOBBIX ¢pakuuil. Ha ocHOBaHMM aHaln3a MOJYyYEHHBIX pPE3yJIbTAaTOB
npeUIo’keHa BUJIOM3MEHEHHas Kiaccuueckas monenb KP, cormacHo KOTOpoil Ha MOBEPXHOCTH OKHUCH
amromunus npucyretByror PC- u PC-nienrpel. Takas karaamTudeckas cucreMa 00JagaeT BBICOKON
AKTUBHOCTBIO M CITOCOOCTBYET MPOTEKAHUIO PEAKLIMU apOMATH3AIMHU C BBICOKOH CEJIEKTHBHOCTBIO.

Ha ocHoBaHuuM A3THX JaHHBIX pa3pabOTaHbl BapUaHThl ONTHUMAJbHBIX XUMHUYECKHX COCTaBOB U
pelentyp MPUTOTOBJIEHUS HOBBIX MAapoOK KaTalu3aTOpoB I IPOM3BOACTBA apOMATHUECKUX
yriIeBo0poioB (OeH3071a, TOJyoja) M BBHICOKOOKTAHOBBIX KOMIIOHCHTOB aBTOOCH3MHOB B CHCTEMax
prdoOpMUHTa ¢ HETIOBIKHBIM (3KCTPYAATHI) U IBMKYIIMMUCS cinosiMu (cepa) KaTaru3aTopos.

CdopmynupoBaHbl ~ OCHOBHBIE  NPUHLUIBI  pa3padOTKM  TEXHOJOTUH  MPOU3BOJCTBA
BBICOKO()(DEKTUBHBIX KaTaIM3aTOPOB M HMX OSKCIUIyaTallud B HPOMBIIUICHHBIX YCIOBHsIX. OcCBOeHUE
MIPOU3BOJICTBA COCTOSUIO B pa3paboTKe, CO3AaHMM M IIYCKE€ TEXHOJOTHMH MPOU3BOJCTBA HOCHUTENEH
(HempephIBHOE OC@KACHUE THIPOKCHIA ATIOMUHHS, TutacTuuKanus u (HOPMOBKA B TMPOU3BOJICTBE
cepruveckoro M SKCTPYIUPOBAHHOIO HOCHTEIEH) W Karaiu3aropoB (BaKyyMHOE YBIaXHEHUE U
HUPKYJISIUOHHBIE CXEMbl TMPOMUTKH HOCHUTEJIEH COEOTUHEHUSMHU IUJIATHHBI, PEHHUS U JPYTHUMHU
MOIUGHUIMPYIOUIMMHA  3JIEMEHTAMH, TEXHOJOTHH BOCCTAHOBJICHMS, OCEPHEHHS W SKCIUTyaTallud B
pabounx peKuMax).

[TpousBojacTBO 3KCTpYyAMpoBaHHBIX KaranuzaropoB ([IP-71, TTP-81) ocBOeHO B MPOMBINLICHHOM
MmacmTabe. Beero BeimymienHo 6onee 500 TOHH KaTaau3aTopoB, KOTOPHIE YCIEITHO MPOSIBUIIM ce0sl mpu
IPOM3BOJICTBE aPOMATUYECKHUX YITIEBOJOPOIOB U BHICOKOOKTAHOBBIX OCH3MHOB Ha 12 MpOMBINUIEHHBIX
yctaHoBkax Poccum m Ykpaunbl. [Ipou3BoAcTBO cheprHyecKux KaTaau3aTOpPOB OCBOCHO B OIIBITHO-
IPOMBIIICHHOM Maciitade Juisi cucteM pudopMUHTa ¢ HETOABMKHBIM cioeM Kataiuzaropa (ILITTP-81).
[TepBast OMBITHO-TIPOMBIIIIIEHHAS apTus kartanuzaropa LIITP-81 (22Touusl) HapaboTana B 2011roay u
YCIEIIHO JKCIuTyaTupyeTcs Ha ycranoBke JI-24-11/6000mckoro HIT3. IlpuroroBnenue cepruueckoro
katanuzaropa PJIC-C-4 ocBoeHo B ombiTHOM Macmitabe (1 kr). IIpoBemeHbl pecypcHbIE HCIBITAHUS B
IIMPOKOM JMAaIa30He YCIOBUI Ha MUJIOTHBIX yCTaHOBKAX. IloiydyeHHbIe pe3yabTaThl CBUICTEIBCTBYIOT O
€ro BBICOKHUX MOTPEOUTENHCKUX CBOMCTBAX, COOTBETCTBYIOIINX COBPEMEHHOMY MHUPOBOMY YPOBHIO.

Hakomnennsiii Gomnee vem 20-IeTHHI ONBIT MPOMBIIUIEHHONW SKCIUTyaTallMl KaTalu3aTOPOB
pudopmunra I1P-51, I1P-71 u [TP-81, moka3an, uro karanuzatopsl cepuu [1P nmposBisitoT 60see BRICOKYIO
CEJIEKTUBHOCTh, Y€M OOBIYHBIC KaTalIM3aTOpPbl CPEIHEEBPONEHCKOT0 YpPOBHS. OTO TPOSIBISETCS B
yBEIMYEeHUH BbIXoa prudopmara Ha 3-5 Ymac. ¢ okranoBsiM unciiom MOY = 96-97 mossiicann (Ha 3+5
%) KOHLIEHTPALMU BOJIOPOA B LHUPKYJIUPYIOIIEM T'a3e, CHIKEHHH COJICPXKaHUsI OCH30J1a M TOIYOJIa TPH
o0I1IeM pocTe CoAepKaHUs apOMAaTHIECKHUX YIIIeBO10po10B [1].

HccnenoBanue CBOWCTB HOBBIX KaTalIW3aTOPOB TO3BOJMIIO OTKPBITH HPUHIUIHMAIBLHO HOBYIO
BO3MOXKHOCTh HX HCIIOJIb30BaHMSI B TIPOIECCaX COBMECTHOM MepepabOTKH MpornaH-OyTaHOBON H
OCH3MHOBBIX (DpaKIMii B TUIUYHBIE KOMIIOHEHTHI BBICOKOOKTAHOBBIX MOTODPHBIX TOIUIMB. Peanu3anueit
9TOM BO3MOXKHOCTH CTajJla pa3paboTka Tpex Moaudukanuii HOBOW TEXHOJIOTHH TIPOW3BOJICTBA
BBICOKOOKTAHOBBIX HSKOJIOTHYECKH O€30MacHBIX OCH3MHOB C CEJICKTHBHOCTHIO OOpA30BaHMS LIEIEBOTO
nponaykra, omm3koi k 100 %. BaxkHoit 0COOEHHOCTBIO HOBBIX BapHAHTOB TEXHOJIOTHUH pPHUGOPMHHTA
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SIBIISIETCST BO3MOYKHOCTh IPOU3BOJICTBA BEICOKOOKTAHOBBIX prdopmaToB 4 u 5 Kitacca B COOTBETCTBHHU C
I[eﬁCTByIOIHHM pPEerilaMCHTOM MOTOPHBIX TOIIJIUB. I[J'ISI ITUX Heﬂeﬁ B TCEXHOJOTHYCCKHE CXEMBI
pudopMHra BKIIOUEHBI TEXHOJIOTHUECKUE OJIOKM THAPOU30MEPU3AUU OCH30J- U TENTaH-COJAePKAIIUX
dpakuii, a TakKe CEIeKTOKPEKMHra HH3KOOKTAHOBBIX aJKaHOB HOPMAIBHOTO CTpoeHus. [Ipu 3Tom
aTbTEPHATHBHOM 3aMEHOM OCH30ly W TOJYOJy B COCTaBe pPUPOPMUHT OCH3MHOB BBICTYMAIOT
9KOJIOTUYHBIC METHJIIIMKIIOTICHTAH U €r0 MPOU3BOHbIC [2].

Jlurepatypa

1. CwmomukoB M.A., KupssnoB [.U., Konmaropos J.U., Yapac N.E., 3aronokuna E.B., benstit A.C. Kamanus 6
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Highly active nanocomposite metal-oxide catalysts of low-temperature CO

oxidation

A.l. Boronin+?

'Boreskov Institute of Catalysis, Novosibirsk, Russia
“Novosibirsk State University, Novosibirsk, Russia

boronin@catalysis.ru

The Pd-ceria based catalysts are the most promaataysts used for the oxidation of carbon
monoxide and other harmful gases for the envirorimpestection.

To improve the efficiency of the catalysts for C&dation at low temperatures (room temperature
and below) the chemical methods of synthesis (ianipivetness impregnation, coprecipitation, "soloHi
combustion" etc.) are widely used. The main goalbfethods for the synthesis of low-temperatu@ C
oxidation (LTO CO) catalysts is associated withnfation of highly dispersed (up to atomic) statehef
active component located at highly defective sw@faicthe support. In this regard, we can note ¢doemt
trend in the application of physical methods of thesis, such as plasma-arc synthesis, microwave
discharge, aerosol jet, laser ablation, and otfie®3, which allow obtaining highly dispersed stafiethe
active component, stabilized by highly defectiveustiure of support. In essence, the use of physical
methods of synthesis leads to the composite steictuthe catalysts, when due to heavy energy inpac
there is intense sputtering of atoms and clustetiseoinitial components, followed by the formatioha
phase of its own, and mixed interacting phases.sTpuysical methods perform the function of the
precursor formation for the composite catalysts,attivation of which is either in an oxygen atniese
at a calcinations, or due to high temperature hyeronal treatment.

In this work, in line with global trends for thegmaration of composite catalysts for CO oxidation
catalysts we examined Pd/Ce@nd Pd/Ce@SnOsystems prepared by different "chemical" and
"physical” methods. The catalysts were prepareakaddterized and investigated as series of catalytts
different composition and the preliminary calcioatitemperature. It was established that the cortgosi
catalysts with tin in their composition, preparedier a highly non-equilibrium conditions, both chesh
and physical methods, are not only highly activialgats of LTO CO, but most thermally stable cattdy
(up to 1006C), i.e. pre-heat treatment in an oxygen ambiern ¢ie reaction medium at 10@did not
affect the following low temperature activity.

The use of complex of structural methods (XRD, HRIJEand spectral methods (XPS, Raman
spectroscopy) has allowed to establish the fadtwat determine the combination of high activity and
thermal stability of the catalysts based on contpesPd/Ce@Sn(Q, and develop ideas about the
microheterogeneity interacting composite catalysts.

This work was supported by Ministry of Education and Science of the Russian Federation. We gratefully acknowledge
for partial financial support provided by Interdisciplinary Integration project SB RAS #124 and by RFBR grant number #14-
03-01088.
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The one-step hydrocracking of vegetable oil over bifunctional catalystswith

bor ate-containing oxide supports

A.V. Lavrenov, Yu.A. Chumachenko, E.A. Buluchevskii

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

Hydrocracking of fat and oil raw materials is higldemanding technology of the production of
diesel fuels components with improved environmeaita operational properties.

The main objectives of this research were studifiegeffect of the nature of supported components
(Pt, Pd, NiO, CgD,4, M00Os, WGO3) and oxide supporty{Al .03, Zr0,, B,0s3-Al,0s, B,Os-ZrO,) on the
properties of bifunctional catalysts for hydrocrack of vegetable oil. Optimization of the process
parameters and evaluation of the catalytic stglaliso carried out.

It has been established that catalysts with Pt, IRi) and CgO, provide complete oil
hydrodeoxygenation. Decarboxylation and hydrodemaylation are the main reactions for removal of
oxygen on Pt and Pd systems. Catalysts withsOzoand NIiO have a high activity in the
hydrogenation/dehydration and methanization reastioso-alkanes content in the diesel fraction
increases with the growth of the total support iagid

Owing to the simplicity of preparation of the@s-Al,Os, Pt-containing catalyst on the base of
borate-containing alumina was chosen as the mashiping for practical application. A scheme of the
main transformations of vegetable oil under coondsi of the one-step hydrocracking was proposed for
this catalyst. That catalytic process takes pladmoth metal and acid sites over the catalyst. Deston
during 100 hours time-on-stream of the catalystatbe explained by the decrease of platinum dispers
in hydrothermal conditions and acid sites blockiag@olyenic compounds.
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Application of conglomeratesfor separation of the enantiomers

V. Meier
AastridLifeSciences GmbH, Germany

viktor.meier@aastridlifesciences.de

Production of chiral intermediates required for #ymthesis of drugs can be performed by two
methods:

1. Separation of enantiomers by selective crygtilbn with an appropriate enantiomer — resolving
agent.

2. Synthesis of enantiomers using chiral catalggstgymes, metal complexes with chiral ligands,
organocatalysis, etc.)

It should be noted that the optical purity of dregsuld generally exceed 99.5% ee.

The advantage of the first crystallisation meth®the preparation of the desired enantiomer with a
high optical purity (> 99.5% ee). A drawback ofsthinethod is the low vyield (<50%) of the desired
enantiomer based on the initial racemate amount.

Use of chiral catalysts for the synthesis of thardlomers usually leads to an optical purity of 95-
99% ee. To obtain the desired optical purity ofreieener, it is necessary to perform an additionghh
purification, which makes the process more expensio date, the most successful results in the
production of enantiomers in terms of price andiguean be achieved using enzymes.

Application of conglomerates for both methods aloachieving a high yield of the desired
enantiomer and to obtain the necessary opticatypdrhe conglomerate is a mechanical mixture oflsin
crystals containing homochiral molecules onlyl. @omerates represent 5 to 10% of the racemic
species. In order to find a suitable conglomerateening of compounds and their derivatives is irequ

Scheme 1 shows, that the use of conglomeratesaaedization of the undesired S-enantiomer can
increase the yield of the desired R-enantiomeh#&theoretical ~100% or ~50% without racemization
calculated to racemate.

Scheme 1
resolvin high salt
agent Ag purification  splitting
) desire
— > .
R,S-racemate = —® R*A * — > R-enantiomer
“ \
mixture S-enantiomer and RS-racemate
in mother liquor
separation undesire S-enantiomer
from R,S-racemate using conglomerate
racemlsatlon\ .
R,S-racemate - S-enantiomer
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The benefits of comprehensive two-dimensional gas-chromatography
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Comprehensive gas chromatography, namely GCxGiigitast destination reached by separation
science. It falls into the category of multidimemsal techniques, mainly due to the associationvof t
different mechanisms of separation. Usually onfits¢ column — separation according to boiling gsin
then on the second column — separation accordipgléity.

In fact, comprehensive 2D GC uses the same typestumentation utilized in monodimensional
GC, but with the novel introduction of the modulatihat places between first and second columns.

There are some kinds of modulators: cryogenic naided, valve based modulators, thermal
modulators.

In general, there are several main advantagesmpahensive GCxGC over conventional 1D GC
methods.

First, the selectivity is increased using two sapan dimensions of (commonly) volatility, and
polarity.

Second, the gain in peak intensity as a resulintbdulator-driven solute band re-focusing effect
causes this technique to be particularly suitai@rbice-level component detection.

Third, GCxGC provides highly ordered chromatogramswhich structurally related compounds
group together in patterns that facilitates thenifieation of unknown compounds. Generally, stoset
based analyte identification might not necessaetyuire the resolution of all the constituents aftores.

Furthemore, GCxGC allows to decrease separatioa tming to use short columns (first and
second).

A typical application of GCxGC is presented, alavith a consideration of implementation of the
GCxGC method
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M echanisms of chemisor ption, oxidation and corrosion on platinum metalsin

oxygen
A.N. Salanov
Boreskov Institute of Catalysis, Novosibirsk, Russia
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Platinum group metals (PGM) are widely used aslystgin chemical industry and in neutralizers
of the automobile exhausts due to their unique gmegs [1]. It is well known that the chemical
composition and structure of a catalyst determtsecatalytic activity. During catalytic processé t
reaction atmosphere actively interacts with thealgat. As a result, its structure and composition a
changed leading to changes in the catalytic agtivib understand the effect of the oxidative remacti
atmosphere on the catalyst structure and compnsttis necessary to study the composition andaserf
microstructure of platinum metals in oxygen atma@sphin the wide temperature and pressure ranges.
This communication is devoted to the SEM, EDS amDTstudy of the surface microstructure and
chemical composition of polycrystalline rhodium)ladium and platinum foils treated in,@t 500-1400
K and Pe=10°-10 Pa in order to understand the mechanisms of cheptisp, oxidation and corrosion
on platinum metals under these conditions.

The number of oxygen monolayenrs) @bsorbed by Pd(poly) versus exposuré@towas derived
from our TPD data obtained in the exposule=L0*~10 L range a0, pressures of 2.6 x 10to 10 Pa
and temperatures of 500 and 600 K [2]. The RPanges were obtained in which the dissociative
chemisorption of oxygen on the surface (regiontAg, insertion of @satoms under the surface layer of
metal with the formation of a surface oxide (reg®)y and the dissolution of oxygen in the palladium
bulk (region C) mainly take place. The dissociatthemisorption of oxygen on the Pd(poly) surface is
observed at low Bovalues £€1.3 x 10° Pa) ande < 200 L. The chemisorbed oxygen coverage of the
surface reaches ~0.5 ML (region A). At,P010” Pa anct > 200 L, after the saturation of thedglayer
to 6 = 0.5, Qgs atoms begin to insert under the surface layerhef hetal (region B). This is a
consequence of the decrease in the energy of lgradithe chemisorbed oxygen atoms to the palladium
surface due to the repulsive interactions betwegpafms. The insertion of g atoms under the surface
layer of the metal gradually yields surface palladioxide, and this accompanied by the absorptiarpof
to ~1 ML of oxygen. The dependence of n on exposui® demonstrates that, in regions A and B, the
curves obtained at 500 and 600 K almost coincitherdfore 0, chemisorption and the formation of the
surface oxide on Pd(poly) are almost temperatulependent in this temperature range. At P®.1—-
10.0 Pa and > 10’ L, oxygen dissolves in the palladium bulk (regi®h The oxygen atoms penetrate
deep in the subsurface layers of palladium, diffiesed accumulate progressively in the metal bulk.
Oxygen dissolution in palladium depends stronglytemperature. At > 10" L andT = 500 K, palladium
absorbs 1-2 ML of oxygen, while at 600 K it absoupsto ~20 ML of oxygen. A possible reason why
oxygen absorption accelerates with an increasingpégature is that the rate of O atom diffusionha t
palladium lattice increases. In additiongat 10’ L an increase in th®, pressureX0.1 Pa) appreciably
accelerates oxygen absorption. As the pressurssd 0.1 to 10 Pa, the amount of oxygen absorped b
polycrystalline palladium at 600 K increases frointe ~20 ML (region C).

This study demonstrated that, at @essures of I0to 10 Pa and a temperature of 500 to 1400 K,
the interaction between rhodium, palladium, platinand Q includes Q chemisorption, oxygen atoms
insertion under the surface layer of the metal, forenation of surface oxide film and the diffusioh
oxygen atoms into the subsurface layers of mefalsanalysis of the dependences of the amount of
oxygen absorbed by platinum metals on exposure O pressure, and the sample—€bntact time
revealed the basic regularities in oxygen absangipthe metal under the above-specified conditanrts
provided a much deeper insight into the causeleoQ} pressure effect on oxygen dissolution in metals.
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Selective oxidation over gold catalysts

V.l. Sobolev
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Supported gold nanoparticles have attracted mubdntain owing to their unique catalytic
properties under mild conditions. In particularnosized gold is well known to display exceptional
catalytic performance in low-temperature CO oxigiatiwater gas shift reaction, propylene epoxidation
hydrogen peroxide synthesis and other importantmated processes. In addition, gold catalysts are
increasingly becoming important for the conversainalcohols and polyols (ethanol, ethyleneglycol,
glycerol, sugars, etc.) into valuable products aftipl (selective) oxidation. Especially bioethamlan
example of a promising renewable feedstock to obtrresponding products of oxidation and
concurrent reactions: acetaldehyde, 1,1-diethoxyethethyl acetate and acetic acid.

In the present work a set of nanostructured gotdlysts with Au loadings ranging from 0.5 to
7.0 wt% on a Ti@ support was prepared and evaluated in a gas-phadation of alcohols (EtOH,
PrOH,i-PrOH, BuOH) and epoxidation of propylene with noolar oxygen, nitrous oxide as well as in
the absence of the gas-phase oxidants. The relatwdribution of oxidative and non-oxidative
dehydrogenation pathways is thus estimated. Theepoe of oxygen in the feed brought about to a
double peak profile of catalytic activity as a ftinn of temperature for oxidation of alcohols. Tbev-
temperature peak fells on 120-230In contrast, the use of,@ as an oxidant gave rise to usual profile
of catalytic activity, which is similar to that ainaerobic dehydrogenation of alcohols. The results
obtained allowed to suggest the mechanism of dahals oxidation. The low temperature peak is eelat
to participation of active oxygen species, generéitem O, on the catalyst surface. Oxidation withON
is interpreted by preliminary dehydrogenation ablbls to corresponding carbonyl derivatives fokolw
by H, oxidation.

It is known that propylene is able to react wite/® mixture over gold particles supported on
titania to give selectively propylene oxide. In et work, we disclose that similar epoxidation of
propylene can be achieved when CO is applied idstéaydrogen as the reduction agent. The propylene
oxide yield goes through the maximum as a functibmeaction time, the maximal value being twice
higher compared to yield of propylene oxide attdibg “traditional” reaction with O, mixture.
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I nfluence of addition of Ag on activity of Pd/SiO, catalyst in CO oxidation
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The interest in studies of bimetallic nanoparticlsesassociated with its unique physical and
chemical, structural, electronic, optical and cdtal properties [1]. The structure of the bimetalli
nanoparticles is determined by the distributionmadtals in it. The particles may be arranged inftine
of an alloy having an arbitrary composition or a@®tture, such as “core-shell’. Improvement of the
catalytic properties of bimetallic systems is assed with complex interaction of electrons of two
metals and the effects of changes of the latticarpaters in bimetallic alloys or at the interfacéswo
metals [2]. Bimetallic Pd-Ag catalysts are inteegsstor hydrogenation reactions [1], oxidation ofrhful
compound and CO [3]. In some article [4, 5] it veéa®wn that addition of Ag in Pd-containing catadyst
leads to formation of Ag-Pd alloy. The decreasihgaiivity of Ag-Pd catalysts in CO oxidation usyal
Is associated with segregation of silver on thdaser of Pd with formation of “core-shell” structure
Segregation of silver takes place at 3&Din red-ox conditions [4]. The increasing of Pdw=oning
catalysts activity was observed only in case of loading of silver. That may be associated with
formation of Ag clusters on the surface of Pd p#&t or formation of Ag-Pd alloy concentrated by Pd
The formation of “core-shell” Ag-Pd is not favoraldbr high activity in CO oxidation.

The aim of this work consists on organization opagated (not alloy, not “core-shell”) but
interacted Ag and Pd particles on the surface ppst to study role of Ag/Pd interface on the atfiin
reaction of low-temperature CO oxidation. The ailgith wide pores of 20-100 nm was used as support
to prevent influence of porosity of support on thige of supported nanoparticles. The series of
Ag-Pd/SiQ catalysts with different Ag/Pd ratio were prepar8iica was impregnated by water solution
of H,PdCl, and calcined at 500C for precursor decomposition. Then Pd/SiMaterials were
impregnated with water solution of AgN@nd underwent similar thermal treatment. The gatalwere
investigated by XRD, UV-vis spectroscopy, TPR HPR CO and tested in reaction of CO oxidation.

The shift of Pd and Ag reflexes in XRD patterns whserved for bimetallic Ag-Pd/Sy@atalysts.
That indicated on formation of Ag-Pd interface omhation of two alloys: Pd-milled and Ag-milled. &h
simultaneous reduction of Ag@nd PdO species in TPR, Hhdicates on formation of Ag/Pd interface.
Reduction of oxidized Ag- and Pd-containing spe@e€0 was separately. It indicates on absence of
mixed PJAgOy phases. The shift of PdO reduction in low tempeeatrange in presence of silver
confirms contact of Ag- and Pd-containing phase¥SE), catalyst has activity in CO oxidation at
temperature above 20C that may be associated with big size of Pd desdi¢17 nm according XRD).
The increasing of activity was observed for Ag-RQ/Scatalysts. That may be associated with both
decreasing of Pd particles size (according XRD) pregence of Ag/Pd interface which is favourable fo
oxidation of CO. We suggest that activation of nsalar oxygen occurs on the surface of silver pkasic
Activation of CO takes place on Pd-containing seeciThus, CO oxidation may occur on the Ag-Pd
interface due to spillover of CO from Pd partictelaatomic oxygen from silver.

The design of bimetallic catalysts with separated imteracted Ag and Pd particles may be
prospective way for development of high effectiatatysts for oxidation of harmful organic compound
and CO.
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Synthesis of inorganic hybrid nanostructures baseterromagnetic materials is one of the rapidly
developing areas in nanomaterial chemistry. Regetitere has been a widespread trend concerning
synthesis of iron-palladium nanoparticles for newagmetically controlled catalytic systems for the
reactions of new C-C bond formation [1]. Most o tlvorks on this subject include a chemical synthesi
of hybrid nanomaterial using sonochemical reactiomethod [2], or via ion-exchange reactions on the
surface of iron nanoparticles [3], wherein the ot#d hybrid nanomaterials have active centers aof tw
metals on its surface. Therefore, the most relewatitis framework is the creation of the materizing
magnetic metal oxide nanoparticles coated withraarashell, what let us get only the active centdrs
palladium on the surface and prevent degradatiadheo€atalyst in the reaction mixture [4,5].

We proposed a method for producing nanoparticle® GePd, based on the sorption of Pon the
iron nanoparticles surface coated with carbon wghfurther reduction by NaBH The nanoparticles
were obtained by electro-spark dispersing of mietghanules in hexane. [6] The resulting nanoplgic
were analyzed by XRD, which showed the appearahbamds at 2 equal to 40, 47, 68, corresponding
to Pd, and confirms the successful modification of natiples.

Also as part of the work the kinetics of the palllex sorption on the nanoparticles surface was
investigated. It has been shown that the processvisrsible, and relates to the first-order reastio
Langmuir type of adsorption isotherm of the processfirmed the formation of a monomolecular layer
of palladium ions on the surface of the nanopasiclThe limit adsorption, which is amounted to 734
10" mol / g, and Henry constant 1,16 <10 mol, indicating the formation of strong bindibetween the
palladium ions and nanoparticles surface.

The catalytic activity of the obtained nanoparscieas studied in the reaction of new C-C bonds
formation, for example, Heck reaction [4]. The teatwas carried out with iodobenzene derivatived a
styrene, in DMF with the reflux of the reaction rtuse. Triethylamine was used as a base, the anadunt
inserted of the catalyst was 40 mg.

It has been shown that using Fe@C-Pd nanopartadehe catalyst promotes the production of
various trans-stilbene derivatives which contaimiotes substituents in p-position of the benzeng rin
with the product yields verifying from satisfying high. Furthermore, the possibility of reusing the
catalyst into the similar conversion with slightlganges in the yield of desired products is proved.

This work was supported by RFBR Grantl3-03-98009.
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Nanosized Ag catalysts attract much attention duéhéir unique catalytic properties in various
reactions, in particular, in CO oxidation at lownjgeratures. Recently, Ag/Si@atalysts showing high
catalytic activity in CO oxidation and reaction stdy at ambient temperatures have been describbed
literature [1, 2]. However, the nature of activedps as well as effect of hydroxyl coverage ataibn
the surface properties of Ag/Si@atalysts was not thoroughly investigated. Theppse of the present
research work is to study the influence of pretresait temperature of silica on the surface propeeie
catalytic activity of Ag/SiQ catalysts.

The Ag/SiIQ catalysts were prepared by the wetness impregnatiethod using AgN© as
precursor followed by oxidative treatment in aiowil at 500°C and reduction in Hflow at 200°C.
Loading of silver was 5 % w€atalysts were characterized by TPR-HPD-G,, TPSR-CO, XRD, TEM,
UV-visible DR spectroscopy and,Nidsorption at -198C. Quantity of OH-group on the silica surface
was estimated by means of TPDREH method. Catalysts were tested in a flow fixed-bedctor at
atmospheric pressure using 0.1 g of catalyst ard mgxture, containing 1%C0O+1%Q0n He (20
ml/min).

Comparison of Ag/Si@catalysts prepared on the basis of silica premjircalcined at 500, 700
and 900°C was carried outlt was stated that OH-groups of silica surface abke to stabilize highly
dispersed AgQ(x<0.5) species (in particular, clusters of sile@ide), which are formed in the course of
the oxidative treatment. The agglomeration of higtispersed AgQ species into defective AQ
particles occurs when the ratio between amount léfg@oups (normalized on support mass) and silver
(OH/Ag ratio) in the prepared catalyst decreasedh Blecreasing of the surface area and increading o
silver loading facilitates the agglomeration of Hig dispersed AgQ species. Thus, the formation of
Ag,0O particles with sizes of 7.0 and 11.3 nm for AQ:S7Y00 and Ag/Si@900, respectively, were
observed after oxidative treatment.

Subsequent reduction of Ag/Si®@amples results in formation of metallic Ag namtipkes, which
are able to adsorb oxygen at €5 However, the nature and amount of adsorbed epégidifferent for
Ag/SiO,-500, Ag/SIQ-700 and Ag/Si@900 catalysts due to different structure and dspa of Ag
particles. Reduction of defective &g particles formed on the surface of Ag/&IW0 and Ag/Si@900
samples results in formation of defective Ag p#&sc consisting of several crystal domains. Theineat
of oxygen species adsorbed on the interdomain laoiexlis probably an ionic one. This provides an
additional delocalization of electron density witrmation of AJ* sites. Adsorption and activation of
CO molecules occurs with participation of thesessitOxygen adsorbed on the surface of Ag/SD
catalyst is less ionic in its nature, and formatdrig™ sites, required for CO adsorption, does not take
place. The Ag/Si@700 catalyst demonstrates the highest low-temperaactivity in CO oxidation
among all samples investigated. Decreasing of ydatahctivity for Ag/SiGQ-900 catalyst is connected
with low specific surface area of SIO00 sample and, as a consequence, low disperkiag jparticles.

In addition, it was shown that the presence of watgor (corresponding to ambient humidity,
RH=50-70%) in reaction mixture influences on thtabaic activity negatively. It may be associateithw
water adsorption on active sites.

This work was supported by RFBR (project mol_NR3-40479)
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Titanium dioxide is widely used in photocatalysigedo its high activity and chemical stability in
such processes. Structure of the obtained maisriggnificantly affect the photocatalytic propesiof
TiO, powders. Over the past decades interest in ohtpiand studying nanoscale mesoporous,;TiO
powders with a large specific surface area haseasmd. Therefore control of the particle size
distribution, morphology, porosity, phase compositis important factors in properties control oé th
final material [1]. There are many methods for #yathesis superfine titanium dioxide powders [2],
however, hydrolysis of titanium alkoxides is ondla# simplest methods of its obtaining [3].

In this work F-TiQ was obtained through hydrolyses of titanium tetaispoxide in the presence
of NH4F. However, in the course of hydrolysis the alkesidisually added to the excess of hydrolytic
reagent, yet in this research work the order of imgixwas reversed. Structural features, phase
composition, specific surface area were studiedraysmission electron microscopy (TEM), BET, X-ray
analysis (XRD), respectively. It was found that foJgsis of titanium tetraisopropoxide in the presenf
NH4F during the reverse mixing leads to the formataintitanium dioxide powder with superfine
morphology and particle size about 40 nm. F-I@s a middle specific surface area and presence of
fluoride in structure influences porosity. Sampbestaining fluorine have bigger porosity valuesntha
bare TiQ powder prepare in presence otCHby same method. Probably porosity and pore size
increasing relates the presence of ammonium fleontlen high porous sol is formed, which after heat
treatment retains the structure. According to XRidadfluorine content has a big influence on the,TiO
structure as it makes the amount of anatase ireasents thermal transition of anatase into ruiid
significantly improves titanium dioxide photocatstig activity.
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The reaction inhibition effect in CO oxidation aw temperatures occurs on palladium-based
catalysts which representing ¥dO nanoparticles on conventional supports, likgOA SiO.. This
effect leads to suppress COs@action at temperatures below I60 Investigation of Pd/RO (RO-
reducible oxides) catalysts is of a great intebestause of these catalysts are not affected by @<omp
which leads to effective catalysis of CO oxidatieglow OC. Pd/CeQ catalysts are one of the most
investigated systems due to combination of proggrtinigh activity, thermal stability, low influencé
impurities, etc. Earlier we showed that no”PdO nanoparticles are formed in Pd/Gegatalysts in
comparison with Pd/AD; one, and strong interaction of ionic palladiumhasupport with formation of
solid solutions Pg&e O, is realized [1,2]. This fundamental difference the chemistry of these
catalysts from traditional Pd/AD; catalysts is definitely bound with the formatiditlee active centers of
different structure and properties, and there igewerally accepted opinion about these structmests
properties in scientific community at this moment.

Solid solution PCe xO,.x¢ Structure was investigated by a complex of thesmay methods
(XRD, PDF, XPS, Raman spectroscopy) in combinatiath the DFT calculations using Pd/CgO
catalysts with high Pd loading obtained by copnégipn [3]. It was shown that palladium ions,
replacing C&** ions in ceria fluorite structure, retain a divdlstate and a square-planar environment due
to the shift from cationic fluorite position. Thesulting structures are stabilized by a water moéscin
its dissociated state as Ogtoups in the anionic fluorite positions. Formatuf these structures leads to
two positive effects: oxygen vacancy formation gyein the lattice of Pge «O..x.q IS strongly
decreased, and a thermal stabilization effect gipetised particles is observed. Thus, the introoiuaif
palladium into ceria lattice results in substantiarease of thermal stability of these catalysithw
preservation of high activity in CO +,@eaction at low temperatures.

Application of DFT calculations allowed to demoastr that nickel, which is palladium electronic
analogue, is also capable for incorporation int® flnorite structure with formation of solid soloris
NixCe .xO2.«q Of the similar structure. On the base of thesa dtla¢ successful attempt to replace some
part of palladium by a nickel in the fluorite la#i was made. It was shown the obtained PdNiCeO
catalysts are active in CO+@eaction at C after calcination even at 9

Presentation will focus on the promoting effectnafkel, and the structure and properties of solid
solution PgCe.xO,.x.¢ Will be discussed in detail.

This work was supported by RFBR GrantNe32-50304+0:_np and RFBR Grant No14-03-311088.
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MoVTeNb oxide catalysts are promising systems fledive transformations daf,-C; alkanes.
The main components of these catalysts are orthastloM1 and pseudohexagonal M2 phases [1]. In
this decade, research efforts continue to focuBnaling effective promoters in primary four compaone
MoVTeNbO composition for increasing the efficienafythe catalysts. HRTEM methods were used for
investigation of MoVTeNbO catalysts promoted byntigh, calcium, zirconium, etc.

The study of the morphology, crystalline structarel the phase composition was carried out using
a JEM-2010 microscope (the accelerating voltageD@ RV; the lattice resolution - 1.4 A). Local
elemental analysis was performed by EDX method €RixaSpectrometer with Si(Li) detector; an energy
resolution is about 130 eV). Samples for the HRTEMasurements were prepared by ultrasonic
dispergation a small quantity of the powder forea fminutes in ethanol onto standard carboncoated
copper grids. Simulation of crystal structures artelM images was performed using the multislice
method of calculation wave function by complex peygs “Musli” (developed BIC) [2]. The Rietveld
method and known structural information were usedjtiantitative phase analysis by XRD.

Promotion of the catalyst leads to a change inpt@se composition and catalytic properties in
reactions of propane ammoxidation and ethane twalaehydrogenation according to the type and
content of the dopants. The formation of crystalltructures phases M1 and M2 in the modified sasnpl
occurs through the formation of nanostructured ym®&mrs from amorphized particles with approximdte o
the cationic composition to the final phases. Thisnuth may be included in phases M1, howeverrothe
promoters constitute the individual oxide phases.

Electron microscopic studies confirm the occurreatdi in the structure of M1 phase. This is
accompanied by disorientation along the [001] dioec(perpendicular to the image plane) in phase M1
which is manifested in the images distortion (2dl@ne at an angle of about 5°.

This work was supported by The Ministry of Educatimd Science of the Russian Federation, Federsk Paogram
“Research and developments on foreground directiohskussian scientific-technological complex in 2@D20 years”,
agreement on grante 14.607.21.0053.
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Metal nanoparticles are widely used as active comapts of catalysts nowadays. The nature of
metal states active in different reactions and dbtiled mechanism of their catalytic action are of
particular interest. The study of real catalysts isomplicated task as one should keep in minddbts
different factors: inhomogeneous distribution ofiae components, interaction with supports, possibl
influence of impurities etc. Therefore the modehbssts are ideal systems for establishing fundaaten
aspects of catalytic action. The metal nanopasgideposited on a flat surface of supports are lysual
used as convenient model samples for the invegtighy different physical methods.

In our work we applied the RF-discharge for spuitgerof the metal’s electrode in an inert or
oxygen atmosphere to produce metallic or oxidizeet®es deposited on a support. The technique allows
to obtain nanoparticles with a narrow size distiifru at room temperature. All experiments wereiedrr
out in chambers of photoelectron spectrometer VGASAB HP without direct contact of samples with
ambient. The prepared nanoparticles were analyzedX{ay photoelectron spectroscopy (XPS),
temperature programmed desorption (TPD) and tlaalytic activity in CO oxidation was tested. The
particles size was determined by transmission re@leamnicroscopy (TEM). Oxidized tantalum foil and
carbon film were used as supports.

The nanoparticles of palladium, platinum, silved agold were analyzed. For all metals the RF-
sputtering in an oxygen atmosphere led to the faéonaf highly oxidized species: Pd P, Ag** and
Au**. The analysis of metal’s and oxygen states imtitained nanoparticles was performed using Pd3d,
Pt4f, Ag3d, Au4f and O1s spectra.

The high resolution transmission electron microycagata showed that the synthesized
nanoparticles comprised numerous extended deféatseograin boundaries type. For gold and silvesr t
nanoparticles mostly tended to have a symmetrierspdd shape. In case of palladium the extensive
islands of irregular shape were observed.

The thermal stability of all highly oxidized spesiglid not exceed 373-423 K. The reaction
probability towards CO oxidation was analyzed fdir gbtained oxidized nanoparticles. The highly
oxidized species showed the highest reaction pitifyalihe CO exposure at room temperatures led to
the reduction of these species. In case of palladind platinum the reduction proceeded through the
formation of Me(2+) species (Fd Pt") followed by the reduction to the metallic stalhe highly
oxidized silver nanoparticles interacted with COthwia high reaction probability through
Ag**—Agt*—Ag® states, whereas the formation of the possiblarimediate Au(l+) species was not
detected during CO exposure to AuOx nanoparticles.

The RF-sputtering in an argon atmosphere led tofdhmation of metallic nanoparticles with a
narrow size distribution. The palladium nanopaesclwere deposited on carbon films and nitrogen-
modified carbon films. It was shown that the sp@otharacteristics of the prepared model systerds an
real catalysts based on Pd supported on N-moddeathon nanofibers are in good agreement. The
dependence of palladium states on the defects @dd-bbntaining groups on the surface of carbonsfilm
was discussed.

The obtained results showed that the RF-sputteédolgnique can be an efficient tool for synthesis
of model catalytic systems that can be easily stidiy physicochemical methods and used for the
analysis of the properties of real catalysts.

This work was partially supported by an Integrativasearch project of the Siberian Branch of thesRunsAcademy of
Sciences (project number 75).
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The oxides of transition metals are widely usedefigient catalysts in many technological
processes. At that, multicomponent metal oxide esyst exhibit higher activity and selectivity in
comparison with the catalysts containing only oh¢he components, in particular, in the conversibn
CO to CQ. In order to study the features of such activiy performed quantum—chemical calculations
of various metal oxide systems (presented belowijguGamess US program [1]. The calculations have
been carried out in cluster approach using DFT/BBlWth split-valence basis sets.

First of all clusters of aluminum (4D3),, n = 1 — 8 and copper (Cu@))m =1 — 4, 6, 8, 16 oxides
have been studied. Features of their geometrictreld@c structure, charge and energy charactesistic
have been determined. To find the most stable oglidgters, corresponding to the energy minima, the
possible spin states were taken into account inctheulations and clusters with different multigyc
were considered. To evaluate the stability of thenanum and copper oxide clusters the binding and
atomization energies were calculated.

In the continuation, the features of the interattiath CO of formed aluminum and copper oxide
clusters were studied. To determine the optimunditmms for CO interaction with clusters, we obsstv
various potential active centers and various pmsstiof CO while C=0 distance was fixed.

The calculations of copper-aluminum oxide clusteigained by the substitution of the part of
aluminum oxide cluster to the copper one allowedptopose structures suitable for modeling the
respective metal-oxide systems and CO adsorptioth@m. The comparison of the results obtained for
the aluminum and copper oxide clusters with thelltesobtained for the combined copper-aluminum
oxide clusters will be useful in understanding taalytic activity of multicomponent metal oxide
systems.
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The major part of the total high-density polyetimgas produced with the use of supported Ziegler-
type titanium-magnesium catalysts (TMCs) (Ti®IgCl, + AIR3). New modifications of the catalysts are
studied and designed to improve the process ofertbypolymerization, to expand brand assortment and
to enhance the polymer quality. Parameters of thtalysts (chemical and phase composition,
morphology, pore structure, particle size and plartsize distribution) play a key role in the desif
polymerization process and influence the technokdgoroperties of polymer powder produced during
polymerization. Determination of relationships betn textural properties of supported catalysts,
polymerization conditions and morphology of theymoérs produced makes it possible to optimize the
production of catalyst and polymer particles widsided properties.

In the recent work, titanium-magnesium catalystshwiarious composition and morphology,
prepared with different Mg@icontaining supports, were studied. Chemical cortiposof the supports
and TMCs was studied by atomic emission spectrgméfc NMR and 'H NMR spectroscopy,
chromatography, etc. According tH NMR spectrometry, new catalyst modifications witle supports
obtained by the interaction of solutions of orgaagmesium compound gsCl, and silane
compounds SifCl,(OEt), comprise the OEt groups (8-17 wt.%). Treatmenthef supports with TiGl
and activation of the catalysts by organoaluminumgounds did not remove the OEt groups from the
initial compounds**C NMR spectroscopy of their solutions in tetrahydrah showed that some part of
OEt groups in new modifications of the supports vilmsform of EtOH. Phase composition and
morphology of the supports and catalysts were studily X-ray analysis, low temperature nitrogen
adsorption, laser light scattering and scanningtedla microscopy. The X-ray study of the supportd a
catalysts revealed that their new modificationsehawmore disordered crystal structure. X-ray paster
the new catalysts and supports have peaks typitahe MgCh-nEtOH adducts [1-3]. The low
temperature nitrogen adsorption measurements deratetsthat the pore structure of TMCs modified by
OEt groups evolves after their treatment with oggdnminum compounds. Among the synthesized
catalysts under consideration, new modificationsTMCs activated by organoaluminum compounds
have the highest specific surface area (350-588)rand a small pore diameter § nm). As shown by
laser light scattering (MALVERN) and scanning efentmicroscopy, the catalyst particles have uniform
shape and narrow particle size distribution.

TMCs synthesized with different compounds and hgdifferent textural properties were tested in
ethylene polymerization. The catalytic activityethbility of the catalysts to control the flow mieitiex
(molecular weight) by hydrogen, and morphology le# polymers obtained were studied. New catalyst
modifications better control the molecular weightpolyethylene by hydrogen. Polymers obtained on
these catalysts have high bulk density and narmavgte size distribution. High specific surfaceamrnd
small pore diameter of the catalysts were showsra@duce a higher bulk density of the polymers.

This work was partially supported by the Ministry Bducation and Science of the Russian
Federation GrantVe14.607.21.0046.
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Multi-walled carbon nanotubes (MWCNTS) are knowrbtoperspective component for numerical
composite materials due to their unigue mechanpalperties and high thermal and electrical
conductivity [1-3]. Their properties mainly depeorl the diameter distribution and defect concerurati
which, in turn, depend on the catalyst nature amoavth conditions. Previously it was demonstratedt th
the formation of the catalytic species and nuabeatf the carbon deposits determine the selectaity
activity of nanotube growth process [4]. Thus, theestigation of the catalyst active component
formation and carbon nucleation is extremely imgatrtfor the design of selective processes of MWCNT
production [5-6]. In the present work the formatiohthe active component of the bimetallic Fe-Co
catalyst during MWCNT growth was studied usiimg situ and ex situ synchrotron radiation X-ray
diffraction analysis (SRXRD). The XRD data in comdtion with the results of other physical methods
(ex situhigh-resolution transmission electron microscagRTEM), internal field®°Co nuclear magnetic
resonance (NMR), gas chromatography) can be usedhé development of kinetic model and the
optimization of the synthesis conditions to prodd& CNT with controlled properties in a fluidizedde
reactor.

Detailed kinetic study of the nanotube growth akoWobserving the induction period characterized
by the absence of intensive MWCNT growth. Accordiagn situ SRXRD data at least four processes
can be distinguished during the induction periaghsas active metal reduction, metal particles ¢inow
and/or agglomeration, their saturation with caraad MWCNT nucleation. These processes follow each
other, except the second and the third one whichiragimultaneously.

For the first time we have obtained data confirmihg stepwise formation of Fe-Co bimetallic
alloy. It was found that the cobalt particles aoenfed at the first stage of catalyst reduction. sehe
primary particles promote the reduction of Fe speevith the subsequent formation of the alloy. Mono
component Fe catalyst demonstrates the simultarfeomsition of Fe—C alloys (austenite and tetragonal
ferrite-like structure) with subsequent transfonimrainto stable iron carbide g@ (cohenite). Then situ
activation of the bimetal Fe—Co catalysts suppoote@l-based oxides and CaO leads to the formatfon
highly dispersed alloyed particles with bcc stroettype. Meanwhile, the stable carbide formation fo
such systems is not observed. The absence of saftieles promotes effective carbon diffusion tigiou
metal particle providing much higher activity of limcomponent Fe—Co catalysts compared to that of
monometal Fe catalysts. According to the XRD deadalyst active component (alloyed metal particles)
is solid or at least contains crystalline core dgriCNT growth. Kinetic model of active component
formation was developed. This model is in good agrent with obtained experimental data. Pechini-type
method of Fe—Co catalyst production demonstrateshmhigher MWNT production with different
structural properties than it was described befoi@.
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The development of oil refining processes promatgzroduce the high quality fuel with improved
properties. At the same time, technology moderitnas impossible without fundamental researchhef t
reaction mechanism. This is the aim of this worke Btudy of the stages and directions of the dataly
reactions is possible using reagents with labetethe. The method of isotope ratio mass spectrometry
(IRMS) is investigated of the reactions joint trammation of hydrocarbons on the different catalyti
systems.

The hydrogen transfer reactions between the hydvooa (the donors and acceptors of the
hydrogen) were carried out on the zeolite catalysthe conditions of cracking. The cyclohexang-H
and cyclohexane-p — hydrogen donors, 1-hexene and 2-methylthiopheihgdrogen acceptors were
used as reagents.

The catalytic experiments were carried out on ahaplatinum catalysts in the conditions of
catalytic reforming to establish the possibility wivolvement of light hydrocarbon gases in joint
transformation with € hydrocarbons. The n-butane (with labeled carb@mafCHs-CsH;) and n-
hexane were used as model mixture.

The quantitative analysis of the stable isotopelydifogen (Du H) and carbonfC u *<C) in the
reagents and products was determined by method IRM8 experiments were carried out on the
isotopic mass spectromet®ELTA V Advantag€‘Thermo Fisher Scientific”) in the configuratiomith
gas chromatograph via pyrolysis or combustion mraanhd with an interfac€onFlo IV for online
continuous flow of carrier gas helium. The indivadliconditions of chromatographic separation of the
components were choose for each reaction. Thepgot@mposition of elements$,(%0) was calculated
relative to the international standard VSMOW fodfogen, and VPDB for carbon.

According to the isotope analysis the high contdndeuterium in the pentanes and hexanes was
ascertained as are the main products of the reacofidvydrogen transfer. This allowed to assume the
directions of the hydrogen transfer mechanism betwaonors and acceptors of hydrogen.

The results of IRMS analysis confirm the couplifiget in the transformation of n-butane with,C
hydrocarbons, that shows the actual possibilitjooft processing of hydrocarbon gases with a gasoli
fractions.

The use of reagents with labeled stable isotodes/@dl to establish the main stages and directions
of transformation hydrocarbons with a differentatygts and conditions. Thereby, the catalytic ieast
were investigated by the method IRMS and the opteoaditions of processing were selected to produce
of high quality fuel.
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The mixed Cu-Fe-Cr oxides attract great attentienalbise of their magnetic features as well as
various oxidation-reduction and catalytic propextig, 2]. In the present work, structural featupéshe
mixed Cu(FgCri.4)204 spinels, serving as the catalysts for water ga#$ igaction, were investigated.
Samples of the Cu(k€r1x). cationic composition (where = 0, 0.25, 0.5 and 0.75) were obtained by a
co-precipitation method from the nitrate solutiaighe corresponding metals with sodium carbonate o
ammonium solution and calcined in air at a tempeeahigher than that of spinels crystallization [Bhe
structure of the resulting phases was studied usiegmethods of thermal analysis, ex- and in-situ
powder diffraction, high resolution electron miaopy, IR spectroscopy, Ultraviolet-Visible-Near
InfraredDiffuse Reflectance Spectroscopy (UV-Vis-NIR DRBJU&EXAFS spectroscopy.

Variation of a Fe/Cr ratio was shown to change dbgree of tetragonal distortion of the spinel
structure from 1.06 to 0.95. At Fe/Cr = 1 the splmecomes cubic. A crystallographic relation betwee
cubic spinel structure (Fd3m) lattice parameterd @nose of tetragonally distorted one {¥&dim) was
considered. The cationic distribution of coppersiam the studied spinels was analyzed using theggne
of preference and the chemical composition. Tha datained were verified experimentally by spectral
methods. A correlation of copper distribution otetrahedral and octahedral positions with the gatal
properties in low-temperature water gas shift ieacwvas revealed.

This work was supported by the Russian FoundatioBésic Research, Grant No. 13-03-00469.
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Silicon based materials are one of the most intehsistudied since they are widely used in
different fields of science and technology. It iscassary to mark out a laser ablation method among
numerous methods for preparation of silicon com@dimaterials. It allows to obtain nanoparticles
dispersions of wide range of materials, such adesihydroxides, carbonates as well composites with
more difficult composition, including core@shellrsttures. An important feature of nanoparticles
obtained by high energy laser ablation is its defdnucture, leading to appearance of new optical,
antibacterial and catalytic properties.

In this work silicon based dispersions were obthibg laser ablation of single-crystal silicon tdrge
in liquid. Dried powders were heat treated at Z81), 700, 900 and 100Q in air for 12 hours as well at
1000 T in argon.

It was shown that particles obtained by laser abiadf silicon target in water contain amorphous
or crystalline silicon core and silica shell obtinduring ablation by reaction with water contained
dissolved oxygen.

Changes research, taking place at heat treatmeair afried powders, shown that it ascribe to
disappearance of crystalline silicon reflectionliffraction pattern caused presumably by its oxatatAt
the same time, O/Si ratio decreases according sp#etroscopy. Such features are observed at ampeal
of sample both in air and in argon and can be éxgihby behavior of followed reaction: Si + SIS
2Si0 [1]. Assumptions about reaction of siliconiwits oxide and oxygen deficient centers forming ar
confirmed by research of absorbance and fluoregcspectra of powders. Band with maximum at 330-
370 nm region corresponds to bulk oxygen deficeemters incorporated in rings [2] and band at 420 n
can be attributed to surface dioxasilirane groégsording to XPS data, oxygen defects, which appear
annealing, are bulk defects and absence on thacguthat confirms an interpretation of absorbance
spectra.

Thus, heat treatment of silicon contained nanogegiobtained by laser ablation favours the
appearance of oxygen vacancies that makes apphcaii such materials perspective for catalysis,
sensors and optics.

This work was carried out under the State Assigrinoérthe Ministry of Education and Science of thesdtan
Federation (Project No. 1347). Also, authors aratgful to A.V. Shukarev (University of Umeo, Swegller assistance and
help in XPS measurements.
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adsor ption characteristics of supported metal particles
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In present day a rather strict requirements forctireent of acetylene in ethylene product, which is
used for preparation of polymeric materials. Paaifion of these impurities from the ethylene by
selective hydrogenation is carried out generallthm presence of alumina-supported palladium cstialy
[1-2]. The disadvantages of traditional aluminagsuped palladium catalysts hydrogenation of aceg/le
in ethane-ethylene fraction is: oligomerization wfsaturated hydrocarbon molecules on acid sites of
support, which lead to accumulation of condensapimducts on the catalyst surface, and cause them t
accelerated deactivation; side reactions of hydragen of acetylene to ethylene and ethane on
palladium particles with deficiency of electron whileads to lower yield of ethylene. Solution fhet
first disadvantage of these catalysts was carrigdim our earlier papers by optimizing the acidic
properties of the carrier by changing its phasepmsition during heat treatment of the parent comgou
- y-alumina modified to givé-Al,Os.

A second drawback of these catalysts associatetir@ic state of palladium particles due to the
manifestation of two factors: the size effect amel ¢ffect of a strong metal-support interactione Tihst
is the change in the electron configuration of g@illm atoms by varying the diameter (dispersion)
supported metal particles, the second - with theraction of palladium particles with surface ababke
centers with the manifestation of the donor-acaeptteraction. Thus for alumina supported palladium
systems dimensional effect is prevailing, which &&nvaried by changing the nature of the source of
palladium precursor.

The aim of this work was to study the influencetloé nature of the precursor of palladium on
electronic and geometric characteristics of thepeued palladium particles and their adsorption
properties in the selective hydrogenation of aesiy!

It has been established that dispersion of palladiatalysts synthesized using the acetylacetonate
precursor (D = 39.5 %), is 1.4 times more as coapaith the acetate samples (D = 30.6 %), duedo th
smaller 1.3 times the average diameter (2.8 nm)farased palladium particles on support surfaceds
determined that the surface atoms of Pd catalysthegized by applying Pd(AcAg)are less electron
density on the valence orbitals compared to acetaraples that caused the higher coordination
unsaturated palladium particles, leading to a redaocin the collective properties of the electronic
structure of atoms in the metallic palladium paesc These catalytic tests indicate that the caiwerof
acetylene depends on the dispersion of supportdddpan particles for samples synthesized using
acetylacetonate complex is higher than for acetatalysts that is caused by higher degree of disper
of the first metal samples. The selectivity of cersion of acetylene to ethylene is determined bgnce
state electronic orbitals of the surface atomsatfadium acetate and 1.3 times in systems grehsar t
acetylacetonate catalysts characterized by a hegitren density on the valence orbitals.
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The pentafluoroethane CHFCF; (hladon R-125) is obtained by gas-phase hydrathation of
tetrachloroethylene @C=CCl}, in the presence of chromium-containing catalystv@ious supports, in
particular, chromium—magnesium catalysts [1, 2} @htivity and selectivity of the chromium-contaigi
catalyst depends significantly not only on a conipms of the catalytic system but also on the aation
mode (pretreatment) [3]. The catalyst is finallynh@d under the action of fluorine containing mietir
under conditions of a catalytic reaction or fluating preactivation.

In this work, we studied the influence of the heaatment conditions (temperature and gas phase
composition) on the physicochemical and catalytiopprties of chromium—magnesium catalysts and
kinetic study on the most active sample.

The precursor of catalysts samples was preparadpsegnation of powder magnesium fluoride
with aqueous solution of Cr€lThe BET specific surface area was equal to 5@6@ ™. The catalyst
contained 12 wt.% of chromium chloride. The physieemical properties of the catalytic systems
obtained by heat treatment of the precursor irogén and air between 120 and 500°C and their indeie
on the catalytic activity in tetrachloroethylenadihgfluorination were studied by thermal analyse$ @
DTA) and specific surface are measurements.

It was shown that by changing the activation coodg can form the catalysts with very different
catalytic properties for the same initial catalysigstem. More efficient way of enhancing the cataly
activity procedure involving heat treatment in air.

Kinetic regularities of the vapor-phase hydroflmation of perchloroethylene were studied at the
total pressure of 0.4 MPa, temperature 300°@86ontact time 0.5-5 s and the molar ratio HF:RCB.
The experimental setup included a reactor placemlanheat chamber, which permitted one to vary the
temperature of the reactor from 300 to 380°C. ®aetor was built as a U-type nickel tube (i.d. €h§
volume 6 cm). The concentration of PCE in HF was set via sdiom of the gaseous hydrogen fluoride
flow with the perchloroethylene vapors in an evapor. The gaseous product mixture was passed
through a scrubber with dry alkaline metal carbenat which HF and HCI were converted into £4hd
H.O, and then was analyzed by chromatography on-line.

The overall process includes a large number ofiplesseaction routes and, apart from its main
products, might yield the products of side readibke isomerization, elimination and disproporation
[4]. Based on the experimental data, the pathwayp@fchloroethylene fluorination with HF was
identified. The process involves several conseeuteactions for the formation of main fluorination
products and parallel reactions for the formatibbyproducts. The rate constants and activatiargn
of the PCE conversion was obtained on the assumpfithe first order of the reaction rate.
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Plasma—chemical treatment allows to obtain comigletew materials with widely varied surface
properties, while preserving most properties of thiginal materials. This advantage is used in the
activation of catalysts and adsorbents. In somes;aglasma—chemical treatment (PCT) leads to a
multifold increase in the activity of catalystsedio changes in the nature of their active siteg].1

Framework zirconium phosphates of the NASICON (NZie with the basic composition
NaZr(POy)s are attracting increasing attention of specialistthe field of catalysis. The basic structure
of double sodium-zirconium phosphate is a framewdhnlat consists ofPO4lltetrahedra and
ZrOgl[ loctahedra, along with a large number of voids ofious sizes and geometries (conducting
channels) that can be filled by various polyvaleations. This can be used to control the strenfith o
surface acid centers and thus the selecti(diyection) of various processes. This is why frame
zirconium phosphates with NZP structure epasidered promising catalysts of acid—base andativin—
reduction reactions [3—4].

The NZP (Na-Zr-phosphate) is of NASICON type in @hinickel and cobalt as ions-modifier
replaces a sodium ion in a cationic part of cryisial structure. The influence of such chemical
modification and of pretreatment of NZP-catalystgliow-discharge Ar and Hplasma on its activity and
selectivity was studied as the object of resea©btained in paralleled reactions dehydration-
dehydrogenation the products of isobutanol's tansditions are influenced by specified ions anchéw
states after plasma activation. The acidity of catalysts was determined by studying the adsorpmifon
pyridine from nonaqueous solutions by means of |g¥etra of test-molecule. Adsorption of €@as
studied.

It was shown that the character of activation dtldepend on the selection of the plasma-forming
gas (Ar or H). Surface modification by plasma treatments creabe assorption sites with differences by
the thermodynamic characteristics of £énd the polarization of the adsorbate moleculdterAhe
plasma chemical treatment in Ar and the butanol convesion increases in 2-3 times;coeiy of
dehydration decreases by 10-15%, yield of ketonvgrdue to the increase of general conversion of
alcohol. After the plasma treatments the valueE.0f" increases, it can be explained by the decrease of
strength of alcohol bonds with the surface thatptes butanes formation. A similar value gt E after
the both plasma treatments testifies to an inveeaf the nature of the dehydration centers. Wdeate
to conclude that the surface state after plasnaintent in Ar is unstable and changes during catalyt
experiments. Reactivity changes and the numbeebydration centers increases under the actioneof th
reaction medium, whereas dehydrogenation centersrto their initial state.
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Functionalized anilines are an important classndustrial intermediates for a variety of specific
and fine chemicals, including pharmaceuticals, dyesbicides and pesticides. Industrial process of
anilines production byeduction of nitrobenzenes using Fe/HCI as a residBechamp reaction) is no
longer viable due to the generation of significaarhounts of toxic wastes. The liquid-phase
hydrogenation of nitrobenezenes would be a “greahlérnative to this process [1]. Under batch
conditions, supported gold catalysts (Au/ZiCAu/Al,Os, Au/FeQOs) provide the highly selective
hydrogenation of nitrobenzenes to the correspondingines [2-3]. Meanwhile, continuous flow
processes are more efficient than standard batotoqmls and offer much higher throughput, better
control of process variables and less waste Igé¢ldHerein, we present the results of the studythen
selective nitro group hydrogenation in nitroarecestaining halogens, C=C or C=0 bonds over the
nanosized Au/AlO; catalyst under continuous-flow conditions.

A series of the 2.0% Au/AD; catalysts with different mean diameters of Au igle$ ranging from
1.8 to 6.6 nm was prepared by changing some paeasnét the standard "deposition-precipitation”
procedure [5]. The catalytic activity was testedngsthe H-Cube Pro instrument equipped with a
continuous-flow reactor at 60-11 and 10-20 bars of A4 A 0.05 M solution of nitro aromatic
compound (3-nitrostyrene, 4-nitroacetophenone3-2ar 4-chloronitrobenzenes) in toluene contaimng
decane (0.5 vol. %) as the internal standard wesnt® the reactor at the flow rate of 0.5 mLhiand
mixed with H supplied through the catalyst bed at the rate8.4%60 mLmin'. The reaction products
were analyzed by GC and GC-MS. As an initial stitye, process conditions at which the apparent
reaction rate does not affect by external diffusitave been determined. Under these conditions,
hydrogenation of chloronitrobenzenes over the AyDAlcatalysts gives the corresponding chloroanilines
with almost 100% vyield, formation of any dechlotina products being not detected at all. Increasieg
reaction temperature suppresses the intermediateafmn of nitroso compounds and condensation
products which may poison the catalyst. Hydrogematif 3-nitrostyrene and 4-nitroacetophenone aarrie
out in a flow reactor leads to the formation ofiByaniline and 4-aminoacetophenone with 90% and 97
% vyields, respectively, at very mild conditions. @ing the catalysts with different gold dispersidme t
highest TOF for hydrogenation of 3-nitrostyrene wharacteristic of the samples bearing Au partiofes
2-3 nm in size. In addition, the effect of sterexpliarities in the functionalized nitrobenzenedtumnrate
of their hydrogenation over the Au/f); catalysts was examined. Rising the reaction teatpes favors
hydrogenation of C=C and C=0 bonds to the detrintérgelectivity on the target anilines. Under all
conditions, the catalyst activity continuously dexses during a catalytic run, probably, due to the
agglomeration of Au nanopatrticles proceeding bytt¥a&d ripening” mechanism.

This work was supported by RFBR Grant ofi-m No023t2178 and by Grant of President of Russian Feiter for
government support of Leading Scientific SchoalangSS-5340.2014.3).
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In the present paper we summarize our data omifiydation of self-organized porous oxide films
via anodizing of Ti-Al powder alloy; (ii) thermallgctivated structural transformations of thesedilm

The investigation of anodic oxide films(AOF) on 40wt%Al powder alloy obtained via
anodization in 1M HSQO, containing 0.15 wt% HF and water-free electrolydesthe base of ethylene
glycol added NiEF was carried out. In order to investigate theafté heat treatment on the atomic and
mesoscopic structures the as-grown AOF were arth@alkeither air or in air-free (10-2 Pa) at T=28208
°C.

X-ray diffraction, electron microscopy (TEM &SEMhd atomic force microscopy (AFM) were
used to analyze the structure of these films on $wales: atomic (mutual atom arrangement) and
mesoscopic (mutual pore/tube arrangement).

It has been demonstrated that the anodization -@OWit%Al powder alloy in fluoride containing
electrolytes under special conditions leads toftheation of the stable nanoporous oxide on theyall
surface. The as-anodized oxide films are X-ray ainous.

The correlation of morphological changes with thestallization state of annealed oxide films was
discussed. It has been shown that the crystathzasi achieved through thermal treatment at 700°820
In air and air-free annealing up to 820 °C regulanoporous mesoscopis structure still remains. The
crystal structure of air annealed AOF correspondbié¢ mixture of anatase (for the most part) anideru
as well as AIO; whereas air-free annealing result in primarilytasa phase Ti£and AbO3; and reduced
titanium oxides TiOs, TiO. Finally the possible applications of the eieyped materials as photocatalysts
are considered.
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Kinetic features of olefins polymerization over titanium-magnesium catalysts

V.V.Sukulova, A.A. Barabanol, G.D. Bukatov, M.A. Matskd, M.I. Nikolaevd, V.A.
Zakharov?
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The catalyst is a vital part in technology of tlodyplefins production. About 90% of polypropylene
and 40% of polyethylene in industry are producethwhe usage ofitanium-magnesium catalysts
(TMC). These catalytic systems are composed ofitita chloride (TiCl) supported over magnesium
chloride (MgC}). TMC used for stereospecific polymerization obpylene besides support and active
component including stereoregularing electro-doadditives: internal donor (ID), being added to the
content of supported catalyst and external dond),(Bbeing added to the reaction medium with
aluminum organic activator. Electro-donor compoutidsandED play the key role in assurance high
level of stereospecific of TMC.

In spite of general application of TMC, data ohédics polymerization ethylene and propylene
over these catalysts are not full enough. Partiyuthe well known feature of TMC is that theseatgsts
containing a set of active centers, having varkinstic characteristics and producing of polymeaink
with varied molecular mass. Along this in liter&uhe information about distribution of active @ast
producing polymer with various molecular mass ameresregularity, of reactivity in reaction of
propagation chain is almost absent. The receptidhese data require application of special teaesq
and has a great interest in analysis of mechanisfim golymerization over TMC.

In present work the number of active centé&ig) @nd propagation rate constants) (for separate
groups of active centers in ethylene and propyleslgmerization over TMC were determined. In the
work the method of inhibition polymerization withdioactive carbon monoxide was used followed by
division of polymers on fractions which differ inakecular mass and stereoregularity, and analysis of
these fractions using the method of gel-chromafdgra

It was found that examined TMC produce polymerghviiroad molecular weight distribution
(MWD) (My/M, = 4.0-5.1) which shows their multisite nature.yRthylene obtained (PE) was separated
in single fractions which have narrow MWD {1, = 1.3-1.6) and differ in molecular mass by more
than an order. With growth ofolecular mass of fraction polymer it is observeel teduction of number
of active centers, producing these fraction, ardeiasing of propagation rate constant of theseecent
Thereby active centers producing high molecularghteiraction of PE have the maximum reactivity
(value k). At the same time the content of such activearsnn catalyst is much less than the content of
centers that produces low molecular PE with leastiee ability. In case of propylene polymerizatibe
data about number of active centers and propagagi@nconstants for centers that produce fractodns
polymers with different stereoregularity was reeelv Distribution of active centers different by
stereospecificity of reacting ability in the reactiof growth of polymer chain was found.

This work was made with part financial support dfeTMinistry of education and science of the Rus&iaderation
under the Granf¢14.607.21.0046
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The catalytic properties of mixed Ag,Cu,O3 oxide
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The compounds with paramelaconite phase strucikee Ag,Cu,0O3 and CuyO; attract a great
attention in the last few years. It caused by mtigjue electronic and magnetic properties [1,2]. Giystal
lattice of CuOs/Ag-Cl,O; compounds contains two unequivalent oxygen spesiged as CU-O-Cuf*
and Ad(Cu")-O-CU* with different electronic properties explainingtherspectives of paramelaconite
materials in catalytic applications. For exampldew papers devoted to the catalytic activity of;GQy
and AgCu,0O3 have already been published [3,4]. However, theraat enough data concerning the
evolution of paramelaconite structure. Also, thderof different oxygen species under catalytic
conditions can not be found in literature. Pure;@@Os can be prepared by simple coprecipitation
method, while the synthesis of 4 phase is difficult [5]. This work is devoted to tlstudy of
Ag.Cw,0O3 with paramelaconite structure during catalytic @@dation. The complex of physicochemical
methods such as TEM, XPS, XRD, TPR and TPD-He wsed uo characterize the structure and
properties of mixed silver-copper oxide. Also, DffiEory was applied to calculate the energy of oryge
vacancy formation.

The sample of AgCwO; was synthesized by the coprecipitation of &md CG@* nitrate salts in
alkali conditions. Using TEM method it was showratttAgCu,O3 sample consisted of sheet-like
particles with ~80 nm of width and ~200 nm of ldngDuring TPD-He study the start of thermal
decomposition of AgCu,O3 oxide was observed at approximately 280°C. BasedRD data the mixed
silver-copper oxide decomposed into Ag and coppadeo phases that was also confirmed by the
calculation of evoluted molecular oxygen duringdFRe quantity.

Catalytic properties were investigated in flow teaavith contact time of reaction mixture equal to
0.015 sec (GHSV=240000" Prepared AgCw,O; possessed the high catalytic activity with thetstér
CO oxidation at ~40°C, while 100% CO conversion waserved at 140°C. The excellent stability of
Ag.Cu,0O3 catalytic properties was demonstrated during a fesating-cooling cycles from room
temperature up to 200°C. XRD study of &g,0O3 after catalytic CO oxidation showed the preseorsati
of paramelaconite structure, while theface of AgCu,0O3was partially reduced as XPS showed.

Mixed AgCu,O3 oxide was also studied by XPS during the heatingxygen up to 200°C. At the
first stages of the heating in,@he surface reduction of AQu,O3; was observed due to the presence of
carbon-containing surface admixtures. Prolongedirgpaat 225°C in @ resulted in the significant
decrease of surface carbon after what the reomidati AgCuw,O3 was started. The surface reduction by
carbon-containing species was deeper than in dasatalytic conditions. The reduction of AgLOs
with metallic silver particle formation was alsocacred under the exposure of electron beam during
TEM analysis immediately in the microscope chamber.

The reduction of AgCWwO3 during TPR-CO study was found to be complex. Guoading TPR-
CO curve was characterized by the appearance ofntemsive shoulder from 40 to 115°C and high-
intensive peak from 120 to 300°C. The temperategéon of low-intensive shoulder coincided with thos
of catalytic CO oxidation indicating the great innfamce of weakly bound oxygen species for low-
temperature catalysis. The high catalytic actiaftyAg.Cu,0O3 near room temperature can be related to
highly reactive oxygen species at the surface. 8hae two unequivalent oxygen species within
Ag,Cu,0;3 structure: oxygen surrounded by four’Cions (signed as Gt+O-Cif*) and oxygen bounded
with two Ag" and two Cd" ions (signed as AgO-Cu). It seems that former oxygen can be reversibly
reduced with formation of Ci¥[ ]-Cu** vacancy due to effortless E{CU** Ox-Red transition, while the
removal of latter oxygen species can likely regulthe destruction of paramelaconite structureofeéd
by the formation of metallic silver particles. Teaenine this hypothesis the energies of oxygen v@can
formation were calculated using DFT theory for dssed oxygen species at the (001) crystal face of
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Ag,Cw,0; structure. For removal of oxygen from B@-CU* position approximately 2.53 eV is
required, while the energy of Ag ]-Cu** formation is significantly higher and equal to B.&8V. So,
surface oxygen from Gt-:O-CU** position may be responsible for low-temperature @@lation over
Ag.Cw0s. The interaction of this oxygen species with C8ults in the reversible reduction of divalent
copper into monovalent state with the preservatibparamelaconite structure while the strong reayici
conditions can result in destruction of paramel@eostructure by means of the removal of Ag+Cu/*
oxygen followed by the appearance of metallic sijvarticles. However, to establish the role ofetiint
oxygen species at the surface oL,Bg03 in low-temperature catalysis the additioimakitu experiments
should be carried out.

This work was supported by Projéét44.1.BIC2in scope of Priority direction "V.44. Fundamentalschemistry" of
SB RAS and partially supported by Russian FoundaifBasic Research (#14-33-50322).
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The study of acidity of boric acid modified y-aluminas by probe EPR-

spectr oscopy
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The surface acid sites of oxide catalyst supparth @s electron acceptor (Lewis) or proton donor
(Bronsted) sites play essential role in the adsmmpand catalytic properties of the materials. Tty
activatedy-Al O3 has found broad application as catalyst supporagaatalyst in some processes) due to
ability to vary its properties, such as Lewis/Bri@usacidity, by the introduction of different maddtors.

It has been recently founded [1] that Nyl ,Os- B,O3 catalysts demonstrate high activity in ethylene
oligomerization reaction. So it's important to detene the influence of #; content on the acidity of
modified supports.

The acidity of oxide supports may be characterizg@ great variety of physicochemical methods
(for example, IR of the hydroxyl groups and probeleoule adsorption, TPD of ammonia e.t.c.). In
addition, electron paramagnetic resonance (EPRgtgiseopy spin probe technique may extend the
qualitative and quantitative information about asugrface sites and describe dynamics of adsorbed
species [2,3]. Nitroxyl radicals, for example 2,8:8etramethyl-piperidin-1-yl-oxyl (TEMPO), or
aromatic molecules with low ionization potentiaick as anthracene and its derivatives, are widsdyg u
for this purpose [4,5].

The samples of-Al,03- B,O3; with 10, 15, 20, 30 % wt of 3 and pristine alumina were prepared
from pseudoboehmite suspension by the mixing wottd H3BO; followed by drying and calcination at
600°C for 16 hours. EPR measurements were carried nuBroker EMXplus X-band (~9.7 GHz)
spectrometer with ER 4105DR resonator. Quartz amegomith ~30 mg of each sample were activated at
600°C for 4 hours on air and after fast cooling to anbitemperature were treated with probe solution
(5-10* M TEMPO inn-hexane or 5- 1M 9,10-antraquinone or antracene in toluene). ddreentration
of paramagnetic species formed from anthraquinargk anthracene on supports surfaces after their
heating at 70-8C was determined by double integration of the EP&csa using a single crystal of
CuSQ:-5H,0 as a standard. A solution of pyridine in hexaBd-(10* M) was used for titration of
TEMPO complex with coordinatively unsaturated aloom.

The decomposition of TEMPO molecule on a boric agiddified y-aluminas indicates the
increasing of proton donor sites number with theraasing of boric oxide content, furthermore, the
relative concentration of accessible Lewis acidt@endecrease (from EPR spectra). These effecte mak
unavailable the direct measurement of coordingtivehsaturated aluminum concentration using
TEMPO/pyridine in contrast to pristine alumina. Ta&ne results were obtained when anthraquinone was
used as a probe. The concentration of formed payaetia complexes were underestimated and it hardly
fitted with real concentration of electron acceibes. The application of anthracene molecule raese
these limitations due to its higher sensibilityptoton donor sites and stability of formed radication in
acidic media.

All measurements were carried out on the instrualdrdse of Omsk Research Collaboration Centre S8.RA

References

1. Lavrenov, A.V.; Buluchevskii, E.A.; Moiseenko, M:ADrozdov, V.A.; Arbuzov, A.B.; Gulyaeva, T.l;
Likholobov, V.A.; Duplyakin, V.K.Kinet. Catal.2010, 51, 3, 404—409.

2. Lozos, G.P.; Hoffman, B.Ml. Phys. Chen1974, 78, 21, 2110-2116.

3. Vedyagin, A.A.; Volodin, A.M.; Stoyanovskii V.O.; ihakov 1.V.; Medvedev D.A.; Noskov A.8ppl. Catal., B.
2011, 103 397-403.

4. Lunina, E.V.; Markaryan, G.L.; Parenago O.0.; Fie#oV. Colloids Surf., A1993, 72, 333—343.

5. Samoilova, R.1.; Dikanov, S.A.; Fionov A.V.; Tyrjeh A.M.; Lunina E.V.; Bowman M.KJ. Phys. Cheni996,
100, 17621-17629.

54



CATALYSIS: from science to industry 2014 SectiorPhster presentations
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M.R. Agliullin, N.G. Grigor'eva

Institute of Petrochemistry and Catalysis,Ufa, Raiss

Maratradikovich@mail.ru

Large potential for a variety of chemical convensioof organic compounds provide catalytic
systems based on zeolite — the microporous crystadlluminosilicates. However, it appears that the
zeolites due to the small pore size of [1] unslétdbr catalytic reactions of molecules larger tHaA.

Expected for the larger molecules will be effectimeesoporous mesophase aluminosilicates
(MMM) [2], which synthesis is based on the copréeifpon of aluminum and silicon precursors with a
surfactant, which is accompanied by self-assemblyqaid crystal mesophases. However, it turned out
that due to the synthesis of highly acidic (pH <o2)highly basic medium (pH > 10) in the silicate
network. aluminum is hardly incorporated. Alumirmsites obtained by this method have low acidity,
are easily broken under the influence of componefitshe reaction mixture, and their use for the
synthesis of the templates are quite expensive.

This work deals with the synthesis of mesoporousnalosilicate with ratio SigdAl,O; = 20, 40,

80 having a narrow pore size distribution and d lpgpportion of aluminum embedded in a silica ¢atti
without using templates.

Aluminosilicates have been prepared by sol-gel lmgis using tetraethyl orthosilicate and a
hydroalcoholic solution of aluminum nitrate [3].

Characterized using X-ray diffraction, MAS NMPAI, %°Si, low-temperature nitrogen adsorption-
desorption and temperature-programmed desorptioanohonia. Catalytic properties of the obtained
mesoporous aluminosilicates tested in the oligaraéion reaction of 1-octene. The reaction is cdroet
continuously in rotating autoclaves at 150-200 T@e content by weight of catalyst based on therolef
content of 10-30%.

The synthesized amorphous aluminosilicate havispesific surface area of from 500 to 708 m
a mesopore volume of 0.85 to 1.0%m, pore size of from 2 to 5 nm, and the acidityt® ammonia
from 300 to 750 mimol/g, which is due to a highgwdion incorporated of aluminum.

The influence of the physicochemical charactesstid the obtained aluminum silicates and
oligomerization conditions for the conversion ofodtene and the selectivity of the formation of
oligomers is studied.

Determining the product of oligomerization of 1w in the presence of mesoporous
aluminosilicate catalysts are oligomers with a degof oligomerization n = 2-4. Conversion octene
studied conditions (T = 150-200 °€s= 3-5h) reaches 100%, the selectivity of dimet® <+ 55%, trimers
- 25 + 35%, tetramers - 5 + 15%.
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XKenezoconepxaiiye 4acTHIBI MUCIONB3YIOTCS B PA3IMUYHBIX KAaTAIMTHYECKUX IPOIEccax, TaKUX
KaK CeJEKTHBHOE OKHCIEHHE CEepOBOAOPOJA, ACTUAPUPOBAHME STUIIOEH30Ja B CTHUPOJ, KOHBEPCHUS
npupofHoro rasa u ap. OKcHI alIOMHHHUS TPEACTaBIISAET OOJBIIOW HHTEPEC KaK HOCHUTENb s
KaTaJn3aTopoB. BakHON XapakTEpUCTUKON KaTaln3aTOPOB TaKXKE SIBJISETCS HaJW4YHe aKTUBHOM (pa3bl B
HaHOPa3MEPHOM COCTOSIHUH, pacIipeie]IeHHOH PaBHOMEPHO MO OBEPXHOCTH HOcHTENsl. OCHOBHOM MeTO]
HAaHECeHMs] aKTUBHOM (a3pl — NPONUTKA HOCHUTENS COJISIMH METAJIOB, HAIpuUMep, XKeleza, C
nocienyomei TepmoodpadoTkoit. CyliecTByeT NOTEHIMAIbHAs BO3MOXKHOCTH IOJIy4aTh KaTallu3aTop
WM HOCHUTEJh C PAaBHOMEPHO pacIipe/esieHHOW aKTUBHOM (pa3oii B OJIHY CTaJMIO, UCIONb3Ys B KaueCTBE
npeKypcopa 3JIEKTPOB3pbIBHBIC Oumerauindeckue HaHodactuilel Al/Fe. 3eectHo [1], 4To mpomyKThHI
B3aUMOJICHICTBUSL C BOJIOM DJIGKTPOB3PHIBHOTO HAHOMOPOIIKA ATIOMUHHS 00JIalaloT  0OBbEMHOMU
CTPYKTYPOl B BHJE LIBETKA, BBICOKOM IMOPUCTOCTBIO M YIEIbHOW IOBEPXHOCTHIO. B CBA3M C 3TUM
aKTyaJbHO H3yYEHHE B3aUMOJCHCTBHS ¢ BOAOM OmMeramnueckux Hanouactuir Al/Fe um dusuko-
XUMHUYECKHUX CBOMCTB IMOJYYCHHBIX TPOTYKTOB.

Wcxonnbie gactuiipl Al/Fe ObuTH moydeHbl METOIOM 3JIEKTPHYECKOTO B3phiBa B aTMOc(epe aproHa
CKPYYEHHBIX MEXy COO0I allfOMUHUEBON U JKEJIE3HOM MPOBOJIOK MPHU COACPKAHUN METAIJIOB B CKPYTKE
Al:Fe 50:50.Yactunsl umeror chepruueckyro dopmy, cpeaanii pasmMep 80HM, yAeIbHYIO MOBEPXHOCTH
8 m%/r, Bkmouator (asel Al u maTepMerammno AlFe u AlFes, uro cormacyercs ¢ uarpamMmoit
coctosiaus cucteMsl Fe — Al [2]. HanouacTuIbl XMMHUYECKH aKTHBHBI  B3aMMOJICHCTBYIOT C BOJIOH yxke
npu 60 °C, kak ¥ 3JIEeKTPOB3PHIBHOI HAHOMOPOIIOK METAJUTMYECKOrO altoMUHUS. Peakuus sBisercs
9K30T€PMHUUECKOM, COMTPOBOKIAETCS BBIICICHUEM BOAOPOIAa U U3MeHeHreM pH peakiinoHHON cpeJibl.

B pesynbrare mpeBpamienus B TeueHHne 60MHH 00pa3yloTcsi 0ObEMHBIE MOPHUCTHIE YACTHIBI C
yACIbHON TTOBEPXHOCTHIO 150m7/r. N3otepma ancopOnmu-n1ecopOruu MOTydeHHBIX CTPYKTYP OTHOCHUTCS
K IV Tumy ¢ xapakTepHoi metiel rucrepesrca B 001acTH KaWUIIPHOM KOHIeHcanuu. Pazmep me3omop
coctaBmsieT 4—10uM. [IpoaykTsl peakmuu TpeacTaBlieHbl (a3aMu TCeBAOOEMHUTA, OKCHUIA JKeje3a U
¢dazamMu MHTEPMETAIUINIOB, KOTOPhIE HE pearupyroT ¢ BOJOW B YCIOBHUSX dKcnepuMeHTa. [lo naHHBIM
MIPOCBEUYHBAIOIICH 3JEKTPOHHON MUKPOCKOMHH, YaCTULIBI UMEIOT (OPMY HAHOJIUCTOB TOJNILIMHONW 5-8 HM
u pazmepamu 100-200uM, U KIMHOBUAHBIX CBUTKOB pazmepoM 1,5-3,0MkM. AHaJOrHYHBIE CTPYKTYpPbI
00pa3yroTcs MpU AIUTENbHON KCHO3UIIMH B MATOYHOM PacTBOPE MPOJIYKTOB B3aUMOJECHCTBUU C BOJOU
AJIEKTPOB3PBIBHOIO HAHOMOPOINKA AMIOMHUHHS. [10 JaHHBIM CKaHHPYIOMICH 3JIEKTPOHHON MUKPOCKOITHH
YacTHUIbI OOBbEIUHEHBI B CEepHUEecKue MOpPUCThIE arioMepatsl, pazmepom 0,5-5,0MkM, OKpyX)eHHBIE
IUIACTHHYATBIMH  CTPYKTypaMHu pasmepoM Oornee 1,5-6,0MkM. DHeproaumcnepcHOHHBIM aHAIU30M
YCTaHOBJICHO, YTO aJIFOMUHUMN U 5KEJIe30 paBHOMEPHO pacIpe/IeeHbl 0 BCeMY 00beMy arjioMepaToB.

Takum 00pazoMm, 37IeKTpPOB3pbIBHbIE OMMeTaumdeckue vactuipl Al/Fe BcTymaroor B peakumio c
BOJIO B MATKHUX YCJIOBHSX C 00pa3oBaHHEM OOBEMHBIX MOPUCTBIX CTPYKTYpP C BBICOKOW YyIEIbHOMU
MIOBEPXHOCTBIO.

The present work was financially supported by Paogrof Fundamental Researches of the Siberian Braridhe
Russian Academy of Sciences 111.23.2.
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Hanomnopomiok Al, momy4eHHBIH METOJOM 3JICKTPHUECKOrO B3pbIBa MPOBOJHHMKA B aTMocdepe
aproHa, JIErKO B3aUMOJICHCTBYET ¢ BOJOM C oOpasoBanueM HaHOcTpyKTyp AIOOH B Bume «iBeTka».
BbicoKasi yienbHas MOBEPXHOCTH (0kono 250M%r) M ME30MOpHCTasl CTPYKTypa ACIAloT €ro
NIEPCIIEKTUBHBIM MAaTepUalioM Il HOCUTEJCW W KaTalu3aTopoB. Pa3BuTHE MeToJa 3JEKTPHYECKOTO
B3pbIBa MPOBOJHHUKA CEIATI0 BO3MOXHBIM MOJyYeHHEe OMMETaUTMYeCKUX 4acTuil, B 4actHoctd, Al/Cu.
[lpu coxpaHeHWH XMUMUYECKOW aKTUBHOCTH QIIOMHHHUS B JaHHBIX YaCTUIAX, MPOIYKTHI MX PEAKIUU C
BOJIOW OYyAyT MpeacTaBisaTh MOPHCTYIO cTpykTypy Oemmrta AIOOH ¢ BrmoueHusmMu Mmean. JlaHHBIC
MeIbCOIepIKAIIE HAHOCTPYKTYPBI MOTYT OBITh HHTEPMEIHATOM IIPH MOJYYCHUH KaTalIU3aTOPOB.

B manHo#i paboTe MccaeI0Balu PeakiMio ¢ BOa0# AByX o06pasmoB Hanoudactuir Al/CU ¢ MaccoBBIM
coorHourenuem Al:Cu 20:80u 40:60 %.006pa3ipl ObUTH MOTYYEHBI METOAOM DIICKTPUYECKOTO B3phIBA B
atMocdepe aproHa CKPYYCHHBIX MEXKIy COOOH alOMHUHHUEBOH M MEIHOW TPOBOJIOK Pa3IUYHBIX
muamerpoB. Yactumpsr Al/Cu umeror chepuueckyto dopmy u pasmepbl 80-120HM He3aBHCUMO OT
cocraBa. CornacHo ganaeiM EDAX-TEM ananuza, aqfoMUHUA ¥ MEIb PAaBHOMEPHO paCIpeAesICHbI 110
o0bemy uactun. Merogom PDA ycranoBneno mpucyrctBue B obpasuax ¢a3z CwAl, Al, Cu, CwAl u
AlgCu, uro coorBeTcTBYeT auarpamme coctosHus cucteMbl CU—Al [1]. AmoMunmii B coctaBe 00pa3ioB
XMMHUYECKH aKTHBEH M B3aMMOJICHCTBYET ¢ BoJ10i yxe npu 60 °Cc BriaenenueM Bogopona. [Ipucyrcreue
MeIW MPHUBOAMUT K COKPAIICHUIO WHAYKIIMOHHOTO TMEPHOAAa W YCKOPECHHUIO PEaKIMH, MPOTEKAMOMIEH 10
MEXaHHU3MY JJIEKTPOXUMHYECKOTO OKHUCICHUs amoMuHUS. CrnoxHas (opMa KUHETUYECKUX KPUBBIX
BBIJICJICHUST BOJIOPOJIa C TPeMsi MakCHMyMaMHu OOYyCJIOBJICHA, BEPOSTHO, HEOIHOPOTHOW CTPYKTYPOH
KOMITO3UTHBIX HAHOYACTHII. 3epHa (a3bl AIFOMUHHUS PACIIOI0KEHBI CIIy4aiiHBIM 00pa3oM Mexy (azamu
UHTEPMETAILUTUIOB ¥ MEIH U UMEIOT PA3JIUYHYIO TOCTYITHOCTD JJISl BOJIBI.

[IpoayKTel peakiuu MpeacTaBISIOT cOO0M mopucThie 4acTuisl u3 HaHonenecTkoB 100-300um
MIAPUHONH W 5-7HM TOJIIWHOW, OKPYKAIOMIMX CTPYKTYPHO HEOJHOPOIHBIC OSJIEKTPOHHO-TIJIOTHBIC
ceprueckre BKIIOYEHHs. HaHONENecTKM aHAJOTMYHBI NMPOAYKTaM OKHUCICHHS B TEX JKE YCIOBHSIX
951eKTpoB3phIBHBIX HaHomopomkoB Al u Al/AIN [2]. DinekTpOHHO-IUIOTHBIE BKIIOYEHHS OOOTalCHBI
MeIbpl0, W COCTOAT u3 OyiokoB pasmepom MeHee 10uM. I[lopucThle 4YacTHIBI — COJEpIKaT
TUTOXOOKPHUCTAJUTN30BAHHBIN MICEBIOOEMHUT, MEb U MHTEPMETAILTU/IBI B TEX )K€ COOTHOIICHUSX, YTO U B
UCXOJHBIX HAHOMOpOIIKax. [lmomane ynenbHOM MOBEPXHOCTH NMPOJAYKTOB pEakIMd ¢ BOAOH oOpasua,
conepxamiero 20 % Al, cocraBuna 31 M2, obpasma ¢ 40 % Al — 130u4%/r. MoxHO IPENOI0XKHTh, YTO B
ucxoaubix HaHoyactuiax Al/Cu ¢da3el Menmu W WHTEPMETAUTUIOB HAXOMATCS B BUJAC BKIIOYCHUH
pasmepom MeHee 10HM M KOHTaKTHPYIOT C PACIOJIOKEHHBIMH MEXKIYy HUMH BKIIOYCHHSIMHU (a3bl
amoMuHus. [Ipy peakuuy aJroMHUHUS ¢ BOJIOW U 00pa30BaHUH MOPHCTHIX MPOAYKTOB YACTUIA KOMIIO3UTA
YBEIMYHUBACTCS B pa3Mepe, MeAbCOICPIKaIIne BKIIOUSHHs CMEIAI0TCS, HO COXPAHSIOT pa3mep, Gopmy u
OTHOCHUTEJIBHO PABHOMEPHOE PACIIPEICIICHHE 110 00BEMY YaCTHIIBI.

The present work was financially supported by Pangiof Fundamental Researches of the Siberian
Branch of the Russian Academy of Sciences I11.23.2.
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Heterogeneous supported nanocatalysts represenspegtive class of advanced materials which
can possess advantages over the common used strindatalysts: 1) the selectivity can be tuned by
surface modification, 2) enhanced stability in tyerational conditions, 3) low price of the catalyt
systems of similar performance. One line of develepts of the novel catalysts is nanoparticle
preparation via sol-gel method with surface modiimn by bulky or long chain ligands grafting oribe
nanoparticle. As was demonstrated in [1], the testdr hydrogenation of unsaturated aldehydes to
unsaturated alcohols on capped Pt nanoparticleg @@ encouraged. However, the fundamental
mechanisms are still unknown. In the current wthk, elementary steps of such a catalytic reactien,
croton aldehyde hydrogenation, were studied withi& cluster models of Pt surface using the DFT
quantum chemical calculations. The main study wasdacted with BLYP density functional in
conjunction with the CRENBS shape consistent pseotgmtial with spd—basis functions for Pt atoms
and 6-31G(d,p) basis set for the remaining atorhs. A5 clusters consisting of two layers of Pt atoms
were used as models of the Pt NP surface (Pt(B@@})f The diameter of the,Ptluster is close to 12 A
which agrees well with the size estimates for expentally prepared Pt NP [1]. The justificationtbe
computational level was based on comparison ofctiraputational results for Ptluster on different
theory levels, i.e., the PBE, PW91, and HSE derisgiigtionals in conjunction with CRENBS, cc-pVDZ-
PP, LANL2DZ, and Stuttgart RSC 1997 pseudopotential

The different spin states of the clusters were idened (spin multiplicity up td1). The adsorption
of reagents (kland aldehydes) and the organic ligands (BuSH, BtCzHg) working as orienting agents
were studied as initial steps of the catalytic pssc The various kinds of adsorption were studi&y:
physical adsorption of Hon different sites of Rtclusters; (2) adsorption of,Hesulting in the Pt-
adsorbed H atoms with?> and n* chemical bonds; (3) dissociative adsorption of Bu§ forming
chemically bounded ligands in thex2tSBu), compounds and the neighboring —SBu/H adsorbed;pair
(4) aldehyde adsorption on the neat Pt surfacetlamdare surface. For all these pre-reaction seirfac
complexes, the molecular structures, adsorptionggg®e and vibrational frequencies were studiedials
found that the ground state of thedRtlusters is the quintet one with the typical sgre& energies in
lower spin statesM=1,3,5, and 7) of about 3 kcal/mol. The dissocatadsorption energy of,Hvas
estimated as 5-9 kcal/mol in a reasonable agreewiéimtavailable experimental value of about 16 kcal
mol* [2]. At the same time, the —SBu group formatiorergy was estimated as 30-56 kcal thol
depending on the adsorption mode, irg-,n*, andn*bonds between Pt and S atoms. The estimated
surface coverage of about 4/9 monolayer (ML) isreasonable agreement with the experimentally
observed dependence of hydrogenation kinetics erstinfface coverage [1]. One can believe that the
obtained here value (4/9 ML) is a lower limit esdiion since Pt (100) facet is the most closest @ack
one. The simulated IR-spectra of CO adsorbed dréd”t NP and experimental DRIFTS spectra are in
general coincidence. Thus, the proposed model eaeniployed for further study of mechanism of the
catalytic reaction.

The work was partially supported by the RFBR grgambject No. 14-03-00585). O.B.G. and A.l.O. arartkful to
Research and Educational Centre “Modern methodshoftochemistry, quantum chemistry and spectroscopy”
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Manganese oxides supported on silica promoted alkidli metals or are high-temperature catalysts
for the dimerization of methane to ethylene or akike dehydrogenation of alkanes to olefins [1,I2].
case of joint air and hydrocarbon system MWD,O; used as catalysts for deep oxidation of
hydrocarbons [3] and for the most part as catalgstiigh-temperature incineration. [4] In this eathe
high temperature combustion implies that MfD,O3; system can operate up to 1000 ° C without
reducing catalytic activity in the reaction of tbemplete oxidation of hydrocarbons. For the prejpama
of manganese-containing hydrocarbon combustionlystéaused methods for preparing a precursor
catalyst by impregnation or mixing of aluminum hggide or MNnQ manganese nitrate followed by
drying and calcination. A method for producing #abgst precursor in a single step, obtain an alignim
nanofibrous aluminum oxyhydroxide and manganese iadministration (Il) in the structure [5],
respectively, in the catalyst and is a promisirgpt®logy for preparing catalysts [6].

The aim is to establish the possibility of the afaluminum hydroxide as a precursor for the high-
temperature catalysts in the complete oxidatiomethane.

In operation precursors were synthesized with giffe contents of manganese (Il) from 0.5 to 10.5
wt. %. The phase composition of the resulting amouys precursors and very well defined only phase
AIOOH, Al,0O3 and metallic Al. Eigenphases manganese was fdumalsl been shown that the catalytic
activity is extremely low freshly prepared sampbesioes not appear. Experiments have been conducted
on the effect of thermal activation derived preoussin air at 850 ° C. After calcinations, the phas
composition changes. XRD analysis results showat] ttepending on the concentration of manganese
ions (II) to form various structures precursor allomm. For a sample with a manganese content oiv8.2
%. Mixture of oxides formed - rhombohedra,@4 and AbO; (alumina). For a sample with a manganese
content of 5.7 wt. % Formed nonstoichiometric oxygeAl,Os. For a sample with a manganese content
of 10.5 wt. % Is formed by-Al,O0s.

It was ascertained that the most promising catdtystethane high-temperature combustion is a
system with manganese content in the precursom®.®o0. This catalyst does not change its phase
composition during the operation; 50 % methane ewign is achieved at 530 °C, as compared with the
system with manganese content in the precursod.&f\t. % , where 50 % conversion is achieved 8t 68
°C.

Use of the catalyst with manganese content of %.7%v allows you to run and to turn heat
convectors autothermally when heating catalysttbe&sD0-530 °C.

The work was supported by State task of «Sciend@26.2014.
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Magnetic materials, including nanopatrticles (NRs}jvely attract attention of scientists in thetpas
decades due to their unique physical and chemicgdepties and possibility of widespread application
Modification of magnetic materials enables to saveumber of high priority problems in medicine and
pharmacology [1]. The principal biomedical applicatscopes of magnetic NPs are design of biosensors
magnetic resonance imaging, targeted drug deliveatalysis and controlled local hyperthermia.
Nowadays there is a need to enhance the propeftieanomaterials by grafting with different organic
functional groups. Aromatic diazonium salts are vp to be excellent modification agents for
modification of different surfaces. Arenediazoniuosylates (ADTs) have several advantages over
classic aromatic diazonium salts [2]. ADTs are ukefganic agents for the surface modification e t
carbon and metal surfaces [3] because of the essiokesynthesis, the possibility of fast electnalyt
reduction, a wide range of functional group in thazonium salt molecule and the possibility to Eab
covalent binding with the surface.

We reported an original and simple in situ methmdyinthesize spherical magnetic zero-valent iron
NPs by room temperature reduction of iron chlorgkdts in the water and in the presence of
arenediazonium tosylates. Organic functional growpse covalently grafted on surface of zero valent
iron. This process is unique and has a high s@ientalue, as for today in order to obtain zeroevdliron
NPs, high temperature and pressure, two-phasensyste even surface-active compounds are usually
employed.

Iron NPs have been characterized by FT-IR speapscXRD, TEM, DTA/TGA/DSC and BET
low-temperature nitrogen absorption method. ObthiN®s with average particle size of approximately
10 nm possess a high oxidation resistance, arg@rsagrotect NPs structure up to 250 °C. Developed
strategy allows to realize efficient and easy sgsith of metallic iron functionalized NPs. We comigu
that this approach can be applicable for the medigiesearches due to the low price of the precsirso
water as solvent for reaction, the anticipated hmglgnetic moment, the stable covalent binding aed t
possibility to change functional groups in ADT nml&e. We also believe that this novel synthetic
approach will not only pave a new way for the prapan of iron NPs but also provide a general
functionalization strategy for zero-valent metaldNP

This work was supported by RFBR Grant 13-03-980G8bir_a “Synthesis of modified by organic substrates iron-
carbon nanoparticles”, 2013-2015
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Ring-opening metathesis polymerization (ROMP) isoavenient method for synthesis a range of
polymers from cyclic olefins. This process allowegaring good performed polymers. Recently the
interest of researchers was focused on 2,3-dicgrbenorbornene acid derivatives as a possible raw
material for ROMP polymers preparation[1-3]. Nowstpolymer is used in glues production, as well as
in manufacturing of decorative, insolation and ®&leal products [4-6]. Reaction injection molding
(RIM) is a method for producing material by ROMRlynerization rate is a significant parameter of
RIM process, and generally it should be high. ROp&cess rate, mainly, depends on an olefin and a
catalyst structures. Additionally their structurafect the mechanism and pathway of the reaction.
Therefore the kinetic parameters are importantiferdeep understanding of the process and defimitio
the optimal operation parameters for industriailitses.

In this work, we have studied activity of origindbveyda-Grubbs Il catalyst which contain N-
chelating ligand in exo,exo-2,3-dicarbomethoxy-3bmonene polymerization in two different solvents
[7]. We found that the catalyst has twice higheivég in chloroform-d than in toluene-d8. Dieleictr
constants of these solvents differ more than twireviously Grubbs et al. disclosed that the indra
rate constant for ruthenium catalysts is roughlgpprtional to the dielectric constant of the reacti
solvent [8]. This effect can be explained by siahtlon of the 4-coordinated state active species o
ruthenium in more polar solvents after phosphiresaliiation step. In fact the dissociation is a more
appropriate mechanism of catalyst activation faulghs | group than others. Hoveyda-Grubbs Il catalys
have rather interchange than dissociative mechaf@snBoth dissociative and interchange mechanisms
have different activation parameters. For HoveydabBs Il dissociative mechanism by a high enthalpy
and positive entropy and vice versa interchangehar@sm is characterized by low enthalpy and negativ
entropy [10]. Values of these variables in the setvents were measured. We found that the entrapy h
a negative magnitude in both solvents chlorofor(a® = —109,2 J/molxK) and toluene-d8%’ = —50,4
J/imolxK) and enthalpy in chloroform-d\ii* = 62,3 kJ/mol) is less than in toluene-dgH{ = 82,9
kJ/mol). Due to the fact that the entropy is desedawe can conclude that formation of the transitio
state does not include the step of dissociatiore usolvatation effect both parameters enthalpy an
entropy are lower in toluene-d8 then in chlorofatnthereby providing lower reactivity in toluene-d8.
We can also suppose that the intermediate is palda that reason it is better stabilized in cbform.

We have established that the activity of the cataly twice more in chloroform-d than in toluene-
d8thatcan be explained by the effect of solvatation
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Many industrial catalysts are composed of one amdenactive components supported on the
surface of different supports. State and dispersiaactive components influence on catalytic prtpsr
and depend on many factors. The introduction ofabtive component on the support surface is the
determinative step of the catalyst preparationtrBistion of active component on the surface ofpsrp
and its state may be controlled by changing of eriigs of support surface, porosity, the precunsdure
and amount of the component introduced.

Silica is one of the most common supports for logieneous catalysts because of wide range of
specific surface area and pore volume. The pore aizsilica can be changed in wide range on the
preparation step or due to following hydrothernmahtment. However, the application of silica supgor
is limited by inability of active component stakdtion in desirable state. Therefore, the modifywrg
silica by oxides, having suitable surface propsrtis one of the ways to improve the properties of
catalysts on the basis of this support. The alunainé zirconia are ones of appropriate modifiers for
many catalysts.

The aim of this work is to study the distributiohmodifying oxides (alumina and zirconia) on the
surface of silica, depending on the amount of shieed oxide, and silica pre-treatment conditiorss, a
well as activity Cr-containing catalysts on theibad these supports in the dehydrogenation ofutaie.
The silica with wide mesopores (10-50 nm) was uaedhe primary support, providing the desired
porous structure of catalyst. While aluminum anctanium oxides are used as a secondary carrier,
providing the required functional properties of dpplied surface active component.

The commercial silica (KSKG) was used as initighsort. The series of ADs/SiO, and ZrQ/SiO;,
supports were synthesized by incipient wetnessegmmation using aqueous solutions of Al(j9H,0,
and ZrQ(NOs)*2H,0. SiOG, AlO; and ZrQ supports were taken for preparation of pattern Cr-
containing catalysts. Cr-containing catalysts wdhading of CsO3; corresponding one monolayer were
prepared by impregnation of support with water sotuof CrGs.

It was shown that introduction of ADs led to formation of porous structure with bimogale size
distribution. Formation of alumina with pores oB2am took place inside wide pores of initial silica
Introduction of zirconia lead to insignificant clgamg of porous structure of silica. It may be assted
with formation of layer of zirconia on the surfamiesilica support.

The catalytic activity in reaction of isobutane getogenation decreased in row of pattern catalysts
Cr/zrQ, > Cr/AlL,O3 > Cr/SiQ. It was shown that activity increased with incregsof Al,O3 loading in
Cr/Al,O4/SIO, catalyst. And activity of catalysts on the badigl@o wt. ALO3/SiO, was higher that one
for Cr/Al,O3 catalysts. That may be associated with bimodabymrstructure of AD3/SiO, support.
Also, it was shown by UV-vis spectroscopy and THfttaddition of AlO; and ZrQ provided
stabilization of Cr (VI). Reduction of Cr (VI) spes leads to formation of g3 clusters high active in
reaction of dehydrogenation.

Thus, the addition of ZrQand AbO; leads to increasing of activity of Cr/Si@atalysts in reaction
of isobutane dehydrogenation.

This work was supported by the Russian Federal §taPgogram "Research and development in the piyofiglds of
scientific and technological complex of Russia0i4-2020" (State Contract No. 14.578.21.0028).
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Experimental basis for the calculation of the kimgiarameters of the liquid phase hydrogenation
reactions are time dependence of the absorbed ¢wdr@amount. However, the data dependence
quantitatively reflect the totality of the catalytreaction with hydrogen and can be used to analyze
patterns of reactions studied only as effectivai@sl In the case of multistep process effectiveesl
include both the rate of chemical reactions andorsgary processes accompanying hydrogenation:
reduction of the oxidized surface sites of thelgatar dehydrogenation of solvents, etc.

It can be argued that the curve of hydrogen absormgturing the reaction is characteristic of the
gross, while the concentration dependences retatedividual characteristics, i.e. to one or anothe
component, quantitative relationships between thath be determined by the stoichiometry of the
reaction. In general, the observed rate of theti@gccalculated from the amount of absorbed hyednog
can be equal to the speed calculated by the changmncentration of the starting compound or regrcti
product. Concentrations of substances and theingdsover time are the only source of information
about the reaction system and its temporal evaiutibhe main task of kinetics is experimental
determination of the reactant and product conctotraor more precisely their changes to deterrthiee
rate of the chemical reaction itself. From thisspective, it is extremely important to study appiaes to
the use of the experimental curves for the coroattulation of the kinetic adsorption and diffusion
parameters of the studied reactions. Calculatiothete parameters from experimental data is only
possible when there are more broad spectrum ofndigmey, in particular, the observed reaction rafes
the catalyst and its amount of dispersion, the eotration of the starting reagent, the hydrogessres.

Kinetic study is of paramount importance, not ldastause the kinetic curve is a consequence of
the reaction mechanism. According to the authoosmitpof view [1], in the case of hydrogenation
processes form the kinetic curve can answer therfiest characteristic types. It is possible thatlie
same reaction, depending on the conditions ofexample, changing the initial amount of compound to
be hydrogenated, the kinetic curve shape may agy, due to change in the limiting step, sidetieas,
the main reaction of the transition from one regmacrokinetic another. However, the main purpose of
the kinetic curve, and there is calculation of kiveetic parameters of the process.

For the kinetic parameters determination individulats on the kinetic curve are divided into three
parts. For every part the reaction rate dependemc¢he concentration can be described by simple
analytical equations. The first part is the regioh high concentration where the order for the
hydrogenated substance is close to zero. The sg@yhds the region of the low concentration — orafe
reaction is 1. The last part is the region of tigdrbgen and organic compound high-pressure — meacti
order is equal to zero. Adsorption, kinetic andudifon parameters were calculated on the exampileeof
sodium p-nitrophenolate hydrogenation on skeletteh in various conditions. The developed approach
is extremely important for choosing the processddmms as close to real one.
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The kinetics of the nitrobenzene hydrogenation and¥ nickel in aqueous 2-propanol showed that
at low concentrations of the initial compound theliae concentration kinetic curve goes through a
maximum. Similar time dependence is observed ine cak hydrogenation of other intermediate
nitrobenzene reduction products: phenylhydroxylanezoxybenzene and azobenzene. It is to be noted
that the concentration decay of aniline in the Biglkid phase at high degrees of conversion ofirtiial
compound is dependent on the solvent compositionvas found that if an aqueous solution of 2-
propanol azeotropic composition,(® 0.68) under hydrogenation of phenylhydroxylamiagoxy and
azobenzene at the initial compound conversion abd¥¢he drop of aniline concentration was 12, @ an
7 %, respectively.

On the other hand, addition of acetic acid (M)lleads to decrease of the extremum at the kinetic
curve by ca. 30 % in case of phenylhydroxylamindrbgenation and to its disappearance in case of
azoxy- and azobenzene. Carrying out the hydrogamati mentioned compounds in agueous 2-propanol
with addition of sodium hydroxide £ 0.68, 0.02 M NaOH) leads to the extinction ofximaum kinetic
curve for all of intermediates. The hydrogenatibmitrobenzene leads to a maximum appearance only i
the reaction in an aqueous 2-propanol with additiban acid (x = 0.68, 0.01 M CECOOH).

Smoothing or complete disappearance of the kineticve maximum for different initial
compounds and solvent compositions may be becaluseveral reasons. Solvent pH lowering and
oxidation of the Raney nickel active surface le@mdall in the aniline adsorption capacity. Thedation
of the catalyst surface is most characteristicdherhydrogenation of oxygen-containing groups, prity
nitro-. The sodium hydroxide presence in a solasb promotes the oxidation processes. Thus the
hydrogenation of azobenzene having the lowest twidapotential, with the addition of sodium
hydroxide in solvent, results that absorbed hydnoggtal amount is 10 % less than required by
stoichiometry.

In the absence of competitive adsorbtion betweenhifdrogen and the organic compound in the
low catalytic reaction speed adsorption will océarconditions close to equilibrium. Based on the
material balance and the adsorption equilibriumstamts of the initial compound and aniline an eiguat
describing the time dependence of reaction prodactentration was found. According to the proposed
equation the ratio of the hydrogenation rates nlearmaximum is mostly determined the adsorption
capacities of the system components. Presencer@Exanum on the kinetic curves is due solely to the
competitive adsorption of aniline and hydrogenatesimpounds. Calculations showed that for
phenylhydroxylamine and azobenzene adsorption icosifs in 210+1200 times higher than one for
aniline. That is the reason why the aniline adsonpbecomes possible only at a significantly reduce
hydrogenated compound concentration by carryingobeatalytic reaction. Proposed kinetic schemes of
the above mentioned compounds hydrogenation takithm account the competitive nature of the
adsorption of the initial compounds and anilinesattorily describe the experimental results.
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Production of hydrogen is primarily achieved vidatgtic steam reforming, partial oxidation, and
auto-thermal reforming of natural gas. These preeeare somewhat complex and CO is formed as a by-
product, therefore requiring a separation procéss pure or hydrogen-rich stream is needed. As an
alternative method, supported metal catalysts aamded to catalytically decompose hydrocarbons to
produce hydrogen. The process is known as catalyyimlysis of hydrocarbons. Methane, the
hydrocarbon containing the highest percentage dfdgen, can be used in such a process to produce a
hydrogen-rich stream. The decomposition of methH&@#é,) occurs on the surface of the active metal to
produce hydrogen and filamentous carbon [1, 2].aA®sult, only hydrogen is produced as a gaseous
product, which eliminates the need of further sapain processes to separate,CGd CO. Nickel is
commonly used in research as a catalyst for metpgrodysis in the 500-700 °C temperature rangeaAs
sequence of the process, carbon is deposited aratakyst in the form of carbon filaments but perthe
carbon is deposited as encapsulating carbon wiaigkes catalyst deactivation.

In this paper shows the results of experimentsc#talytic decomposition of pure methane at 90%
Ni/Al ,03 and 82% Ni-8% Cu/AlD; catalysts. The process temperature was variedeimange of 550-
675 °C and the pressure was 1-10 atm. Catalysts pvepared by two different methods: coprecipitatio
method and wet combustion. In this paper, the gstlwere investigated by various physicochemical
methods. Also, samples of the resulting nanofibroardon. Preliminary data showed that a change in
pressure, temperature, catalyst composition, a adetifi preparation of the catalyst varies nanofisrou
carbon texture. The paper shows the rate of foonaif hydrogen and carbon nanofibrous depending on
the pressure and temperature on the Ni-contairategysts.
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Dehalogenation is a main undesirable process, tieguln the considerable decline of the
aminochlorobenzene yield in liquid phase hydrogenadf the corresponding nitro compounds. Kinetic
regularities of nitrochlorobenzene hydrogenatiom igreat deal are determined nature of the catahgt
composition of the solvent. During the leadthrougfhprocess in 2-propanol on palladium catalysts
complete elimination of chlorine takes place, whalpplication of skeletal nickel allows to sharply
decrease the degree of dehalogenation. Researdts rélsowed that most substantially a temperatnde a
composition of the solvent influence on the ratehgfirogenation 2-chloro-4-nitroaniline and on the
degree of dehalogenation. It is set that incre&seater concentration in composition of 2-propanaiter
solvent leads to increasing of the degree of dgjemlation with an insignificant falling of reactioate.

By decreasing the temperature from 338 K to 273 Kydrogenation process in 2-propanol on skeletal
nickel the degree of dehalogenation decreases abwa@n order.

Previously it has been shown [1] that the hydrogenaof nitrochlorobenzene isomers flows
through a consecutive scheme, and the corresporadimige is formed with a high rate only after a
complete conversion of starting nitro compoundmiiiation of chlorine occurs most intensively frone t
amino compound. The resulting chlorine can be dsbon the catalyst, so some part of active cepfers
the surface becomes unavailable for organic madsciventually, during the process decreases heth t
reaction rate, and the degree of conversion o$thiece nitrochlorobenzene.

The decline of dehalogenation intensity in the doows of nitrochlorobenzene isomers
hydrogenation, and 2-chloro-4-nitroaniline in pewtar, can be attained by the change of acid-basic
properties of solvent. Introduction to 2-propancaiter solution of small amounts of acetic acid adw
arrive at the lower degrees of elimination of cimerthan in a neutral solvent. Opposite, incredseop
the liquid phase, for example, by introduction oflisim hydroxide, promotes in growth of eliminatioh
chlorine.

Influence of solvent composition shows up througle thange of quantitative correlation of
individual forms of hydrogen, linked with the aaicenters of catalyst surface. It is known [2]t tine
introduction of sodium hydroxide to a compositidiiquid phase increases an amount of hydrogen form
with high values of the heat of adsorptions (sttpraglsorbed forms), while the acid additions in the
solvent are instrumental in their decline. Expentaé fact of increase of dehalogenation degree-at 2
chloro-4-nitroaniline hydrogenation allows making@nclusion that the strongly adsorbed forms of the
hydrogen are most active in the elimination of chie.

On the other side, introduction to water solutiér2goropanol of the acetic acid decline the degree
of dehalogenation, which is to a great extent deitezd the amount of the entered acid. Most perohypti
the effect of influence of additions of acid on tdegree of dehalogenation appears during the
leadthrough of process at the lowered temperatures.

The variants of kinetic model of 2-chloro-4-nitrdare hydrogenation, taking into account
possibility of blocking of active centers of catstlysurface by the eliminated chlorine, are offei@dt
results showed satisfactory accordance of calamand experimental data for the different condgiof
the process.
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Alumina is widely used in catalysis. The surfaceha low-temperature AD; phases is known to
have both acid and base sites of different typdsctibn-donor and electron-acceptor sites can be
investigated using suitable spin probes. This ntketiw based on using specific molecules which
selectively interact with the surface sites yietdgurface paramagnetic species.

In the present work, relations between the conagatrs of electron-acceptor sites with different
strength and concentrations of deposited sulfatee Btudied. Recommendations on the use of spin
probes for testing electron-acceptor sites witliedgint strength were suggested. The mechanismeof th
polycondensation of aromatic probes on the suriaeetron-acceptor sites explaining experimental
results was proposed.

Sulfated AbO; samplesvith the different concentrations of $(2, 4, 8, 12, 16 wt.%) were studied.
Solutions of antracene (4x1QM), perylene and hexamethylbenzene (2%M) in toluene and pure
toluene were used as spin probes.

Two experimental techniques were used. In the fingthod changes of the concentration of
paramagnetic particles over time were monitorewain temperature. The first measurement was carried
out immediately after the activation of the sampie following measurements were carried out e2dry
hours during the week. The second technique indidstudy of the changes in the concentration of
paramagnetic particles after heating the activagadples with the probes for 18 hours at 80°C.

It was found that the concentration and the stiemgtelectron-acceptor sites significantly grew
with an increase of the sulfate concentration. $trengest electron-acceptor sites tested with t&ue
immediately after absorption were only detectechvatSQ concentration 4% or higher. The weakest
sites tested with perylene were present on thasarbf all the samples, with their concentratiori@fo
SO; sample being 3x1Bg™.

This work was supported by RFBR Grants 12-03-0@8@b13-03-12227-ofi_m
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Co3naHue KHHETHYECKOTO OMUCAHUS IKHAKO(DA3HOTO OKHCICHHS TONyolla B IPHCYTCTBUH
HAHOKATaJU3aTOPOB Ha OCHOBE METAJJIOB MEPEMEHHOW BAJICHTHOCTH, HHKOPIOPHUPOBAHHBIX B
HOJTMMEPHYIO MAaTPHILY, MO3BOJIMT MPOTHO3MPOBATH IMOBECACHHE TAKUX KATaIM3aTOPOB M IPEITIOKUTH
KHHETHYECKOE OINMUCAHWE TMpolecca IKUAKO(A3HOrO OKUCICHHsS TOJAyojJa B €ro MPUCYTCTBHUH.
Kunernyeckass MOJIENb KUAKO(PA3HOTO OKHCICHHS KHCIOPOJOM apOMATHYECKHX YIICBOAOPOAOB, B
NPUCYTCTBUM  HAHOKATaJM3aTOPOB  HAa  OCHOBE  METAUIOB  IMEPEMCHHON  BaJICHTHOCTH,
UHKOPITIOPUPOBAHHBIX B MMOJMMEPHYIO MAaTPHILy, IO3BOJIUT IPOTHO3UPOBATH BJIHMSHUE YYACTHHUKOB
PEaKIMU Ha CKOPOCTh PEAKIIMU M COCTAB MPOTYKTOB.

C MIOMOIIBIO BOJIFOMETPUYECKOTO, HOTCHIIUOMETPHYECKOTO, CIIEKTPATBHOTO u
XpoMaTorpaduyeckoro MeTOMO0B MPOBEJICHO HM3YYEHHE KHHETHKH >KHUAKO(PA3HOTO OKUCIICHHS TOJIyoJa
KHCIIOPOJIOM B MPUCYTCTBUHU 3aKPEIUICHHBIX Ha CTEKJIC WHKOPIIOPHPOBAHHBIX B IOJMMEPHYIO MATPHILY
nOaMATHIIEHUMHIH-TToHakpuioBas kuciaorta (IIDU/TTAK), ¢ pasnuunoit Tommmaoi (n) moaucmoes (ot 10
no 40) kommiaexcoB meau (I1), kobansra (1), xkenesa (lll), u coBmectro menu (Il) u xenesa () mpu 348
K u armochepHom naBieHun.

Cormacio  jmaHHbiM ~ MIK-CrIeKTpalbHOTO W XpOMaTorpaMueckoro aHajlW30B — Karain3aTa
IPOIYKTaMH PEAKIIUK OKCUTCHUPOBAHUS SBIISIOTCS OCH3AIbACTH] U THAPOIICPOKCHI TOTYOIIA.

W3 SKCIepUMEHTATBHBIX JTAHHBIX MOXHO MPEIION0KUTh MEXaHHU3M OKCHICHUPOBAHHS TOJIyOJa B
NPUCYTCTBHH KOMILUICKCOB IIOJMBAJICHTHBIX MeTa/uioB, 3akperuieHHbix Ha ([IDU/ITAK), koTopsrit
BKJIFOUAeT 00pa3oBaHKE U PElOKC-TIPEBpaIlieHHEe IIPOMEKYTOYHOTO KOMILIeKca o ctaausm (1) - (2).

[(TIDU/MIAK),— M]™ + RH « [(IIDU/TIAK),— M (RH)]™ (1)
[(IIDU/TTIAK),— M (RH)]™ + O, & [(ITDU/TTAK),— M (RH)(O2)]™ ()
k
[(IIPU/TIAK), — M (RH)(O,)]™ — ROOH + [(IPU/TIAK),— M]™ (3)
kat
ROOH— RO + HO (4)

rie M™ - CU#', C&*, F€', CU'/FE™: n — 30monucioes.

B cootBercTBUM ¢ mepekHCcHO Teopuel baxa Monekyna kuciopoga B OOBIYHOM COCTOSIHUU
HEaKTHBHA. AKTHBAallUs MOJIEKYJbl KHCIOpOJa IYTEM pa3pblBa Ha OTAEIbHBIE aTOMbI HHEPreTHUECKU
TpyAHa. 3HAUYUTENBHO JIET4Ye MIPOUCXOIUT pa3pblB oAMHApHOU cBA3U —O—O—, ueM aBoiiHoil O=0. Takas
aKTUBALMsl MPOMCXOIUT IMPU OKCUIC€HHPOBAHUM JIETKO PEArHpylOIIUX BEIIECTB, B Pe3ysbTaTe KOTOPOMH
00pa3yroTcs IEPEKUCH — MEPBUYHBIC TIPOYKTHI 3TOH peakuuu (3), KOTOpbIE pa3iaraloTcs 10 ajlbJIeTUI0B
(xetonoB) (4).

Beenenne B cuctemy [crexno/(IIDU-TTAK), /M]™ — RH — CHCN — O TerpaxjopMeTaHa, KaK
MHHUIIMATOpa MpoIecca OKUCIEHUS YIJIEBOAOPOAOB KHCIOPOJIOM, NMPHUBOAUT K YBEJIWYEHUIO CKOPOCTH
npolecca U CMEHe MeXaHM3Ma Ha paJuKalbHbIA, B pe3yibprate yero oopasyrworcs-CCly u RCI, xoropsie
BEAYT MIPOLIECC OKUCIICHUS.

68



CATALYSIS: from science to industry 2014 SectiorPhster presentations

XPS study of interaction between DNA and Cobalt Ferrite Nanoparticles: dry
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Nanobiotechnology is a complex of methods and agires to designing nanostructures and the
components of biological systems among them widctigied properties. It is now the field of reseaath
the most rapid development, because nanomateadgisra unique physical properties due to surfack an
size effects. One of the prospective ways of nastebhnology is the design of hybrid
bionanocomposites consisting of magnetic nanopesti@viP) and nucleic acids (NA). Constructions on
the basis of MP are used in genotherapy to devebdopiral vectors for drug delivery, in genodiagncst
to design selective sorbents for the isolation &. N'he second path of nanobiotechnology is the
elaboration of nanobioelectronic devices and bissen The use of magnetic particles is attractive td
the possibility to detect them with high sensigvaéind efficiently manipulate constructions on thHeasis
by means of the application of an external magrfetld and the change of its force and directioheT
small size of the particles is comparable with tb&tbiomolecules, which allows for their specific
interaction. The additional advantage of inorgamice ferromagnetic nanoparticles is their mechanic
and chemical stability.

The interaction of NA and MP has, evidently, a ctiogped nature and can occur in different ways.
The investigation of the interaction mechanismsygla decisive role for the development of
nanocomposite constructions. This knowledge deteemithe limitation of the use of the given
construction, allows one to control the relatioesaAeen its components, and opens the future prospec
the designing a surface which would provide for tiigh-specific binding of NA or prevent it. XPSas
one of efficient methods of the study which doe$ damage the sample structure and has a high
sensitivity to the surface atoms layers. Thus thed gf present work was to study the interactiotwieen
DNA molecules and particles of ferromagnetic nameger CoFeO,4 using standard XPS technique as
well as cryogenic XPS analysis of liquid samples.

The bionanocomposite samples were prepares thrdGdiB, dT18 and dG18T25 oligonucleotides
adsorption on the surface of Cebg nanoparticles. Aqueous, Tris and PBS-Tris buftdutons were
used. The standard XPS analysis of dried samplegakan on ES-300 KRATOS spectrometer equipped
with AIK, anode (1486.6 eV) with 196W power. Wet pastes lepudd solution samples were studied
under cryo temperatures (-155 C) on AXIS Ultra dtad electronic spectrometer (Kratos Analytical)
with monochromated AIK excitation (1486.6 eV) with 180W power. To increake intensity of the
spectrum we used an additional magnetic lens tareran electron take-off angle of +15° relativehe
surface normal. The charging of the sample sunfeee compensated for by the use of a slow-electron
gun. Cls. N1s, P2p, Ols lines were studied fooaoligleotides analysis, Fe2p, Co2p and O1s cors-line
— for magnetic nanoparticles analysis.

For the entire range of samples the quota of adslodiigonucleotides was estimated. The
comparison with XPS spectra of pure Cgbgnanoparticles allowed to calculate the thicknesghe
adsorbed layer. The performed study of sample frazesolution allowed to make conclusions about the
conformational packing of the polymer on the sugfat magnetic nanopatrticles.

This work was partially supported by RFBR Graiitl4-33-50285. Andrey Stadnichenko is grateful to khe
Zamaraev International charity scientific foundatitor the financial support.
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Natural glycosides with 2’-O-acetyl group are okar interest for medicinal chemistry, plant
chemistry and phytochemistry [1, 2]; they also dosirve as specific chemotaxonomic markers [3] for
plants of Salix species. Despite the development of syntheticagmbres in organic chemistry, 2'-O-
glycosides have been obtained only by means ofiistep procedures involving different protective
group strategy [4]. In our work, we suggested dee-scid-catalyzed hydrolysis procedure of fully-
acetylated glycosides affording 2’-O-acetylderivas in one step.

In the present study, kinetics of acid-catalyzedcegylation of pentaacetyl salireposide [5] as
illustrative example was investigated. Hydrolysiaswmonitored by HPLC and HPLS-ESI-MS analysis.
According to HPLC analysis, two tetra-acetates,r ftnracetates, three di-acetates and only one
monoacetate are formed simultaneously in the macthixture. That confirms that acid-catalyzed
hydrolysis has complex nature.

Kinetics investigation at 16 °C showed that inisalireposide pentaacetate disappears during first
hours of the reaction. Apparently, 6’-O-acetyl gr@and phenolic acetate are hydrolyzed primarilyth&t
same time, monoacetylated product quickly accuraslahd reaches maximum concentration at 32 h, and
slowly consumes after that. The fully deacetylgpedduct forms slowly, moreover, after certain time
(100 h) hydrolysis of benzoyl group is observed aadirepin is released via decomposition of
deacetylated salreposide.

In order to determine optimal parameters of reactiwe performed acid-catalyzed hydrolysis at
different temperatures: 16 °C, 30 °C and 50 °C.rifleelynamical characteristics were calculated
assuming the acid-catalyzed hydrolysis as the-dirgder reaction. According to our calculations,ctem
rate constants of acetyl and benzoyl groups diffe6.6 times (0.2923hand 0.0444 1 respectively) at
30 °C. Whereas at 50 °C rates of all reactionsacelerated and rate constants are almost identical

As a result, calculations revealed that optimalctiea time for reaction of acid-catalyzed
glucopyranosides selective deacetylation is 3hrfakimum concentration of 2’-O-acetyl derivative and
15h for fully deacetylated glycoside at 30 °C.

This work was supported by the scientific progradatika” /e2387
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An interest in massive hydrotreating catalyststéadily increasing both in the Russia and abroad.
This paper presents the results of a study of #talytic activity of bicomponent catalytic systems
synthesized by solid-phase method.

The composites were prepared by mechanochemicabination of commercial coarse-grained
molybdenum disulfide (Mo$ and micron sized Ni and Co powders in a vertidatatory mill in an inert
atmosphere. To determine an activity of the symtleessystems the experiments were performed in a
‘Autoclave Engineers Bolted Closure’ closed-typacter with a total volume of 100 ml at a hydrogen
pressure of 3.5 Mpa, a mixing rate of 600 rev/mand a temperature of 340 °C. The volume of
dibenzothiophene solution was 80 ml and its inttiahcentration was 500 ppm. The samples were taken
out from the reactor one by one in 0.5, 1, 2, 33 6 hours. The changes in the DBT concentration
intermediate samples were determined using UV spemipic method at the analytical wavelengthx
= 324 nm. The analysis of the component compositbrorganic compounds in the samples was
performed via gas chromatography-spectrometry (G&/Msing a DFS magnetic mass spectrometer,
‘Thermo Scientific’ Co., Germany. The reactivitiesthe resulting catalysts were evaluated fromrétie
constants of dibenzothiophene hydrogenolysis amm the residual sulfur content in hydrodesulfuezsat
(OXFORD Instruments Lab. X 3500 SCL sulfur analyzer

It is evident from the data of transmission electroicroscopy (TEM), that the coarse-grained
molybdenum disulfide is characterized by ordergdtal structure, so it represents long crystalspseh
interplanar distance between the faces is 0.61Tim@.presence of amorphous molybdenum oxide on the
MoS, surface is consistent with the data of techniaatificate for commercial coarse molybdenum
disulfide. In the course of mechanical activatidrCo powder and molybdenum disulfide within 4 or 8
hours, the latter was subjected to nanofragmemtatidorm nanocrystallites packed from 3-6 struetur
units, which are about 10 nm long. The time of na@ital treatment increases from 4 to 8 hours, MoS
nanocrystallites retain their structural order, thety become increasingly curved and elongated.

It was found out that the maximum catalytic redttiis exhibited by the catalytic systems prepared
in the course of mechanical activation (MA) of 8ul® for component mixing ratios 1.7 and 1:10.
Residual sulfur content serving the main criterfon their reactivities is 25 ppm. The respectivéera
constants of hydrogenolysis for the 8-hour MA afedhd 0.6 H, respectively.

In accordance with the available literature dat&, reaction of dibenzothiophene hydrogenolysis
might follow two paths with an equal probabilitythose of hydrating and cracking reactions, to form
biphenyl and cyclohexylbenzene (via the formatidntetrahydrodibenzothiophene as an intermediate
product of hydrogenation of dibenzothiophene), eetipely. According to the chromatography-mass-
spectrometry data for the latter two highly actieatalysts, biphenyl and cyclohexylbenzene were
observed in the reaction products, which implied the hydrogenation followed the hydrating reactio
path rather than that of cracking the C-S bondthé heteroaromatic rindn addition the content in
cyclohexylbenzene for the catalytic system withordt7 is twice higher than that for the comparmativ
catalyst, which suggests that its hydrogenatiofityls higher.

The results given suggest that alternative routirighydrating or cracking reaction path is
dependent on magnetic properties of the catalysts.

The investigation was financially supported by Phesidium of RAS (grant of the RFBR27-50).
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There is a dilemma between the increasing needbseotise of organochlorine compounds in all
spheres of human activity and one of the most aptdablems of modern ecology associated with the
accumulation and disposal of their production waSteere are a number of both catalytic and non-
catalytic methods developed for processing andzatibn of organochlorine waste [1]. The authors of
this work have focused on the development of cataiyethod to utilize the multi-component mixtures
of chlorinated hydrocarbons (CHCs). DecompositiénCéICs results in formation of nanostructured
carbon material with unique properties thus exingahe carbon from the composition of waste [2].

The proposed method is based on the decomposifiarhlorohydrocarbons on so-called self-
assembled nickel (and Ni-M alloys) catalysts whieim be formedn situ during the treatment of bulk
metal precursors in the reaction medium. When beiegted in aggressive reaction atmosphere at
T =500-700°C the bulk nickel alloys undergo disgration which is driven by the phenomenon of
carbon erosion. As a result, the complete destmaif Ni-precursors takes place thus giving the fs
dispersed nickel particles which catalyze the ghowat submicron carbon filaments from chlorinated
hydrocarbons. In the literature, this phenomenoknswn as «metal dusting» [3]. The obtained self-
organized catalytic system is characterized by repasly high activity and very stable behavior in
aggressive media showing a huge performance farat®n product (over 500 gfy[4].

As it will be shown in the report, the developegach to decomposition of chlorohydrocarbons
into nanostructure carbon product has been suctlgsshplemented not only for the model reactions,
but also for utilization of the real waste of orgahlorine synthesis provided by the chemical plant
"Khimprom" (Volgograd, Russia). The massive binalpys Ni.~Myx (M = Co, Cu, Cr) synthesized by
the coprecipitation and sintering method were wsedatalyst precursors for the process [5]. It feaad
the carbon product is preferably formed as nancitred filaments of submicron diameter. The
morphology of the carbon filaments depends uporréhetion temperature at which a mixture of CHCs
was decomposed, and characterized by very defesttiveture and high textural parameters.

In this paper we have also tested two different sMay supply the organochlorine waste into the
experimental reactor. The first method consisteading to the reactor a gas carrier saturated GHICs
using the saturator. In the latter case, the wiasfied into the evaporator in the liquid state niravhich
they flow of the carrier gas delivered to the oghllt was established that the second approdeoival
one to avoid a change in the composition of thetevasiring the recycling process which leads to
formation of more uniform carbon product.

This work was supported by Department of Cheméatidy Material Sciences of RAS (projaets.2.2)
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The rise of automobiles quantities leads to rismicharmful organics and CO in cities air. For
solving of this problem by catalytic combustion thiese we have developed palladium catalysts on
stainless steel grids.

The stainless steel grids were covered by plasmpasiteon by Al-Ni alloy as sublayer following by
ZrO, plasma supporting. The Zs©oating thickness is 80 — 100 mcm. Pd was suppdgechpregnation
of prepared carrier by Pd(NJ solution. Then samples were dried at 110 °C aed talcinated in air
for 3 hours at 500 °C. The samples with Pd loadh@,69%, 0,53%, 0,31%, 0,2 %, 0,06 % and 0,03 %
by mass were prepared.

Catalysts activity in model reactions of CO and,@dmplete oxidation was measured with use of
flow installation and gas mixtures: 1 vol % of Q@air and 1 vol% of Cllin air. The contents of CO and
CH, before and after reactor were measured chromatbigialy. The catalytic activity was determined
as: 1. the temperature of reactions beginningh témperature of conversion X = 50%d of CO or
CHy; 3. the temperature of reaching the X = 99%y4J.

The origin stainless steel covered by Zt®@gins is active in CO oxidation after 300 but the CO
conversion only 28% at 560. Tsgy of 0,03 % Pd catalyst is 19T °for 0,69 %Pd this value is 128 .°
For all catalysts X = 99% reaches in temperatuteryval 150 — 210C at residence time 0,3 - 0,5 s.
Note that the light -off temperatures on theselgsts T >75°C.

The origin stainless steel covered by Zregins to be active in the oxidation of CO at 200 At
500 °C conversion of CO is 28 %s0{, for the content of palladium 0,03 % of equal 1€7 for 0,69 % -
128 °C. Conversion of CO at all catalysts reactte%oSat the temperature of 150 - 210 °C at the tine
contact 0.3 to 0.5 sec. Temperature of ignitiorcatalysts not below 75 °C.

The origin stainless steel covered by Zdon't active in CH oxidation in investigated temperature
interval. The Pd catalysts are active beginningnfied loading 0,2 % masssol, for catalyst 0,2%
Pd/ZrQy/stainless steel is 498 for 0,69% Pd the 5hy is 370C. For catalysts with Pd contents 0,69 %,
0,53 %, 0,31 % Pd the conversion X = 98% is reacheéemperature interval 450 — 500 att = 0,5 s.
The light - off temperatures in Gtéxidation on these catalysts250C.

The received data allowed concluding that the gstslPd/ZrQ/stainless steel prepared by using
plasma deposition are perspective for combustigmrocs and CO in auto exhaust using the catalysts
with Pd conten& 0,2% by mass.

This work was supported by RFBR Grant 13-03-9857\1
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Dehydrogenation of saturated hydrocarbons is admade industrial method to produce olefins.
The use of a fixed-bed catalyst makes this probets economically sound and profitable. Cr-contagni
catalysts are used in dehydrogenation ¢i0g hydrocarbons due to their high activity and lowstso
According to [1, 2] zirconia-supported Cr-contamircatalysts are more active in dehydrogenation
reaction than alumina and silica one, however, asgrfarea of this materials is low. Hence, the
development of new Cr-containing catalysts witHed#nt supports for dehydrogenation of paraffins to
olefins is of vital importance.

The purpose of the present work is to study theceff support properties on the state and activity
of the active component (,) in isobutane dehydrogenation. ZyG5i0, and AbOs; were used as
supports. Cr-containing catalysts with loading efa@rresponding to one monolayer were prepared by
incipient wetness impregnation method using watért®on of HCrO, and KNG (K/Cr molar ratio was
1:5). The catalysts were dried at room temperdturé2 h and calcined at 56 for 4 h. The Cr loading
was 1.5, 5.6 and 7.6 % wt. for Cr/ZQCr/SiQ, and Cr/AbOs catalysts, respectively. Catalysts were
studied by low temperature;Morption, TPR, UV-vis spectroscopy and testedesrction of isobutane
dehydrogenation in fixed bed reactor and kinetioditions.

It was shown that states of chromium depended em#iture of support. The formation of large
Cr,0O3 particles was observed for Cr/Si@atalyst. It causes low activity of this catalystreaction of
isobutane dehydrogenation (Fig.1b).

Absence of reflexes of Cr-containing phases foZ@4$ and Cr/AbO; catalysts in XRD patterns
(Fig. 1a) indicates on small particle sizes (ldsmnt3 nm) or covering distribution of chromia o th
surface of these supports. Cr (VI) species wererdebhed by TPR and UV-vis spectroscopy for Cr/ZrO
and Cr/AbO; catalysts. High activity of these catalysts wasoamted with formation of highly dispersed
Cr,0O3 due to reduction of Cr (VI) species. The highesivay of Cr/ZrO, catalysts may be explained by
specific interaction of Cr with Zr©

This work was supported by the Russian Federal dtaPgogram "Research and development in the pryofiglds of
scientific and technological complex of Russia@i4-2020" (State Contract No. 14.578.21.0028).
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Hydrogen is a highly effective and ecologicallyes#fiel that has numerous advantages over the
currently used ones. It has great perspectivewifibe application, especially as an automobile flieere
are several well-known methods of hydrogen productit's production by water electrolysis using
various electrolytic cells is a well known and theghly studied process [1-3]. However, it requadst
of electric energy. The oldest method still used Higdrogen production is coal gasification in the
presence of water vapor at 800-900 °C. The regugias consists of 60% hydrogen mixed with CO and
CO; [4]. Steam reforming of natural gas is the cheapes most widely used in industry method for
producing hydrogen [5,6]. Hydrogen produced bymteaforming has to be purified from carbon oxides
that are poisons for the catalysts used for syrghefs ammonia, many hydrogenation catalysts and
catalysts used in fuel cells. The costs of hydrguenification increase the cost of obtained hydrdgégn

The discovery of carbide cycle mechanism [8,9] msalte possible to develop a hydrogen
production process where carbon nanofibers or naastare produced instead of common soot. Different
hydrocarbons can be used as the feedstock. Forpéeame used natural gas, propane-butane mix and
gas mixture that simulate oil-well gas. The Ni-Ca/H,0; catalyst was prepared by mechanochemical
activation of a mixture of transition metal oxid¢se:Os;, NiO, CuO) with aluminum hydroxide
(hydrargillite) in a centrifuge planetary mill AG®with cylinder rotation speed 10".sThe total weight
of the mixture was 5 g, and the total weight ofsting bodies was 200 g. During mechanical actiwatio
the mill cylinders were cooled with flowing watef.we used Ni-Cu-Fe/AD; catalyst, we could get
hydrogen and carbon nanofibers. The carbonizatioth® catalysts was performed in a flow quartz
reactor. The reactor was equipped with a McBainrobialance, which allowed us to follow changes in
the sample weight during the reaction and record rdaction kinetics. As was shown in [10], the
optimum decomposition temperature of the catalgsZ@00 ° C. The intensive thermal pyrolysis of
propane-butane mixture was at 700 °C, but reagtroducts had only 10 % of hydrogen. However, bond
breaking in propane and butane molecules occutré®@° C and more simple molecules (as methane
and G) were formed. It is important to note that amohg major pyrolysis products present olefins
(ethylene, propylene), which possess a high agtiwit the formation of carbon nanofilaments than
saturated hydrocarbons. When we used Ni-Cu-RE@&Alcatalyst in the propane-butane mix
decomposition, we could obtain reaction producth Wl % of hydrogen. We suggest to used catalytic
decomposition of hydrocarbon as a part of utilaatbil-well gas and as ecologically safe hydrogen
production technology.

Author thanks to her research supervisor Docto€b&mical Science, Vladimir V. Chesnokov.
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Currently, in connection with environmental polarti and rise of operational requirements for
gasoline, worldwide legislation about gasoline reggigasoline to possess high RON (research octane
number), and to be eco-friendly. Therefore the adl@processes making environmental components of
gasoline is significantly increased. One of thesecgsses is isomerization ofs-Cg alkanes. The
isomerizate is free of benzene and other aromatdrdecarbons, olefins, sulfur, nitrogen, and heavy
metals, and that has the octane number from 82 ®@N depending on the process flow diagrams.

It is known that isomerization catalysts are bifiumtal catalysts where the metal component is put
on the acid support. As an acid component us®@2and ZrQ modified by anionic additives, zeolites.
Metal component of isomerization catalysts is ek, N, Ir [1]. At the present time, in the industryeus
only platinum catalysts though systems Pd-contgitdo possess high isomerizing activity. Uniforread
of a role of a metal component in alkane isomeiopateaction is not present, despite a large nurober
works in this area.

In our work, Pd/Si@ Pd-Al,Os, Pd/SQ*/ZrO, were prepared and studied, which differ with an
electronic state of palladium. Also for more deddilresearch of state of Pd (oxidation level), ptalsi
mixtures Pd/Si@ Pd#-Al,Os with SO”4/ZrO, were investigated. X-ray diffraction analysis, tergiure-
programmed reduction, investigation of the texturbbracteristics of the catalysts was performed.
Catalytic properties of catalysts were tested hrerane isomerization reaction. It is found, PdASFl4-
Al,O3 are active in high-temperature range (340-5008a69, their mixtures with SQ/ZrO, are active in
the range of lower temperatures (140-220°C). Inkwinfluence of an electronic state of palladium on
catalytic properties is discussed.
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End of XX - beginning of XXI century has been matkgy an increased interest in alternative
energy sources which include Proton exchange memabizel cell (PEMFC). This is due to the high
efficiency of such devices, as well as environmigntriendliness (water as the only byproducts
released).

It is known that during operation of the PEMFC gsoaver source for an electric vehicles the local
value of the cathode potential can reach up toVvi[%], which is much higher than potential of cambo
oxidation. Therefore, the durability of the fuelllcs determined primarily by corrosion resistarmfe
carbon support of the Pt/C catalyst in the oxygkectereduction reaction (ORR). To investigate the
corrosion resistance of catalysts an acceleragtthgeprotocols ("Start-Stop cycling”) in a starti#ree-
electrode electrochemical cell was developed [2].

The present work aims to study the influence oftéxture and pore structure of different carbon
supports on the corrosion resistance of Pt/C cstialy

Pt/C catalysts supported on Sibunit family of carloeaterials were shown to have high corrosion
resistance as well as high activity in the ORR4]|3However, Sibunit-1562 support used in this wisrk
characterized by the low specific surface area lwiscinsufficient for high Pt dispersion. Therefote
increase the specific surface area, Sibunit suppastactivated with air.

Pt/C catalysts based on KetjenBlack DJ-600 supgrerpromising for use in PEMFC due to very
high specific surface area. However, this matdraa low corrosion stability [5]. In this work, imder to
increase the corrosion resistance of KetjenBlacl6@d sample, the C/C composite was synthesized by
chemical vapour infiltration of carbon using thepane-butane mixture.

The results obtained were compared to commerci& 44/Vulcan XC-72 and 50% Pt/TEC
catalysts.

Authors thank Dr. Atsushi OHMA, Dr. Masashi ITOs$én Research Center, Nissan Motor Co., LTD, 1siéhtima-
cho, Yokosuka-shi, Kanagawa 237-8523, Japan.

Work was also supported by the RFBR gr#n13-03-0102313 and the grant of the RF Presidentsfading scientific
schools SS-1183.2014.3.
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An isomerization of pentane-hexane fraction is usedthe industry for the production of
environment-friendly high-octane gasoline composefite industrial processes for isomerization of C7
and above normal alkanes with the lowest octanebeurare currently not yet developed. The rapid
deactivation of the available catalysts is onehefmain reasons for this situation. Hence, thedithis
work is to prepare efficient catalysts based ontgghzeolite and determine the time of their stabl
operation in the course of n-octane isomerization.

A high silica ZSM-5 zeolite with silica modulus 4@as prepared by hydrothermal synthesis and
hexamethylene diamine was used as a structure+igradditive. Nanosized nickel powder (NSP) was
obtained by gas-phase synthesis. Catalysts wepam@ by mixing the zeolite powder and NSP in a
KM-1 vibratory mill for 2 hours, followed by compmsing the mixture into tablets, grinding, and
sampling the 0.5-1.0 mm fraction to test. The NSRtent in the catalyst was 0.5 wt%.

The degree of crystallinity for the synthesizedlite@nd its belonging to the pentasyl family were
determined by IR spectroscopy and X-ray analydie donversion of n-octane was carried out in a flow
installation at a reaction temperature of 320 a volumetric flow rate of 2°hand atmospheric pressure.
The duration of the catalyst operation was 16 hothe reaction products were analyzed by gas
chromatography every hour in the early stage d@lgstt operation and every 2 hours later.

An investigation has shown that C4 - C8 alkanes iaadlkanes and alkylbenzenes are the main
products of the n-octane isomerization over catslys/estigated. After the first hour of reactioreothe
initial H-ZSM-5 zeolite the yield of arenes was A%t.%, isoparaffins - 20.3 wt.%, naphthenes - 1.9
wt.%, alkenes - 3.8 wt.%, and conversion of n-oeta@ached 67.2 wt.%. The yield of these products ov
the modified catalyst sample was 9.3 wt.%, 32.80y2.6 wt.%, and 2.7 wt.%, respectively, and the
conversion of n-octane was 89.4%. The degree ofmtbetane conversion and the yield of reaction
products decreased with increasing duration of ¢hgalyst operation. The selectivity towards the
formation of iso-alkanes over the initial zeolisached its maximum value after 8 hours of the ysital
operation and then reduced. On the contrary, tleetsaty towards a formation of iso-alkanes ovee t
modified zeolite was minimal for this time of theaction but then increased.

After 16 hours of the unmodified catalyst operatitimee arene content in the reaction products
dropped from 15.7 to 3.5%, that of isoalkanes mfrd0.3 to 12.3%, and the conversion of n-octane
decreased from 67.2 to 39.7%. A zeolite, modifiethwickel NSP exhibited a more stable operation in
the course of n-octane conversion as comparecetmitial zeolite, which enhanced the formationttoe
iso-alkanes for 16 hours of operation on more tHa# while the conversion of n-octane decreased from
89.4 t0 66.7 %.

Thus, the results obtained indicate a more stapéation of nickel-containing zeolite system as
compared with the original sample, which is dughe presence of nickel-containing active sites in a
catalyst system. These sites are involved in theti@ens of hydrogenation-dehydrogenation resuliting
reduced rate of catalyst deactivation as comparélktinitial zeolite.
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Nowadays fuel cells with polymeric proton exchamgembrane (PEM FC) are considered to be
alternative and clean energy sources. Fuel for FEMis hydrogen. The #tich gas obtained from
catalytic conversion of hydrocarbon fuels with sdpgent CO water gas shift reaction usually contains
0.5-2 vol.% CO, which poisons the PEM FC anodelysttand must be removed to a level below 10
ppm. Selective CO methanation is a method for pimgf a hydrogen mixture [1].

Ni- and Co-containing catalysts are active in CQhaeation. In this work we show the results on
the comparative study of CO methanation in a realid,-rich mixture on well-characterized (XRD,
TEM, XPS, CO chemisorption) Ni- and Co/Ce€atalysts.

The Ni- and Co/Ce@catalysts were prepared by the incipient wetnregsagnation technique. The
Ce(Q support was impregnated by an aqueous solutiooklofides and nitrates of nickel (1) and cobalt
(), then dried at 110°C for 2 h in air and reddi@ 400 C for 2 h in the 5 vol.%MHe flow. Catalysts
prepared from metal chlorides are designated a&SINieG and Co(Cl)/Ce@ and from metal nitrates
Ni/CeQ, and Co/Ce@ The content of Ni and Co in the catalyst was alifuwt.%.

The reaction was performed in a fixed-bed contintftmyg quartz reactor at atmospheric pressure.
The experiments were performed with the followiegd gas composition (vol.%): 1CO, 69 H2, 10 H20,
20 CQ and at GHSV=29000 sig‘h™. The catalytic experiments were performed in #mperature
interval of 180-360°C. The composition and concaaian of the components of the gas phase was
determined chromatographically. Progress of theti@awas characterized by concentrations of CO and
CH, at the outlet of the reactor and the selectivatyGO.

Ni/CeQ, and Co/Ce® have similar catalytic properties in CO methamgtiand according to CO
chemisorption, XRD and XPS they have a similar elisjpn and structure. During the preparation of a
metal chloride catalyst metal particles becomedamnd new phase €©CI appears. Ni/CeQand
Co/CeQ are the most active in the CO methanation, but thlsp carry out C® methanation.
Co(CIl)/CeQ demonstrated no activity in the hydrogenation arboon oxides, supposedly decoration of
catalyst surface takes place. Only Ni(Cl)/Ge€atalyst provides selective methanation of COhe t
realistic H-rich mixtures and decreases CO concentrationléwel below 10 ppm. Apparently &©ClI
phase inhibits the activation GO

This work was supported by RFBR Grant 14-03-0045#thprojectMK-2737.2013.3.
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Cobalt-containing catalysts are generally supp@seithe most efficient catalysts for the conversion
of synthesis gas with highHCO ratio to hydrocarbons. Highly active and seélectcatalysts should
contain supported metallic particles with the pratiée size of 6-10 nm. Stabilization of such a $mal
particles over oxide support is a challenge, whdemands the precise tuning of the strength of metal
support interaction. Various methods for the depmsiof cobalt-containing precursors onto the oxide
support and various combinations of the cobalts®and oxide composition were reported in litetur
One of the promising methods is homogeneous demosiby precipitation of cobalt at urea
decomposition conditions (DPU). Co-Al catalystsganeed by this method showed high activity and good
selectivity in the Fischer-Tropsch synthesis [1gwéver, the temperature of activation is high furse
catalysts and exceeds 500 which makes the reactor hardware and procedyensive.

Introduction of tiny amount of noble metals helgzibasing the cobalt reduction temperature [2].
Noble metals serve as sites for activation of hgdroand as nuclei for formation of metallic cobalt
phase. Promoting metals also improves the actofityre catalyst. Unfortunately, Pt and Pd were ghow
significantly lower the selectivity of Co-contaigiicatalysts to € hydrocarbons and increase the yield of
methane [3]. On contrary, Ru and Re were repoxednprove both the activity and selectivity of the
catalyst, prepared by impregnation of alumina alchy3, 4].

Here we report the results on the effect of Ru mioon of Co-Al catalysts prepared by DPU
method on their reduction behaviour in hydrogenwRss introduced by impregnation of freshly prepared
or pre-calcined Co-Al catalyst with the solutionRBINO(NHs)2(NOs); complex. We have found that Ru
promotion decreases the temperature of cobalt tieduand that the state of the catalyst prior te th
impregnation with Ru strongly affects the scaletloé reduction temperature shift. The reduction
temperature dropped down to 310-3%) when Ru was introduced to the freshly prepamupie,
which contained cobalt as the Co-Al double laydmgdroxycompound. The reduction temperature shift
was much smaller (down to 400—4%D), when the catalyst was calcined before Ru imatgn and Co
was mainly present as the Co-Al mixed oxide. It nieysupposed that catalytic properties for these
catalysts also differ. The study of the structund aatalytic properties of Ru-promoted catalysts iar
progress.

We are thankful to Prof. V.A. Emelyanov for prongdus RUNO(NEJ>(NOs); complex.
This work was performed with support of the Skak&oundation (Grant Agreement for Russian educafion
organization\el on 28.11.2013).
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Nowadays, the needs for processing of natural asgbceated petroleum gases and their
components are increasing; therefore petrochernets to move from the inefficient gas flaring te it
effective catalytic conversion into olefins.

Thus the creation of an efficient gas processirgj istal importance.

The catalytic dehydrogenation of light alkanes s aternative method to the petrochemical
production of olefins but it involves high tempena processing which requires both high power aapac
and high capital costs.

The application of the membrane technology is ohéhe ways to solve the problem of high
temperature dehydrogenation of alkenes into olefgignificant attention has been recently focused o
the application of membranes with selective perntigalior hydrogen, including the processes of the
simultaneous production of olefins [1].

It appears that the developing of ceramic membré&oes carbon nanomaterials for the separation
of the hydrogen from gas mixtures is very perspecti

Aluminosilicate ceramics membranes and some prpéstybased on alumina using carbon
nanotubes were manufactured in our research lalygraieramic membranes with a pore diameter of 3-5
nm were obtained. Then physical and filter charasties of obtained ceramics were analyzed. It is
known that the maximum separation factor in thdizagon mechanism for the Knudsen diffusion for
H,-CH, mixture is (MCH/mH,) ®° = 2.8. However, one separation factor of the memértowards
hydrogen to HCH, mixture was 3.

The developed ceramic membrane was cased intee#totor for ethane dehydrogenation reaction.
The ethane dehydrogenation in a traditional reaftgthout membrane), in a membrane reactor with
membranes selectively permeable for hydrogen, m@dmembrane-catalytic reactor with a fixed catalys
layer were compared under similar conditions. Fmmgarison the process was carried out at various
temperatures.

The membrane allowed the yield of ethylene to iaseeup to 1.8 times compared to the thermal
dehydrogenation and up to 3.4 times compared togkeof Ce-Zr catalyst.
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Partial oxidation of alcohols are important catalyprocesses to produce valuable organic
compounds such as aldehydes and acids. IB grougdsrege most active in these reactions and are used
in industry to manufacture formaldehyde from metianglyoxal from ethylene glycol, etc.
Polycrystalline Ag catalysts are the most effectvees. The problem of low stability and high cokt o
polycrystalline catalysts is not solved, and caratf new highly effective and stable catalystsfigital
importance today.

Development of nanostructured catalysts is an ®ffeovay to solve the problem mentioned,
however, new concept should be suggested to sw@bsilver nanoparticles in redox conditions and
temperatures of 550-65C. The present work is devoted to synthesis oflystsaon the basis of support
matrix, which has high thermal stability, suitalerous structure and function properties, needed to
stabilize small silver particles.

The silica-phosphate phosphate matrixes were pedfday sol-gel technique [1] and impregnation
method [2] and were used as support for Ag-comgiciatalysts. Silica was used as initial suppoe tu
wide porous structure and high thermal stabilityadox condition. The phosphate component was used
because of ability of reversible oxidation-redustiaf silver in the presence of phosphate compoment
redox conditions [2], ability to stabilize smallh&r particles and clusters by phosphate [3].

It was shown that porous structure of catalysts afenge in a wide range depending on conditions
of sol-gel synthesis and variation of porosity oitial silica, when impregnation method is used to
prepare the catalyst. The phosphate componentsighdited mainly in pores of less than 10 nm and
partially covers walls of pores with size of 104®. The Ag/ROs/SIO, catalysts have specific surface
area of 10-20 Afg and wide pores of 10-100 nm, which is favoralole high temperature catalytic
process. It was shown by XRD that the presence ilokrsin silica-phosphate matrix implies
crystallization of catalyst with formation of sf°Oy), and S§(POy)6O phases. Active component is
stabilized in catalysts as metal silver nanopasidfless than 50 nm with maximum of particles size
distribution at 4-8 nm) and silver phosphate. Téterof Ag/AgPO, depends on redox condition [4] and
may be varied in catalytic process.

The catalytic activity of nanostructured AglR/SiO, catalyst in reaction of ethylene glycol
oxidation to glyoxal is higher than the one of moiystalline Ag catalyst and Ag/SjOAIso, there are no
carbon deposits on the surface of A@FSIO, catalysts because of small size of Ag particled an
reversible oxidation-reduction of silver in redoxnditions of catalytic process. The situ IR-
spectroscopy studies show that phosphate compmaetitipates in ethylene glycol adsorption, which
changes the mechanism of alcohol transformatiothersurface of silver particles [5]. Study of kinst
of ethylene glycol oxidation over Ag/®s/SiO, catalyst shows that conversion of ethylene glytcol
glycol aldehyde and consequent transformation yéajlaldehyde to glyoxal takes place [5], whilesthi
route of ethylene glycol transformation over silwexs considered to be negligible.

This work was supported by the RFBR (Grant mol -83-81144)
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Conventional energy resources such as coal andl@atn products have been depleted to a great
extent. It is therefore necessary to produce arradtive fuel, for example, hydrogen. One of thesmo
perspective hydrogen production methods is phoahydat water splitting with sacrificial agents suah
NaS + NaSGs. This donor system simulates process of photodatalecomposition of b6 in alkaline
solutions [1]. Earlier it was shown that the mastivee photocatalyst for hydrogen production fromy8la
+ NaSG; solutions is CglaZng 7S [2]. In order the photocatalytic activity of 9dé materials may
increase, it is doped by transition metals suctoaper and nickel [3].

The Cu- and Ni-doped photocatalysts were prepayeduich technique: salts of zinc, cadmium,
copper or nickel with define molar ratios were naixa a flask containing sodium hydroxide, and then
sodium sulfide was added. The reaction system tirases20 min. Then the precipitate was centrifuged
washed and dried for 15 hours atZ0°

The samples were characterized by XRD method. Niiieal photocatalysts are solid solutions of
cadmium, zink and nickel sulfides. Cu-modified pieattalysts consist of two phases - CuS and
Cdy.3Zno 7S. All samples were tested in photocatalytic hydrogvolution from Nz5 + NaSO; aqueous
solutions under visible light. Unfortunately, Ni-oibed samples were inactive, perhaps, it was
connected with more high position of Ni-donor lewelthe band structure of @gZny;S. Cu-modified
samples are more active thanyGgh 7S, the maximum rate reaction is 0.204 pmol/min iandeasured
with using catalyst 0.01CuS-g¢Zng /S.

Other experiments were devoted by optimization xgegimental conditions - N& and NaSO;
content, pH and catalyst’s content. Kinetics expents were shown that dependence rate reaction vs.
sacrificial agents content was approximated bych sguation:

* * *
a CNa28+ﬂ CNaZS CNaZSO3

(1+ KNaZS * CNaZS + KNaZSOS * CNaZSOS)
wherea andf are effective rate reaction constanis=(4.4 + 0.5 pl/min = 170 = 43 pl*min)),
Knazs and Kuaososare adsorption constantsyés= 7.8 + 0.7 M™%, Knazsos= 14 + 2M™). It has been
noticed that this equation describes dependencethef researchers. Also we investigated dependence
catalyst's content on rate reaction. Rate readiti@arly increases, goes through a maximumg:(€1.15
g/l) and decreases because of reduction of lighorabon. Then we measured pH dependence on rate
reaction. It was observed that the increase of i f12.7 to 7.5 results in a substantial incredse o
reaction rate to 0.91gmol/min. Further increase of solution pH to 14 fesin decrease of the reaction
rate because of thermodynamically process labdirétte pH values decrease, catalyst’s decontanunati
can be realized because of elemental sulphur pratom.

In conclusions, K can be produced efficiently by photocatalytic ®iply of water using
NaS/NaSQO; system as sacrificial agent and a solar light-tatmg source. The best results were
obtained for 0.01 CuS - @&Zny 7S. The quantum efficiency was 23.7% that is a laajaee for a process
on a catalyst containing no noble metal.

2 1
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Natural gas is an under-utilized resource for ligfwels and chemicals production. There are two
major methods for methane processing: direct camwerto products and indirect conversion, most
frequently, via synthesis gas. Autothermal refogmaif methane (ATR o€H,) is the most promising
process for methane conversion to synthesis gasodtsehigh energetic efficiency and low susceiptib
to carbon deposition [1,2]. As the ATR reactionurscat 800-900°C, the specific role of catalystsup
is to provide a high surface area and thermal lgigbmaintain dispersion of the metal particlesdan
promote stability against sintering and carbon fation. This work is devoted to the study of theefffof
support composition (CefAl,03, ZrO,/Al,03, LasO3/Al03, CeZrQ/Al,O3 and LaOs/CeZrG/Al ,0s)
on the nanostructure of bimetallic NiPd catalyats] their performance in the ATR of ¢H

The modification of AJO; support by Ce@ ZrO,, LaO; or CeZrQ oxides was done by
impregnation method, after that the active compbmeacursors were loaded using co-impregnation
method. The fresh and used bimetallic NiPd catalysdre characterized by, Mdsorption, XRD, TEM,
H.-TPR and TG/DTA techniques. ATR experiments werdgomed in fixed-bed reactor with a feed
composition of Cl/H,0/O,/He = 1/1/0.75/2.%nd at temperatures 650-960

The characterization results exhibit that phasepzmition, NiO dispersion and Nireducibility are
strongly affected by support composition. The iaseeof NiO particle size from 10 to 14 nm is obsdrv
at an increase of CeZg@ontent from 0 to 30 wt.% in the CeZ/@I,0s3, while decrease of NiO patrticle
size from 11 to 6 nm is found at an increase ofCgacontent from 0 to 20 wt.% in the
La,03/10CeZrQ/Al,0Os. The content of Ni-containing species reducedighfemperature region (500-
700°C) increases with an increase of La content, wiiatonnected with formation of La-Ni-O and Al-
Ni-O species. The catalyst evolution under reactiomditions was studied. The high-temperature 850
vs. 500C) pre-calcination of support and absence of L#in catalyst composition allow keeping the
Sget value of used catalysts close to the initial leWidle NiO (~15 nm) and NiPd alloy (~18 nm) phases
were observed in the used catalysts. It was fohatl the Ni/NiO ratio can be regulated by support
composition. The low-temperature calcination of abat (500C vs. 8506C) and using the
10CeZrQ/Al 03 support prevent the formation of carbon nanofibers

It was shown that the prepared catalysts providethame conversion of 90-100%, CO vyield of 55-
75% and H yield of 55-70%It was demonstrated that the catalyst performahemged at variation of
support composition. Hyield increased with i) an increase of CeZ@ntent from 10 to 20 wt.%; ii) an
increase of L#03 content from 5 to 20 wt.%. The optimal compositadrcatalyst was selected: at 850°C
the 10Ni0.5Pd/20L#3/10CeZrQ/Al O3 catalyst provided the yields of 65% Bt CH, conversion 90-
100% during a stability test that lasted 24 h. €latron between catalytic and physical-chemical
properties was established.

The presented research has received funding frarEtropean Union 7th Framework Programme (FP7/2Q073)
under Grant Agreement #26284The authors are thankful to Dr. V.A. Ushakov, T Kf@amenko, I.L. Kraevskaya, G.S. Litvak,
Dr. E.Yu. Gerasimov for their assistance with cggacharacterization.
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Conversion of alcohol®{o — alcohols) into valuable products and intermedidor fine chemistry
is well-known processes. In recent years, it cambied that interest in the use of environmentally
friendly catalytic reactions, had been growing. S&erocesses, for example, could replace the main
method of acetaldehyde production via oxidatioretifylene, to avoid environmental pollution and a
large number of wastewater [1-3].

The aim of this work was to study the physicochainproperties and catalytic activity of copper-
containing catalysts based on zirconium dioxidecatiium dioxide was obtained via sol-gel method and
stabilized with PVP (polyvinylpyrrolidone) [4]. Adt calcination procedures tetragonal ceramic,Zv@s
obtained (DTA, XPA) and it was impregnated with gepchloride (II) with copper content 1, 3, 5 wt.%.
All copper containing samples were reduceddbyat 400C. Catalytic experiments were performed on a
flow-type setup with the chromatographic analygisubstances.

It is shown that the activity and selectivity ohahol conversion depends on the pretreatments
conditions, surface area, as well as on the loadinthe catalysts. Activity of based ceramic zireon
dioxide was low [5]. Prereduction of copper-contagnsamples in a stream of hydrogen allows to
produce acetaldehyde with 100% selectivity. Acgivaf reduced copper-containing samples depends on
the copper content in the sample and correlateld thee number of active surface sites. Moreover bond
strength of alcohol with the surface decreases witheasing content of copper. Maximum conversibn o
ethanol in a dehydrogenation reaction reaches 60%8a°C on reduced by, copper-containing
samples.

It has been investigated the possibility of actorabof copper-containing nanocomposites based on
zirconia dioxide using preliminary critical low-tgrarature treatments. Modifying the preparation @ssc
by adding low temperature quenching stage (T = 2@Pallows to achieve the most active catalyst with
the 80% conversion of ethanol to acetaldehyde.ebs®d activity is connected with the formation of
large number of active sites by creating additiatefects of zirconia oxide and redistribution opper
ions on the surface before the reduction treatment.
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After the oil crisis in the 70s of the XX centuhetmankind has turned to natural gas as alternative
hydrocarbons source. Methane is a basic compori¢hé matural gas mainly used as a faél%). High
strength CH-bond in a methane molecule is causimgiderable difficulties when it is used in indiedtr
processes. One of the most effective hydrocarbotigtion methods is oxidation by oxygen or by aeti
oxygen containing compounds.

Thus there are methane oxidation refining procefseproducing of the synthesis gas to obtain
oxygen containing compounds and synthetic oil idustrial scale. [1]. One-step methane oxidative
condensation in £hydrocarbons has been extensively studied [2]. él@w oxidation processes have a
number of serious disadvantages, for instancediesired products yield and unprofitability.

The second possible method of thermodynamic lifoibatovercoming by carrying out the reaction
in two stages was described in beginning of the @0she XX century. At the first stage in the
temperature range of 300-450 °C methane is cheb@dofollowed by C-H-bond breaking and the
formation of molecular hydrogen. C-C-bonds candyened by reacting of neighboring speciesy@K <
3) fragments. However, the resulting-Bydrocarbons precursors are strongly bounded e@octtalyst
surface and are not independently desorbed. Toveri@m from the surface to a gas phase there is a
need to exposure in a hydrogen stream, usually latvar temperature [3]. At present the process of
methane chemisorption followed by activation anadvassion to G-hydrocarbons is widely considered in
the literature for the different oxide supportedabgsts with a high metal content (4-10 wt%) maiofy
VIl group.

In the present work a technique of the methaneatatn study in the perfect-mixing reactor was
developed and BHAl,O; catalyst was studied. The catalyst was preparedrding to the standard
procedure for reforming catalysts. Pt loading wast P6. The catalyst was reduced in hydrogen flow at
500 °C for 1 h prior the reaction. Ghkvas fed to the catalyst up to Pt:CHdtio equal 1:20 mol/mol.
Methane was absorbed on the catalyst surface itethperature range of 20-550 °C. To investigation
the reactivity ofCHy-species chemisorbed on the catalysts surfaceat&H-pentane was introduced to
the reaction mixture up to GHCsH;, ratio equal 1:2 mol/mol. Argon was used as arrmatestandard for
the methane conversion calculating.

It was found that methane begin to adsorb on thelyst surface at 400 °C by dissociative
mechanism. The proof of this is the hydrogen apgpess and the Clkpecies formation on the catalyst
surface. Maximum of methane adsorption is obseatéb0 °C. It is equal 1:1,7 Pt:GHatio. If reaction
temperature increase thél,-species dehydrogenation degree increasHs £ CH; —CH, — CH - C).

In the perfect-mixing reactor n-pentane is crackimghe presence of a Al,O; catalyst at a
temperature of 550 °C mainly to gaseous hydrocarbanfirst it was found that n-pentane injectionai
reactive system containing GHpecies on the catalyst surface results in thendbon of aromatic
hydrocarbons in a significant amount (up to 18 mjol¥his phenomenon may be related to coordinating
interaction n-pentane with GHpecies on the catalyst active sites.

This work was supported by RFBR Grant13-03-01068
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During the last decade the requirements to thetdimi sulfur content in motor fuels have been
constantly toughened. In accordance with the cteamssion standard EURO-V the content of sulfur in
diesel fuel should not exceed 10 mg/kg (10 ppmvag Sulfur removal from oil is, consequently, one of
the cardinal problems in most refineries. The adsa crude oil processing is influenced by its sulf
content and by technology used for the sulfur-iég@roduction [1].

The concentration and nature of the sulfur-contgiriompounds in crude oil have been found to
change over the boiling range. The amount of sutfu distillation fraction increases with an inase in
boiling range, with the heaviest fraction contaghilhe most sulfur [1]. The sulfur compounds become
more hydrodesulfurization-refractory with increagiboiling point, as the dominant compound class
changes from thiols, sulfides, and thiophene inndehtha to substituted benzothiophenic compoumds i
the distillate [2]. In the vacuum gas oil and vatutesidue, the sulfur is contained mainly in conmuizu
of the dibenzothiophene family. One of promisingtmoe for diesel fuels desulfurization is selective
oxidation of their sulfur-containing compounds owatalysts with oxygen. Therein during this process
the sulfide and heterocyclic sulfur-compound aengformed to sulfur dioxide, and the hydrocarbon
fragment is oxidized to carbon dioxide and watér [1

The aim of this work is to study the physicocherhipeoperties of Cu-Zn-Al catalysts and
determination of their activity in the oxidativesudfurization of model fuel (DBT-Toluene, 0.1-0.5.%

S) and diesel fuel (1 wt.% S). Cu-Zn-Al catalysterevprepared by the precipitation, the their copper
loading are ranged from 10 to 45 wt.%. The ODSstegtre conducted in the temperature range 250-
430°C at a ratio of @S = 120, GHSW = 3000’'hand WHSW = 6 H.

XRD study has showed that the 10 wt.%Cu-Zn-Al gatalcontains an amorphous phase.
Increasing the copper concentration to 25-45 we&el$ to the crystallization of CuO and ZnO phases.
According to TPR-H results the Cu-Zn-Al catalysts are reduced by bgen in a single step at a
temperature of 200-300, and are characterized by the ratigfGi = 0.85-1.05. Comparison with
literature allows us to conclude that the coppéhesCu(ll) state and likely located in CuO and GOA.

The main ODS reaction products are sulfur dioxaégbon dioxide, water and desulfurized fuels.
The catalyst with a copper content of 10 wt.% i$ active in the DBT conversion in the temperature
range 250-43(C. Increasing copper content to 25-45 wt.% resifisa rise of the oxidative
desulfurization activity, and the DBT conversionabserved at temperatures 350and above. The
catalyst with 45 wt.% of Cu exhibits the maximumneersion of DBT to S© equaled to 45% at
temperatures of 350-480 and the sulfur removal from the diesel fuel isw40%.

The method of CHNS analysis found that spend cstalyave sulfur and carbon accumulated on
the catalyst surface in an amount of 5+0.5% C aB¢lQ12% S. XRD data are recorded the particlegGCu
and C{ formation. DTA-TG-MS analysis shows that the sulfur the catalyst surface is represented by
the sulfides/polysulfides and sulfate of metals,iolwhis decomposed at 100-300°C and 700-850°C,
respectively. Carbon deposition is products oftitii@rocarbon condensation, they oxidized into,@@d
H,O at 350-45€C.
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Transition metal phosphides are considered as gioghmaterials for hydrodeoxygenation (HDO)
of renewable feedstocks such as vegetable oil andib[1,2]. These catalysts are an alternativehe
HDO to conventional hydrotreating sulfide systemgVoS/y-Al,O; and CoMoS/-Al,O3) and supported
precious metal catalysts, as the sulfide catabfer from deactivation in absence of sulfidingaigand
precious metals are high-priced.

The aim of the present work is study of the sikcgoported molybdenum phosphide catalysts in the
HDO of a vegetable oil model compound — methyl pita C,5H3;COOCH;) and in the HDO of a real
feedstock — rape oil.

The catalysts were prepared by the impregnatiosilimia with aqueous solutions of ammonium
paramolybdate (NisMo7024 and ammonium hydrophosphate (NHHPO, (A-method) or phosphorous
acid HPG; (I-method), followed by drying, calcination andduetion in hydrogen flow. The catalysts
were characterized by elemental analysig,pNysisorption, HFTPR, XRD, HR-TEM and XPS. The
catalytic activity was evaluated using fixed-beatoauous-flow stainless steel reactor at 290-85CF..0-
5.0 MPa.

According to the XRD data in case of both (A) amdiethods molybdenum phosphide was
amorphous on the surface of the SIBR-TEM data showed almost the same particlessizeéhe (A)
and (I) samples (1.4-2.0 nm). XPS analysis confitrttee same Mo:P ratio on the surface of the,SiO
before and after reduction.

Molybdenum phosphide catalysts performed high gatahctivity in HDO of methyl palmitate.
The activities of (A) and (I) samples were almakdntical. Yield of hydrocarbons at 2D was about
90%. It was found that HDO of methyl palmitate oveolybdenum phosphide catalysts goes mainly
through HO andC;¢ hydrocarbons formation (~97%).

Rape oil contains generally triglycerides of uneatied Gg fatty acids (oleic 62.8%, linoleic 20.3%,
linolenic 7.6%). HDO of rape oil over molybdenumogbphide catalysts goes mainly througfOHand
Ci1g hydrocarbons formation.

In conclusion, phosphorous precursor did not inflieeon physico-chemical properties, activity and
selectivity of MoP/SiQ in HDO of methyl palmitate and HDO of rape oil. MI&IQ, showed high
stability during 70 hours HDO of rape oil.

The work was performed in the framework of thetj®iasearch and Educational Center for Energoefficigéatalysis
(Novosibirsk State University, Boreskov Institut€atalysis).
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Nowadays environmental protection regulations @eplning more stringent for automotive fuels.
As aromatic hydrocarbons content of classes 4 antu&t not exceed more than 35 vol % (including
benzene less than 1 vol %) [1], it is necessametiuce the fraction of aromatics. One possible ofay
aromatics content reduction is-€action isomerization (70-105 °C), selected frgasoline fraction
with final boiling point 180 °C. It will diminish @matics content in gasoline and keep the highnecta
number. At present there is ng-ftaction isomerization in industry, but it is veirmportant process for
refining industry.

Catalysts for n-heptane isomerization should hags kcidity compared with catalysts forGs-
fraction isomerization due to n-heptane moleculmm@e easily cracked [2]. Among all catalysts fer n
heptane isomerization the catalysts based on tategstzirconia dioxide are most effective for this
process [3]. According to data [4] different casdlgreparative variables affect the catalytic props. At
present work Pt/WeIZrO, catalysts with different W@loadings were prepared and studied.

Pt/WGQ,/ZrO, catalysts were prepared as follows. Hydrous ziecaras precipitated from zirconium
sulfate with agueous ammonia solution under vigerstirring and pH 9-10. The samples of YO,
were prepared by impregnation of hydrous zirconit \@queous solution of ammonium metatungstate
followed by calcination. The W¢oading was varied in the range of 10-25 wt %wR$ loaded at 1 wt
% on the WQ@ZrO, with agueous solution of JRtCk followed by calcination in dry air flow at 450 °C.

IR-spectroscopy, X-Ray diffraction (XRD) and higésolution transmission electron microscopy
(HRTEM) studies of prepared samples were conduétedording to IR-spectroscopy data with tungsten
oxide loading increasing the Bronsted acidity iase With XRD-study we examined the ratio of the
tetragonal and monoclinic phases of Zr@latinum localization and particles size wereedatned with
HRTEM.

Catalytic tests data showed the following activdgpendence: Pt/10WZ < Pt/15WZ < Pt/25WZ,
where 10-25 — wt % of W{oading, W — WQ, Z — ZrG. The best catalytic properties were achieved
over catalyst with W@loading 25 wt % at 170 °C: conversion — 83 %, ilidoydrocarbons yield — 85 wt
% and multi branched isomers yield — 22 wt %. Recgt n-heptane and methyl-hexanes will provide a
higher yield of the multi branched isomers, whichynbe involved in production of environmental fuels
containing less aromatics and having the high ectaimber.

IR-spectroscopy and HRTEM were performed on the basquipment of Boreskov Institute of CatalyBifRaS.
XRD and textural properties were determined onlihee of equipment of Omsk Research Collaboratianr€esB
RAS.
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In the last years biomass has been recognizedeasfdhe major world renewable energy sources.
Transformation of biofuels derived from the fastgysis of biomass or bio-ethanol into syngas is oh
the most important tasks of catalysis in the eneeipted fields. [1]

This work presents experimental results of thelgatgproperties of spinel-type oxides (Mn,gD)y
promoted by RaNi in ethanol steam reforming (ESR).

Spinel-like mixed oxides MiCr3.xO4 (x=0.3-2.7) were prepared via modified Pechini eoj#] and
calcined at 500C for 2 h. Ni or Ru (2 wt.%) were supported on @scby the incipient wetness
impregnation with Ni(NG), or RuC} solutions followed by drying and calcinations @0% for 2 h.

Samples were characterized by BET, XRD, UV-Vis, SB®S, B TPR. The catalytic properties
of these samples in ESR were studied in diluteslf0GHsOH+ 2% HO in He, contact time 18-54 ms)
and concentrated (10%s0H+ 40% HO in He, contact time 70 ms) feeds.

According to XRD and UV-Vis data, as-prepared sampire comprised of several phases. Samples
with a high Cr content contain cubic spinel MpQy and hexagonal @Ds. In samples with a high
content of Mn phases of tetragonal @3 and cubic MpOs; are observed. Due to a low content of
supported Ni and Ru and their strong interactiotn wkides, they are not detected as separate phases

According to H TPR data, for all samples with supported Ru reductif catalyst begins at lower
temperatures than for unpromoted oxides. In theesame no TPR peaks of reduction of Ru@ere
observed, that confirms strong interaction betw@ades and supported metals.

A high-resolution image shows nanocrystalline gt of chromium-manganese spinel with sizes
up to 10 nm. However, there are also large welstallized spinel particles. In fresh sample novrdiial
particles of Ru@ or NiO are observed, however, nickel and ruthenarmn present according to EDX.
They may be incorporated into the surface lay@rseaction conditions, nickel and ruthenium segreega
to the surface forming metal alloy particles withes 2- 10 nm strongly interacting with support.

All catalysts demonstrated a high efficiency arabsity in the reaction of steam reforming. Sample
2%Ru+2Ni%/MnCsO,4 showed the best results. In dilute feeds evolutiomydrogen begins at 300 and
attained maximum - 2.5% - at 600 In concentrate feed hydrogen yield was 33% at’Z0énd ethanol
conversion was complete at 6@Q As by-products, methane and small (<1%) amouh&thylene and
acetaldehyde were observed at low temperatureseTiresults are better than previously obtained for
fluorite and perovskite based catalysts earlieegtigated in similar conditions in ESR [3].

This work was supported by RFBR 12-03-93115 CNR®ojact and FP7 Project “BIOGO".
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Polymer composites based on microfibrous mateaadsof a great importance nowadays. Such
composite materials possess high strength and leightv[1]. The most promising microfibrous materials
are carbon microfiber, glass fiber and basalt filbeeis known that glass fiber is the typical r@rding
material for polymer composites. Carbon fiber isdisvhen there are more specific requirements (e.g.,
space technology, the aircraft industry, militappkcations and sports). Also the world productmin
polymer materials reinforced with microfibers amtsuA3 thousand tons per year. Basalt fiber is ahtur
analog of glass fiber, its reinforcement abilitnesv is poorly investigated [2].

It is well accepted that the surface of mircoribeegds to be modified due to low adhesion level
between fiber and polymer matrix [2, 3]. Adhesi@vdl is believed to be improved with increasing
surface area of pristine fiber. There are differeinémical and physical modification techniques. For
example, acidic treatment or plasma polymerizatemhniques are used to modify glass and basalt fibe
[3]. Also catalytic chemical vapor deposition (CC)Yhethod is quite popular for carbon microfiber
modification with nanostructured carbon [4].

In terms of research, composite sampleéd CNF/MF were synthesized ¢ wt. % CNF, ranged
from 1 to 200%). In this work different types ofarofibrous material (namely carbon fiber, glasgitadh
and basalt fiber) were used.

All samples were prepared by unique technique. Btancturing of microfiber surface was carried
out by CCVD of 1,2-dichlorethane in vertical quattibe reactor [5]. Catalytic particles of nickel ree
deposited via impregnation or combustion technidoethe first case impregnation was followed by
drying and reduction in hydrogen flow. In the set@ase there was no drying. It should be noted that
1,2-dichlorethane is the component of the wastes frvinylchloride manufacture and its utilization is
known to be very challenging process since 1,2idiethane is very hazardous and toxic. Thus
aforementioned method enables one to modify fiknm@es using technique advantageous from
ecological and economical point of view.

The CNF/MF samples obtained were characterizedgusganning and transmission electron
microscopy. It is worth mention that the developsethod allows us to obtain composites CNF/MF with
feathery structure of carbon nanofiber. In somepasisecondary disintegration of catalyst partialas
observed.

It was shown that the method suggested is usefuimimdifying different types of microfibrous
material (carbon fiber, glass fabrics and bashér

Using the BET method it was shown that surface are@ased up to ten times after modification.
In other words, modification results in increasiofgsurface area from 1.8 to 6-20%/m which makes
CNF/MF materials to be promising in the reinforcetn@pplications.
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Trimethyl-p-benzoquinone (TMBQ) is a key intermedian the synthesis of vitamin E. Nowadays,
there is a strong demand for the development dadiefit and environmentally benign catalytic systems
for TMBQ production. Silica-supported Ti dimers small oligomers are known as highly active and
selective catalysts for oxidation of alkylphenots hdenzoquinones with the green oxidant — aqueous
hydrogen peroxide [1]. However, there is no balapet between high activity and stability of such
catalysts. To solve this problem, we investigateddffect of silica pretreatment, which influencesthe
hydroxyl coverage of the surface, on catalytic prtips and stability of silica-supported titanidadygsts.
The initial silica support was obtained by sol-gatthod [2] and calcined at 600°C in air (support 1,
SBET = 235 m2/g, Vpore = 0.77 cm3/g, and Daver2:6Tm). Then it was subjected to hydrothermal
treatment in the presence of ammonia to rehydratigafly the silica surface and dried at 100 o(pfmurt
2). Alternatively, support 1 was kept under vacuiom20 min at 80°C and for 40 min at 100°C (support
3). Three catalyst samples have been prepared dffingr titanium isopropoxide onto the three silica
supports in dry toluene. The samples were charaetkrby elemental analysis, nitrogen adsorption
measurements, DRS UV-vis and Raman spectroscopgordiog to the spectroscopic techniques, the
catalysts contained small titania clusters suppode mesoporous silica. The pretreatments did not
change essentially the textural properties of dtalgsts and the titanium state.

Catalysts 1-3 were tested in oxidation of 2,3 8wthylphenol to 2,3,5-trimethyl-1,4-benzoquinone
with 30% H202. The reactions were initiated by &ddiof 0.35 mmol H202 to a mixture, containing
0.1 mmol of TMP, 14 mg of catalyst, internal stamdgbiphenyl), and 1 mL of anhydrous CH3CN. The
results showed that the mode of the support pretese strongly affects both the catalytic actiVity< 2
< 3) and selectivity towards the target product,B@I(1 ~ 3 > 2). Therefore, only catalyst 3 reveaded
blend of high activity and high selectivity. Ovdr TMBQ selectivity attained 93% at 90% substrate
conversion after 35 min. Catalyst 3 also demoredrbetter recycling performance than catalystsdl2zan
No decrease of TMBQ selectivity and TMP conversizas observed after three reuses. Although the
reaction rate partially decreased after the fisst, ut stabilized in the next runs. Hot catalyitdtion test
confirmed true heterogeneous nature of the catalyghile elemental analysis of the filtrate coléstt
after the reaction showed no titanium leaching sutution. We suppose that the observed differeirces
the catalytic activity and stability of catalysts3lcould be due to different amount of SiOH groops
their surfaces and/or the size of Fi€@usters. Further work is in progress to clarifistmatter.
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Design of highly efficient catalysts for direct a@nsion of methane will solve such problems as
rational utilization of natural gas and environnargrotection [1]. The production of,(iydrocarbons
(i.e. ethylene + ethane) through the oxidative dagpof methane (OCM) is an attractive direct wdy o
the natural gas utilization into value added prasllithe MnNaW/Si@type materials are most effective
catalysts for OCM [2], and therefore we have urad@mh a systematic synthesis, physicochemical and
catalytic characterization study of a series ofhsaompositions and their modifications. These ssidi
will be applied to understand the structure-proppdrformance relationships and elucidate crucial
factors, variation of which at the stage of catiafygparation will allow regulation of the OCM réian
parameters.

For the preparation of MnNaW-based catalysts tmengercial Silica gel Davisil 646 was used. The
MnNaW/SiQ, catalysts were prepared by incipient wetness igmagon using appropriate metal salts as
precursors. The modification of MnNaW/Si@atalyst by Ce, La, Zr, Cl, P or S was performéd a
variation of additive content. The characterizatodrthe properties of prepared catalysts was pextor
by N, adsorption, XRD, TEM and XPS techniques. OCM expents were performed in a fixed-bed
reactor with a feed composition of @B,/He = 4/1/2at temperatures 700-9D.

It was established that at introduction of promei{gl, Ce, Zr, P, Cl) phases which are observed in
non-modified samplesu{cristobalite, tridymite, NAVO, and MnOs) generally remained and formation
of additional phases was also observed (for exampgOs;; NagPQy). In case of S additive, the
disappearance of M&O, phase was foundAccording to TEM data, for non-modified MnNawW/SiO
catalyst two kinds of particles on the surface i@ Ssupport were found: with high (1-2 nm) and rough
(up to 50-100 nm) dispersion. The composition atipi@s of high dispersion is very variable and all
supported metals (Mn, W and Na) are present im toenposition. The particles of rough dispersioneha
good cristallinity and different composition ((MDs)sMnSiO;, MnOy,, WO/NaWO,). The La
introduction leads to formation of bimetallic oxidarticles (La-Mn-O, La-W-O) with 50-500 nm size.

It was shown that the Qoroduct yield in the OCM reaction over MnNaW-X/Si€atalysts was
strongly affected by the type and content of thenmter X (X = La, Ce, Zr, S, P, Cl). Among all
promoters only Cl introduction leads to the notabé@rovement of catalyst performance and shifts the
maximum of G yield to low-temperature region (748D vs. 856C). The modification of MNNawW/Si©
sample by La (2-5 wt.%) or Ce (2 wt.%) slightly lugnces the activity but improves the stability of
catalyst during the durability test in the OCM rgae. On the contrary, at modification by Zr (0.33
wt.%) catalyst performance goes down: at°85¢he methane conversion ang Yield decrease from 35
to 6-30% and from 15 to 2-10%, respectively. TherSP introduction also leads to a considerable
decrease of both Gyjield and G selectivity - generally at the expense of a desges GH,4 formation.
The optimal composition of the catalyst was sel&ctihe 2Mnl.6Na3.1W-2La/SiOprovides G
hydrocarbons yield of 22% at 54% methane converamh806C.

The presented research has received funding franEtiropean Union 7th Framework Programme (FP7/2Q013)
under Grant Agreement #26284The authors are thankful to Dr. V.A. Ushakov, T Kfmenko, I.L. Kraevskaya, G.S. Litvak,
Dr. E.Yu. Gerasimov for their assistance with cgsakcharacterization.
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In the present time the bigger attention is dravemard materials possessing advanced
photocatalytic properties, better developed partstirface, and higher adsorption. The most commonly
used material for photocatalysts is titania, dugstbigh activity, great chemical stability, nortaty and
relatively low price [1]. The photocatalytic activiof main modifications of titania, namely rutile,
brookite and anatase, is the highest for the latiér the band gap of 3,2 eV [2]. Searching for new
techniques of titania preparation provides the ojymity to achieve unique semiconductor properties.

In the following study samples of titania were @egn by the plasma dynamic technique [3]. The
synthesis was carried in the coaxial magneto-plagotelerator. The flow of the impulse hypersonic
stream was conducted in the atmosphere of airandblated reactor chamber. The quantity of transfe
energy W, has been changed in experiments.

A model reaction of methylene blue photodegradatvas taken as a method of the photocatalytic
activity evaluation under UV-Vis irradiation withe use of Xe lamp.

XRD method has shown the presence of both rutitbaaratase phases in the prepared samples as
well as some amount of titanium nitride resulteshfran interaction with the atmospheric nitrogene Th
study of the particle size distribution has revdaleat the general particle size does not exceathv@nd
their shape proved to be spherical. UV-Vis spedéraonstrate a considerable shift of the light guismm
zone to the visible area which also might be dukégoresence of titanium nitride.

The testing reaction has shown the considerableease of the photocatalytic activity for all
samples in comparison with model catalysts D@gussa P25. The increase of the photodegradatien
constant might be due to the presence of titaniitinde in all studied objects as well. Sample 1g@sses
the highest constant value in the initial stagethdd experiment, while the lowest methylene blue
concentration is reached for the sample 2, comtgithie biggest amount of titanium nitride — 7,1%.
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Industrial synthesis of high energy product 2,488 2-Hexanitro-2,4,6,8,10,12-
Hexaazaisowurzitane (CL-20) includes two successstages of substituting hydrogenolysis.
Hydrogenation in presence of acetic anhydride givlee formation of 4,10-Dibenzyl-2,4,8,12-
Tetraacetyl-2,4,6,8,10,12-Hexaazaisowurzitane (OBg second stage of the hydrogenation of DB up to
4,10-diformyl-2,4,8,12- Tetraacetyl-2,4,6,8,10,18xdazaisowurzitane (DF) is carried out in the
solutions of formic acid.

Heterogeneous catalyst of hydrogenolysis of Hexajleaxaazaisowurzitane (GB), with Sibunit
being used as a support for 6% palladium (Pd),glgrioses is activity during reactions after sele
cycles of its use and is subject to processing. @et® catalyst processing is a very power and
labourconsuming process, when not only some Pd ipddst irrevocably but Sibunit support burns
completely. Thus, apart from multiple catalyst aggtion there arises the problem about replacing
Sibunit support for the one that would not burnpsacessing and in consequence could be used when
applying Palladium. The solution of this problenfasused on significant reduction in the cost ofafi
product CL-20 [1].

Pd catalysts on oxide supports are widely usechamical industry that is caused by a set of their
properties, first of all, their stability at worké possibility of relatively easy regeneration.

The catalyst based on inorganic suppeAl,Os has been selected as an object for investigation.
Only 1% Pyrocarbon burns during its processing thakes it possible to reduse demand in raw material
during the repeated production of the catalyst cechavith the Subunit support.

Series of tests on this catalyst showed that affiteestage of debenzylalion the larger part of
calculated Hydrogen amount (about 90%) is absoftethe first several minutes of reaction (at puess
10 atm) and the rest (about 10%) for 1-2 hrs. Tp@Er@l time of reaction has been found to be 2 hrs.
Increase in time does not cause the increase id,y&s the reaction finishes when absorption of
Hydrogen stops. At present palladium catalyst arb@n support is being used at the stage of remfucti
debenzylation[2] .

Hence, it can be concluded that the applicatiomatélyst ony-Al,O3; makes it possible to save
support significantly and to use it multiply withtoessential losses, and also reduce the reactos ti
largely. This will give a significant cost reduatiof the final product CL-20.
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N-methylaniline is widely used as basic raw matef@a organic synthesis in chemical and
pharmaceutical industries, as additive in paint sachish industry as well as a component of high-
performance antiknock additive to petrol fuels [Mpwadays N-methylaniline is produced by two-step
process: hydrogenation of nitrobenzene with mobechidrogen followed by alkylation of aniline with
methanol. Both processes can be carried out undglas conditions on the same catalytic systems.
Therefore this study was aimed at the developmenew one-step environmentally friendly process of
N-methylaniline production from nitrobenzene andtmaeol using bifunctional heterogeneous catalysts.

Different metals supported on alumina were usechalysts. All catalytic materials obtained were
characterized using low temperature adsorption+gpéiso of N,, temperature-programmed desorption of
NH3, temperature-programmed reduction byaHd chemical analysis. Catalytic experiments warged
out in fixed-bed flow-type reactor under atmospheressure. At the first step, the most appropriate
metal component responsible for selective hydrogemaof NO, group was selected. A series of
catalysts, involving different metals (copper, mkksilver, palladium and platinum) supported on
alumina, were tested in the reduction of nitrobeez& he results pointed that VIII group metals {Rt,

Ni) give many by-products at high nitrobenzene @swns, silver proved to be more selective, but
unstable with time-on-stream only 2 hours, thuspeopshowed the highest activity, stability and
selectivity and was chosen as hydrogenating comypaidhe catalyst.

At the second step, copper-containing catalystewsndified with different metal oxides (oxides
of Fe, Mn, Cr, La, Zn) and investigated in hydrgégdikion of nitrobenzene with methanol. The additadn
chromium, manganese and iron had positive effecthencatalyst’s performance: both nitrobenzene
conversion and N-methylaniline selectivity increhs&€his improvement could be explained by higher
acidity, evidenced by TPD of ammonia. On the oterd, addition of zinc and lanthanum had negative
effect on the catalyst activity owing to the dese@ acidity.

At the final step of the study, the effect of tleaction conditions including temperature, weight
hourly space velocity (WHSV), molar ratio methandtbbenzene and hydrogen/nitrobenzene on the
activity and selectivity has been investigated. xperiments were carried out over the catalyst,
containing 7,5 wt.% Cu and 5,0 wt.% Cr supportedatimina. The best catalytic performance was
obtained in the temperature range of 240-250 °C,SWHithin 1-2 g/g-h, at methanol/nitrobenzene
molar ratio of (3-4):1 and hydrogen/nitrobenzenelanoatio (3-6):1. These reaction conditions and
reagents ratios provide nitrobenzene conversio®%9and selectivity towards N-methylaniline 92
mol.%.
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Fullerene containing thin polymer films are usedaaseptor components of bulk heterojunction
photovoltaic devices [1-3]. Although organic maaésiin solar cells are inferior to inorganic onssfa
as turnaround efficiency of light (power conversigificiency, PCE) is concerned, a number of their
obvious advantages enables us to consider thenpassible alternative to traditional silicon batsrin
future.

Due to low solubility of Gy it is difficult to obtain fullerene-based high neocllar weight polymers.
In this work we report the preparation and charaag&on of new fullerene-based monomers and a high
molecular weight polymer containings§ obtained by via ring-opening metathesis polynain and
copolymerization (ROMP). The choice of the metathasethod is explained primarily by the irreversibl
polymerization of the norbornene monomers on thimdi catalyst system, the possibility of obtaining
"block copolymers" and simplicity of the experimeamid ease of its control [4].

The fullerene monomerd-3 for ROMP was prepared by cycloaddition of maloraad
dichloroacetic acid derivatives tagpurified by column chromatography, and charazeetiby'H, **C-
NMR, IR, UF-spectrum, mass spectrometry (MALDI-TOF)

Homopolymerization of monomets3 was carried out under inert atmosphere at theepoesof
the Grubbs 1'st generation catalyst at room tentpexan the CHCI, solution. During the first 6 hours
consumption of the initial monomers (TLC controt)daprecipitation were observed. The polymers is
insoluble in CHG, GsHs, CsHsCH3, THF and EtOAc and is partially plumped at keepmdMSO, so
the molecular weight of polymevgas impossible to estimate.

Thus, co-polymers of fullerene monomdr8 with related fullerene-free norbornenes in théorat
1:1 have been decided to be synthesized for impgotheir solubility. Copolymerization proceeded
quickly enough and the forming products were weédlsdived inCHCI; enabling us to take its NMR
spectra, determine its molecular weight and prodiicepolymer films on its basis.

This work was supported by RFBR, research projécisi-03-31610-mol ande 14-02-97008.
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This paper considers the properties of thin-filnofolcatalysts based on titanium dioxide. TtBin
films were deposited by means of ion-plasma iretialh «Yashma-5» with dual magnetron sputtering
system (MS) in two configurations of magnetic fielthe evaluation of photocatalytic activity was
carried out on the decomposition of methylene blllke more details are presented in [1]. The
calculations of the bandgap are presented.

The thickness and structure of the film are deteeahiits sorption, which greatly contributes to the
efficiency of photocatalysis reaction. It was fouhdt the increase of film thickness leads to sigat
increase in Ti@ photocatalytic activity. The configuration of theagnetic field of the magnetron affect
on films structure. Thus, it is a tool of changefacatalytic properties of thin films.

The dioxide titanium thin films with predominanckeamatase structure were deposited by means of
«closed» dual MS. For «mirror» configuration, valud bandgap are lower. It is evidence about mixed
phase of TiQfilms (anatase and rutile). The high photocatealgttivity is inherent to samples, which are
deposited by «mirror» configuration.

The photocatalytic activity of experimental sampkegigher than in the case of use RF magnetron
[1]. Such magnetron configuration is consideredoasieposition high quality thin films. The obtathe
results are similar to in the case of using theramalealing [2].

This research is supported by FPI Grant 1844 GY4201
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Annual production of bioethanol in the world stéadjrows and according to some predictions it
may reach about 280 billions tons by 2020 year.r8fbee bioethanol may be used as cheap and easy
available raw for production of different organiongpounds, in particular, acetaldehyde. Design of
highly effective catalysts for ethanol dehydrogerats important problem. High activity and selgttti
of silver catalysts supported oversi$j and SBA-15 in oxidation of alcohols was shown in P].
Activity of supported silver catalyst may be insed by addition of transition metal oxides, suclCas
Mn, Fe and Co. Catalytic properties of transitioatah oxides is adjusted, mainly, by efficiency eflox
cycle. According to [3] activation of molecular @en and catalytic activity of transition metal cesd
depends on band gap energy. So, catalytic actfityxide-semiconductors in CO oxidation decreases
with increasing of band gap energy [3]. Band gaergy for CeQ, FeOs;, Ca04 and MnQ oxides is
equal to 3.0-3.2, 1.82-1.96, 1.6 and 1.3 eV reppdygt Thus, manganese oxide is expected the best
modifier for oxidative catalysts with this point gfew. Indeed, high activity of Ag/MnQcatalysts in
selective oxidation of organic compounds, in pattc, benzyl alcohol [4], octanol-1 [5] and ethaf@]l
was shown.

The purpose of present research work is to stuelyetfect of structure and nature of Mn@xides
on the catalytic activity of Ag/Mn@SiO, catalysts in ethanol dehydrogenation (aerobic amakrobic)
and CO oxidation. According to TPR data the redtigitof MnO, increases in presence of silver. The
hydrogen consumption peaks for Ag/Mi8IO, sample is shifted significantly to low temperatuie
comparison with MnQSiO, sample. However, degree of reduction of mangangske® is similar for
both samples. Similar effect observed for unsugab#noble metal / transition metal oxide» catalists
widely discussed in literature and commonly asdediawith spillover of oxygen from oxide to Ag
particles or spillover of hydrogen from Ag to theide surface. In the present work it is noticeahiat
increasing of reoxidation capability of Mp@SiIO, samples in presence of silver was observed by means
of TPO analysis. Reoxidation of MR@EiO, and Ag/MnQ/SiO, samples occurs in two steps at the same
temperature regions, however, amount of consumgdesxin TPO mode for MngBiO, sample is
significantly smaller than for Ag/MngBi0O,. One of reasons of the reoxidation rate growth rbay
associated with the effect of silver additives be tattice oxygen mobility in Mn-containing oxides
and/or facilitate activation of molecular oxygentbe surface of MnQ© On other hand, MnOmay affect
on the properties of Ag nanoparticles. Differencetween catalytic activities of Ag/SyOand
Ag/MnQO,/SiO, samples was observed in dehydrogenation of eth&wo|. ethanol conversion was
achieved up to 31 % and 13.7 % at 24D for Ag/MnQ/SiO, and Ag/SiQ samples respectively.
Activities of the samples are similar in oxidatiohethanol, however, increasing of C@eld at above
220°C was observed for Ag/Mngsi0O, sample in comparison with Ag/SiO

This work was supported by RFBR grantl4-33-50483
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Magnesium fluoride finds a wide application in @péind catalytic branches of industry. In this
connection the investigation of MgFsurface properties as well as the search for nédectefe
photosorbents and photocatalysts is of great irapog now. This paper is aimed at investigating @hot
X-ray sorption and photocatalytic properties of magjum fluoride.

The complex of experimental and theoretical methafdstudy allowed detecting photosorption of
simple molecules (§;, H,, CH4, CO, COy), and also X-ray sorption of oxygen on the surfate
magnesium fluoride, and photosorption of oxygennemted with colour centres which were induced by
X-ray radiation. The adsorption centres generatedctivated by illumination of a sample with thdl fu
light of a mercury lamp reveal both electron-acoe@nd electron-donor properties. Photosorption of
acceptor moleculesOg, CO,) was detected to be realized more actively. Themtity of oxygen and
carbon dioxide photosorption centres was shown. fblewing moments were distinguished as the
peculiarities of photo- and X-ray stimulated premss non-reversibility and saturating capacity, the
presence of photo stimulated post sorption, andrtheéence of the sample prehistory. On the basis o
photo- and X-ray sorption properties of magnesituarfde investigation three spectral areas weradou
out which corresponded to fundamental absorptiod absorption of induced colour centres. The
differences in activity of passing the processasgated by radiation, in kinetics and thermo-desion
spectra of the oxygen being sorbed, is observedrakpg on the excitatory region.

As a result of photocatalytic properties on thdase of magnesium fluoride experimental study the
reactions of dark oxidation of hydrogen, photo axioh ofH, andCO, and photolysis o€ O, were found
out. A probable mechanism of hydrogen photo oxatateaction was suggested on the basis of fulfilled
kinetics investigation. The necessary stage optbeess is considered to be the photosorption ydenx
In the limiting stage of the reaction electron-éadiforms of photosorbed oxygen interact with molac
hydrogen of a gaseous phase and they are deadtivdtethe oxygen of a gaseous phase.

In the paper the kinetics of carbon oxide (ll) matgion with pre-photosorbed oxygen and with that
of a gaseous phase on the surface of Migieer the action of UV radiation was thoroughlydgdd. The
suggested mechanisms are notable for possible gfajsactivation of the active oxygen forms. The low
temperature form of oxygen is an active one in plodidation ofCO. The photo desorption of oxygen is
a process which competes with the photosorbed oxygeto stimulated with the reaction of CO
oxidation. When the reaction occurs from the gasqmhase the active forms of photosorbed oxygen are
deactivated by the oxygen of a gaseous phase.
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The toluene ethylation produgtsandm-ethyltoluenes are used for the manufacture of yitirene
and polymethylstyrene, thus opening new frontiergtie utilization of toluene and allowing it tgptace
benzene, which is in shorter supply, in petrochaimsynthesis[1,2]. Conventional acid catalystshaf t
AlCI3-HCI type used for alkylation have significant dragks (corrosion of equipment, a high catalyst
consumption, environmental pollution, etc.). A ng@romising process for the manufacture mf
ethyltoluene is the ethylation of toluene over hgifica (HS) zeolites of the ZSM-5 type. The promnot
of H-pentasil zeolites with various elements (BMg), Si, etc.) results in the enhancement of thana-
selectivity[3,5]. A great interest in this conteist the development of these so-callggra-selective
catalysts for toluene ethylation. The objective tbfs work was to study the influence of the
physicochemical and catalytic properties of the ifrcation of an H-pentasil zeolite with zincon the
toluene ethylation reaction. The catalysts promoiéth 2.5— 10.0 wt % zinc were prepared by the
impregnation of the H-form with a zinc acetate soluat 80°C over 6 h. The samples were driedrin ai
for 16 h and then for 4 h in a drying oven at agerature of 110°C and were calcined for 4 h in &leu
furnace at 50C. The temperature of the reaction had no effedherconversion of alcohol, which was
92-100%, whereas the toluene conversion increased24.5 to 39.3 wt % with the temperature. Along
with toluene and ethyltoluene, sC aliphatic hydrocarbons, benzene, ethylbenzeneened, trace
trimethylbenzenes, and other aromatic hydrocarlveer® detected in the hydrocarbons portion of the
catalyzate. The introduction of zinc via the impragon of zeolite with a zinc acetate solution daled
by the decomposition of the salt at 86&ads to a substantial change in the catalytic and
physicochemical properties of the catalyst; thetivaty in the alkylation and disproportionatiorations
of toluene is reduced and the selectivity feethyltoluene increases.The introduction of zincaim
amount of 2.0-10.0 wt % to ultrasil enhancedpHisthyltoluene selectivity from 42.3 to 70.1%. The
physicochemical and catalytic properties of zinopoted H-pentasil were examined in the toluene
ethylation reaction. It was shown that the graduedkening of the acid properties of with an insseen
the Zn loading of the zeolite is explained in terofighe fact that a portion di* ions is exchanged for
Zn**ions (or Zn(OH)+ ions produced by hydrolysis afzzacetate) during the impregnation of H-pentasil
with the zinc salt and the base oxide ZnO, whiahreact with H-zeolite according to the scheme ZnO+
6H'—Zn**+H,0, is produced after the decomposition of the sAliportion of zinc remains in the
channels and on the external surface of the zemlals, changing the size of both the channadstiae
channel windows. As a result, the protic acidityhd catalysts and their activity in the alkylati@action
decrease and the diffusion characteristics of #wites, which are responsible to a great extentife
para-selectivity of catalytic systems, change as well.
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Currently the development of supplementary methfmisobtaining motor fuels and valuable
chemicals by biomass processing is a promising fwaysustainable development of global chemical
industry. Organic acids, the largest group of thenpsing biomass derivatives, can be produced by
fermentation and/or chemical transformation of ghecobtained by biomass hydrolysis. Carboxylicscid
can be converted into ketones accompanied by carboride and water release via catalytic
decarboxylation of two acid molecules in the preseof metal oxides. Earlier, we shown that Z&dd
CeQ/ZrO, are the most effective catalysts of valeric acgdokization into 5-nonanone [1]. One-pot
process of carboxylic acid decarboxylation followeg ketone hydrogenation into alkane over
Pt(Pd)/MO, bifunctional catalyst can be considered as a nattractive way to produce green diesel
components probably providing higher selectivityedto immediate hydrogenation of adsorbed
intermediate products of ketonization.

The goal of the present work is to find catalyst{gh optimal properties for one-pot process of
valeric acid decarboxylation followed by 5-nonandm@rogenation into n-nonane. Pd and Pt catalysts
supported by Zr@and Ce@ZrO, for 5-nonanone hydrogenation were characterizedk®g, HRTEM,
BET, size effect of Pd patrticles and influence gfpooducts on catalytic activity in the process ever
studied. The hydrogenation was carried out in adfilzed flow reactor in the gas phase at 543-628 K
under hydrogen at ~6-10 bar.

Based on the results obtained, complex of acid-pagperties and specific surface area could be
responsible for activity of Pd and Pt catalystketone hydrogenation. The negative effect of bydpobs
of valeric acid ketonization (COand HO) and 5-nonanone hydrogenation (5-nonanol) onlyteta
activity of platinum and palladium supported bycemia and ceria-zirconia was found. No metal size
effect was observed for Pd/Zr@atalyst. Also the stability of all catalysts watadied. The most active
and stable catalysts were found for one-pot coiweisf valeric acid to 5-nonanone.

This work was supported by RFBR Grantl4-03-3157 mol_a.
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A hypersonic aircraft has been actively developmgecent decades, it would solve the problem of
the active energy interaction with the air flowiagpund it. The principle of organization energytegss
of such devices is in the use of the kinetic enasfywir flow, which is converted by separate board
systems to other types of useful energy.

Another way of energy exchange — is a system oveathermal protection [1]. The basis of this
system is the utilization of heat of aerodynamiatimg and power unit in the most heat-stressed yudirt
the construction of hypersonic aircraft. This hest be used for various physical and chemical gsE®
such as heating of energy carriers and conductingermlothermic catalytic reactions involving
hydrocarbons. Thus, this system not only providesmnal temperature setting of the aircraft, bgbal
the production of synthesis gas containing moledwarogen, which is used as fuel.

Carbon dioxide conversion of methane is one ofaleslothermic reactions, it is described by the
following equation:

CH4 +CO2 < 2CO + 2H; - 248 kJ (1)

Supported nickel catalysts are the most preferethfe reaction. The noble metals (Ru, Rh, Pt) can
also be used as an active component, but thegktevely expensive and less available.

It would not be effective to use the pelletizedabat for carrying out the endothermic catalytic
reactions in the systems of heat utilization ofdrgpnic aircraft, as in the conditions of the miobibf
the reaction space itself a tendency of pelletsitgration and repacking will be enhanced, it weiadl to
their intensive attrition and shattering. Also ttetalysts for such systems have to satisfy a nurober
specific properties, namely: to be a part of thattexchange surface, to have a high thermal comnilyct
a low hydrodynamic resistance of the catalytic @ets, a high adhesive resistance of material. The
catalytic coating (planar catalysts), depositedatly on the heated wall, satisfies these requirdsne

Such coatings can be obtained by gas-dynamic swafi catalytically active composition of the
nickel-aluminum system on the heat-resistant saffag plasma coating a porous layer of the secgndar
carrier, by coating the activator by magnetronlemical method.

The main obstacle to the application of this predssthe rapid-growing deactivation of catalysts
due to their coking and sintering of active metattigles.

There are two ways of coke formation:

dissociation of methane:

CH;=C+2H-74,8kJ (2)
disproportionation of carbon monoxide (Boudouatten):
2CO-C+C0O,+172,5kd 3

Soot formation can be reduced by introduction afess of carbon dioxide, by diluting the mixture
by neutral or circulation gas, or steam, which pitl during reverse water-gas shift reaction, which
may occur along with reaction (1).

The catalysts supported by basic carriers are iethsénced by coke formation. Thus, Nis@8l; has
the highest activity in the prime period of opayatibut Ni/MgO, Ni/CaO, Ni/Zr@ Ni/MnO surpass this
one in operational functionality and in resistatweoke formation.
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In recent years development of the catalytic comibastechnology of natural gas and other
hydrocarbon fuels is actual, for example, for tewedlopment of environmentally friendly catalyticsga
turbines. Methane is currently the second most napb greenhouse gas emitted from human activities
(carbon dioxide is first one). But on a per molechésis, methane is a much more effective greeehous
gas than C@ The potential contribution of methane to the glogreenhouse effect has proven to be
about 20 times stronger than carbon dioxide. Thius, complete combustion of methane to carbon
dioxide is very actual and important task. Onehaf inajor problems is the search for suitable csigly
having high activity and thermal stability [1-4].

The aim of this work is the synthesis of effectimetal-containing zeolite catalysts for the gas-
phase oxidation of methane, development a methofrafation and stabilization of active states of
metals on the surface of ZSM-5.

The following systems were investigated for thecpss of complete oxidation of methane:
TAQ/IZSM-5, 7TCOD/ZSM-5, 7CQRO4/ZSM-5, 7TFeO3/ZSM-5, 7C®,/ZSM-5 u 7NiO/ZSM-5. For the
preparation of catalysts we selected three mainhodst the deposition-precipitation method, ion
exchange method and incipient wetness impregnatietmod. The best results have been obtained using
the method of incipient wetness impregnation, kesithis method is waste less unlike deposition-
precipitation and ion exchange methods. Beforeyoayr out oxidation process the catalysts were
pretreated in: inert, reducing, oxidizing and oxiolareduction atmospheres. Activity catalysts for
oxidation reaction of methane was studied in atr@agas mixture (5 %H, + 11 %0, + 86 % Ar) in a
flow reactor.

It was found that after the reduction pretreatntbet activity of catalysts increases significantly.
According to activity in the process complete oxiola of methane investigated catalysts can be ge@n
in the following series: 7QWZSM-5 > 7CQ@04/ZSM-5 > 7AQ/ZSM-5 >7Fg3/ZSM-5 > 7C&®,/ZSM-5
> 7NIO/ZSM-5 (after reduction pretreatment). The 7 Cu/Z5Mample after pretreatment in a reducing
atmosphere has most active in this process, coeptaetversion of the methane was observed at 500 ° C
but at 400 ° C, the methane conversion was 99.48%a8450 °C - 99,85%.
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Demand for isomers of alkyl aromatics to dialkythteompounds via simple alkylation, trans
alkylation, or disproportionation is commerciallpnportants intermediates in the synthesis of dyes
pigments, photographic materials and films are enmily increased. For example, p-alkylated
ethylbenzenes are used to produce p-alkylatedrsgrehe monomers for poly (p- alkylated styrenes),
which have high glass-transition temperatures (@@npared with polystyrene [1]. One of the main
methods of obtaining dimethyl-ethyltretbutyl andmetyl-butylbenzene is catalytic alkylation of
ethylbenzene with tretbuthyl alcohol on acid cagtdy

In a recent years, particular interest as catalgstalkylation of alkylaromatic hydrocarbons with
alcohols are synthetic zeolites modified by mujtipharged cations. In many alkylation processes, th
meta-isomer, rather than the ortho- and para-issmerformed, but para-selective alkylation hasnbee
attempted in most alkylations. para - Selectivglation was first demonstrated by Mobil researcHers
the production of p-xylene [2, 3].

The aim of this work is study the catalytic propestof anionic and cationic forms of zeolities Y-
type (partly loaded with rare earths) in alkylati@action of ethylbenzene with tretbuthyl alcohol.

Catalysts were synthesized from Y-type zeolite hhgvnolar ratio with SiIQ/AIO3 is equal to 5. Ca-
and REECaY type of zeolites were obtained by iatharge method. The catalyst was activated &t@G00
for 2 h in a controlled stream of air. Tret-butidat of ethylbenzene with tret-butyl alcohol as the
alkylating agent was carried out on a fixed vettidawn-flow reactor. 4 cthvolume of catalys was
placed in a reactor and heated at atmosphericqress a controlled hydrogen in the temperatungea
of 150-206C. The optimum feed ratio (ethylbenzene : t-butgbhol) was 2:1 and feed rate was 1,0 h
The reactants were fed into the reactor using sggr infusion pump. The products collected in the
receiver flask were analyzed in a Agilent 7890-A garomatograph equipped with a capillary column
and a flame ionization detector.

It was established that the convertion of aromlayidrocarbons, alcohols and the selectivity of 1-
ethyl-4-tret-butyl-benzene (ETBB) and 1,2 dimetyihibenzene (DMBB) depend on the degree of ion
exchange and the nature of multiply charged catiOner HoCaNaY at a 180 temperature deliveration
of DMBB and ETBB consist of 75-78% from the thearal point and a selectivation is 75-78%.
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Cellulose is one of the mostly wide-spread orgaméterials on the earth. It has been estimated that
10"-10" tons of cellulose are synthesized in nature amyualis mostly combined with hemicelluloses
and lignin in the plant cell walls [1]. Cellulosse considered a likely alternative to fossil fuetsits
renewable resources can provide the productiomwfmaterials for the chemical industry and second-
generation biofuels on a large scale [2, 3]. Moegpwat present, taking into consideration consgantl
increasing expenses on hydrocarbon fossil fuelmginchemicals obtained from cellulose biomass @n b
much cheaper than those obtained from oil [4].

A large number of hydroxyl groups in cellulose walldor its conversion to polyols [5]. First,
cellulose is hydrolyzed to glucose which is thenlrogenated under hydrogen pressure > 2 MPa in the
presence of a catalyst to form sorbitol (for thesbhqmart), mannitol and some amount ef~3G; polyols.

In this paper a new type of Ru-containing catalystsed on non-functionalized and functionalized
hypercrosslinked polystyrene (HPS) is proposed detlulose hydrolytic hydrogenation. HPS is
characterized by ultra-high porosity and excellsotption properties and was successfully used as a
support for nanocomposite catalysts.

Cellulose conversion to polyols was carried outainsubcritical water under the following
conditions: temperature 245 °C, hydrogen partiakpure 6 MPa, propeller stirrer speed 600 rpm. The
experiments were performed in a steel reactor (89 Barr Instrument, USA). Microcrystalline cellulose
(0.5 g), a catalyst (0.07 g) and 30 mL of distilldter were loaded into the reactor. At the enthef
experiment the catalyst and non-hydrolyzed celkisre separated by filtration. The weight of the-n
hydrolyzed cellulose was determined as the diffeedretween the weight of the residue on the fétet
the catalyst weight. The content of the conversimin products was determined by chromatographic
methods in liquid and gas phases. For the anatysasgas phase, gas chromatograph Crystallux-4000M
(MetaKhrom, Russia) was used, while for the liqgldase, highly effective liquid chromatograph
UltiMate 3000 (Dionex, USA) was employed.

Ru-containing catalysts based on HPS were studidd/drolytic hydrogenation of cellulose. We
demonstrated that only the catalysts based on wactibnalized MN-270 provide high efficiency and
selectivity towards hexitols due to stability oethiPS framework resulting in high surface areathef
catalysts and well-defined Ru nanoparticles. Thalgsts based on functional analogues of MN-2#), i.
MN-100 and MN-500, were practically inactive inghgrocess.

The use of the 1.0% Ru/MN-270 catalyst allows adhip the total sorbitol and mannitol yield
about 50% at the ~85% conversion that is companatitethe results obtained with more complex and
expensive catalytic systems. Moreover, preliminsiiydies show that the temperature decrease and the
increase of the process duration result in theeas® of the hexitol yield up to 60 — 70 %. Thisyest is
also highly stable in the repeated use makingatrsing for cellulosic biomass conversion to feedkt
for chemical synthesis and industrial productiosedond-generation biofuel.

This work was supported by RFBR Grant 13-08-00126.
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Dimethyl ether (DME) is an important chemical ravaterial for many chemical compounds, such
as dimethyl sulfate, methyl acetate and light oefiDME is also used as a propellant for aerosol
containers since it is environmentally safe [1].

The most common catalysts in the literature for pinecess of producing dimethyl ether from
synthesis gas are physical mixtures of methanahggms catalysts and zeolites ZSM-5 type. Due ¢o th
particular structure of zeolites have the propeity molecular sieve selectivity, zeolites are tépaf
absorbing only a substances of a certain size mlgecAlso zeolites are classified as superaciesalise
of their unusual acidic properties. Therefore zesliessential for use in many petrochemical presgss
where they show higher catalytic activity than tbatrently used in traditional catalyst systemsribgi
the reaction, ZSM-5 catalyst is deactivated by ltbédup of carbonaceous residues (generally termed
coke) which block access of reactant moleculebéattive sites [2]. The study of carbonaceousivesi
on the surface of ZSM-5 zeolite in the synthesi®ME, is an urgent task, the solution of whichhse t
key to choosing the optimal dehydration catalyst.

The purpose of this article is an investigationtiod effect of coke on the physicochemical and
catalytic properties of zeolite catalysts.

To study the deactivation during the synthesis MEDwere selected two samples of zeolite:
HZSM-5 (30) synthesized in the IPC SB RAS (samplerdd HZSM-5 (30) of the company «Zeolyst
International» (sample 2). Catalytic experimentsrenvearried out in flow reactor at 3 MPa and
temperature interval 200-26T. The bulk volume of catalyst was 5 %nthe rate of feed stream of
CO+H, = 48 ml/min, the molar ratio of source gases C{:H.:2. As a catalyst for methanol synthesis it
was used CuO/ZnO/AD; sample and as catalyst for hydration of methanasd wsed zeolite. Before
starting work the catalyst was treated at a presstiB MPa in a flow of hydrogen and a temperatire
300 °C for 3 - 5 h. Chromatographic analysis of the patd was carried out on a gas chromatograph
«Crystall 5000.2». Thermal analysis of samples queréd by co-TGA-DSC Q-600 analyzer (TA
Instruments, USA). The method of temperature-prmognad oxidation (TPO) have been studied the
possibility of oxidation of coke on the surfacetioé materials studied, the temperature range 25>3D0
oxidation. Studies were carried out on samples inddachemisorption analyzer «ChemiSorb 2750»
(Micromeritics, USA). Defining the parameters oé thorous structure and specific surface of the &snp
were determined by BET using automatic analyzestarill (3020), produced by Micromeritics (USA).

In this paper have been studied the catalytic ptigseof zeolites, found that the catalyst activiy
unchanged for 100 hours, after which there is ghtldecrease in DME vyield possibly due to the
formation of products of condensation on the catalurface. The results of thermal analysis and
temperature-programmed oxidation after 120 houtalysis showed that on the sample 1 is formed by
one form condensation products, and on the sampd@e form. Quantity condensation products on the
sample 1 are less than on the sample 2. Specifiacguarea and pore size for both samples aftatysa
decreases. This is due to the formation of condemsproducts and partial filling of the pores. Mia of
the change in pore size is the same for both cstaly

This work was supported by RFBR Grantl3-08-98129

References
1. Semelsberger, T.; Borup, R.; GreeneJHPower Source2006 156, 497511.
2. Bibby, D.M.; Howe, R.F.; McLellan, G.DAppl. Catal. A1992 93, 1-34.

109



CATALYSIS: from science to industry 2014 SectiorPaister presentations

Transformation of n-hexane and stable section of [drogenated feed on the

surface of high-zeolite systems

R.l. Kuzmina, S.V. Ignatyev, A.Y. Pilipenko
Saratov State University, Saratov, Russia

kuzminaraisa@mail.ru

The present stage of social development is chaiaeteby the steady growth of oil processing
product consumption, increasing requirements ta thygerational and environmental characteristios.
this connection, the establishment of basic regidarand ways of controlled activation of the C-H
bonds in hydrocarbon molecules is a priority leadhie domestic chemical scienZ&M-5-type zeolites
find broad application as catalysts of various quiemical processes and their examination is a
perspective direction of oil processing.

With the purpose to study the catalytic activity oo Ga-ZSM-5 in the H-form with a silicate
module M = 100 mol/mol, studies were made on a laboratdantpof the flowing type within a
temperature range of 250-500 °C with a 50 °C steger atmospheric pressure, with no circulatioa of
hydrogenous gas, with a voluméexane feed rate of 1 and 2.h

Chromatographic analysis of the products was ahwig on aCrystal 5000analytical stationary
laboratory chromatograph designed for analysisrgaimic compounds with boiling temperatures up to
250 °C by gas-liquid and gas adsorption chromafdgraThe chromatograph was equipped with a DB-1
column 100 m long, of a 0.25 mm diameter, polymesipxane being the stationary liquid phase.
Helium served as the gas carrier. Component cortiposivas analyzed by means of a flame ionization
detector (FID). Components were identified with tlee of the Alkylates$, “Naphthd, and “Reformat
standards. Activation of the catalyst under varioosditions lead to a redistribution of the actreeox
centers on its surface, which in turn leads todsstabution of reactions areas. In all cases cihaversion
of n-hexane occur in three main directions: cragkisomerization and aromatization. However, we can
distinguish the following regularities:

1. In all cases, that we are considered temperahgreasing increases the process conversion.
Conversion of n-hexane with increasing volumettoovf rate of the raw material (decrease the contact
time raw material with the catalyst) is reducedpibeconversion under similar conditions above an th
catalyst, which was activated in a current of air.

2. Cracking reactions selectivity increases wittréasing temperature. Selectivity of the cracking
reactions for catalyst activated in a stream ofwdth increasing feed rate decreases. The catayst
activated in a stream of hydrogen virtually unchethgr slightly increased. Selectivity for cracking
reactions under similar conditions lower than thtalyst activated in a stream of hydrogen.

3. Isomerization reaction selectivity is decreaséth increasing temperature. With increasing
volumetric feed rate selectivity of isomerizatioeactions is increased in all cases. Selectivity of
iIsomerization reactions under the same conditi@asdngnificantly higher, than for catalyst is aated in
a current of hydrogen.

4. Aromatization reactions selectivity increasesthwincreasing temperature in all cases.
Aromatization reactions selectivity of a catalysactivated in air, with increasing feed ratereuced to
400 °C and increases slightly or does not changje wecrease temperature. The catalyst is activiated
current of hydrogen is reduced significantly byressing the feed rate. At lower feed rates, the
aromatization reactions selectivity higher at alyst activated in a current of hydrogen. By incieg
the feed speed - reverse.
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Solid electrolytes (SELs) with lamellar framewotkusture are of considerable interest for catalytic
chemistry since the scope of these materials caredpanded by varying their composition by
replacement of cations in the base compound wahtiee dopant ions. Complex oxide materials belong
to the SEL class with anionic (oxygen-ionic) contality type and have perovskite-like structurese3é
oxides are based on the bismuth vanadai¥Bii15 [1]. Bismuth vanadate and its derivatives exist in
several polymorphic modifications,(or monoclinic;, or orthorhombic; ang, or tetragonal).

The samples of B{V1.xMe,)0115 With Me — Cd*, F€"*, Zr** (BIMEVOX) were obtained by the
solid state synthesis, and were characterized b XR, XPS [2]. Catalytic activity of BIMEVOX was
tested under flow conditions with chromatographialgsis of the reaction products in the cycle «ingat
(1) — cooling ()» for checking the existence of a temperaturedngsts (TH) for BIMEVOX-catalysts.
The changes of the yield of aldehyde — the mainlyebof isobutanol conversion in stationary cormais

AN :NlN—TNTme%are shown below. In all case the TH is revealedorm «clockwise» and it
decreases with XM increasing, so the influence kteat and structural type of catalyst on TM is clea

The effect of TM can be associated with the chasfg&rrhenius plots characteristics — the apparent
activation energy of reactioB, and pre-exponential fact®o which connects with the number of the
surface active centers. These values depend ogelodrion-dopant M as well as M content with the
most active BIMEVOX iny-phase [3-5]. As it can be seen from the table Thieconnects with an
increase of the activation energi,(/Eat) for the dehydrogenation cooling system in casey-of
BICUVOX anda,fB- BIFEVOX catalysts. In case of BIZRVOX decreas&ieaANsso-c (—60, —24, +5) is
due to lowering the pre-exponential factor Ng[/Not) (-2.0; —6.6; —16.6), that characterizes the
deactivation of active centers.

This work was supported by RFBR Grant no. 12-0381dnd state contradic 1001(/14255 (“U.M.N.I.K.").
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Partial oxidation is one of the most promising wajstransformation of cheap and available
alkanes to more valuable products. n-Hexane oxidasi the model reaction of oxidation of light aika
to acids, which can be used in enhanced oil regoveemong the catalyst of alkane oxidation different
compounds based on transition metals, such as @p,Rd, Cu, are widely used, because of their
possibility to change the oxidation state withiatiobn of radical chain mechanism of alkane oxiolati
The promising catalysts for alkane oxidation ardamsubstituted aluminophosphates, which combine
advantages of heterogeneous systems with highytatatactivity of transition metal cations, becaus
possibility of metal ions in framework positiondbange the oxidation state [1].

In present work the Co and Mn substituted alumingphates were used as heterogeneous catalyst
in n-hexane oxidation by air. The reaction wasiedrout in a stainless steel batch reactor equipptd
a magnetic stirrer under continuous flow of airidgr24 hours. The system was pressurized withradr a
then heated under permanent stirring. The operagimgerature was 150 °C, the operating presswee aft
heating was maintained at 35 atm.

The non-catalytic and catalytic oxidation with CodaMn-AIPO-5 were carried out and it was
shown that the n-hexane conversion were highehenctse of using CoAlPo-5 and the main product
distribution differed for non-catalytic and catatyteactions. In the experiment without catalyse ks
oxidation was observed, compared with experimeiitts both Co and Mn-AIPO-5.

According literature data the metal substitutedmhophosphates are stable in oxidation of alkanes
up to the 10 % alkanes conversion because of &idgtion with leaching of active metal sites [B].
this work the conversion of n-hexane was reachef@%2avith 93,9% selectivity to acids for Co-AlIPO-5
without any leaching. The stability of catalysti¢aching was proved by XRF, the metal contentesHr
and spent catalyst were 1,5%. The XPS was useelt¢ondine the oxidation state of Co in fresh andspe
catalysts. It was shown, that in the spent catdhgstpart of Co was in oxidation state 2+, whilehe
fresh catalyst cobalt was in oxidation state 3+e hhhexane conversion on the spent Co-AIPO-5 was
similar as on the fresh one, but the distributidrthe main products differed. With re-us€dL the
alcohols and ketones formed in smaler amount aamdekectivity to acids increased in the same manner
as in non-catalytic oxidation. This is due to mdrtransformation of C9 in the fresh catalyst to €bin
spent one which leads to changes in the produatatgn function of catalysts.

The unexpected result was obtained with increashmg catalyst content in system. In the
experiment with 100mg of catalyst instead of 20 imgisual experiment the conversion of n-hexane
decrease dramatically from 15,1 to 4,8 mol.%. Tihseoved result can be explained by inhibitive
property of catalyst, which appears in formationsanificant amount of active intermediates on the
catalyst surface without further oxidation of thdséermediates by air with formation of reaction
products.

This work was supported by RFBR Grab27
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It is known that one of the conditions for a susfalsapplication of cracking catalysts is their
stability. Increase the stability of contacts candtrhieved by using bentonite clays as the matrtk a
binder. In the initial state, the natural materiis less suitable as supports for refining catslgse to a
low specific surface, pore volume and a high canteh alkali cations. Modification of natural
montmorillonite (NaMM) by pillarization allow to ajnize its properties while maintaining high
stability.

The aim of this work was to study the physico-cluai acid and strength characteristics of HY -
zeolite catalysts based on aluminum-pillared monmifloaite in the Na-form and their activity in the
cracking of vacuum gasoil (VG) with the end of baijl point 578 C.

H-form zeolite NaY was prepared by ion exchanga iriple 1N NH CI. For pillarization NaMM
used aluminum hydroxocomplexe [AD4(OH),4(H-0):5]’. Composite contained zeolite and pillared MM
was formed into catalysts granules. Textural charestics determined by the adsorption and deswipti
isotherms of nitrogen on the device "Accusorb” (BEiethod), acid characteristics - temperature
programmed ammonia desorption method. Control @fptiiase composition was performed by X-ray on
the device "DRON-4 * 0.7" with Cui- radiation. Elemental analysis of the composites carried out
using energy dispersive X-Ray fluorescence spemtmps on energy dispersive microanalysis system
INCA - Energy 450 mounted on a scanning electroocroscope JSM6610LV, JOEL, Japan. It is shown
that the content of sodium decreases from 1.328%.after the pillaring.

According to the data obtained on a universalrngstnachine Autograph AG- 100 GOST 8817-82
KNX «jumping-up test method» granules of synthekizatalysts differed high strength and withstand
loads up to 306 kg/sm

It is shown that pillarization increases the spedifirface area of 48.2°nig NaMM to 379.9rf /g
Al (7.5) NaMM. For HY - zeolite catalysts S increasin the sequence 149,3; 180.7; 211%Ggrfor Al
(2.5) NaMM, Al (5.0) NaMM, Al (7.5) NaMM, respecily. X-ray diffraction data confirmed that the
crystal structure at NaMM pillarization saved. Tirst basal reflection (@i) for Al (7.5) NaMM + HY
increases compared with NaMM at 6,75 A. The totahber of averages ¢ds= 200-308C) and strong
acid sites (§es> 300C) with a total acidity of 246 micromoles N g NaMM maximal (57%) of the
HY-zeolite catalyst Al (7.5) NaMM. It is shown thtte greatest amount of light products (45.4%) and
light diesel oil in their composition (37.1%) forche@n HY / Al (5.0) NaMM - the catalyst, and the
greatest amount of gasoline (14.6%) - on HY / Abj™NaMM. Gasoline formed at VG cracking on Al
(7.5) NaMM + HY catalyst distinguishes the smallestitent of aromatic hydrocarbons (17.9%) and
olefins. Increasing the concentration of Al in thmatrix pillared catalyst leads, moreover, to insgea
isomerization activity. Isomer content in gasolpreduced by cracking on Al (7.5) NaMM + HY-catalyst
reaches 32.4%. The presence of large amounts afasgonents in gasoline makes it attractive as a
component of commercial gasoline. It should alsonbéed that the cetane number of light gasoil
according to the analysis on the Octane Meter S N, equal to 63. In the gas phase (17.6%) showed
the formation of 8.7% methane, 5.4% ethane, 7.2%dete, 21.3% propane, 15% propene, 35.4% butane
and 9.8% isobutane.

From analysis of the above data it can be conclutdat HY composites on the base pillared
AINaMM, characterized by high strength, can be usedbtain light products from weighted vacuum
gasoils.
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This paper considers the properties of thin-filnofolcatalysts based on titanium dioxide. 7i0in
films were deposited by means of ion-plasma iretialh «Yashma-5» with dual magnetron sputtering
system (MS) in two configurations of magnetic fielthe evaluation of photocatalytic activity was
carried out on the decomposition of methylene blllke more details are presented in [1]. The
calculations of the bandgap are presented.

The thickness and structure of the film are deteeahiits sorption, which greatly contributes to the
efficiency of photocatalysis reaction. It was fouhdt the increase of film thickness leads to sigat
increase in Ti@ photocatalytic activity. The configuration of theagnetic field of the magnetron affect
on films structure. Thus, it is a tool of changefacatalytic properties of thin films.

The dioxide titanium thin films with predominanckeamatase structure were deposited by means of
«closed» dual MS. For «mirror» configuration, valud bandgap are lower. It is evidence about mixed
phase of TiQfilms (anatase and rutile). The high photocatealgttivity is inherent to samples, which are
deposited by «mirror» configuration.

The photocatalytic activity of experimental sampkegigher than in the case of use RF magnetron
[1]. Such magnetron configuration is consideredoasieposition high quality thin films. The obtathe
results are similar to in the case of using theramalealing [2].

This research is supported by FPI Grant 1844 GY4201
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Nowadays cumene is obtained by catalytic alkylabbbenzene with propylene. The most part of
cumene is used as precursor for phenol, which isthegized by decomposition of cumene
hydroperoxide. The main and unavoidable disadvaniaigcumene method of producing phenol is
acetone formation, which is a low value by-prodafcthe process. While the phenol used in the swighe
of plastics (bisphenol A), pharmaceuticals, resatstone production exceeds its consumption. That's
why it is of great interest to recycle acetone tmgroduce cumene by one step catalytic synthesis f
acetone and benzene.

A series of bifunctional catalysts involving hydesgting and alkylating components has been
prepared. Hydrogenating component of the catalgstdved 11 wt.% Cu supported on silica. Alkylating
components involved zeolites MOR, BEA, FAU or MHAtwsimilar Si/Al ration (10-12.5). The materials
were characterized by elemental analysis, TBRTIRD NH;, TEM, nitrogen adsorption-desorption. The
catalysts were tested in hydroalkylation of benzeite acetone. The catalytic experiments were edrri
out in a fixed bed reactor at 130-210 °C under®dMPa, the acetone/benzene/hydrogen molar ratio was
(1:4-9):1.2, the weight hourly space velocity (WHS) benzene/acetone mixture was 3 h-1.

Study of benzene interaction with acetone in tresg@nce of hydrogen over bifunctional catalyst
showed that reaction pathways and stability of lgatadepends on the relative position of the
hydrogenation and alkylating components. The besult was obtained over the catalytic system
organized in layers, involving first hydrogenaticejalyst and then alkylation catalyst.

Variation of the type of the alkylating componeunggested that the highest catalytic activity can be
achieved over large pore zeolites, such as MORE¥,Bvhile the highest selectivity to the products o
alkylation was reached over zeolite BEA.

It has been demonstrated that acetone converswaased by in factor of 3 when the reaction
pressure was raised from 0,1 to 1 MPa, on the apntselectivity to cumene depends primarily on
reaction temperature and benzene/acetone molar Tate increase of reaction temperature from 130 °C
to 170 °C results in the increase of the contrdoudf alkylation products, but further increaseadction
temperature to 230 °C leads to the selectivity diopn due the higher contribution of the produdts o
acetone condensation.

The best catalyst performance has been achievedoaw8iQ-BEA catalyst at 170 °C, 1 MPa, the
benzene/acetone molar ratio of 9. Over this catalys conversion of acetone reached 98%, while
selectivity to the products of alkylation was 94%.

Thus, the alternative route of cumene synthesisiymroalkylation of benzene with acetone has
been demonstrated over bifunctional catalyst inmgivcopper-containing component and zeolite beta.
The conversion of acetone and selectivity to cuneaieeved over this catalyst reached 98% and 84%,
respectively.

This work was supported by the Russian Academygieh&s. Shutkina O.V. thanks the “U.M.N.I.K.” pram for
providing a scholarship
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Halocarbons, especially the ones containing no dgein atoms, are extremely stable and are
believed to destroy the Earth ozone layer. Theegfdevelopment of active destructive sorbents dapab
of their decomposition without harming the enviramh is of substantial practical interest. Small
amounts of vanadium added to nanocrystalline Mgfogeds were shown to promote their activity in
destructive sorption of halocarbons. This reacisooharacterized by prolonged induction period,clihi
is considerably shortened after the addition ofstiuelied promoter.

In the reaction with CKl,, the samples of nanocrystalline MgO aerogels widmadium
concentrations 0, 1, 5, 10 wt. % were studied. S&ample was loaded into an ampoule used for EPR
measurements and activated in 30 ml/min nitrogew flor 1 hour. Then the reaction with &H, was
carried out with the following spin probe adsorpti@he perylene solution in toluene (2%1M) was
used as the probe. The concentration of actives sies measured by EPR method immediately after
adsorption and after heating for 18 hours at:80°

It was found that addition of vanadium had a cai@lgffect on the interaction of nanocrystalline
MgO aerogels with halocarbons, accelerating then&tion of the active sites on the surface of the
nanoparticles. A good correlation between the oatgéestructive sorption reaction and the conceiotnat
of electron-acceptor sites was observed.

The electron-acceptor sites on the surface ofnstamples of MgO and VOx/MgO were not found.
Their concentration gradually increased duringititeiction period, reaching a clearly defined maximu
in the active state when the rapid topochemicalrdetsve sorption reaction occurred. As the vanadiu
concentration was increased, the time for reacthiagctive state decreased.

This work was supported by RFBR Grants 12-03-0@8@b13-03-12227-ofi_m
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Styrene and propylene are important monomers imata industry. Propylene is usually extract
from petroleum refining gases or produced by theydeogenation of alkanes @r,04/Al,03 catalysts.
Styrene is also produced by the dehydrogenatia@thyibenzene on potassium promotegdzecatalysts.
However, despite the high yield of the productsthrocess has many disadvantages such as catalyst
coking and need to carry out the process in theemee of superheated steam. Alternative way of the
production of styrene and propylene is oxidativénydieogenation of ethylbenzene and propane on
V,05/MgO [1], V20s/CeQy/Al ;05 catalysts [2].

The purpose of this work is to study the influeéehe catalyst support nature on the catalytic
activity of supported vanadium catalysts in thedaxive dehydrogenation reaction of propane and
ethylbenzene.

The samples of the catalysts — ¥81O,, VO,/TiO,, VO,/Al,O3 and VQ/AIC — were synthesized
by the impregnation method using an aqueous solai@mmonium metavanadate. Si@iO,, y-Al,03
and carbon-modifieg-Al,O3 (AIC) were used as a catalyst support. The catalysts ehenacterized by
low temperature nitrogen adsorption, XRD and TPehnejues. Catalytic activity of the samples in the
oxidative dehydrogenation reaction was determined ao flow catalytic installation with online
chromatographic analysis of the products.

According to XRD data, V@AI,O3, VO./SIO,, VO/TIO, catalysts contain only phases of the
corresponding supportHAl,Os, amorphous Si@or anatase) and orthorhombigQ4. VOX/AIC contains
a phase of graphite along withAl,O3 andV,0s. The phase of ¥Os is well crystallized in both
VOX/TiO, and VOx/AIC samples, with the mean crystalliteedieing 40 nm. V@SIiO, and VQ/AI O3
samples contain XDs phase in dispersed state. According to TPR dagafdrmation of different forms
of vanadium oxide on the catalyst surface is oleservQ/TiO, sample is characterized by two peaks of
hydrogen consumption. Those are weak peak at 368:5%d intense one above 560TPR profile of
VO,/SiO, also contains two peaks those are weak peak a¥200- and intense one above 460°
VOXx/AIC and VQ/AI,O3; samples are characterized by only one peak ofoggir consumption with
maximum at 59%° and 536C, respectively.

According to the catalytic data, W@Il,0; sample are the most active and selective among
samples studied, with its selectivity on propenadpd1% at propane conversion of 23%. The, MIC
sample show comparable selectivity on propene (38fthe same propane conversion. Tweest
activity (propane conversion of 23%) and selectiwih pronene (30%) were demonstrated by /A&,
sample.

Thus, the use of different supports leads to tlegh in activity and selectivity of the catalysts i
oxidative dehydrogenation of hydrocarbons due #&ftihmation of different forms of vanadium oxide on
the catalyst surface depending on the nature afiskd support.

References
1. Oganowski, W.; Hanuza, J.; Kepiski, Appl. Catal 1998 A 171, 145-154.
2. Reddy, B.M.; Rao, K.N.; Reddy, G.K.; Khan, A.; PaskE.J. Phys. Chen?007, C 111 18751-18758.
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HepCHeKTl/IBbI KAaTAJIHTHYIECCKOI'0 OKUCJICHUA KYMO0J1a B IIPOMBIINJICHHOCTHA

D.M. I[aXHaBI/Il, X.0. XapnaMnmmz, I'.H. Komens®

Tomckuii 20cy0apcmeenHvlil YyHU8epcumem
1 . N .
Kazanckuii 2ocyoapcmeeHnmbvlil mexHOI02UYeCcKull YHUGepcumem
2 . . ¢
Apocnasckuti 20cy0apcmeenHblil NOIUMEXHUYECKULl YHUgepcumem

OxucneHne H30MPOMUIOCH30MIa SBISETCS HauOoliee BAXHOW CTaJMeld COBMECTHOTO MOJYYCHHUS
¢deHOMA M alleTOHA, TaK KaKk MMEHHO Ha 3TOW CTaauu 00pa3yroTCs LENECBOW MPOAYKT (THAPONEPOKCHT
kymona — ITIK) u psag moOGOYHBIX MPOAYKTOB (AUMETHI(EHUIKAPOUHOM, aineToPeHOH U T.1.),
cHmkaromue 3¢ (HeKTUBHOCTh MPOU3BOACTBA. JlJIs yCKOpEHUS Mpolecca OKUCICHHS KyMOJIa pa3IuuyHbIMU
UCCIICIOBATENSIMU ~ ObUIM  TIPENJIOKEHBI  KaTaduTHUeckue cuctembl. OIHAKO [0 CHX TOp B
IPOMBIIIIEHHOCTH Tpoliecc BeAeTcs 0e3 HCMOoib30BaHUs KaTanuszaropa. Ilpobiema KaTaluTHYECKOTo
OKHUCJICHHS KyMOJa 3aKJI0YaeTcsl B TOM, YTO H3BECTHBIC KATAUTUYECKHE CHCTEMBI ICHCTBUTEIHHO
YBEJIMYUBAIOT CKOPOCTb OKHCIEHHUS, OJHAKO He 00ecrneyuBaloT MNPUEMIIEMOM CEeleKTUBHOCTH
nmpeBpalieHns KymMojia B THIPOIEPOKCHJ HA CTaauu OKUCJICHHs, W KPOME TOTO, CIOCOOCTBYIOT
HEeKOHTposmpyeMomy paznoxkenuto ['TIK Ha craguu ero ykperuienus. [locnennee 00CTOATEIHLCTBO MOXKET
MIPUBECTHU K TEIJIOBOMY B3PbIBY, YTO UMEJIO MECTO B HEKOTOPBIX IMPOU3BOACTBAX.

OpHako WCCIeNOBAaHUS TIOKAa3alHM, 4YTO HEKOTOpble Npou3BogHble N-THapOKCH(PTATUMUIOB
SBIISIOTCS BBICOKO aKTUBHBIMH M CEJIEKTUBHBIMU KaTalu3aTopaMu o0pa3oBaHMs THIPONEPOKCUIOB, B T.4.
I'TIK, 9T0 OTKpBHIBAIOT HOBBIE BO3MOKHOCTH MHTEHCHU(D)UKAIIMK TAHHOTO TMPOIlecca B MPOMBIIIIICHHOCTH.
[IpennoxeHHble HaMH KaTaJlM3aTOPbl JIMLIEHBI TeX HEAOCTAaTKOB, O KOTOPBIX TOBOPUJIOCH BBIIIE,
npakTudecku He pasznararoT [TIK, mo3BonstoT B pa3bl yBeNIWYMBATH CKOPOCTh €r0 HAKOIUICHHUS, YTO B
UTOTEe MPHUBOJIUT K BBICOKOMY CheMy IpoAykTa u cHkeHuto norepu I'TIK Ha cTamum ykperuieHus ero
pactBopa.  Takum  o0pazoMm,  TOSIBISIFOTCS  BO3MOXXHOCTh  3HAYUTEIBHOTO  YBEJIMYCHUS
MPOU3BOJUTENIBHOCTH  IPOMBILIUICHHBIX ~ PEAaKTOpPOB, M  pa3paboTarb B  JajbHEHIlIeM HOBbIE
BBICOKO9()(heKTHBHBIE, MasorabapuTHBIE PEaKTOPBI OKHCICHHS.

Heobxomumo otmetuth, uto Oosiee 60 % sHepro3aTpar COBMECTHOTO NPOU3BOACTBA (eHONIA
aleToHa MPUXOAUTCS HA JIOJIO CTaJUU YKPEIUIeHUs oKkcujata, rae konientparus ['TIK yBenmunBaercs ¢
22 + 310 89 £ 1 %,c KoTOpO# BO3BpAIIalOT HempeBpalieHHbI kymoi. Eciau konnentpanuio ['TIK B
OKCHJIATeYBeIMYIUTh 10 ypoBHs 40% npu coxpaHeHun npuemiiemoit cenektuBHOCTH (Oosiee 90 %),uero
MO3BOJIIET UCIOJB30BaHNE MPOou3BOAHBIX N-ruapokcudTanuMuia, To Harpy3Ky Ha y3en peKTu(UKauu
MOKHO YMEHBIIUTh Ha BeNMW4YUHY pazHoctu konudectBa ['TIK, u TakuM 00pa3oM 3HAYUTENHHO CHU3HUTH
SHEProeMKOCTb MTPOU3BOJICTBA (EeHOA.

Ecnu npousBoicTBO okcua nponuieHa 6a3uposath Ha ['TIK, To BOBCe MOKHO UCKIIOYUTH CTAUIO
pexTuduKanyu OKCHaaTa, a MOJy4YEeHHBIM OKCHAAT UCIIOIb30BaTh AJIsl SMOKCUANPOBAHUS MPOMUIICHA WU
npyrux onepuHoB. Takas cxema 00eCIeYnT BBICOKYIO CEJICKTHBHOCTD IMPOIecca OKMCICHHS KymoJa (3a
CUET YMCHBIICHUS KOJIMYESCTBA MHTHOUTOPOB C BO3BPAaTHBIM KymoiioM), Hu3kue notepu ['TIK Ha craanu
YVKpEIUIeHUsI U dHEeproeMKocTu. OTMbIBKE OyneT MOBepratbcs TOJIBKO MOTOK, KOHACHCHUPOBAHHBIN U3
0TpabOTaHHOTO BO3/lyXa, YTO 3HAUYUTEIHHO YMEHBIIUT 00pa3oBaHue CTOYHBIX BoJ, nmotepu ['TIK B Buae
HaTPHUEBBIX COJIEN C XUMUYECKH 3arPA3HEHHOM BOIOM.

[Ipu KaTaTUTHYECKOM OKHMCIICHHH KyMoJja yBeTWdeHue KOHBepcuu Kymoia a0 35-40 %s3a mpoxox
pHUBENET K BBIICICHUIO OOJBIIET0 KOJWYecTBa Temia. [103ToMy CYIIECTBYIONIUE PEAKTOPHI TOJIKHBI
OBITH TEPe0OOPYIOBAaHBI TEIUIOOOMEHHUKAMH C OOJBIION MOBEPXHOCTHIO HIIM M3TOTOBJICHBI PEAKTOPHI
HOBOW KOHCTPYKLIUHU Juis oOecriedeHus: dPPEKTUBHOTO TEIIOCheMa M BBICOKOW MPOU3BOIUTEIILEHOCTH.
Terora peakiuu OKHUCICHUS B peakTopax (B CEKIMAX) MOXKET OBbITh HCIOJb30BaHa JJIsl HarpeBa
KYMOJIbHOM IIMXTHI, MMOJAaBa€MOW B 3MEEBHKH peakTopa. Jlnsi moBbImieHUsT 0€30MacHOCTH OKHCICHHS,
OXJIQXKJIEHUE BOJOM U HIMXTOM JOJDKHO YepelIoBaThCS OT CEKLMU K CEKIUH, YTO, C OJHOM CTOPOHHI,
00JIETYUT YCTAaHOBIIEHUE HYXXHOTO TEMIIEPATypPHOTro Mpoduiis, a ¢ Apyroi — yMEHBIIUT PacXoj BOJbI U
3aTpaThl Ha €€ MOJATOTOBKY M TPAHCIIOPTHUPOBKY.

Jns  moarBepxkaeHus A(PGEKTUBHOCTH MpEAJIaraéMbIX BAapUAHTOB MOJCPHU3ALINN HAMU
pa3zpaboTaHa KOMITbIOTEpHAs MOJENb y3Jia OKHCIIEHUS ACWCTBYIOUIETO NMPOM3BOJACTBA U TNPHUHATA Kak
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6a3oBas TexHosorus. OnpeneneHbl TEXHUKO-DKOHOMUYECKHE MTOKa3aTeNld IPOU3BO/ICTBA M0 CPABHEHHIO C
HCIIOJIb3YEMOM TEXHOJIOTUEH.

[Ipenmaraemblii crmoco0 OKHCICHHS KyMoOjla MOXXET OBITh peaju30BaH C yYeTOM CHeHUpUKH
NPEANPUATHIA, TPOU3BOIAIMINX (PEHON U alleTOH, ¢ MUHUMAJIbHON MepeIeIKoNd WM 3aMEHONH MMEIOIIETOo
ob0opynoBanus. Ha 6a3e ycoBepIiieHCTBOBaHHOTO MPOIECCa MOKHO OCYIIECTBUTh PEalM3alfio MPOEKTa
OKCHJIa TIPONMJICHA, T.€. OPraHMU30BaTh Oojiee TMOKOE MPOU3BOJCTBO. COBMECTHOTO TMOJIyUYeHHs (eHOa,
alleTOHA U OKCH/IA MPOIUJIeHA WU KaK Pa3HOBUAHOCTh HApSly C STUMU IIEHHBIMU MPOIYKTaMHU MOJIy4aTh
U o-MeTWICTHposl. OCHOBHBIE CTaJAMM JAHHOTO IpoIecca OTpabOTaHbl HAa MOJICNIBHBIX YCTAHOBKAX,
OJIHAKO €CTh HEOOXOAMMOCTh OCYILIECTBUTH MOJHYI0 OTPaOOTKY TEXHOJOTHHM HA MUJIOTHOM YCTaHOBKE U
IIPOBECTH €€ ONTUMH3ALUIO.

Pa3paboTka KaTaJUTHUECKOrO OKHCIEHHUS KymoJja MpeACTaBsieT MHTEpPEC sl MPOU3BOAUTENEH
deHoNma ® ameTroHa, TaKUX Kak OAO «Kazanpoprcuntes», OAO «Ydaoprcunres», OAO
«Camapaoprcunares» (Xoaguar CAHOPC), OAO «Owmckuii kayuyk» u OAO «CapaTOBOPICHHTE3»
(mpUOCTaHOBHI TMPOM3BOACTBA), KOTOPbIE IO CEH JEHb HCIOJIB3YIOT MOPAIBHO YCTApeBUIYIO U
ManodpdexkTuBHy0 TexHosoruio. OTpaboTKa MpeyIaraéMoro crnocoda Ha MHJIOTHOM YCTaHOBKE
NO3BOJIMJIa Obl YCKOPUTH €€ pealM3aluio B MPOMBIIUIEHHOM MacmTabe. TakuM oOpas3om, ecTh Bce
OCHOBaHUS CUMTATh BOCTPEOOBAHHBIM MPEJIaraeMoro MpoeKTa i MPOMBIIIJIEHHOCTH CTPaHbl, KOTOPOTO
MO>KHO PEaIM30BBIBATH COBMECTHO C KPYITHBIMU MPEANPHUATHAME B T.9. B pamkax HMOKP u rpanTos.
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I nvestigation of the activity of hydrotreating catalysts diesel fuel fraction Surgut

condensate stabilization plant

R.S. Nagiev
Surgut plant condensate stabilization by V.S. Cheryrdin

nagiev.ramin@mail.ru

At present, Russian refineries migrating to theseliduels that meet the technical regulations "On
requirements for automobile and aviation gasolthesel and marine fuel, jet fuel and heating oilas3
5 environmental standard [1].

The main regulated parameters such fuels are legine number (at least 51), low sulfur content
(not more than 10 ppm) and polycyclic aromatic logdrbons (less than 11% wt.). [2]

In order to achieve high quality and reducing thars of the total sulfur diesel fuel derived from
oil, gas and raw materials north of the Tyumenaegstudies were carried out four brands of catslys
produced by the leading Russian and foreign conggani

The test materials were a fraction of diesel hyaater Surgut Condensate Stabilization Plant OOO
"Gazprom Recycling" boiling range 180-340 °C.

The most efficient in the process of hydrotreatoajalyst KGSH-08 NPF "Olkat", the active
component of which is an oxide of nickel (I1).

Subject catalyst brand of heavy tires-08 showed amdy high catalytic activity in reactions
girogenizatsionnogo desulphurization, but also wignificantly reduce the temperature at the oudfet
the hydrotreating reactor.

Catalytic KGSH-08 is characterized by long lifepesially in the case of raw material, which is a
gas condensate mixture with a relatively low contérarmful catalyst poisons.

In general, in the world there is a gradual tramsitfrom aluminum-cobalt-molybdenum to
aluminum-nikel-molybdenum hydrotreating catalysts.

References

1. Technical regulations "On requirements for autorieohnd aviation gasoline, diesel and marine fualfyel and
heating oil".

2. Klimov, O. Production of diesel fuel and Euro-5algsts for these process&sience and Technolog?013.
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A two phase single piston external combustion engine for CHP applications

A.V. SamoiloV, V.A. Kirillov %, A.B. ShigaroV, N.A. Kuzin! A.Talelf, C.N. Markide$

'Boreskov Institute of Catalysis, Novosibirsk, Raissi
“Imperial College London, London, UK

samoilov@catalysis.ru

A crucial aspect of the practical realisation aérthodynamic cycles (e.g. Carnot, Joule, Rankine,
Stirling) for power generation relates to the psses of heat transfer from a source of heat (almost
invariably from the combustion of fossil fuels)ttee working fluid, during the heat addition stadeh®
cycle [1]. Therefore, the intensification of thepeocesses is essential for the improvement of the
efficiency and power density of the resulting hesagines. To address this challenge we are invéisigga
the use of suitable catalysts with good thermabaetivity for uniform heat transfer to the workifigid
within the engine.

These catalysts are developed for use with a péaticnew type of two phase single piston external
combustion engine (i.e., featuring periodic evaporaand condensation of the working fluid), whish
predicted to have a relatively inexpensive desigd a high efficiency and power density. The early
concept of this engine presented in [Bhis engine featuring our prepared catalyst is saged for use,
for example, in the development of energy-effici€hP plants. Such a scheme is expected to be widely
applicable in the industrial, commercial and evesmdstic/residential sectors, in order to allow
improvements in overall energy efficiency, priméngl usage minimisation, as well as noise, vibratio
and emission reductions.

Specifically, the direct combustion of hydrocarbansl oxygenated fuels for energy production can
be inefficient because these processes inducetéigperatures and emissions [3]. A two-step catalyti
process featuring synthesis gas production fronowuarfuels and its subsequent feeding to engines fo
power generation is a promising alternative. Aneaial advantage of this approach is that the engin
runs on the normalised fuel (synthesis gas), whltdws higher engine efficiencies and lower emissio
of NOy, CO, CQ. Suitable catalysts are being designed for thé$ Gonversion to the synthesis gas in
order to optimise the two-step heat generationgs®cFurther, catalytic heat-exchangers are crtaial
waste heat utilisation in order to further imprae efficiency of designed cogeneration systems to
ensure their competitiveness in the market of e@tt suppliers.

This work was performed under the theme “Thermodyogower generation cycles for improved energigieficy”
of the UNIHEAT project [4]
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Kinetic Model of Diesel Fuel Catalytic Hydrodewaxing Process

G.Y. Silko, N.S. Belinskaya

National Research Tomsk Polytechnic University, SlgrRussia
silko_gy@mail.ru

The most important cold-flow properties of diesa¢lfare pour point, cloud point and cold-filter
plugging point [1]. Solid phase which sedimentgliesel fuel at low temperatures is a complex mextur
consisting of paraffin hydrocarbons different stames and molecular weight. Hydrocarbons with
asymmetric branched structure are characterizddvbygrystallization temperature and in some ins¢ésnc
are absolutely not capable to crystallize. The @lpoint of diesel fuel increases sharply even iaém
content of n-paraffins £-Cys is present.

Reduction of diesel-fuel pour point is achievedigans of hydrodewaxing process, which basis on
two main reactions: hydrocracking and hydroisonagioe of high molecular weight linear paraffi@g,—

C,7 over bifunctional Ni-Mo catalyst [2]. During therqeess sulfur-, nitrogen- and oxygen containing
compounds and aromatic hydrocarbons hydrogenationrs over Co-Mo catalysts as well.

The aim of the present work is diesel fuel hydroabewg process kinetic model development for
optimization of technological parameters.

Since the catalytic hydrodewaxing process is anaackd cracking process of crude oil, the
thermodynamic parameters for high molecular welgltrocarbons have not been found in a directory.
That is why, quantum-chemical methods, realizedsaftware Gaussian, have been used for the
thermodynamic properties of hydrocarbons estimatidre DFT (Density Functional Theory) method,
the B3LYP model as theoretical approximation, aasi$©3-21G has been adopted for calculationsslt ha
been found that hydrogenation reactions of polyatmyto mono-aromatic compounds, isomerization of
n-parafins, hydrogenation of mono-aromatic compautadnaphthenes, and hydrogenation of olefins to
n-parafins are reversible, while paraffing€C,7 hydrocracking pass only in forward direction.

As a result of thermodynamic analysis with takingpiaccount condition of reaction reversibility
and aggregation of hydrocarbons in groups by chanféatures the formalized hydrocarbons conversion
scheme of the hydrodewaxing process has been dredtecording to the created formalized
hydrocarbons conversion scheme, kinetic model olrdgdewaxing process has been developed. It is a
differential equation system of reactants concéiotma changing by contact time with the following
initial conditions:z=0, Ci=Cio.

Kinetic parameters of hydrodewaxing process reastidetermination involves the estimation of
pre-exponential factors in the Arrhenius equatida minimization differences between calculated and
experimental hydrocarbons concentrations in thelygband reactions rate constants calculation. The
initial approximations of reactions activation ggies have been selected according to the literatata
Hydrocracking, dehydrogenation of n-paraffing@, and hydrogenation of olefins to isoparaffins pass
with the greatest speed, which is in agreement wh#oretical, experimental and thermodynamic
regularities. Rate constants of these reactiorteraperature 355 °C are 1.090, 1.666, 2.98brhol™*
respectively. Kinetic model is formalized and gdasmogeneous, therefore the reaction rate constants
are effective, i.e. they are the combination ofrdgirmediate stages constants.

Estimation of the technological parameters inflehas been investigated using created computer
modelling system. Thus, when the temperature is°83hydrogen/feedstock molar ratio is 3,3:1,0, and
pressure is 6.79 MPa, the conversion level of affiarhydrocarbons in hydrocracking reactions i%64

This work has been carried out in the frame of $tae Task “Science” 1.1404.2014.
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Separating multicomponent lipid complex of CO,-extract based on silicones

J.V. Kondratenko
The Kuban Sate University of Technology, Krasnodar, Russia

kondratenko.yuly@mail.ru

Currently great significance is attached to theliguaf produce presented at the market. Therefore
efficient quick, fast non-labor intensive relatiyalheap methods of checking the quality of the pcad
which producers manufacture are of great importémcthem.

The urgency of utilizing extracts on food indusirgs in increasing produce quality which
consequently brings about success in the markahdmmodern world demand for wholesome natural
products is growing. And as nowadays there are lant gxtracts which are more natural than,CO
extracts, the produce into which composition they iacorporated may receive great popularity among
consumers.

The object of this work is utilizing the method tfin layer chromatography for identifying
individual substances of the investigated.c&Xtract.

The problem of identifying multicomponent compasiti of extracts, the degree of extracting
biologically active substances has not been sobyedow. The issue of fast and exact determining the
quantitative and qualitative analysis of the conippms of CO,-products extraction was investigated by
many scientists, including the scientists of deparit of essential oils technology the KubSUT. The
conditions for maximally possible separating extraonstituent’s essential oil raw material when
chromatographic method is carried out, have beerldeed. This technique may be employed at the
laboratories of the enterprises connected withstigating the quality and certifying the raw maaeof
plant extracts as well as at the scientific-redearstitutes and educational institutions.

The basic peculiarity of the thin layer chromatgimna method is the eluent a solvent or solvent
system providing separation movement along therlaf/sorbent (porous material capable of absorbing
the substance as the result of sorption) at theresgpof capillary forces, this representing thepsoity
and ease of carrying the analysis out.

One of the most acceptable for us is the producks@f Sorbpolimer. They provide us with highly
efficient plates of sorbfil brand on polymer or minum base which ensure high quality and accurate
results of carrying out the method of thin layerarhatography for identifying individual substancgs
the investigated C£extract.

The method of thin layer chromatography for chegkO-extracts quality includes the following
main stages: plate preparation, sample preparatfoomatographic chamber preparation, sample laying
chromatography process, eluent evaporating frompthte, plate development its fixing, identifying,
guantitative assessment.

It is possible to distinguish the following basidvantages of the thin layer chromatography
method: oil the constituents of the sample remaithe sorbent layer, the achieved sample separetion
easy to be evaluated visually, it is simple to shenple purity, it is possible to store the platéth \the
separated samples, we may employ computer fasilitoe optimizing the analysis, if the work is
organized it is possible to assess the resultstgatiwvely, the assessment being high-quality aradce
one.

The presented technique makes it possible to quiekid with high quality the component
composition of the extracts as well as to presesually the spectrum of the sequence of extracting
biologically active substances and their mass sindieished product in C@extracts.
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Metal nanoparticles modified carbon electrodes for organic compounds analysis

A.V. Shabalina, K.A. Belova, I.N. Lapin
Sberian Physical-Technical Institute of Tomsk State University, Tomsk, Russia

shabalinaav@gmail.com

Carbon electrodes are often used as substratecglestin electrochemical analysis, since they have
wide operating potential window, high resistanceaggressive media and also their cost is suffilyient
low. However, this type of electrodes has quite &mmsitivity and the lack of selectivity at voltamimc
analysis of organic compounds. Different modifiars introduced on the electrodes surface to s@lik s
problem.

It is well-known, that gold and platinum group nistaare versatile catalysts for many
electrochemical reactions [1]. Catalytic propertiésnetal particles on the electrode surface amgels
determined by their size, shape, dispersion, ther@@f the substrate, the nature of the precytkerion
metal form), the surface state and the method wbduction of the modifier [1]. In all cases, when
organic compounds are used during the modificgbimtess, the change in electrochemical response of
nanoparticles or the electrode substrate may tieae§2]. That is why the development of methods of
carbon electrodes modification by metal nanopasich the absence of organic agents (stabilizeisgf
agents, etc.) is an urgent task. In present woik proposed to use stable nanoparticles dispersion
obtained by laser ablation of bulk metallic targetspure liquids [3] as modifier's source. Carbon
electrodes modified by metal nanoparticles (Au,Fek, Ni, Cu, in general size from 2-3 to 20 nm apd
to 70 nm for Pd, about 180 nm for copper) fromdthanol dispersions (0.1 g/l ) were investigated.
Introduction of modifiers was conducted by keepialgctrodes in ethanol dispersions of metal
nanoparticles within 10 minutes with subsequendaying at room temperature and rinsing in digtille
water. For electrodes activation a single potentsabn from -1.5 to +2.5 V in the background etdyte
with the rate of 30 mV/s was conducted.

The appearance of electrochemical oxidation peéles@orbic acid, adrenaline and glucose and
the peaks shift for dopamine and hydroquinone ordifieal electrodes indicates that these metal
nanoparticles exhibit catalytic activity in orgamielectrochemical oxidation.

Also it was found that Cu nanopatrticles on glasaypan electrode surface allow ascorbic acid and
dopamine peaks differentiation (non-modified glassybon electrode shows only one well-defined
peak). Therefore, using Cu-modified GCE it is polesto determine ascorbic acid and dopamine irr thei
simultaneous presence.

Thus, it may be concluded that Au, Pt, Pd, Ni amdn@noparticles obtained by laser ablation of
metals in liquid can be used as modifiers of gr@plelectrodes for organic compounds analysis via
voltammetry.

The work is performed within the state assignment of Russian Ministry of Education and Science (Assignment
#2014/223, Project code #1347).
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Recently distribution of active surface centers (DApectroscopy is actively applied to study acid-
base properties of solids. Method is based on meamnts of selective adsorption of acid-base
colorimetric indicators with different values of pKlogarithm of dissociation constant). This metl®d
based on L.P. Hammet's concept that the interactfcacid-base indicators with functional groups of
solids proceeds with equal ratios between the iiesvof ionic and molecular forms of the indicatbhe
content of different sites, their distribution aatiog to the ionization/dissociation constants awclity
can be measured using the adsorption of acid-batieators with different intrinsic pKa values as
described by K. Tanabe [1]. Further method was mcke@ by Professor A.P. Nechiporenko and
successfully used by her pupils and other scientist

Surface characteristics of solid influences intfanteraction in which this solid participates.
Efficient approach to consider such interactiongoisview them as acid-base ones, since acid-base
interactions determine adsorption and bonding gloic molecules to solid surface. This means that
surface of solid particle have certain active cenfdefects, functional groups) possessing eleatoyor
or acceptor properties thus having Lewis base a pwmperties; and centers with proton donor or
acceptor properties thus having Broensted baseidipeoperties.

In research of our team method was applied to ssudiace properties of components of polymer
composites [2], luminescent materials, catalysés, gensors, proton membranes and it was shown that
their functional properties strongly depend on ribistion of acid-base active surface centers. Ssver
methods were utilized to control those distribusiom order to improve functional properties of miatis:
plasma treatment, electron beam and gamma-rayatiaa, core-shell approach as well as hydratiosh an
heat treatment [3].

One example is 10%NiO*7%CeQ%Ba0+*80%AJO; catalyst which was synthesized using a
slurry process. It was shown that electron beaadiation of catalyst provided up to ~ 2 times iase of
its activity (at 90-10€C) in hydrogen oxidation. The comparative analgdithe obtained data indicates
that the catalyst activity of the studied sampleglently grow with the content of Broensted acid
adsorption centers with pKa 2 fiol/n?).
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