AN
Boreskov Institute of Catalysis 2 O 1 8 - 2 O 1 4

IMPORTANT RESULTS




IMPORTANT RESULTS




PROJECTS

Size effect in the reaction of ethylene epoxidation over model Ag/HOPG catalysts

Studies of the oxygen states and reactivity over disperse platinum and Ib group metal particles
prepared by plasma methods

Structure and properties of tungsten peroxopolyoxo complexes as promising catalysts for organics oxidation

Effect of channel geometry on the partial methane oxidation in the microchannel reactor

A compact highly efficient multichannel reactor with a fixed catalyst bed to produce
hydrogen via methanol steam reforming

Vortex emulsifier for interphase processes

10

12

Ethylene polymerization over new generation postmetallocene catalysts to produce UHMWPE with improved morphology 14

Mechanism of alkene epoxidation with hydrogen peroxide over Ti(IV)

Kinetic model of formaldehyde oxidation and a technology for synthesis of formic acid

Oxo complexes of iron (V) as active species of the selective oxidation of hydrocarbons

Mechanisms of reduction of copper cations from the mixed Cu-Zn and Cu-Cr oxide structures

Kinetics of the formation of an amorphous phase and boehmite during mw (microwave) treatment of gibbsite
Heterogeneous catalysts mil-101 for liquid-phase processes

New modifications of supported Ti-Mg catalysts with controlled composition and optimal morphology
Synthesis of nanostructurized VMgO and CoMgO coats for catalytic membranes

Development of catalytic membrane systems for gas-phase aromatic nitration

The mechanism of N-CNF growth on the Ni-Cu catalyst

Biocatalysts based on enzymatic active substances immobilized inside nanocarbon-in-silica composites

Pilot-scale technology for preparation of carbon nanofibers and multilayer carbon nanotubes

Design of a cermet support ALLO.,/CoAlIO/CoAl and a dehydrogenation catalyst FeO,/Al,O,/CoAlO/CoAl based thereon

Synthesis of particles with the 'core-shell' morphology
Development of new catalysts for oxidative desulfurization of hydrocarbon fuel

Synthesis of supported amine borane and studies of its thermal decomposition

Studies of the production of lipids by microalgae
Catalytic combustion of solid carbon-containing fuel
Preparation of hydrocarbon mixtures by catalytic deoxygenation of liquid products of biomass pyrolysis

16
18

20
22
24
26

28
30

32
34

36
38

40
42
44
46

48
50

52



[MEPEUEHDL MNPOEKTOB

Pa3amepHbIln achhekT B peakLmmn anoKCUaMpoBaHus atuneHa Ha mogensHom Ag/HOPG katanusatope 4
VccnepoBaHme COCTOSAHWIA KUCNOPOAA U ero peakLMOHHON CNOCOBHOCTM Ha BbICOKOAUCNEPCHBIX 6
yacTuuax MeTanmnoB NaTMHOBOM U Ib noarpynn, NONy4YeHHbIX C NPUMEHEHNEM NITa3MEHHbIX METOA0B

CTpyKTypa 1 CBOMNCTBA NEPOKCOMNOMNEOKCO KOMMMEKCOB B PeakLUAX KaTanmnTu4ecKkoro OKUCneHust 8

OpraHN4yeCcKmMx coeguHeHNN
BnvsiHne reomeTpum kaHanoB MUKpopeakTopa Ha npoLecc napumansHOro OKUCIEHNa MeTaHa

y . . 10
KoMnaKTHbIN BbICOKOA(PEKTUBHBIV MHOFOKaHarnbHbIN peakTop ¢ (PMKCUPOBAHHBLIM KaTanuTU4eCcKMM Crioem
ANsi NonyvYeHns BOAOPOAa B peakuyy napoBor KOHBEPCUM MeTaHona
BuxpeBoi amynbratop Ans NpoBeAeHUs MexdasHbiX MpoLeccos 12
Monumepusaumsa atuneHa c nonyveHnem CBMIS ¢ yny4dweHHon mopdhonorunei 14
Ha NOCTMETaNMOLEHOBbIX CUCTEMAX HOBOIO MOKOMEHUSA
MexaHu3m peakuum anoKCMaMpoBaHMs ankeHoB nepokcnaom sogopoaa Ha Ti(1V) 16
KnHeTnyeckas mogenb okucneHus chopmanbaeryaa v TEXHONOrMst CUHTE3a MypaBbUHOM KUCTOTbI 18
Okco-komnnekcbl xenesa(V) — akTUBHbIE YaCTULLbl CENEKTUBHOIO OKUCIEHUS YIMeBOAOPOA0B 20
MexaHn3m BocCTaHOBMEHNSI KATMOHOB Meaun B cocTaBe coBMecTHoro Cu-Zn n Cu-Cr OKCUAHbIX CTPYKTYP 22
KnHeTuka o6pasoBaHus amopdHor casbl n 6emuta npu CBY-o6paboTtke rnbbeuTa 24
leTeporeHHble kaTanusatopbl MIL-101 ons xunakodasHbIX NpoLeccoB 26
HoBble Mogmdukauumn HaHeceHHbIX Ti-Mg kaTannsaTopoB KOHTPONMPYEMOro coCTasa U onTuMaribHOM Mopdonornm 28
CuHTe3 HaHocTpykTypupoBaHHbix VMgO n CoMgO nokpbITUiA ANs KaTanuTtuyecknux memopaH 30
Pa3spaboTtka membpaHHO-KaTanuMTU4ecknx cUcTeM Ang razoasHoro CMHTe3a apoMaTU4eCKUX HUTPOCOEANHEHWI 32
Wccneposarne mexaHusma pocta N-YHB Ha Ni-Cu katanusatope 34
BrokatannaaTtopbl Ha OCHOBE (hEePMEHTATUBHO-aKTUBHBIX CYyOCTaHLMN,MMMOBUIN30BaHHbBIX B KOMMO3UTHbIE 36

HaHoyrmnepoa-CUnmnKaTHble MaTpuubl
TexHonorum nponsBoAcTBa yrnepoaHbiX HAHOBOJTOKOH U MHOIOCMOMHbIX yrnepogHbIX pr60K Ha NMUNOTHbIX YCTaHOBKax 38

IunsaiiH kepamometannuyeckoro Hocutens Al,O,/CoAlO/CoAl n katanusatopa gerngpuposaxunsa FeO,/AlLO,/CoAIO/CoAl 40
Ha ero ocHoBe

CuHTe3 yacTuL ¢ Mopgonormen «saapo-ooonoykay 42
Pa3paboTka HOBbIX kaTannsaTopoB npoLecca okucnuTensHon aecynsdypusdaummn (OOC) yrneBogopoaHbIX TONNMB 44
CuWHTEe3 HaHeCceHHOro aMMMHOopaHa 1 U3y4eHue ero TEPMUYECKOro pasfoXeHNs 46
VccnepgoBaHve NpoayKumMy NUNMO0B MUKPOBOAOPOCHSMMN 48
KatanuTnyeckoe cxuraHue TBepAbIX yrrnepoacoaepalinx Tonnms 50

I'IonyquVle yrnesoaopoaHbIX cmecen nytem KaTanuTU4eCKom AeOKCUreHaLumm Xnakmx NpOAYKTOB NMponmn3a ovomacchl 52



SlZE EFFECT IN THE REACTION OF ETHYLENE
EPOXIDATION OVER MODEL Ag/HOPG CATALYSTS

|.P. Prosvirin, A.M. Sorokin, V.l. Bukhtiyarov

A procedure for preparation of sintering-resistant (up to
250-300 °C) bimetal Ag-Cu and Au-Pd/HOPG (HOPG -
highly oriented pyrolytic graphite) catalysts with various
average particle size (4-10 nm) was developed.

Catalysts Ag/HOPG with different particle sizes were
tested for the first time using in situ XPS technique in

the reaction of ethylene epoxidation. In the reaction
mixture C,H,/O, (P = 0.5 mbar, T = 150-210 °C) over
silver particles ca. 8 nm in size, oxygen in its electrophilic
form is predominantly formed, which contributes, along
with the oxygen dissolved in the surface silver layers, to
signal O1s at Eb=530.6 eV.

The nucleophilic oxygen also is formed over
ca. 40 nm particles to give rise to signal O1s at
Eb=529.2 eV. The nature of the size effect on ethylene

epoxidation over supported silver catalysts is understood:

The presence of both oxygen species (nucleophilic and
electrophilic) makes the catalyst bearing coarse silver

particles (40 nm) active to the formation of ethyleneoxide.

PasaMepHbit 3 deKkT B peakumm 3aNoKCHUAMPOBaHMA aTHUNeHa Ha moaenbsHoM Ag/HOPG kaTanusaTtope

OTpaboTaHa MeToavka NpUrotToBieHnst obpasLoB
OumeTannuyeckux katanusatopos Ag-Cu n Au-
Pd/BOII ¢ pasnuyHbIMU CpeaHMUN pasmepamm
yactuy, (4-10 HM) YCTOMYMBBIX K CMEKAHUIO [0
Temneparyp 250-300 °C.

Bnepeble meTogoM in situ POSC BbINnonHeHo
TecTupoBaHuve kaTtanusatopos Ag/BOTII B peakumm
3MOKCMAMPOBAHUS 3TUMEHA B 3aBMCMMOCTM OT
pa3mepa vactuy Ag. Ha yacTtunuax cepebpa
pa3mMepoM OKOMo 8 HM B peaKLMOHHOW cMecu
C,H,/O,

(P =0.5 mbap, T = 150-210 °C) obpasyetcs
NPenMyLLIECTBEHHO KUCIOPOS B 3NEKTPOUIBLHON
dopMe, KOTOphI BMECTE C KUCITOPOAOM,
pacTBOPEHHBIM B MPUMOBEPXHOCTHbIX CIOSAX
cepebpa, aaet Bknag B curHan O1s ¢ aHepruen
cBsasm 530.6 aB. Ha yactuuax co cpegHum
pa3mepoM 40 HM obpasyeTcs TaKke
HykneodunbHasa popma Kucnopoga, o Yem
cBUOETENbCTBYET nosiereHve curHana O1s ¢
aHepruew cesasn 529.2 aB. imeHHo npucyTcTere
06eunx hopm agcopbupoBaHHOroO Kucrnopoaa
(HykneounbHOro 1 anekTpounbHoOro) aenaet
o6paseL, ¢ KpynHbIMK YacTuuamu cepebpa (40 Hv)
aKTMBHbIM B 0Opa3oBaHuKn 3TUNEHOKCKAA.
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STUDIES OF THE OXYGEN STATES AND REACTIVITY OVER
DISPERSE PLATINUM AND Ib GROUP METAL PARTICLES
PREPARED BY PLASMA METHODS

MccnepoBaHWe COCTOAHMM KMCNOpoaa U ero peakUMOHHOM CNOCOBHOCTM Ha BbICOKOAMCNEPCHbIX
yacTmuax MeTannos nnaTMHOBOM M Ib noarpynn, NOAYUEHHbLIX C NPUMEHEHWEM NNa3MeHHbIX MeETOA0B

A.l. Boronin, A.l. Stadnichenko, L.S. Kibis

Model and real catalytic systems were studied to acquire
detailed information on properties of various oxygen
species stabilized on disperse particles of platinum and
Ib group metals. The prepared oxygen species were
characterized with regard to dependencies of their
electron properties, thermal stability, reactivity and
catalytic activity in a reaction of low-temperature CO
oxidation on their particle size, structure and oxidation
degree. It was concluded that regeneration of the active
oxidized states of Au and Pd requires the particle
treatment with a CO+O, mixture or consideration of the
role of support that comprise the mobile oxygen involved
in the redox cycle. Fine particles of oxidized gold were
shown mainly to be two-dimensional oxide AuO-2D.
Three-dimensional oxide structures, AuO-3D, were only
formed when the particles grew in size.

The reactivity toward CO oxidation is higher in case of
the two-dimensional gold oxide.

C ncnonb3oBaHneM MOAErNbHbIX U pearnbHbIX
KaTanuTuyeckux cuctem, 6bina nonyyeHa
petanbHasa MHopmaLmnsa 0 CBOMNCTBAxX pasfnyHbIX
KMCNOpoAHbIX (hopM, CTabUNN3NPYIOLLMXCS Ha
BbICOKOAMCMEPCHBIX YacTuLax MeETannos
nnatuHoson v Ib noarpynn. Ans nony4yeHHbIX
KMCNopoaHbIX chopm Bbina n3yvyeHa 3aBUCUMOCTb
MX 3NEKTPOHHbIX CBOMCTB, TEPMUYECKON
CTabunbHOCTU, PEeaKUNOHHOM CNOCOBHOCTM U
KaTanMTn4eckon akTMBHOCTW B peakuun
HM3KoTemnepaTypHoro okncnexuns CO ot pasamepa
YacTuL, UX CTPYKTYPbl U CTENEHU OKUCMEHHOCTH.
CpaenaH BbIBOA, YTO ANs pereHepaummn akTUBHbIX
OKMCMNEHHbIX COCTOSIHUI 30M10Ta U nannagus
Heobxoaumo NpoBoAUTb 06paboTKN YacTuL,
peakumoHHon cmecbio CO+0, unu yunteiBaTtb
ponb HocuTenemn, cogepXallmx NoABMXKHbIN
KMCMNOPOA, Y4acCTBYHOLLMIA B OKUCTIUTENbBHO-
BOCCTaHOBMTENbHOM Lmkne. MokasaHo, 4To
MenKne OKMCIEeHHbIEe YacTuLbl 30M0Ta (<2 HM)
npeacraeneHsl B OCHOBHOM ABYMEPHbLIM OKCUAOM
AuO-2D. TpexmepHble cTpykTypbl okcnga AuO-3D
(hopMUPYIOTCSI TONBKO NPY YBENUYEHUU pa3Mepa
YyacTtuy. PeakumoHHas cnocobHOCTb ABYMEPHOIO
okcuaa 3onota B peakumu okucnenunst CO
SABNAeTCA Hanbonee BbICOKOWA.
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STRUCTURE AND PROPERTIES OF TUNGSTEN
PEROXOPOLYOXO COMPLEXES AS PROMISING
CATALYSTS FOR ORGANICS OXIDATION

EXAFS, IR and Raman spectroscopic techniques were
used for determining species and structural parameters
of basic tungsten peroxopolyoxo complexes that are
formed by interaction of aqueous solutions of P-W
heteropolyacid and hydrogen peroxide. It was shown that
the interaction leads to a lower nuclearity of the
complexes formed against that of the precursor
(H,PW,,0,,), tetranuclear peroxopolyoxocomplexes of
tungsten, Q,{PO,[WO(0O,),].}.

The substitution for the organic cation results in a change
in the structure of anion {PO,[WO(0,),].}>. In the series
[BU",NL{PO,[WO(O,),].}, [C;H:NCet],{PO,[WO(O,),1.},
[EtzBnzN]a{Po4[WO(Oz)2]4}1 [Me(n'
C;H,,);,N].{PO,[WO(O,),l.}, the most pronounced changes
are observed with the latter complex. The relevant IR
data indicate that the structural changes are caused by
weakening of the W=0 bond that is accompanied by
strengthening of the antibate bonds W-O and
strengthening of the bonds between tungsten atoms and
cations.

The synthesized catalytic complexes
[Bu"4N]{PO,[WO(O,) I} and [C;H,NCet],{PO,[WO(O,).1.}
were tested for oxidation of cyclic alkenes, alcohols and
peucedanin with hydrogen peroxide. The feasibility of the
catalytic transformation of the said coumarin was
demonstrated to produce 2-hydroxyoreoselon (medical
biologically active compounds). It was established that
the complex containing the cetylpyridinium cation,
[CsHNCet] {PO,[WO(0O,),l.}, is most active to this
reaction.

CTpyKTypa 1 cBoMCTBa NEPOKCONONEOKCO KOMNNEKCOB B peakumax KaTanuTUueckoro okMcneHms
OpraHMueckmnx coeaMHeHUN

C nomoubio EXAFS-, K-, KP - meTtogoB
yCTaHOBMEHbI (POPMbI CyLLIECTBOBAHWSA U
CTPYKTYPHbIE XapaKTEPUCTMKN OCHOBHbIX
NepoKCOMNONMOKCOKOMMIEKCOB Bornbdpama,
0o6pasyoLwmnxcsa Npy B3aMMogenCTBUN BOAHbIX
pacTBopoB hochopHOBONBGHPAMOBOWA
reTepononMK1coTLl U Nepokcuaa Bogopoaa.
MokasaHo, 4TO pe3ynsTaToM UX B3anMOLENCTBUS
ABMSAETCS YMEHbLUEHNE A0EPHOCTM 06pasyoLLmxcs
KOMIMIIEKCOB OTHOCUTENbBHO NpeaLleCcTBEHHNKA —
H,PW,,0,,. Mpun aTOM NpenmyLecTBEHHO
06pa3sytoTca YeTblpexbsaaepHbIe
NepoKCOMNONMOKCOKOMMNIEKCHI Bonbdpama
Q,{PO,[WO(O,),L.}-

Mpu 3ameHe opraHNYecKoro KaTuoHa NPOUCXoaNT
M3MeHeHue CTPyKTypbl aHnoHa {PO,[WO(0,),L.F.
HanbonblLume CTpyKTypHbIE N3MEHEHWS B PSAY:
[Bu'4N]{PO,[WO(Q,) L.},
[C,H:NCet],{PO,[WO(O,),]},
[EtzanN]s{PO4[WO(Oz)2]4}v [Me(n'
CeH.;):NI{PO,[WO(C,),].} HabntonaioTes y
nocnegHero komnnekca. CornacHo gaHHbiM UMK
Takne U3MEHEHUS CTPYKTYpPbl CBSI3aHbl C
YMEHbLLEHEM NpoYHOCTH cBA3n W=0,
COMNpOoBOXAatoLLENCS YBEMUYEHNEM NMPOYHOCTU
ceszert W-O aHTubatHbIX cBs3n W=0 u
COMPOBOXOALLUNXCS YBENUYEHNEM NPOYHOCTU
CBS13eli aTOMOB BoOfibhpama € KaTMoHaMM.
CvHTe3npoBaHHbIe KaTanMTU4ecKkne KOMMIeKChbl
[BU",N]{PO,[WO(O,),1.} n

[CsHNCet] ,{PO,[WO(0O,),].} 6bInM NnpoTecTnpoBaHbI
B peakunm OKUCNEHUS LUKIMNYECKMX ankeHoB,
CNUPTOB ¥ neyLeaaHnHa NepokcMaom Bogopoaa.
MokasaHa BO3MOXHOCTb KaTanmTU4ecKkon
OKMCNMTENbHOW TpaHcopmaLmMmn ykasaHHOro
KymapuHa c nony4yeHnem 2-ruipoKCropeo3ernoHa -
B1onorMyeckn akTMBHOIO CoeaANHEHMS
MEAMLMHCKOW HanpaBneHHOCTU. YCTaHOBMEHO, YTO
HanMbOMbLUYI aKTUBHOCTb B JAHHOWN
KaTanMTU4ecKkon peakuun nmeeT KOMMIeKc,
coaepallmii KaTMoH LeTUNnMpuanHns
[CsH:NCet],{PO,[WO(O,),]}-



Q+

{PO,[WO(0,),],}*-

[Me,NT*

[Et,N]*

[Bn,MeN]*

[Me, N7+

[Et,N]*

[EL,Bn,N7

EXAFS, IR and Raman spectroscopic studies showed that,

most probably, the complex possesses a quaternary
structure Q,{PO,[WO(0O,),].}, and this structure

does not change upon dissolving of complex in the solvents®
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EFFECT OF CHANNEL GEOMETRY ON THE PARTIAL
METHANE OXIDATION IN THE MICROCHANNEL REACTOR

L.L. Makarshin, D.V. Andreev, A.G. Gribovskyi

The experimental results evidence that as an inlet
reaction mixture moves to a microreactor inlet, where the
channels of the MC plate are united into one channel, the
methane conversion increases and the carbon monoxide
concentration decreases at the reactor outlet, compared
to the situation when the channels on the plate are not
united at the inlet. This effect is associated with improved
distribution of the reaction mixture in the channels at the
microreactor inlet. The hydrogen productivity of the
microreactor 52x18x14 mm® in size with 10 MC plates
was 13.5 I/h and did not practically depend on the
geometry of the channels at the inlet.

BanAaHne reoMeTpun KaHanos MMUKpopeakTopa Ha npouecc napumanbHOro oKMcneHMa metaHa

SKcnepuMeHTanbHble pesynbTaThl NOKa3bIiBaloT,
YTO NPV BBEOEHUW peaKLMOHHON CMecH B
MUWKpOpeaKTop, r4e KaHamnbl NnacTvH o0beanHEHbI
B OVH KaHar, KOHBEpCUsi MeTaHa
YBENMUYMBAETCS, @ KOHLEHTPaLUnUsi MOHOOKCMAA
yrrnepoga yMeHbLUaeTCs Ha BbIXO4E M3 peakTopa,
MO CpaBHEHUIO C CMTyaumewn, Koraa KaHanbl Ha
nnacTuHe He obbeanHEeHbI Ha Bxoae. OToT
ahpeKT CBA3aH C ynyuLleHHbIM pacnpeaeneHnem
peakLMOoHHON CMECHK B KaHanax Ha Bxoae B
MuKpopeakTop. lNponssoanTensHOCTb Bogopoaa B
MukpopeakTope 52x18x14 Mm® ¢ gecsaTbio
MUKponnactTuHamu coctaBuna 13,5 n/u un
NPaKTU4eCKW He 3aBUCUT OT reOMETPUM KaHarnos
Ha Bxoge.

A COMPACT HIGHLY EFFICIENT MULTICHANNEL
REACTOR WITH A FIXED CATALYST BED TO PRODUCE
HYDROGEN VIA METHANOL STEAM REFORMING

A new design of the multichannel reactor with a catalytic
metal unit (52 mm diameter and 10 mm thick) containing
139 short channels (10 mm in length and 2 mm
diameter) for the steam methanol reforming is presented.
Compared to the conventional fixed-bed catalytic
reactors, the reactor features low hydrodynamic
resistance and a low temperature gradient. The reactor
is equipped with an integrated evaporation chamber and
a special reagent feeding system to provide uniform flow
distribution in all channels.

Testing of the multichannel reactor during the methanol
steam reforming showed that the maximum hydrogen
production was 110.5 I/h at 270 °C, the methanol
conversion was 76.7 %, and the concentration of carbon
monoxide in the output mixture was 0.56 mol%.

KoMNakTHbIM BbICOKOD®hDDOEKTUBHbLIM MHOIOKaHanbHbIM peakTop ¢ GUKCUPOBAHHbBIM KaTanuTUUECKMUM CNoem
ANA NONYUeHMA BOAOPOAA B peakummn NnapoBOW KOHBEPCHMWM MeTaHona

PaspaboTaH HOBbI Au3aiiH MHOrOKaHarbHOro
peakTopa ¢ (OMKCUPOBaHHbLIM KaTann3aTtopom
(amameTtpom 52 MM 1 10 MM TOMLLMHOM),
copepxawmn 139 kopoTkux kaHanos (anuHal10
MM, AMaMeTp 2 MM) AN MapOBON KOHBEPCUU
MeTaHona. o cpaBHEHWIO ¢ OObIYHBIMY
KaTanMTU4eCKMMN peakTopammn ¢ HENOABWXHbIM
CNoeM, peakTop UMeeT HU3Koe rMapaBnmyeckoe
COMpPOTMBMEHWE U HU3KUI rpagueHT TemMneparyp.
PeakTtop cHabxeH BCTPOEHHOW UCNapuTENbHOMN
KaMepon 1 cneumanbHOM CUCTEMON Nogadn
peareHTa gnst obecnevyeHnss paBHOMEPHOro
pacnpefeneHns noToka no BCemM KaHanam.

TecTupoBaHue MHOrOKaHarnbHOro peaktopa B
napoBOW KOHBEPCUWM MeTaHomna nokasarno, 4To
MaKcMMarnbHasi NpoOn3BOAUTENBHOCTL NO BOAOPOAY
coctasnset 110,5 n/4 npu Temnepatype peakuuu
270 °C, koHBepcusi MeTaHona 76,7 %, a
KOHLIEHTPaLns MOHOOKCHAA yrrepoaa B BbIXOAHOM
cmecun 0,56 mon.%.
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VORTEX EMULSIFIER FOR INTERPHASE PROCESSES

BUXpeBOM aMynbraTop ANA NPoBeAeHMA MexdasHbix Npoueccos

A.O. Kuzmin

A vortex emulsifier (VE) is developed to provide intimate
contact between two liquid phases for facilitating both
interphase chemical reactions and extraction processes.

The operation of VE is based on swirling and breaking
up a liquid by the tangential motion of another one in
a field of centrifugal forces inside a special vortex
chamber producing a highly dispersed liquid-liquid
mixture. Addition of gaseous reagents into a vortex
stream is also possible. Experimental evidences are
obtained that the turbulence and shear stresses in the
vortex can result in a very large renovating interfacial
area for chemical reactions and mass transfer
accompanied by a quite low pressure drop.

Theoretical models are suggested describing the
hydrodynamic peculiarities of vortex flow and the mass
transfer parameters in VE.

Also, the VE provides sufficient yet not excessive mixing
facilitating the required subsequent phase separation.

Pa3paboTtaH B1xpeBon amynberaTop,
npefHasHavYeHHbIN ANs NPOBEAEHUS MeXdasHbIX
KaTanumTU4ecKnx npoLeccoB MM NpoLiecCcoB
XWOKOCTHOW 3KCTpakumn. KOHTaKT XnaKkocTen B
aMyrnbratope OCyLLIEeCTBNSAETCA B BUXPEBOM CIloe,
co3gaBaeMoM NyTeM 3aKpYTKM XXUOKOCTEN vepes
HanpaBnsoLWMIA annapar, C BO3MOXHbIM
nobasreHvem B NOTOK ra3oBoi ¢asbl. [ony4yeHsbl
3KCMepuMeHTanbHble pe3ynbraThl,
CBMAETENbCTBYOLLME O BbICOKOW 3(PHEKTUBHOCTN
CMELLEHWST XXNOKOCTEN N BbICOKNX CKOPOCTSAX
MaccoobMeHa mexay HuMuU. NpoBeaeHbl
HayanbHble 3KCMEPUMEHTarbHbIE NCCIEA0BaHNS
rmapoavHaMUKM NOToKa B pa3paboTaHHOM
BMXPEBOW Kamepe.

MpeaonoxeHa TeopeTuyeckas mogens Ans
OMNMCaHNsi OCHOBHbIX MMAPOANHAMNYECKNX
napameTpOB BUXPEBOW KaMepbl amyrnbratopa.

Ha ocHoBe amMynbratopa paspaboTaH BUXpeBOn
aKcTpakTop Anst npouecca MEROX®.




Dispersed vortex
water-air layer

Emulsion layer
showing the extraction
of RodamineG

Emulsion layer -
water + 5 vol. %
of colored hexane

dye from water into pentanol

SIEVE TRAY COLUMN
Extract (E)

Primary
Feed (F) Interfase
POSSIBLE APPLICATIONS OF VE

The proposed VE represents a suitable design to reduce the size
and operational cost of conventional liquid-liquid extractors. For instance,
VE can be used in place of a sieve-tray column utilized in the MEROX® process.

Merox® process is used for purification of liquefied hydrocarbons from
mercaptans and H,S by their initial extraction into water-based alkali solution.

Drawing represents the typical sieve-tray column design
having the following
parameters for Merox® unit:

15 stages with downcomers at throughput
capability up to 5000 barrels of LPG per day;
height — 35 m;

diameter — 2.5 m

Solvent (S)

Estimated VE dimensions
are 2.5 m of height
and diameter— 1.5 m

Raffinate (R)




POSTMETALLOCENE CATALYSTS TO PRODUCE
UHMWPE WITH IMPROVED MORPHOLOGY

Monumepunsauma aTmneHa ¢ nonyueHnmem CBMMIS ¢ yaydweHHOM Mopdonormnen
Ha NOCTMEeTaNNOoUEHOBbLIX CMCTEMAX HOBOIO NOKONEHMA

1 4 ETHYLENE POLYMERIZATION OVER NEW GENERATION

N.l. Ivancheva, S.N. Chvalun, S.S. Ivanchev, O.N. Ozerin, N.Ph. Bakeev, M.G. Eremeeeva, J.V. Oleinik, G.O.Tolstikov

The developed technology is used for preparation of Pa3paboTtaHa TexHonorusa nony4yeHus
ultrahigh molecular weight polyethylene (UHMWPE) with CBEpPXBbICOKOMOJEKYNAPHOro NonuatTuneHa
an improved morphology over catalysts based on (CBMI13) ¢ yny4weHHon mopdphonoruner npm
functionalized phenoxyimine titanium halides. 1Cnomnb30BaHWM Katannm3aTtopoB Ha OCHOBE
The prepared UHMWPE is applicable for manufacturing PYHKLMOHANM3NPOBaHHbIX (PEHOKCUUMUHHbIX
of ultramodular ultrastrong fibers. The technology is TUTaHranonaos, NO3BONSAIOLLEN peanu3osaTh
covered by a Russian Patent. nepepabotky CBMI3 B cBepxmoayrbHble

CBEpPXMNPOYHbIE BOrIOKHA. TeXHOMorns 3alluiieHa
nateHTom Poccun.
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MECHANISM OF ALKENE EPOXIDATION WITH
HYDROGEN PEROXIDE OVER Ti(IV)

MexaHW3M peakumm 3NOKCUAMPOBAHMA ankeHoB NepokcuaomM soaopoaa Ha Ti(1V)

0O.A. Kholdeeva, I.D. Ivanchikova

Kinetic and theoretical methods were used for studying MN3yyeHo BNUAHUA NPOTOHUPOBAHUA Ha

the influence of protonation on the activation barrier of aKTMBaLMOHHbIN Bapbep peakumu

alkene epoxidation with hydrogen peroxide in the 3MNOKCNAMPOBAHUS arkeHoB NepoKkcuaom
presence of titanium-monosubstituted polyoxometallate BoopoAa B NPUCYTCTBUU TUTaH-

(POM) [Bu,N],[PTi(OH)W,,0,,] with the Keggin structure. MOHO3aMelLLeHHOro nonuokcometannara (MOM)
The data obtained allowed the experimentally observed cTpykTypbl Kerruna [Bu,N],[PTi(OH)W,,O,] ¢
homolytic-to-heterolytic transition of the mechanism of NPUMEHEHNEM KMHETUYECKUX U TEOPETUYECKNX
alkene oxidation upon changes in the protonation degree meToAoB. [Norny4eHHble AaHHbIe MO3BONUIN

of the polyoxometallate to be explained. 06BbACHUTL HabnogaemMyo aKCnepMMeHTanbHo

CMEHY rOMOJITUYECKOIro MexaHn3mMa OKUCIieHna
alikeHoB Ha I'eTepOJ'IVITVI‘-IeCKVIVI npn NSMeHeHUn
cTeneHn NpoToHNPOBaHUA NoNMMoOKCcomMeTannara.
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KINETIC MODEL OF FORMALDEHYDE OXIDATION AND
A TECHNOLOGY FOR SYNTHESIS OF FORMIC ACID

T.V. Andrushkevich, G.Ya. Popova, |.A. Zolotarskii

In-situ IR spectroscopy was used for studying the
structure and transformations of surface intermediates
formed during heterogeneous catalytic oxidation of
formaldehyde to formic acid over V-Ti oxide catalysts.
Reaction rates of the formation of formic acid and side
products (CO, CO,) as functions of concentrations of all
the reaction components were determined using catalytic
experiments.

The catalytic and IR data were used to develop the
comprehensive kinetic model of formaldehyde oxidation
to formic acid. The model is satisfactory to describe

the experiment within the temperature range

of 100 to 140 °C.

A pilot plant (60 kg/day) for synthesis of formic acid was
built and tested in several regimes. The reaction mixture
composition, catalyst layer structure and temperature
profiles in the reactors were optimized. The yield of
formic acid was 89 % per the consumed formaldehyde
that corresponded to the yield calculated with the
developed kinetic model.

KrnHeTnueckaa MoAeNb OKMUCNeEHWA dopmManbaermaa M TEXHONOMMA CMHTE3a MypaBbMHOW KMCNOTHI

MeTtogom UK cnektpockonum in situ n3y4yeHo
CTPOEHME 1 NpeBpaLLeHns NOBEPXHOCTHbIX
WHTEpMeamnaToB, BO3HMKAIOLWNX B XOAe
reTeporeHHo-KaTanMTN4eCcKoro OKUCNEHNS
dopmanbaernaa B MypasbuHyto kucnoty Ha V,Ti
kaTanusartopax. Katanutnyeckue akcnepumeHTshl,
No3BONWMM ONPEAENUTL 3aBUCUMOCTU CKOPOCTU
peakumn obpasoBaHMs MypaBbUHOW KNCMOTbI U
no6oyHbIx npogykToB (CO, CO,) oT KOHUEeHTpauun
BCEX y4aCTHMKOB mnccrnegyemon peakumu. Ha
OCHOBaHMWU KaTanuTUYECKNX AaHHbIX U AaHHbIX UK
cnekTpockonuu paspaboraHa nonHas
KMHeTMYeckasi MOAENb OKUCMEHWS
dopmanbgernga B MypaBbWHYH KUCIOTY Ha
MOHOCONHOM OKCMAHOM BaHaAWN-TUTAaHOBOM
KaTanusarope, yaOBMNeTBOPUTENBHO
onucbiBaKLLas 3KCNEPUMEHT B UHTEpBarne
Temnepatyp 100-140 °C. Co3gaHa nunoTHas
yCTaHOBKa NPOV3BOANTENbHOCTLIO 60 Kr/aeHb.
lMpoBeaeHbl NUMOTHBLIE UCTIBITAHNS B HECKOMBbKMX
pexumax, OonTMMU3MpoBaHbl COCTaB PeakLUMOHHOWN
CMecCH, CTPyKTypa Cnos Kkaranuaaropa u
TemnepaTtypHbI Npodunb B peaktopax. Beixos
MypaBbWHOW KUCMOThI B pacyeTe Ha
noTpebnénHbI chopmanbaerug coctasun 89 % u
COOTBETCTBYET BbIX0AY, pacCYMTaHHOMY MO
pa3paboTaHHOWM KUHETUYECKOW MOAENN
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OXO COMPLEXES OF IRON (V) AS ACTIVE SPECIES
OF THE SELECTIVE OXIDATION OF HYDROCARBONS

Okco-komnnekchl xenesa(V) — akTMBHbIE YUACTHLbI CENEKTUBHOMO OKMCNEHMS yrnesoaopoanos

K.P. Bryliakov, O.Y. Lyakin, E.P. Talsi

A series of new catalytic systems were developed based
on titanium, iron, manganese complexes; the catalysts
are highly effective, chemo- and stereoselective to
oxidation of sulfides, alkenes and alkanes with hydrogen
peroxide. It was established that oxo complexes of iron
(V) are the active species in the catalytic systems based
on aminopyridine complexes of iron and hydrogen
peroxide.

Pa3paboTaH psii HOBbIX KaTanuTU4eckMx cMCTeM
Ha OCHOBE KOMIMIIEKCOB TUTaHa, Xenesa u
MapraHLa, cnocoBHbIX C BbICOKOM
30pPEKTUBHOCTLIO, XEMO- U
CTEPEOCENEKTUBHOCTbLIO OKUCHATL CyNbduabl,
ankeHbl U ankaHbl NEPOKCMAOM BOAOPOAA.
YcTaHOBMNEHO, YTO B KaTanMTUYeCcKMx cucteMax Ha

OCHOBE aMUHOMNUPUAVHOBBLIX KOMMIIEKCOB Xemnesa
1 nepokcuaa BoAopoaa akTMBHBIMK YacTuLaMm
CENeKTUBHOTO OKUCIEHUS ABMSIOTCA
okcokomnnekcebl xenesa(V)
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MECHANISMS OF REDUCTION OF COPPER CATIONS
FROM THE MIXED Cu-Zn AND Cu—-Cr OXIDE STRUCTURES

MexaHW3M BOCCTaHOBNEHWA KATMOHOB MeAM B cocTase
coBmecTHOro Cu-Zn n Cu—Cr OKCUAHbIX CTPYKTYP

A.A. Khassin

A two-stage kinetic scheme of reduction, which includes
a transport stage (diffusion of copper cations to the oxide
surface, E, = 110 kJ/mole and higher) and a chemical
stage (reduction of the copper cations via oxidation of
hydrogen to protons, E, = 40-65 kdJ/mol), is characteristic
of a number of mixed copper-containing oxides.
Reduction of CuCr,0, and Cu, Zn,,,0O follows the non-
traditional mechanism and is not accompanied by the
formation of water molecules but includes hydrogen
oxidation to protons and substitution of two protons for a
copper cations in the oxide structure. In the Cu-Zn oxide,
this process is accompanied by the formation of OH
groups with v = 3250 cm™ and & = 1430 cm™;

this is a balanced reaction with thermodynamic
parameters of A, H®> = -110+10 kJ/(mol,,) and

A, S°= 140 £ 20 J/(mol,,-K). The absorbed protons are
reactive hydrogen species which may be involved in
hydrogenation, including hydrogenation of CO, to
methanol. However, the reaction rate is lower at this
pathway than at the pathway with the surface hydrogen
species.

With Cu-Zn and Cu-Mg oxides, the influence of the anion
composition on the kinetics of copper cation reduction is
demonstrated, mechanisms of the reduction processes
are suggested.

[ns 6onbLUoro Yncna coBMeCTHbIX Meab-
cofepxallmx OKCUA0B XapakTepHa
ABYXCTafuiHas KMHeTUYeckas cxema npotecca
BOCCTaHOBIEHUS!, COCTOSALLAA U3 TPAHCMOPTHOWM
cTagum (amddy3nm KaTMOHOB Meau K
nosepxHocTu okcuaa E, = 110 kx/monb 1 6onee)
M XMMUYECKOW CTaanmn (BOCCTAHOBMEHNS KaTUoHa
Meau 3a cYeT OKUCIeHNst BOAOPOoAa A0 MPOTOHOB,
E, = 40-65 k)x/monb). BocctaHoeneHue CuCr,O,
n Cu,,Zn,,,O NpoTekaeT no MexaHn3my,
OTNINYHOMY OT TPaAAULMOHHOIO U He
conpoBoxaaeTcs obpasoBaHnem Monekyn Boabl,
HO BKIOYaeT OKUCIeHe Bogopoaa A0 MPOTOHOB U
3aMeLleHne KaTMOHOB Meau B CTPYKType okcuaa
Ha fBa npoToHa. [Ansa okcupga Cu-Zn aTOT npouecc
conpoBoxaaeTcst obpaszosaHnem OH rpynn
cv=23250cm" and § = 1430 cm™” 1 sBnseTcs
paBHOBECHLIM, TEPMOAVHAMUYECKUE NapameTpbl
peakumm coctasnstoT A, H° =- 110 £ 10
kx/(monbH,) n A, S°= -140 + 20 Ox/(Monb,,K).
A6copbrpoBaHHbIE NPOTOHLI ABMNSAOTCSA
peakumMoHHO-cnocobHor dhopmoli Bogopoaa u
MOryT y4acTBOBaTb B MpoLeccax ruapvpoBaHus, B
ToM yumcne rmapuposanus CO, B MeTaHon.
OpHako CKOpOCTb peakumm No 3TOMy MapLUpyTy
MeHbLLE, YEM MO MapLUPYTY C y4acTUeEM
NoBEPXHOCTHLIX hopM Bogopoaa. Ans Cu-Zn

n Cu-Mg oKkcMaoB nokasaHo BNUSIHWE aHUOHHOTO
coCTaBa Ha KUHETVKY BOCCTAaHOBIEHUSA KaTUOHOB
Meau, NpeanoXeHbl MexaHu3mbl NPOLECCoB

BOCCTaHOBNEHUA.
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KINETICS OF THE FORMATION OF AN AMORPHOUS
PHASE AND BOEHMITE DURING MW (MICROWAVE)
TREATMENT OF GIBBSITE

KnHeTnka o6pasoBaHma aMmopdHOM da3bl U 6eMMUTa NPKU
CBU-o06paboTke rnme6CcKUTa

MW-activation of gibbsite leads to considerable changes
in its hydroxyl cover, phase composition and structure. In
turn, the structural modifications are accompanied, first of
all, by cleavage of H-bonds in the bulk of the gibbsite
crystals. IRS technique was used to establish that the
MW treatment of gibbsite is responsible for the formation
of moderately strong Lewis acid centers, which can only
weakly retain molecular water. MW radiation initiates the
processes of cleavage of H-bonds between oxygen
packages in the gibbsite bulk and elimination of protons,
as well as accelerates the proton migration through the
bulk and surface to form, first, basic Lewis sites
(-Al-O°—Al-) at a distance from reactive terminal groups
(—AI-OH). As a result, not any interaction between the
migrating protons and terminal OH-group leads to the
formation followed by elimination of molecular water.

Thus, the MW treatment of gibbsite makes it transferring
to its true amorphous state and transforming further to
crystalline boehmite under mild conditions in air. The data
obtained were used for developing an innovative
approach to synthesis of crystalline boehmite from
gibbsite under the action of MW radiation; kinetics of
solid phase transformations of gibbsite, formation of
intermediate and target products upon MW activation
was studied.

Note that increasing MW-activation of gibbsite

leads to substantial increase in the specific surface area
of = 2 to 260 m*g due to the formation and increasing the
proportion of the amorphous component. The chemical
composition of the amorphous component have been
defined, which can be described by the general formula
Al,0,'xH,0 (0,5<x<3,0).

CBY-akTuBaums rubbcmrta npuBoguT K
CYyLLIeCTBEHHbIM U3MEHEHUSIM B €ro
rMAPOKCUITbHOM MOKpoBe, ha30BOM COCTaBe U
cTpykType. CTPYyKTYpHblE N3MEHEHNS
COMNpOBOXAAKTCS B NEPBYIO 0Mepeab
paspyLleHnem

H-cBsizein B 06beme kpuctannos 'b. Metogom UK
CMEKTPOCKOMNUM YCTAHOBIIEHO, YTO MMEHHO Nof,
Bo3gencTemem CBY-mnanyyeHms Ha rmooeut
obpasytorca JIKL, cpegHewn cunel, cnabo
yAaepxXuBatoLme BoAy B MOMNEKYNSApHON hopme.
CBY nanyyeHne nHuummpyeT npolecchbl paspbiBa
H-cBsi3eit mexay KMCNnopoaHbIMU NakeTamun B
o6beme kpuctannos ['b v oTLlenneHns NpoToHOB,
a TaKke ycKopsieT X Murpauuio B Teepaon ase n
Ha ee NOBEPXHOCTM Tak, YTO B NEPBY0 o4vepeab
hOopMUPYIOTCS OCHOBHbIE JIbIOMCOBCKME LIEHTPbI
(-Al-O°-—Al-), NPOCTPAHCTBEHHO OTAENeHHble OT
peaKkUMOHHO CMOCOBHBIX TEPMUHAMBHBIX rpymnmn
(—Al-OH). B pesynkraTte 3T0ro He BcAkoe
B3aVMOAENCTBME MUMPUPYIOLLMX NPOTOHOB C
TepMmuHansHon OH-rpynnow npuBoguT K
o6pas3oBaHuto 1 nocregyoLemy yaaneHuo
MOSEKYNSIpHON BOAbI.

Ha ocHoBe nony4eHHbIX Hay4HbIX pesynsraToB no
Bo3gencTeuio CBY nsnyyenns Ha b,
NPVBOASILLETO K €ro Nepexony B UCTUHHO
aMopHOE COCTOAHME U AarnbHENLEeMY
npeBpaLLeHnto B Kpuctannuieckun 6emur B
MSrKMX YCNOBMAX Ha Bo3ayxe, pa3paboTaH HOBbIM
Nnoaxof K CUHTe3y KpucTannuyeckoro 6emmTa
nytem Bo3gencTeus CBY nanyyeHus Ha rubbeur,
n3yyeHa KMHeTMKa TBepAodasHbIX NPoLLECCOB
npespalleHus b, o6pa3oBaHMA NPOMEXYTOUHbIX
1 KOHeYHbIX NpoaykToB npu CBY-akTnBaumu.
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HETEROGENEOUS CATALYSTS MIL=101
FOR LIQUID-PHASE PROCESSES

0.A. Kholdeeva, N.V. Maksimchuk, I.D. lvanchikova

Methods were developed for synthesis of new high-
efficient heterogeneous catalysts based on mesoporous
organometal matrices of MIL-101 topology including
composite materials based thereon (Cr-MIL-101, Fe-MIL-
101, POM-MIL-101). Their activities and selectivities
were studied in the reactions of alkane and alkene
oxidation, alkene carboxylaiton. The influence of the
catalyst composition and environmental conditions on
the catalytic behavior was established.

The systems based on organometal matrices of the MIL-
101 family were shown to catalyze selective oxidation of
cyclohexane and anthracene with tert-
butylhydroperoxide, the selectivity to target products
being as high as 90 to 100 %. The oxidation in the
presence of M-MIL-101 were heterogeneous processes
on the catalyst surface, no leaching of the active
component to the solution being observed. The
possibility of M-MIL-101 recycling (up to 100-400 cycles)
without loss of their activity and selectivity and with the
preserved structure was demonstrated.

FeTeporeHHble kaTanmaaTopbl MIL=-101 ana xmakodasHbIX NpoLeccos

Bbinu pa3paboTaHbl METOAbLI CUHTE3a HOBbIX
BbICOKO3((PEKTUBHBIX reTEPOreHHbIX
KaTanu3aTtopoB Ha OCHOBE MeTann-opraHM4ecknx
Me30mnopucTbix kapkacos Tononorum MIL-101, B
YaCTHOCTM KOMMO3UTHbIX MaTepuarnoB Ha ux
ocHoge (Cr-MIL-101, Fe-MIL-101, POM-MIL-101).
M3y4eHbl nX aKTUBHOCTb U CENEKTUBHOCTb B
peakumax OKUCIIEHUS ankaHOB W ankeHoB, a Takke
KapbOOKCUMMPOBaHNS ankeHoB, YCTaHOBMEHbI
OCHOBHbI€ 3aKOHOMEPHOCTU BNNSIHNSA COCTaBa
KaTanvsaTtopoB 1 YCIOBMI cpeabl Ha
KaTtanuTuyeckmne CBOWCTBA.

MokasaHo, 4TO cUcTeMbl Ha OCHOBE MeTan-
opraHudeckunx kapkacos cemenctsa MIL-101
CrnocobHbI CENEKTUBHO KaTanuanposatb
OKWCMEHWNE LUMKIOorekcaHa v aHTpaLeHa TpeT-
OyTUNrMaponepoKCUaOM C BbICOKOW
CEeNneKTUBHOCTbLIO MO uenesbiM npogyktam (90-100
%). MNokazaHo, 4YTO NPOLIECChl OKUCIEHNS B
npucytcteumn M-MIL-101 npoTtekatoT reTeporeHHo
Ha NOBEPXHOCTU KaTanusaTopa U BbiMbIBaHWS
aKTUBHOTO KOMMOHEHTa B pacTBOP He MPOUCXOOUT.
MpogemoHcTprMpoBaHa BO3MOXHOCTb
MHOrokpaTHoro ucnons3osaHus M-MIL-101
(100-400 obopoToB) 6€3 NOTEPU aKTUBHOCTYU U
CENEKTUBHOCTU N C COXPaAHEHNEM CTPYKTYpbI.







NEW MODIFICATIONS OF SUPPORTED Ti-Mg
CATALYSTS WITH CONTROLLED COMPOSITION
AND OPTIMAL MORPHOLOGY

Hosble MoAMdUKALUMM HAaHEeCEHHbIX Ti—-Mg KaTanmMaaTopos KOHTPOAMPYEMOIro cocTasa
M ONTUMAaNbHOM MOPdONOrK

T.B.Mikenas, V.A.Zakharov

The influence of the composition of various type
supported catalysts on their behavior in respect of

MccnegoBaHo BNnsiHue coctaBa HaHECEHHbIX
KaTtann3aTtopoB pa3siMyHOro Tna Ha nx CBOWCTBa

ethylene polymerization and ethylene-a-olefin

copolymerization was studied. The data obtained were

the basis for formulating approaches to controlling
molecular-mass characteristics, composition and

B MoNMMepusaLuy 3TuneHa 1 nponuneHa.

Ha ocHoBe nomnyyYeHHbIX AaHHbIX
chopMynMpoBaHbl NOAXoAbl K PerynpoBaHuio
MOJIEKYSIPHO-MaCCOBbIX XapakTEPUCTUK

homogeneity of the co-polymers. New modifications of
the supported catalysts were developed for synthesis of
the new types of polyethylene (PE) and co-polymers of
ethylene with a-olefin.

NonMMepoB, COCTaBa 1 O[HOPOAHOCTM
cononvumepoB. PaspaboTaHbl HOBble
MoaudUKaLMN HAHECEHHbIX KaTannsaTtopoB
pa3nnyHoro Tvna ANnsi NonyyYeHns HoBbIX MapokK
nonuaTuneHa, NoNMNPonueHa n CononuMepoB
aTUNeHa ¢ a-oneuHamm.




Universal technology for synthesis of supported Ti-Mg catalyst with different composition and different particle size
using organic magnesium compounds as initial components has been developed

High activity
(yield of PE is 10-20 kg/g cat or > 500 kg/g Ti

Narrow catalyst particle size distribution

Control of catalyst particle size in the range
of 6 to 60 um

It is possible produce to different types of PE, including UHMWPE and different grades of HDPE with catalysts
prepared via this new technology.

PE particles of different size

with narrow particle size
distribution obtained

in the processes of slurry (A)

and gas-phase polymerization (B)




SYNTHESIS OF NANOSTRUCTURIZED VMgO
AND CoMgO COATS FOR CATALYTIC MEMBRANES

CuHTEe3 HaHocTpykTypHuposaHHbiXx VMgO n CoMgO noKpbITUIN ANA KaTanUMTUUECKUX MeM6b6paH

|.V. Mishakov, A.A. Vedyagin

A method for anchoring oxide V-Mg and Co-Mg layers
onto porous ceramics was developed based on 24-hour
impregnation of the support with V-Mg(OH), and Co-
Mg(OH), sols. The method allows the coats to be
uniformly distributed and strongly fixed that makes them
applicable for catalytic processes. From TEM data, the
primary particles of the supported oxides are no more
than 5-10 nm in size.

PaspaboTtaH meTog 3akpenneHus okeuaHblx V-Mg
n Co-Mg cnoeB Ha NOpUCTYI0 KepaMUKy, B OCHOBY
KOTOPOro nonoxeHa 24-4acoasi nponutka
nognoxku sonamu V-Mg(OH), n Co-Mg(OH),.
MeToa no3BonsieT paBHOMEPHO pacnpenennTb
NPOYHO 3aKPENUTb MNOKPLITUSA ANst AaNbHENLLErO
MCNONb30BaHNS B KaTanMTUYECKUX NpoLieccax.
Mo gaHHBIM NpocBeYMBalOLLEN SNEKTPOHHOMN
MUWKPOCKONUM pasmep NepBUYHbIX YacTuL,
HaHOCWUMbIX OKCWMAO0B He npeBbiwaeT 5-10 HM.
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DEVELOPMENT OF CATALYTIC MEMBRANE
SYSTEMS FOR GAS-PHASE AROMATIC NITRATION

PaspaboTka MeMbpaHHO—KaTanMTUUECKMX CUCTEM ANA ra3zodasHoro

CMHTE3a apoMaTmuecCkKmnx HMTDOCOGLLMHGHMVI
1.V. Mishakov, A.P. Koskin

Catalytic properties of a sulfonated fluoropolymer
F-4SF (an analogue of commercial Nafion), sulfonated
carbon nanofibers and supported samples of F-
4SF/CNF, F-4SF/Sulfo-CNF were studied in gas-phase
aromatic nitration. A high nitrobenzene yield along with
the selectivity as high as 99.9% was achieved.

MccnepnoBaHbl kKaTanuTuyeckne CBOMCTBa
cynbgonepdtopnonumepa P-4CP (aHanor
Toprosoro nonumepa Haduona),
CynbMPOBaHHbIX YriepoaHbIX HAHOBOSTOKOH
(CYHB) 1 HaHeceHHbIx 0bpa3suos (P-4CP/YHB,
P-4CD/CY) B peakumm razaodasHoOro HUTPOBaHKS
apomaTuyeckux coeguHeHui. MNMonyyeHHbIN
pesynbTaTt No3BONsieT paccmaTpuBaTh 06pasLbl
O-4CP/YHB 1 ©-4Cd /CYHB kak nepcrneKkTuBHbIe
MeMBpaHHO-KaTanuTnyeckne KoMNo3nTbl ANs
reTeporeHHoro npoLecca HUTPOBaHWS
apomaTnyecKmx coeauHeHNIA.
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THE MECHANISM OF N-=CNF GROWTH ON THE Ni—=Cu

CATALYST

0.Yu. Podyacheva, A.N. Shmakov, Z.R. Ismagilov

Ex situ XRD, XPS, TEM, as well as in situ XRD
techniques were used for the first time to study the
growth mechanism of nitrogen-doped carbon nanofibers
(N-CNF,) on the 65Ni-25Cu-AlO, catalyst by
decomposition of ethylene-ammonia mixtures
(75%C,H,/25%NH, and 50%C,H,/50%NH,) at the
temperature range of 400-650 °C.

The initial catalyst is a two-phase system of nickel-
enriched alloy Ni,,Cu, ., (lattice constant 3.539A)

and copper-enriched alloy Cu0.95Ni0.05 (lattice constant
3.612A).

It was established that N-CNFs grow on the catalyst
particle through carbon and nitrogen dissolution in the
catalyst bulk to form an oversaturated solution of carbon
and nitrogen in the Ni-enriched alloy. The conclusion is
supported by the following:

— As N-CNFs grow, the reflections of Ni,Cu,; alloy shift
to smaller angles and no extra reflections except carbon
reflection are observed, the shifting of Ni,Cu, s
reflections to smaller angles being an evidence of an
increase in the lattice constant of alloy due to the carbon
dissolution;

— An increase in the ammonia concentration from 25 to
50 % in the reaction mixture results in ever increasing
Ni, sCu, ;s lattice constant, while the nitrogen content also
increases from 1 to 3 wt % in N-CNFs that indicates the
nitrogen dissolution in the catalyst particle;

— No change in the reflection of the Cu, ,Ni,, alloy is
observed during the growth of N-CNFs; hence, this alloy
is not involved in the reaction.

The solid state of the catalyst particles is demonstrated
to be preserved over the whole temperature range under
study.

McecneposaHue mexaHmuama pocta N-YHB Ha Ni—-Cu kaTanuadaTtope

BnepBble uccnenosaH MexaHM3m pocTa a3oT-
cofepKalumx yrnepogHbix HaHoBonokoH (N-YHB)
Ha katanusatope 65Ni-25Cu-Al,O, npu
pasnoXeHnn aTUNeH-aMMnaqHbIX CMecen
(75%C,H,/25%NH, n 50%C,H,/50%NH.,)

B nHTepBane temneparyp 400-650 °C c
ncnosnb3oBaHnemMm mMeToaoB ex situ POA, PO3C,
M3M, a Takxe in situ POA B Cnbupckom LleHTpe
CurHXpoTpoHHOro n Teparepuosoro ManyveHus.
VcxogHbin kaTanusatop npeacTtaensietT cobom
OBYyX(ha30oBy0 CUCTEMY, COCTOSILLYIO U3 HUKENb-
ob6oraweHHoro cnnaea Ni,Cu, s C NapameTpom
peweTkn 3.589A 1 meab-oboralleHHoro crnnaea
Cu,5Niy s C TapameTpom peluetkn 3.612A.
YcTtaHoBneHo, 4to chopmupoBaHmne N-YHB

Ha YacTuue Katanusatopa npoTekaert yepes
pacTBopeHue yrnepoaa u asota B obbeme
YacTuupl KaTanuaaTtopa ¢ (hopMMpPOBaHNEM
nepeckILLEHHOro pacTeopa yrrnepoaa v asota

B Ni-o6oraweHHom cnnase (NiggCU, ,5) MOCKOMNbKY:
- BO BpeMs pocta N-YHB npoucxoanTt TomnbKo
cmelleHune pednekcos cnnasa NiggCug s

B CTOPOHY BonbLuMX YrnoB 1 He Habnogaercs
nosiBreHve AONONMHUTENbHBIX PednekcoB, KpoMe
pednekca yrrnepoga, npy 3ToM CMelLleHne
pednekcos cnnaea Ni,Cu,,s B CTOPOHY 60MbLUMX
YITOB CBUAETENBLCTBYET 06 yBENuyeHum
napameTpa peLleTku crnasa BCreacTene
pacTBOpPEHMWS B HEM YrTepoaa;

- YBEMNWUYEHNE KOHLEHTpaLumn ammmuaka

B peakumoHHom cmeck ¢ 25 go 50 % npueoant

K eLle GonbLueMy yBENMYEHNIO NapameTpa
pewwetku cnnaea Ni,,.Cu, ., NPy 3TOM cogepxaH
ne asota B N-YHB Bo3pactaet ¢ 1 go 3 Bec.%, 4yto
CBUAETENbCTBYET O TOM, YTO a30T Takke
pacTBoOpsAeTCs B YacTuLe Katanuaartopa;

- pedonekc cnnasa Cu,Ni, s He M3MeHsAeTCs BO
Bpems pocta N-YHB, cOOTBETCTBEHHO OH He
y4yacTBYET B peakLuu.

MokasaHo, 4TO BO BCEM MCCNEfOBaHHOM

MHTEepBarne TeMmneparyp 4actumua Katanmsartopa
OCTaeTCd B TBepAoM COCTOAHUN.




N-CNFs (High Precision Diffraction beamline at the Siberian Synchrotron
and Terahertz Radiation Center, Budker Institute
of Nuclear Physics, Novosibirsk, Russia)
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BIOCATALYSTS BASED ON ENZYMATIC ACTIVE
SUBSTANCES IMMOBILIZED INSIDE
NANOCARBON-=IN=SILICA COMPOSITES

BuokaTanuaaTopsl Ha 0CHOBE GEPMEHTATUBHO—aKTUBHbBIX CYy6CTaHUMM,
MMMOBUANZOBAHHBIX B KOMNO3MTHbIE HAHOYMNepOA—CUANKATHbLIE MaTPMLbI

G.A. Kovalenko, L.V. Perminova

Comparative studies were focused on properties of multi-
component heterogeneous biocatalysts prepared by
entrapment of enzyme-active substances, e.g. yeast
autolysates, inside composite nanocarbons-in-silica
matrices. The matrices consisted of silica xerogel and
nanostructurized carbon species (nanotubes, nanofibers,
nanospheres). Biocatalytic properties (activity and
stability) were studied as on dependent on the matrix
composition, as well as physicochemical properties

and nanostructure of the nanocarbons introduced.

Due to tight and efficient adhesion of enzymatic active
substances on multiwall carbon nanotubes (MWCNT)
inside the composite matrix, the biocatalysts steady-state
activity increased manyfold in comparison to that of
silica-based biocatalysts.

B NHCTUTYTe KaTanu3a B pamkax npoekra
npoBefeHbl CpaBHUTENbHbIE UCCMeoBaHUS
CBOWCTB OMoKaTannaaTopoB, NPUroTOBEHHbIX
nyTeM BKIIOYEHUS PEPMEHTATUBHO-AKTUBHBIX
cybcTaHUmMi, Hanpumep, aBTONM3aToB NEKapCKUX
OpOXOKEN B KOMMO3UTHbIE HAHOYTNepoa-
CcuUnuKaTHble MaTpuubl. 3TN MaTpuubl Obinu
nornyyeHbl BBEAEHNEM B rmaporenb guokcuaa
KPEMHWS HaHOCTPYKTYPUPOBaHHBLIX (DOPM
yrnepoga — HaHoTpy6ku, HAHOBOMNOKHA, yrnepos
NYKOBUYHOW CTPYKTYpbI (HaHOCdepb!).
BuokaTanutuyeckue ceonctea (MHBepTasHas
aKTUBHOCTb U CTabWbHOCTb) U3yYeHbl B
3aBMCUMOCTM OT coaepXKaHusi, pr3nko-
XUMMWYECKNX CBOMCTB U HAHOCTPYKTYpbl BBOAMMOTO
yrnepopga. lNokasaHo, 4YTo BBEAEHNE
HaHOYrMepOAHOro KOMMOHEHTA B
BGuokaTannsaTopbl C MHBEPTA3HOW aKTMBHOCTbIO
NO3BONSET YBENNYNTL UX CTALIMOHAPHYIO
aKTMBHOCTb B 3-6 pa3 Mo CpaBHEHWIO C
6uokaTanusaTtopamm Ha OCHOBE TOSbKO
cunukaTHbIX MaTpuy. 3To npoucxoguT bnarogaps
OOMNOMHUTENBHOMY «YAEPXKUBAHUION
bepMeHTaTUBHO-aKTUBHOW CyOCTaHLMN BHYTPU
MaTpuubl Brokatanmsartopa 3a c4eT aareavm Ha
HaHoyrnepoae, NpuyeM MakcmMarbHbI
NoNoXUTENbHBINA 3 deKkT HabnagaeTcs npu
MCMONb30BaHMN MHOTOCITOMHBIX YrIepoaHbIX
HaHOTpy6oKk (MYHT).




Invertase activity of the composite biocatalysts
in sucrose hydrolysis (50 °C, pH 5). -2 MWCNT
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-¥- Carbon nanofibers
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{ Thus, the biocatalyst steady-state
invertase activity were 3-6 time increased
upon introduction of multiwalled carbon
nanotubes (MWCNT) inside silica xerogel.




OF CARBON NANOFIBERS AND MULTILAYER
CARBON NANOTUBES

TexHONOrMn NPOU3BOACTBA YINEPOAHbBIX HAHOBONOKOH M MHOMOCNOMHbIX YINEPOAHbLIX TPYBOK
Ha NUAOTHbIX YCTaHOBKAaX

3 8 PILOT-SCALE TECHNOLOGY FOR PREPARATION

1.V. Mishakov, V.L. Kuznetsov

A pilot plant fluidized catalyst bed reactor with a 3anyuleHa B 3KcnnyaTaumio NUNoTHasa ycTaHoBKa
capacity of up to 5 kg per day MWCNT was put into C NCEBOOOXMKEHHBIM CNOEM KaTanusatopa ¢
operation. npounssoamTensHocTbio A0 5 kr MYHT B cyTku.




Carbon nanofiber materials

Stacked g 0.4-0.6 0.2:0.4 90-150
Coaxically-conical 0408 0.2:0.4 70-150
(Feather-ike» | 03-05 0.6-0.9 250-350

A pilot plant (up to 5 kg MWCNT/day capacity) with fluidized catalyst bed has been put into operation.

Multilwalled carbon nanotubes




AND A DEHYDROGENATION CATALYST
FeO,/Al,0,/CoAIO/CoAl BASED THEREON

[AunzaiiH kepamoMeTannnyeckoro Hocutena AlL,O,/CoAlO/CoAl
n kaTannaaTopa aernapuposanua FeO,/Al,O,/CoAIO/CoAl Ha ero ocHoBe

4 ODESIGN OF A CERMET SUPPORT Al,O,/CoAIO/CoAl

S.F. Tikhov, Yu. Yu. Tanashev

Catalysts for dehydrogenation of hydrocarbons were
prepared by impregnation of cermets.

Detailed studies of the specific mesoporous structure
revealed that a certain ratio of mesopores of two types at
the size regions of 35 and 60-80 A is characteristic of the
optimal support. In the reaction of n-hexane
dehydrogenation under the action of MW radiation, the
cermet catalyst FeO,/Al,O,/CoAlO/CoAl prepared from
alumina is most active to unsaturated hydrocarbons.

Tte cermet catalyst demonstrates higher a activity due to
enhanced adsorption of MW irradiation in endothermic
catalytic process.

MeTogom nponuTkn KEPMETOB, CoaepXKaLnx
pacTBOpbI CONew xenesa u Xxpoma, NonyyeHbl
KaTanusartopbl AernapvpoBaHus yrneBogopoaoB.
[na peakumn germgupoBaHusa n3obyTtaHa
0BHapyXeHO, YTO MaKCUMarbHON CENEKTUBHOCTBHO
no n3obyTeHy obrnagaeT kepMeTHbIN KaTanusaTop
CrO,/Al,O,/Al, nony4YeHHbIN N3 HocuTens,
copepxatero 50 % Me3onopucToro okcuaa
anomuHus. letanbHoe nccnegosaHme
0coBeHHOCTEN MEe30MOpPUCTON CTPYKTYpPbI
BbISIBUIO, YTO ONTMManbHbIN obpasel, Hocutens
MMeET onpeferneHHoe COOTHOLLEHME MeXay OBYMS
Tnamu mesonop B obrnactu pasmepos 35

1 60-80 A. [Ina peakumn gernapuposaHms
H-rekcaHa npu sosgewnicteum CBY nanyyexums
0BHapyXeHo, 4YTO Npu OAMHAKOBOM YPOBHE
NOrMoLLEHHON 3HEePrUM KePMETHBIN KaTanuaaTop
Fe,O,/Al,0,/Al, nony4YeHHbIA U3 antOMUHUSE MapKn
MA BY, obnapaet HanbonbLLen aKTUBHOCTbLIO MO

HenpeaenbHbiM yrnesogoponam.




Al,O,/CoAIO/CoAl
EDX scattering diagram Porous AlLO, (1)
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SYNTHESIS OF PARTICLES WITH
THE 'CORE-SHELL' MORPHOLOGY

CHMHTE3 yacTuu ¢ Mopdonormen «aapo—o60noyka»

A general method for synthesis of amine borane was
developed to provide a high mobility of hydrogen at
temperatures below 100 °C.

IR spectroscopy was used to show that supporting of
NH,BH, from EDA onto TiO, results in the stabilization of
resistant to hydrolysis complex NH,BH,-EDA, the
quantity of adsorbed water being decreased in the
supported NH,BH,/TiO,-EDA compositions that prevents
the undesirable process of the hydride hydrolyses on
preparation and storage.

In-situ IR spectroscopic studies revealed and UV-VIS DR
data confirmed that the destabilization of the amine
borane structure is observed on heating and
accompanied by the formation of an oxygen-containing
boron phase and partial reduction of titanium dioxide.

McecnepgoBaHbl 0cO6EHHOCTM (hOPMMPOBAHMS TEKCTYPbI
ueonuta LSX npu noHHom obmeHe. OGHapyXeHo, 4YTo
Me3onopbl hopmupytotcsa B LSX B npucytcTBum paga
KaTMoHoB 6e3 foGaBneHust CTPYKTypoobpasyoLmnx areHToB.
Ecnu ncxoHbI LEONUT NpakTUYECKN HE MMEET Me30Mop, TO
MOHHBI 06MeH Ha NH," 1 nocrnegytowas TepMoTpeHMpoBKa
NpMBOAST K hOPMUPOBAHMIO ME3OMOP C XapakTepHbIM
pa3mepomM 5-6 HM. Mpryém nocnegoBaTenbHLIN OOMEH Ha
NH," n Na npu KoMHaTHoW TemnepaType He NPUBOAUT K
nogobHomy abdeKTy, 4TO, KPOME NpPoYero,
CBUOETENbCTBYET O CTabMnM3aunm TeKCTypbl MaTepuana,
Haxoaswerocs B Na-gopme. Mporpes LSX- NH,” npu 120
°C v panbHenwas ctabunusauus obmeHom B Na-chopmy Tak
e He NpMBOANT K (POPMUPOBaHUIO 3aMETHOW A0NN
Me30Mop, B TO BPEMS, Kak MpoMexxyTodHasa obpaboTtka npu
200 °C npuBoauT K peaynbraTty, aHanormyHomy ans LSX-
NH,".

Pa3spaboTtaH MeToa cvHTE3a MarHMTOOTAENSEMbIX
KaTanv3aTopoB 1 aacopbeHTOB ¢ Mopdonormen
«Hernopuctoe s4po — mesonopucTtas obonoykar. [ina atoro
MCNonb30BaH NoAX0A, BKMOYAKLWUIA CTaanm NpurotoBneHuns
N30MMPOBaHHbIX HAHOYACTUL, MarreMnTa, NoKpbITUE 3TUX
YyacTuy HenopucTbiM crnioem SiO, 1 fanee Me3onopucTbIM
cnoem cunukaTHon Mesodpasbl. [MokasaHo, 4YTo
CVHTE3MpOBaHHbIe MaTepuarbl HE UMEKT Takoro
MOHOAMCMEPCHOro COCTaBa YacTul, kak nogobHble
maTtepuansl 6e3 marHutHeix agep. Kpome Toro, opma
yacTuL, OTNNYaeTCcs OT CTPOro cpepmyeckon. Tem He
MeHee, Nno AaHHbIM [MOM TonwmHa BHeLIHero
MEe30MopUCTOro Crnosi Bapbupyetcsa no obbemy obpasua
HEe3HaYUTENbHO, YTO He yXyALlaeT BHYTPEHHUI
maccoobmeH. Mpu 3ToM mMaTtepuarnsl Nerko oTaensoTcs ot
pacTBopa npv BO3AENCTBUM MarHUTHOrO Norsi, a nocrne
CHSITUS1 TAKOrO BO3AENCTBUSI CHOBA NErko ANCNeprupyoTcs B
pactBope. Takoe noBefeHNe 06bACHAETCS OTCYTCTBUEM
OCTaTOYHOW HaMarHM4eHHOCTW MaTepuarnos, YTo
nogTBeEpPXXAaeTCa AaHHbIMY MO UCCIEeA0BaHNI0 MarHUTHOWN
BOCMPUNMYMBOCTMU.

MpuroToBneHbl TUTAHOCUITMKATHBIE MaTepuarnbl C
Mopdpornorner «HenopucToe a4po — Me3onopucTasi
obornouykay. [NokasaHo, YTO KaTanMTUYECKN aKTUBHbIN
koMnoHeHT (Ti) cocpegoToyeH B Me30MopucTon o6orouke.
MccnepgoBaHo napumansHoe OKMCneHve psaa
yrnesogopoaoB. Martepuanel ¢ Mmopdornoruen «HenopmcToe
0po — Me3ornopucTasi 060M04Ka» MoKa3bIiBaKT MyYLLYiO
KaTanMTU4YecKyto akTMBHOCTb MO CPaBHEHUIO C NOAOOHBIMMU
Matepuanamu, He UMeKLLIMMK Tako Mopdonorum.



Partial oxidation of a number of hydrocarbons (trimethylphenol (TMP),
methyl phenyl sulfide (MPS), caryophyllene (CP) for mesoporous
titanium silicates with (Ti-SCMS) and without morphology 'non-porous core-mesoporous shell'

Ti- SCMS T™P 99 77 2,5
Ti- MCM- 41 T™MP 92 72 1,2
Ti- SKMS MPS 100 77 15,7
Ti- MCM- 41 MPS 75 73 8,7
Ti- SCMS CP 60 60 0,5
Ti- MCM- 41 CP 14 43 0,2

Silicate materials with «non-porous core-mesoporous shell» morphology:
a) without
b) with magnetic core




DEVELOPMENT OF NEW CATALYSTS FOR OXIDATIVE
DESULFURIZATION OF HYDROCARBON FUEL

PaspaboTKa HOBbIX KaTannmaaTtopos npouecca OKUCAUTENbHON

necynbdypusaumnm (OAC) yrnesoA0POAHBIX TONANUB
Z.R. Ismagilov, S.A. Yashnik

New catalysts were developed for oxidative desulfurization
(ODS) of hydrocarbon fuel through gas-phase oxidation of
sulfur-containing components (thiophene, dibenzothiophene,
4,6-dimethylbenzothiophene) with air oxygen to produce
sulfur dioxide.

The catalysts were based on Zn, Ce, Cu oxides supported
on CeO, or Al,O,; they demonstrated a high catalytic activity
to ODS of model mixtures containing thiophene,
dimethylsulfide in octane or toluene with high (5000 ppm)
and moderate (1000 ppm) sulfur content. The sulfur
extraction degree was shown to reach 80-90 % at 250-300
°C, flow rate 10000 h™" and ration O,/S = 30—40.

PaspaboTaHbl HOBbIE KaTanmM3aTopbl Npouecca
okucnuTenbHom aecynbgypusaumm (O4C)
YrNeBOAOPOAHbIX TOMMUB, 3aKIo4atoLLerocs

B ra3opa3HOM OKUCIIEHUM CepOoCoaepPKaLLMX
KOMMOHEHTOB (TModbeH, AMOEH30TUOEH,
4,6-ammeTunanbeH3oTmodeH) KUCNOpPoaoM
BO3ayxa ¢ 0bpa3oBaHNEM AuoKcuaa cepbl.
CurHTe3npoBaHHbIe KaTanM3aTopbl Ha OCHOBE
okcngos Zn, Ce, Cu, HaHeCeHHble Ha oKCuabl
CeO, unu Al,O, nokasanu BbICOKYHO
KaTanuTU4ecKyo akTMBHOCTb B peakuun OC
MOLENbHbIX CMECen coaepallmnx TModeH,
OUMETUNANCYNbMUA B OKTAHe Unv Tomnyore,

¢ BbicokuM (5000 ppm) n cpegHum (1000 ppm)
copepxaHnem cepbl. [NokasaHo, YTo cTeneHb
n3Bne4veHusi cepbl gocturaet 80-90 % npu
Temnepatypax 250-300 °C, o6beMHol CKOpoCTH
10000 4" 1 oTHoweHun O,/S = 30-40.
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SYNTHESIS OF SUPPORTED AMINE BORANE AND STUDIES
OF ITS THERMAL DECOMPOSITION

CWHTEe3 HaHeCeHHOro aMMmMH60paHa 1 M3yueHhe ero TeEPMMUUECKOro pasnoxeHu1a

V.l. Simagina

A general method for synthesis of amine borane was
developed to provide a high mobility of hydrogen at
temperatures below 100 °C.

IR spectroscopy was used to show that supporting of
NH,BH, from EDA onto TiO, results in the stabilization of
resistant of NH,BH,-EDA to hydrolysis complex, the
quantity of adsorbed water being decreased in the
supported NH,BH,/TiO,-EDA compositions that prevents
the undesirable process of the hydride hydrolyses on
preparation and storage.

In-situ IR spectroscopic studies revealed and UV-VIS DR
data confirm that the destabilization of the amine borane
structure is observed on heating and accompanied by
the formation of an oxygen-containing boron phase and
partial reduction of titanium dioxide.

PaspaboTtaH yHMBepcanbHbIi METOA, CUHTE3a
HaHeCceHHOro ammuHbopaHa, obecneynBaroLLMi
BbICOKYI0 NMOABWXHOCTL BOAOpOAA Npu
Temnepatypax Huxke 100 °C. C nomowbto MK
CNEKTPOCKOMUK NokasaHo, 4To HaHeceHne NH,BH,
Ha TiO, uz A npuBoauT K cTabunusauum Ha
noeepxHocTu Hocutens komnnekca NH,BH,-O0A,
KOTOpbIV XapaKTepuayeTcs YCTONYNBOCTbIO

K rmgponuay. Mpu 3aTom KonNnyecTeo
apcopbvpoBaHHOM BOAbl B HAHECEHHbIX
NH,BH,/TiO,-30A koMNo3nLmMsax CHUXKAeTCH, YT
NpenaTCTBYET NPOTEKAHUIO HEXeNaTenbHOro
npouecca rugponusa rugpvaa npy npuroToBneHUmn
N XpaHeHUn o6pasuoB.

MeTtogom UK-cnekTpockonuu in situ BbiSIBNEHO,
4YTO gectabunmsaums CTpyKTypbl aMMuHbopaHa
B KOMMO3MLUW NPOUCXOAUT MpU HarpeBaHnm

1 conpoBoxaaeTca o6pa3oBaHneM
KMCNOpOACoAepKaLlen asbl bopa, a Takke
YaCTMYHBIM BOCCTAHOBMEHEM AMOKCUaa TUTaHa,
yTO NoaTBepxaaeTca AaHHbIMn ACOO.
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STUDIES OF THE PRODUCTION OF LIPIDS BY

MICROALGAE

MceneposaHe NpoaykUmMmM NTMNMAOB MUKPOBOAOPOCAAMM

K.N. Sorokina

Microalgae strains were studied which would be high-
productive to lipids and biomass. A system was
developed for effective incorporation of 18s rRNA gene
into pUC18-MC plasmid. Its sequencing was determined
to identify strains related to Nannochloris bacillaris,
Botryococcus sudeticus, Chlorella sorokiniana; a high
content of lipids is characteristic of these strains.
Ni-based catalysts for hydroupgrading of microalgae
lipids were developed and tested. NiCu/SiO,

and NiCuP/SiO, catalysts were found the best, the latter
being more stable in an acidic medium. Optimal
conditions of the hydroupgrading were determined.

Mo HanpaBneHWo N3y4YeHnst yCrioBui
KyNsTUBUPOBAHNS U KaTanutuieckon nepepaboTkm
MWKPOBOAOPOCHEN NUMUAHOM NPUpoabI C Lenbio
nosny4yeHnss OMOTONIMB BTOPOTrO NMOKONEHNsT BbIno
nokasaHo, Mpu noncke BLICOKONPOAYKTUBHBIX MO
nunugam m Guomacce WTammMoB
MUWKpOBOZOpOCHel bbina co3gaHa cucrtema,
Nno3BonsiioLLas C BbICOKON 3P(PEKTUBHOCTLIO
ocyLecTenATb BCTponky reHa 18s pPHK B coctas
nnasmugel pUC18-MC. Mo pesynsratam
onpejerneH1s ero nocrnegoBarTenbHOCTY Obinu
BbISIBMNIEHbI LUTAMMbI, OTHOCSALLMECH K BUAaMm
Nannochloris bacillaris, Botryococcus sudeticus,
Chlorella sorokiniana, oTnnyaoLmxcsa BbICOKUM
coaepxaHuem nunuaos. Ha ctagmm paspaboTtku
KaTanusaropa rugpoobnaropaxveaHus nMnuaos
MMWKPOBOAOPOCHEN NPOBEAEHO TECTUPOBaHNE
KaTanu3aTtopoB Ha OCHOBe HuKens. Haunyywuin
pesynbratbl Nnokasanu katanusatopsl NiCu/SiO, 1
NiCuP/SiO,, npu atoM kaTanusartop ¢ JobaBneHve
docdopa okasarncs 6onee ctabuneH B KUCMomn
cpege. OnpegeneHbl ONTMMarnbHbIE YCIOBUS
rmgpoobnaropaXxuBaHus.




+ CH,OH — +H Alkanes
> Biodiesel 2

The lipid production by microalgae was studied including the composition of the lipid fraction of the microalgae.
The strain Chlorella spp. A1125 was shown to feature the characteristics necessary for their cultivation

in a pilot photobioreactor at a comparatively high efficiency for biomass and lipids - 0.081 g/l (23 wt %).

High contents of both saturated C,,:0 (25%) and unsaturated fatty acids C.:2 (16%) and C,4:2 (27%)
characteristics of the strain make it applicable for the processes of their generation biofuel production.

Experimental studies of hydrocracking of microalgae (Botryococcus braunii) lipid fraction in the presence
of catalyst NiCuP/SiO, at 250 °C and 8.0 MPa H, revealed that normal C,,-C,, alkanes
are the products that need isomerization for their application for the biofuel production.




CATALYTIC COMBUSTION OF SOLID
CARBON-CONTAINING FUEL

KaTtanuTruueckoe CxMraHue TBepablx yrnepoacoaepxawmx TonnmMs

A.D. Simonov

Laboratory and bench studies of the processes of Mo HanpaeneHwto ycTaHoBNEHNSA

fluidized catalyst bed combustion and gasification of 3aKOHOMEPHOCTEN NPOLIECCOB rOPeHns n
biomass were conducted to develop initial data for rasudukauum Bo30OHOBNSEMOrO Cbipbsl B
construction of semicommercial plant (1.5 t/h expressed KUMSLLEM cnoe Katanmsatopa Ha OCHOBaHUU
as dry sludge) of thermocatalytic oxidation of municipal nabopaTopHbIX U CTEHAOBbIX UCTbITAHWIA NO
wastewater sludge from sewage treatment facilities. CXuraHuto buomacchl paspaboTaHbl UCXOOHbIE
The proposed method for manufacturing of catalytic [aHHblEe Ha NPOEKTUPOBAHME OMbITHO-

nozzles makes it possible to simplify the technology for NPOMBILLSIEHHOW YCTaHOBKU

the nozzle element fabrication, to improve the nozzle TepMoKaTanuTUYECKOro OKUCNEHUS OCaKOB
mechanical strength at their preserved catalytic activity. CTOYHbIX BOJ OT OYUCTHbIX COOPYXXEHUN

The influence of the full oxidation catalyst on the KaHanusaumm moLHocTbio 1,5 T/4 o cyxomy
fluidized bed pyrolysis of wood was discovered. Unlike ocafky. MicxogHble AaHHble cornacoBaHbl U
the inert bed, the catalyst provides a considerable nepefaxbl 3akasqnky OO0 «HIMO MocTtoBuky,
decrease in the content of condensed materials (tars, r. Omck. Pa3pabotaH cnocob npurotoBrneHns
acids gases), as well as a decrease in the contents of KaTannmTnM4eckmx Hacagok, KOTopbI peluaet
CO and methane with the temperature elevation. 3agadvy ynpoLLeHWs TEXHOMOMMN MPUrOTOBIEHNS

3NEeMEHTOB HacaaKu, NOBbILLEHUS MEXaHNYECKON
NMPOYHOCTU HacagoK C COXpPaHEHUEM MX BbICOKOM
KaTanuMTnyeckon aktueHocTu. .O6HapyxeHo
BMUsIHWE KaTanusatopa rnyboKkoro okncrneHust
BELLIeCTB Ha NPOLeCC NMponun3a ApeBECUHbI B
NnceBOoOXKWKEHHOM crioe. B otnuyune ot crnos
MHEepPTHOro MaTtepuana B crnoe KaTtanuaaTtopa c
pOCTOM TemnepaTypbl 3HAUYUTENbHO CHUXaETCS
cofepkaHue KOHOEHCHPYIOLLMXCS BELLECTB
(cmonbl, KNCNOTLI), @ B HEKOHAEHCUPYIOLLIMXCS
rasax c pocToM TemnepaTtypbl yMeHbLUaeTcs
cogepxaHne CO n meTaHa.
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Waste gases |

PARAMETERS OF CHP OPERATION

(expresses as for generation of 1 Gcal/h)

Coal consumption, t/month 144 302

Prime cost of generation of 1 Gcal, Rub. 331,5 1050

Coast of fuel and energy resources, 174 (with the 323

Rub/month catalyst)

Fuel heat efficiency, % 93 = 45-60
Catalyst

T controlling grid

Cooling
water
Catalyst
700 - 1000 K
fuel
OPPORTUNITIES

Caloric power ranges from 0,25 to 12 Gcal/h

Heat utilization efficiency 93 %

Possibility of low-calorific fuel

Content of NO,,SO,, CO in gases <MPL

Old boiler house

-—

New boiler house
Artyshta-2 Station,
Kemerovo Region)

in Siberia, Kamchatka and Amur Region for burning
of low-quality coal.




PREPARATION OF HYDROCARBON MIXTURES BY
CATALYTIC DEOXYGENATION OF LIQUID PRODUCTS
OF BIOMASS PYROLYSIS

nonyuyeHue yrnesoa0pPOAHBIX CMeCel NyTeM KaTanmTUUecKoM Ae0KCUreHaumm
HUAKUX NPOAYKTOB NMPONM3a 6MOMACCHI

V.A. Yakovlev, S.A. Khromova, M.V. Bykova

In investigating processes for preparation of hydrocarbon
mixtures by catalytic deoxygenation of liquid products of
biomass pyrolysis or pyrolysis oil (PO), the composition,
texture, active components of the initial oxidized,
reduced and spent catalyst species were studied using a
number of physicochemical methods. Under study was
the effect of the active component composition of the
nickel-containing catalysts and the support nature on the
activity and selectivity to deoxygenation of pyrolysis oil,
as well as on the catalyst stability to leaching of the
active components and supports during the continuous
reaction with PO.

Mpu nccnepgoBaHWsa NonyyYeHUs yrneBogopPOaHbIX
cMecel nNyTem KatanuTuyecKkom AeoKcureHaumm
XNOKUX NPOAYKTOB Nuponm3a Guomaccel Obino
npoBeAeHo UccreaoBaHMe CocTaBa, TEKCTYPHI,
COCTOAHUA aKTUBHOINO KOMMNOHEHTA NCXOAHbIX
OKCWHbIX, BOCCTAHOBIEHHbIX M OTPaboTaHHbIX
hopM UCMONb3yeMbIX KaTanu3aTopoB
pasnuYHbIMU PUNKO-XMMUYECKUMI METOAAMMU.
MccnepgoBaHo BNusiHMe coctaBa akKTUBHOMO

KOMMOHEHTa HUKeNbCcoaepXKalllMx KaTanM3aTtopoB
1 NpUpoabl HOCUTENEN Ha aKTUBHOCTb U
CEeNneKTUBHOCTb KaTanvsaTtopoB B npoLecce
[eokcureHaumm 6uoHedTH, a TaKke Ha ux
yCTOVIHMBOCTb MO OTHOLWEHUIO K BblllenavynBaHUO
aKTMBHbIX KOMMOHEHTOB M HOCUTENE npu
ONUTENBHOM NPOBEAEHUN peakLmm ¢ BUOHEdTHIO.
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IMPORTANT RESULTS




PROJECTS

Development and application of up-to-date physical methods,including in situ methods, for atomic and molecular level
studies of the structures and properties of catalytic systems

Studies of the structures and compositions of new supported and homogeneous catalysts for homo- and
co-polymerization of olefins and of the polymerization mechanisms using physical and kinetic methods.
Development of new types of supported single- and multiple site catalysts with controlled kinetic characteristics

Development of scientific basis for creation of new processes for selective synthesis of oxygen-and sulfur-containing
organic compounds

Development of highly efficient, environmentally sustainable catalyst systems for chemo-and stereoselective
epoxidation of olefins

Application of methods of intensive physicochemical actions (thermal, mechanical, MW etc.) for preparation of
oxide and composite catalysts with necessary functional properties for practically important application areas

Development of homogeneous bifunctional metal complex catalysts for low-waste processes of fine synthesis

Development of high-effective methods for synthesis of organic compounds, functional materials and catalysts based
on transition metal complexes and ionic liquids

Development of new nanostructurized functional materials with required properties including carbon materials,
nanostructurized catalysts and catalytic coats with high selectivities to processes of chemical synthesis

Ordered macroporous adsorbents and catalysts; new methods for studying mechanisms of reactions
of carbon-containing macromolecules

Scientific basis of synthesis of oxide nanomaterials with desired properties and heterogeneous catalysts
based thereon

The influence of chemical states of support surfaces and active component dispersion on catalytic properties
of supported noble metals in liquid-phase hydrogenation of organic and inorganic substrates

Scientific basis of designing nanocomposite / nanostructurized oxide and metal oxide systems
for hydrogen energy

ORGANIC CHEMISTRY
Synthesis of chiral diamines from levopimaric acid

Synthesis of organic catalysts and ligands for metal complex catalysts for asymmetrical reactions

Nanostructurized bifunctional catalysts based on tungsten peroxo complexes

APPLIED CATALYSIS
Creation of the innovative plants for production of catalysts for fine hydrotreatment of oil fractions

Technology for manufacturing an improved catalyst for the Klaus process
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[MTPOEKTDI

PasBuTWe 1 NpuMeHeHne CoBpeEMEHHbIX (M3NYECKNX METOLOB UCCIIEA0BaHWS, BKIOYas peXXnM in-situ, Ans n3yveHust
CTPOEHWSI 1 CBOWCTB KaTarMTU4EeCKUX CUCTEM Ha aTOMHO-MOSEKYSIPHOM YPOBHE, B TOM YMCIIE NPY NOBbILLEHHbIX
TemnepaTtypax v JaBneHusx

WccnepoBaHne CTPYKTYpbl M cOCTaBa HOBbIX MOAUMKALMIA HAHECEHHBIX U TOMOTEHHbIX KaTanu3aTopoB romo- 1
cononmMepusaLmy onetuHOB 1 MexaHn3Ma nonvmMepusaLmm ¢ UCNosb30BaHNeM PU3NHECKUX 1 cneumanbHbIX 6
KUHETUYecknx MeToaoB. Pa3paboTka Ha 9TON OCHOBE HOBbIX TUMOB HAHECEHHBIX MOHOLIEHTPOBBLIX W MOMULEHTPOBBIX

KaTanm3aTtopoB C KOHTPONMMUPYEeMbIMU KMHETUHECKMMUN XapaKkTepucTukamm

Pa3pa60T|<a Hay4HbIX OCHOB A4 CO34aHNA HOBbIX NPOLECCOB CENEKTUBHOIO nony4yeHua kucrnopoa- 1
cepocoaepXxaliumx opraHn4ecknx coeguHeHunn

Pa3paboTka BbICOKOI(hHEKTUBHBIX 1 IKONOrMYeCcKkn 6e30MacHbIX KaTannTU4ecknx CUCcTem 10
NS MPOLECCOB XEMO-M CTEPEOCENEKTUBHOIO AMOKCMANPOBaHNS onedrHOB

Vcnonb3oBaHne MeToa0B MHTEHCUBHOIO (PU3MKO-XMMUYECKOTO BO3AENCTBUS (TEpMUYECKOro, MexaHndeckoro, CBY n gp.)
ANs MPUroTOBNEHUS OKCUAHBIX Y KOMMO3UTHBIX KaTanuaaTtopoB C HEOOX0ANMbIMU (DYHKLIMOHAMNbHLIMU CBOMCTBaMU AMNS 12
NpakTUYeCKW BaXKHbIX 0bnacTen npumMeHeHnst

PaspaGOTKa FOMOT€HHbIX 6I/Id)yHKL|,VIOHaI'II:HI:IX MEeTanIOKOMMNIEKCHbIX KaTarn3aTopoB A4 ManooTXO4HbIX nNpoLeccoB

TOHKOIo OpraHM4ecKoro cuHTesa 14

Pa3pa60TKa BbICOKO3(O(PEKTUBHBLIX METOO0B nony4vyeHns opraHN4YecKmnx coeanHeHun, (byHKLI,I/IOHaJ'IbeIX mMaTtepuanos 16
N Katanns3atopoB Ha OCHOBE KOMMIIEKCHbIX coegnHeHun nepexoaHblX MeTansioB U MOHHbIX XKungkocTen

Pa3pa60TKa HOBbIX HAHOCTPYKTYPUPOBaHHbIX (DYHKLMOHANbHbBIX MaTepmanos ¢ 3a4aHHbIMU CBOWCTBaMU, B TOM Yucne
yrmepoaHbIX MatepuanoB, HAHOCTPYKTYPUPOBAHHbIX KaTanmM3aTtopoB N KaTalluTUYEeCKNX NOKPbITU C BbICOKON 18
CEeneKTUBHOCTbLIO A4 nNpoueccoB XMMNU4YECKOro CMHTe3a

CprKTprpOBaHHbIe a,ClCOpﬁeHTbI N MakponopucTble KaTannsaTtopbl, HOBble MeTOAbl nccrnegoBaHuii MexaHM3moB

peakuuii yrnepoacoaepKaLlimx MakpoMonekyn 20

Haquble OCHOBbI CYHTE3a OKCUAHbIX HAHOMaTepuarnoB € 3aA4aHHbIMU CBOMCTBAMU U reTePOreHHbIX

Kataryin3atopoB Ha UX OCHOBe 22

VccnegoBaHve BNUSIHUSE XUMUYECKOTO COCTOSIHUSI MOBEPXHOCTU HOCUTENEN U ANCNEePCHOCTN akTUBHOMO
KOMMOHEHTa Ha KaTanuTuyeckne CBOMCTBa HAaHECEeHHbIX 6naropo,qu|x MeTansnos B npoueccax 24
)KVI,D,KOCbaBHOIZ rmaporeHn3aunmn opraHM4eCkmux n HeopraHM4ecknx CyGCTpaTOB

Hay4Hble 0CcHOBbI An3aiiHa HAHOKOMMO3UTHBIX/HAHOCTPYKTYPUPOBAHHbBIX OKCUAHbLIX U METanNI-OKCUAHbIX CUCTEM 26
NS BOAOPOAHOW SHEPreTUKn

BaxHenLmne pesynsratbl B 0611acTy OpraHM4eckon Xummnm 8
CuHTE3 XuparnbHbIX AMaMUHOB U3 1IEBONMMAaPOBO KUCMOTI.

CUWHTE3 opraHnyecknx KatanmaaTtopoB 1 NUraHAoB ANt METannoKOMMIEKCHbIX KaTanM3aTopoB 30
aCUMMETPUYECKNX peakLmi

CuVHTE3 OpraHM4ecK1x katanvm3aTopoB 1 NUraHgoB A5t MEeTanNIoKOMINIEKCHbIX KaTannsaTtopoB 32
aCUMMETPUYECKMX peakumin

MpuknagHble pa3paboTku

Paspabotka ¥ co3gaHve WHHOBALMOHHOTO MPOM3BOACTBa KaTanm3aTopoB 34
rny6oKoM rmapoouncTkm HedpTsHbIX paKLuii

Paspa6oTka ¥ cosgaHve TEeXHOMorMu npou3BOACTBa YCOBEPLLUEHCTBOBAHHOIO Katanuaaropa npouecca Knayca 36



Development and application of up—to—date physical methods,
including in situ methods, for atomic and molecular level
studies of the structures and properties of catalytic systems

PasBuTHE M NPUMEHEHME COBPEMEHHbIX GU3NUECKNUX METOAOB MCCNeaOBaHMA, BKAOUAA PEXMM in—situ,
ANA U3YUEHMA CTPOEHMA M CBOMCTB KaTanMTUUECKMUX CUCTEM Ha aTOMHO—MONEKYNAPHOM YPOBHE,

B TOM UMncne npn NoBblWEHHbLIX TEMNEpATypax U AaBneHnAx

|.P. Prosvirin

For Pt/AlLQO, catalysts of the total oxidation of
methane, the reaction medium was shown to
induce the partial reduction of platinum oxide
species and the partial oxidation of metallic
platinum to give a new platinum state Pt with the
binding energy of 72.0 + 0.1 eV. As detected by in
situ XPS, this state is formed under the reaction
conditions irrespectively of the initial chemical state
(Pt*, Pt**, and/or Pt’) of the active component of the
catalysts. This state is highly dispersed particles of
partially oxidized metallic platinum, which are
supposed to be responsible for the catalyst activity
in the total oxidation of methane. The catalytic
activity correlates well with the amount of Pt™,
which in turn depends on both the size of Pt
particles and the initial oxidation state of platinum.

MokasaHo, 4YTo ansa katanmsatopos Pt/Al,O,
MOITHOTO OKMCMNEHNS METaHa peakLMOoHHas cpeaa
NPVBOOUT K YaCTUYHOMY BOCCTaHOBIEHMIO
oKCUAHbIX OPM NNaTuHbl, a MeTannmyeckyto Pt —
K YaCTUYHOMY OKWUCIIEHWMIO: NMPY 3TOM hopMuUpyeTcs
HOBOe cocTosiHMe Pt™, koTopoe xapaktepuayercs
3HayeHneMm aHeprum ceasmn 72.0+0.1 eV. Takum
06pa3om, HE3aBMCUMO OT HayarbHOro
XUMUYECKOTO COCTOSIHUS aKTUBHOIO KOMMOHEHTA B
anomonnaTMHoBbIX obpasuax — Pt*, P uvnu Pt
B YCMNOBWSAX peakumn doopMumpyeTcst HoBasi hopma
nnatuHbl Pt™, npossnsiowasica B cnektpax P®3C,
KoTOpasi NpeacTaBnsieT cobor YacTUYHO
OKWUCIIEHHYIO BbICOKOOUCTNEPCHY METanmMyeckyto
nnaTuHy, u, No-BMAMMOMY, ONpeaenseT akTUBHOCTb
Katanu3aropa B NOfHOM OKUCIEHUN MEeTaHa.
CopnepxaHue Pt xopollo koppenupyet ¢
KaTanMTU4eckon akTMBHOCTbIO obpasLa; fons
nNaTvHbl B 3TOM COCTOSIHUM onpeaensieTcs
pasMepoM YacTuL, NNaTUHbI U €€ UCXOAHbIM
3apsa0BbIM COCTOSIHUEM.



Chemical state of the active component
in Pt/Al,O, catalysts changes
in the course of the reaction

P(CH,) = 0.01 mbar; P(O,) = 0.1 mbar
T=430°C

Pt [Pt"la Pt*

\

PtO,/ALO, — 1.5 nm

73.0-Pt” 75.0-Pt*

%

66 68 70 72 74 76 78 80 82 84

71,1-Pt°

66 68 70 72 74 76 78 80 82 84

Pt° / Pt

66 68 70 72 74 76 78 80 82 84
Bond energy (eV)
Vacuum, RT

66 68 70 72 74 76 78 80 82 84
Bond energy (eV)
A new platinum state (Pt™) with the bond energy

of 72+0.1 eV is generated under the action
of the reaction medium




Studies of the structures and compositions of new supported
and homogeneous catalysts for homo— and co—polymerization
of olefins and of the polymerization mechanisms using physical
and kinetic methods. Development of new types of supported
single— and multiple site catalysts with

controlled kinetic characteristics

McecnepoBaHMe CTPYKTYPbl M coCcTaBa HOBbIX MOAUMDUKAUMM HAHECEHHbBIX M TOMOTMEHHbIX KaTanM3aTopos
rOMO—MW cononuMepmsaumm onedrHOB U MexaHnmama Nonnumepmsaunm ¢ MCNONb3oBaAHMEM GU3UUECKUX

M cneumanbHbIX KMHETUUECKMX MeToA0B. Pa3dpaboTka Ha 3TOM OCHOBE HOBbIX TUNOB HAHECEHHbIX
MOHOUEHTPOBbLIX N NOAMUEHTPOBbLIX KAaTann3aTopoB C KOHTPOAMPYEMbBIMU KUHETUUECKMMIN XapakKTepMUCTUKaAMKN

E.P. Talsi, |.E.Soshnikov, N.V. Semikolenova, K. P. Bryliakov, V.A. Zakharov

Post-metallocene catalytic systems for olefin Bnepsble AN nocT-meTannoLeHoBbIX
polymerization were studied using NMR KaranuTu4ecknx cuctem nonumepusamm
spectroscopy with isotope-labeled reagents; for the oneguHoB 3adNKCMPOBaHbI U OXapakTepU30BaHbI
first time, the true active centers of polymerization meToaammn AMP-cnekTpockonun ¢ NpUMeHeHnem
on Ni catalysts — polymeryl species [LNi(C,H,),-CH.] N30TOMHO-MEYEHHbIX peareHToB UCTUHHbIE

(n =6 + 18)-were detected and characterized. aKTUBHbIE LIEHTPbI nonMMmepusaunm —

PFGSE NMR was used to evaluate the diffusion «nonumepunbHbie» Yactuubl [LNi(C,H,),-CH,]
coefficients of the polymeryl species in toluene and (n =6+ 18) c pacTyLLe NONMMMEPHOW LIEMbIO.
their size (hydrodynamic radii). The major chain C ncnonb3oBaHWeM UMMYIbCHbIX FPaaueHToB
termination and catalyst deactivation pathways MarHUTHOTO NONSA OLEHEHbI KOAPDULIMEHTbI
were identified. Ouddysumn nonumepunbHbIX YacTul, B Tornyore,

OLeHEH KX pasmep (rmapoanHammuyeckuin paguyc),
yCTaHOBIeHbl OCHOBHbIE NMpoLecchl 06pbiBa Lienm
W NyTN HeoGpaTUMOW Ae3aKTBaLMM aKTUBHbBIX
LIEHTPOB.






Development of scientific basis for creation of new processes
for seiective synthesis of oxygen—and sulfur—containing
organic compounds

PaspaboTKa HayuHblXx OCHOB ANA CO34aHMA HOBbIX NPOLECCOB CEeNeKTMBHOMO NONyUeHMA KUCNOPOA—
M cepocoaepiawmx opraHMueckmnx coeamHeH 1

E.V. Starokon', M.V. Parfenov, S.S. Arzumanov, L.V. Piriutko, A.G. Stepanov, G.I.Panov

The reaction of methane oxidation by nitrous oxide
over FeZSM-5 zeolite with a high concentration

of -sites (100 pmol/g) was studied at 160 °C. The
reaction stoichiometry was shown to be

CH, : N,O = 1:1. The reaction proceeds via
intermediate formation of a-oxygen, (Fe"O~), which
interacts with methane to produce directly
methanol. Spillover of methanol from a-sites
liberates them for further events of a-oxygen
deposition and methane oxidation to methanol.
Such a surface reaction running with a turnover
number greater than 1 but without product
desorption into the gas phase can be called
“quasicatalytic” and, probably, is observed for the
first time. The existence of the quasicatalytic
reaction mode at lower (pre-catalytic) temperatures
is assumed to be a rather common phenomenon in
heterogeneous catalysis. The investigation of this
phenomenon may provide a deeper insight into the
mechanism of catalytic reactions.

WccnepoBaHa peakuysi OKUCIIEHWS MeTaHa
3akncbto asota npu 160 °C Ha ueonute FeZSM-5
C MOBbILLIEHHOW KOHLEHTpaUMel a-LeHTpoB

(100 mkmonb/r). Peakumsa nMeeT CTEXMOMETPUIO
CH, : N,O = 1:1 u npoTtekaeTt 4epes
NPOMEeXYTOuYHYI0 nocagky a-kucnopoga us N,O,
np1BOAS K HENOCPELACTBEHHOMY 0Opa3oBaHuio
mMeTaHona. bnarogapss murpaumMu metaHona,
O-LIEHTPbI B 3TUX YCINOBUSX, B OTNM4YME OT
KOMHaTHOW TeMnepaTtypbl, MYHKLUUOHNPYHOT B
KaTanMTU4eckoM pexume, coBepLuas no
HecKornbko akToB nocagku (O), n nocnegyrowiero
okucnenns CH,. Takad noBepxHOCTHas peakums
c yucnom obopotoB Gonbwe 1, HO 6e3
Aecopbunn nNpoaykToB B ra3oByto dhasy,
BEPOSITHO, HabnoaaeTcst BNepBble U MOXET ObITb
Ha3BaHa KBasukaTanuTnyeckon. CylecTBoBaHue
KBa3nKaTanMTU4YeCcKoro pexnma peakumm B
o6nacTu NOHWXKEHHbIX (MpeaKaTanMTUYecKnX)
TemnepaTtyp MOXET OKa3aTbCs BeCbMa
pacnpocTpaHeHHbIM SBMEHEM, CMOCObCTBYOLWNM
6onee rnmy6okoMy NOHNUMaHWIO MexaHU3Ma
KaTanuaa.






Development of highly efficient, environmentally
sustainable catalyst systems for chemo—and
stereoselective epoxidation of olefins

PaspaboTka BbICOKOSIDMEKTUBHbLIX M 9KONOTMUECKM 6e30NacHbIX KaTannTUUECKMX CUCTEM
ANA NPOUEeCCOB XeEMO—M CTEPEOCENEKTUBHOMO 9NOKCHMAMPOBAHNA 0NedMHOB

R.B. Ottenbaher, O.Yu. Liakin, K. P. Bryliakov

A series of new chiral complexes of manganese
with aminopyridine type ligands have been
synthesized that can catalyze the enantioselective
epoxidation of electron-deficient olefins with
hydrogen peroxide. The catalysts demonstrate
previously unachievable levels of chemoselectivity
(up to 100 %), enantioselectivity (up to 99 ee %)
and efficiency (TN up to 8600); they can be used for
synthesis of biologically active compounds and their
precursors.

CVHTE3NpOoBaH psifi HOBbIX XMparbHbIX
KOMIMIEKCOB MapraHua ¢ nuraHaamm
aMUHONMPUAMHOBOTO TWMNA, CMOCOOHbIX
KaTanuManpoBaTb 3HAaHTUOCENEKTUBHOE
3MOKCUAMPOBAHUE ANEKTPOHOAEDULIMTHBIX
ankeHoB nepokcuaom Bogopoaa. Katanusatopel
OEMOHCTPUPYIOT HEOCTMKUMbIE paHee BENUYMHbI
aktnBHocTh (0o 100%), SHAHTMOCENEKTUBHOCTU
(8o 99 % ee) 1 NpoM3BOAUTENBHOCTU

(mno 8600 TN) 1 MoryT 6bITb UCMONB30BaHbI A4S
aCUMMETPUYECKOro CUHTE3a GMonornyecku
aKTMBHbIX COEANHEHWI N UX NPeLLECTBEHHNKOB.
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Application of methods of intensive physicochemical
actions (thermal, mechanical, MW etc.) for preparation of
oxide and composite catalysts with necessary functional
properties for practically important application areas

Mcnonb3oBaHMe METOAOB MHTEHCUBHOIO GM3NKO—XMMNUUECKOro BO3AENCTBUA

(TepmMmueckoro, MexaHlueckoro, CBU 1 Ap.) AnA NPUrOTOBNEHUA OKCUAHbBIX M KOMNO3UTHbIX KAaTannM3aTopos
C HEOBXOANMBIMM DYHKLIMOHaNbHLIMKW CBOMCTBAMM ANA NPAKTUUECKM BaXHbIX 061acTel NPUMEHEHMA

D.V. lvanoy, E.Yu. Gerasimov, L.A. Isupova

Strontium titanates including the ones modified with
Al, Mg, Pb, Ba cations, with the perovskite and
layered perovskite structures were prepared using
mechanochemical methods. The high activity of
Mg- and Al-substituted strontium titanates to
oxidative dimerization of methane (yield of C, as
high as 25 % at the selectivity of 66 %) was
demonstrated for the first time and accounted for by
the formation of the active phase of mixed SrO-
MgO oxide on the particle surface in the course of
the reaction.

C ucnomnb3oBaHMEM MEXaHOXMMMUYECKOro MeToaa
NPUroTOBMEHbI TUTAHaTbl CTPOHLMS, B TOM YuCe
mMoauduumpoBaHHble kaTnoHamu Al, Mg, Pb, Ba,
CO CTPYKTYpamu NepoBCKUTa U CAOUCTOrO
nepoBckuTa. BnepBble nokazaHa BbicoKast
akTnBHocTb Mg 1 Al — 3amMeLLieHHbIX TUTaHaToB
CTPOHLUS B OKACMMTENBHOW AUMEPU3aLIMN MeTaHa
(Bbixog C, 0o 25 % npwv cenekTMBHOCTK 66 %),
KoTopasi obycrosrneHa pOpMMPOBaHNEM aKTUBHOMN
¢asbl cMelaHHoro okenga SrO-MgO Ha
NOBEPXHOCTM YacTuL B NpoLecce npoTekaHus
peakumu.
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Development of homogeneous bifunctional metal complex
catalysts for low—waste processes of fine synthesis

PazpaboTka roMOreHHbIX 6MOYHKUMOHANbHBbIX METANNOKOMNNEKCHbIX KaTann3aTopos ANA Mano0TXOAHbIX
npoueccoB TOHKOIro opraHnMyeckoro cCMHTe3a

Z.V. Pai, E.G. Zhizhina, L.L. Gogin, V.F. Odyakov, Yu.A.Rodikova

Two modified (non-Keggin) high-vanadium
solutions of Mo-V-P heteropoly acids (HPA) of the
total compositions H,,P,Mo,,V,O,, and
H,,P,Mo,.V,,0,, were used for revising the
mechanism of oxidation of 2,3,6-trimethylphenol
(TMP) to trimethyl-1,4-benzoquinone (TMQ) in the
two-phase system (aqueous HPA solution + the
solution of TMP and reaction products in an organic
solvent). While HPA is a one-electron oxidant, the
TMP to TMQ oxidation proceeds through a number
of elementary steps including the successive
abstraction of two protons and four electrons from
the TMP molecule and hydrolysis of the
intermediate carbocation. Radicals of several types
(i2, i3, i6) are formed during the transformation
processes; if the rate of electron transfer to HPA is
not high enough, these radicals can recombine or
react with non-radical species to form high-
molecular side products (tars). Experimentally, the
rate of the side process can be minimized using
high-vanadium HPA with a high redox potential (E).
The process conditions of TMP to TMQ oxidation
were optimized to establish that S > 98 % was only
attainable when E of the HPA solution was
maintained at above 0.85 V (relative to NHE) during
all the reaction.

Mpun ncnonb3oBaHMKM OBYX BbICOKOBAHAAMNEBbIX
MOANULIMPOBaHHBIX (HEKETTMHOBCKMX) pacTBOPOB
Mo-V-P retepononukucnor (I'TIK) 6pyTTo-
coctasos H,,P,Mo,.V,0, n H,,P,Mo,.V,,0,,
YTOYHEH MeXaHu3M okucneHus 2,3,6-
TpumeTundeHona (TM®) B TpumeTnn-
1,4-6eH30xmHoH (TMX) B AByxdasHon cucteme
(BogHbIn pacTteop ITIK + pactBop TM® n
NpPOAYKTOB peakumn B OpraHn4eckom
pactBoputene). C yyetom Toro, yto ITIK aensetca
OOHO3MNEKTPOHHLIM OKUCIUTENEM, OKWUCINEHUE
TM® B TMX npotekaeT 4epe3 psg
arneMeHTapHbIX CTaaui, BKMOYaoLWmnx
nocnegoBatenbHbI OTPbIB 2-X MPOTOHOB U 4-X
3MNeKTPOHOB OT Monekynbl TM® ¢ ruagponumsom
NpomeXyTo4Horo kapbokaTtuoHa. Tak Kak B
npouecce npespaLleHns obpa3syeTcs HECKOIbKO
TMNOB pagukanos (i2, i3, i6), oHu npu
HEeAoCTaTOYHO ObICTPON Nepeaaye 3NEeKTPOHOB Ha
MK moryT pekombrHnpoBaTh Unn BCTynaTb

B peakuMm C HepagukanbHbIMW 4YacTuuamu,
o6pa3sysi BbICOKOMOMEKYnspHble MOGOYHbIE
nNpoayKTbl (CMOnbI). AKCNepuMeHTanbHo
YCTaHOBIEHO, YTO CKOPOCTb NOBOYHOro NpoLecca
MOXXHO MWHUMW3MPOBATL NPU NCMOMNb30BaHNN
BblcokoBaHaauneBbIX [TIK ¢ BbICOKUM peaoKe-
noteHumanom (E). Mpu ontummnsauum ycrnosui
npoBeaeHus okucrnennss TM® 8 TMX Obino
YCTaHOBMEHO, YTO S > 98 % MOXHO MONy4nTb
TONbKO B TOM Criyyae, ecnu 3HayeHune E pacteopa
[TIK B x0ae Bcew peakumm octaetcs Bbiwe 0,85 B
(oTHOcuTensHo HBDJ).
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Development of high—effective methods for synthesis
of organic compounds, functional materials and catalysts
based on transition metal complexes and ionic liquids

PaspaboTka BbICOKOIDDEKTUBHBLIX METOAOB MNONYUEHMA OPraHUUecKmMx CoeaAnHEHUN,
GYHKUMOHaNbHbIX MaTepmranoB 1M KaTanmaaTopoB Ha OCHOBE KOMNAEKCHbLIX COeANMHEHMN NEPEXOAHbIX
MeTannoB M MOHHbLIX HMAKOCTEWN

N.l. Kuznetsova

Bromination of light alkenes was achieved using a
nitrite catalyst in a liquid ionic medium. The alkene
bromination in a BMImBr solution containing HBr,
NaNO,and water (9-30 %) was observed to
produce dibromoalkanes at a high selectivity.
There are two stages of the reaction of oxidative
bromination: NO,-catalyzed oxidation of HBr to Br,
with oxygen and bromination of the alkene. Both
stages go at close rates and can be conducted
simultaneously or successively (the complete
oxidation of Br — and accumulation of Br,, then the
reaction with the alkene). “N NMR studies of the
NaNOQO, catalyst under the conditions of oxidative
bromination revealed that the main reason for the
catalyst deactivation is oxidation of nitrogen oxides
NO, to nitrate ions (8 = 0 ppm) in the absence or
high conversion of the substrate. Another reason
may be involvement of the catalyst into nitration of
reactive substrates, e.g. tetramethylethylene.

B pnaHHol paboTe BnepBble NpoBeeHO
OpomupoBaHMe NerkMx ankeHoB ¢
MCMNOMb30BaHMEM HUTPUTHOTO KaTanuaartopa B
cpefe MOHHbIX XuakocTen. bbino o6HapyxeHo, 4To
npu 6poMupoBaHuK ankeHoB B pacTBope BMImBr,
copepxatiem HBr, NaNO, n 9 — 30 % Bogbl,

C BbICOKOW CENEKTUBHOCTLI0 06pa3ytoTcst
anbpomarnkaHbl. Peakums okMcnuTenbHOro
OpomypoBaHuMs BKMOYAET ABE CTaAuNW: OKUCTIEHNE
HBr go Br, kucnopogom, katanuaunpyemoe Nox,

n 6pommpoBaHme oneduHa. Obe ctagum
npoTeKatT ¢ BNM3KNMM CKOPOCTAMU 1 MOTYT
NPOBOANTBLCHA Kak COBMECTHO, Tak U
nocrnefoBaTtenbHO: BHaYane nofHoe okncneHve
Br- n HakonneHue Br,, a 3aTem peakuus ¢
ankeHom. B pesynkTraTte M3y4eHus1 npeBpaLLeHns
katanu3atopa NaNO, B ycrnoBusx peakuuu
OKMCMUTENBHOr0 OPOMMPOBAHMSA C MOMOLLbIO
cnektpockonum AMP “N AMP 6uino yCTaHOBMEHO,
4YTO okucneHue okenaos asota NO, oo HuTpar
noHoB (8 = 0 m.4.) Npu OTCYTCTBUM UITN BbICOKOW
KOHBepcun cybcTpaTa siBNseTca OCHOBHOM
NPVYNHON Ae3aKTUBALUN HATPUTHOTO
kaTanuaartopa. [lpyroii Npu4nMHON MOXET ObITb
BOBMEYEHME KaTannsaTopa B HUTPOBaHWE
peakUMOHHOCNOCOBHbIX CyOCTpaToB, TakUX Kak
TETPAMETUNMITUIIEH.
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Development of new nanostructurized functional materials
with required properties including carbon materials,
nanostructurized catalysts and catalytic coats with high
selectivities to processes of chemical synthesis

Pa3paboTka HOBbIX HAHOCTPYKTYPMPOBAHHbIX GYHKLUMOHANbHbIX MATEPMANoB ¢ 3aAaHHbIMU CBOMCTBAMM,
B TOM UMCAE YrNepPOAHbIX MaTepmUanos, HAHOCTPYKTYPMPOBAHHbIX KATANM3aTOPOB U KaTaNMTUUECKUX NOKPbLITUN
C BbICOKOM CENeKTUBHOCTLIO ANA NPOLUECCOB XMMMUECKOro CUHTE3a

Z.R. Ismagilov, S.V.Lazareva

Basic methods are developed for synthesis of Pa3paboTaHbl 6a30Bble METOAMKU CUHTE3A

silica sols with particles of 150 to 20 nm in size and cunukasornen ¢ pasmepamu vyactuy ot 150 go 20
SiO, contentup to 20 wt %. The methods are HM 1 cogepxaHuem SiO, no 20 % macc. B

based on hydrolysis of tetraethyl orthosilicate in KayecTBe OCHOBbI CMHTE3a CUMMKa3onen npuHaTa
ethanol media followed by peakuna ruaponmnsa TeTpasTokcucunaHa B cpege
condensation/polymerization and concentration. aTaHona ¢ nocrnegyowmmm

Experimental studies showed that the particle size KOHAeHcauuen/nonumepmnsaumen n

and stability of the silica sols depend on the KOHUeHTpupoBaHueM. B pesynsrate npoBegéHHbIX
process temperature, quantity ratios of initial nccnegoBaHUin MokasaHo, YTo pa3mep yactuy n
reactants and the catalyst, pH of the reaction CcTabunbHOCTb CUNMKA30mel 3aBUCUT OT

mixture, reactant feed rate and process time. TemMneparypbl NpoBeAeHNs CUMHTEe3a, COOTHOLLEHNS

KOnunyecTBa UCXOAHbLIX peareHToB U kaTanusartopa,
pH peakuMoHHO cMecK, CKOPOCTU BBoAA
peareHTa 1 BpeMeHu NpoBeaeHUs cuHTe3a.
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Ordered macroporous adsorbents and catalysts;
new methods for. s.tudymg mechanisms of reactions
of carbon—containing macromolecules

CTPYKTYPMPOBaHHbIE aACOP6EHTbLI U MakponNoOpPUCTblE KaTann3aTopbl, HOBble METOAbl MCCNea0BaHMI
MexaHW3MOoB peakUuit YyrnepoacoAepHallMX MakpOMONeKyn

K.A. Sashkina, V.S. Semeikina, V.S. Labko, N.A. Rudina, E.V. Parkhomchuk, V.N. Parmon

New methods for catalyst preparation, based on
ALQ,, SiO,, ZrO,, TiO,, as well as crystalline
aluminosilicates and ferrosilicates with spatially
organized meso- and macroporous structure, were
developed using polystyrene microspheres. As a
result the controllable texture of the material
(required pore size distribution and regular pore
structure over a wide size range — from angstroms
to millimeters, desired surface composition and
chemical properties) was obtained. The
synthesized materials provide an increased
efficiency of catalytic reactions involving
macromolecules, such as hydrotreatment of heavy
oil and complete oxidation of high-molecular weight
compounds.

Pa3paboTaHbl MeToabl NPUIOTOBMNEHNS
KaTanM3aTopoB Ha OCHOBE HEOPraHNYeCKMX
HocuTenew, B Tom yucne Al,O,, SiO,, ZrO,, TiO,, a
TaKkKe KpUCTannmyecknux anoMoCcunmKaToB u
)Kene3ocunmkaToB, C MPOCTPaAHCTBEHHO
OpraHn30BaHHOW CTPYKTYPOW Me30- 1 MaKpomnop C
NCMNonb30BaHWEM NOMUCTUPOSbHBIX cdhep. ATo
NO3BONSAET MNonyyaTb KOHTPONMPYEMYIO TEKCTYPY
maTtepuvana: 3agaHHoe pacnpegeneHve nop no
pasmepam U1 perynsipHyto CTpykTypy nop B
LUMPOKOM AManasoHe — OT aHICTPeM A0 MM, C
3aaHHbIM COCTaBOM M XMMWYECKUMW CBOMCTBaMMU
nosepxHocTu. Nonyyaemble matepuansl
yBenm4mBalT 3PEKTUBHOCTb TaKNUX
KaTanMTU4YecKx peakumi C yyactmem
MaKpOMOIeKyr, Kak rugponepepaboTtka Tsxenown
Hed TN 1 NOMHOE OKMCIEeHWe
BbICOKOMOEKYTSIPHLIX COEAUHEHWIA.
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Scientific basis of synthesis of oxide nanomaterials with
desired properties and heterogeneous catalysts

based thereon

G.G. Volkova

The phase composition of catalysts CuO-CeO,/y-
ALQ, for dimethyl ether (DME) steam reforming to
hydrogen-rich gas was studied to show that there
are three phases: CuO, Cu,Ce,, 0, and y-Al,O,.
The copper oxide particles change from 2—-5 nm to
500 nm in size with time-on-stream, the solid
solution Cu,Ce, 0O, being unchanged and equal to
3-5 nm in size. The activity of CuO-CeO,/y-Al,O,
catalysts was established to depend on the
presence of copper oxide nanoparticles on the
catalyst surface, and the stability to be provided by
nanoparticles of solid solution of copper oxide in
cerium oxide, Cu,Ce, O,,. Thus, the maximal
activity and stability of CuO-CeO,/y-Al,O, catalysts
for the DME steam reforming is provided by the
structure and particle size of the oxide centers.

HayuHble OCHOBbI CMHTE3a OKCUMAHbLIX HAaHOMAaTepPKManoB C 3aAaHHbIMKM CBOMCTBAMM U FreTEPOreHHbIX
KatTanmM3aTopoB Ha NX OCHOBe

MokasaHo, 4To hasosbii coctaB CuO-CeO,/y-
ALO, katanu3atopoB peakuuu napoBom
KOHBEpCUM OUMETUNOBOro adupa B
BOAOpPOACOAEpKaLLMIA ra3 BKMYaeT B cebsa Tpu
asbl: CuO, Cu,Ce,,0,, n y-Al,O,. Paamep yactuy,
okcmpa meaun namensietca ot 2-4 Hm go 500 Hm B
X0o[e peakuun, a pa3mep YacTuL, TBepAoro
pactBopa Cu,Ce, O,, ocTaercsi HEeU3MEHHbIM U
cocTaenseT 3-5 HM. YCTaHOBMEHO, YTO aKTUBHOCTb
CuO-CeO,/y-Al,O, kaTanu3aTtopoB onpenenserca
NPUCYTCTBMEM Ha MX NOBEPXHOCTW HAHOYACTUL,
oKkcuaa meau, B TO BPeMsi Kak cTabunbHOCTb
ob6ecneynBaloT HaHOYaCTULbl TBEPAOIO pacTBopa
okcuga megum B okenge uepusa Cu,Ce, O, ;. Takum
06pa3om, MakcMarnbHasi akTUBHOCTb U
crtabunbHocTb CuO-Ce0,/y-AlLO, kaTannsaTtoposB
B peakuuu napoBowi koHBepcun IM3 B
BOAOpPOACOAEpXKaLLmi ra3 obecneynsBaeTcs
CTPYKTYPOW OKCUAHbBIX LLEHTPOB 1 pa3MepoM 1x
Yyactuu,.






The influence of chemical states of support surfaces
and active component dispersion on catalytic properties
of supported noble metals in liguid—phase hydrogenation
of organic and inorganic substrates

MccnepoBaHWe BAMAHMA XMMUUECKOrO COCTOAHMA NOBEPXHOCTU HOCUTENEN M AMCNEPCHOCTMU aKTUBHOIO
KOMNOHEHTAa Ha KaTannMTUUeCcKne CBOMCTBaA HAHECEHHbIX 6N1aropoAHbIX MeTanNNoB B Npoueccax
HMAKODA3HOW rMaApOreHn3aumm opraHMueckmx M HeopraHMueckmx cy6cTpaToB

R.I. Kvon

Alumina ( and & modifications) supported Au and
Ag catalysts as well as Au/C catalysts were
synthesized achieving the average metal particles
size of 3 nm or larger. Gold catalysts exhibited
much better activity in hydrogenation of n-
chloronitrobenzene (CNB) when alumina rather
than carbon is used as the support. The reaction
conditions (solvent nature, temperature) were
established to affect the activity, selectivity and
stability of Au/Al,QO, in selective hydrogenation of n-
CNB. The most probable reasons for decreasing
the gold catalyst activity are the blocking of the
active centers by n-chloronitrosobenzene
intermediate and the sintering of gold
nanoparticles. It was shown for the first time that n-
chloroaniline could be selectively synthesized via
hydrogenation of n-CNB with gaseous hydrogen
over the nanostructurized Au-containing catalyst in
a continuous mode flow reactor.

MpurotoBneHbl HaHecéHHbIe Au/6-Al,O,, Auly-
ALO,, Au/C, Ag/s-Al,O, kaTanm3atopbl CO CPeaHUM
pasmepoM 4acTuL, MeHee 3 HM, MPeanoXeHbI
cnocobbl cnHTe3a cepuii Au- n Ag- cogepaLimx
KaTanv3aTopoB ¢ 6onee KpynHbIMK YacTuLamu
mMetannos. Noka3aHo, 4To kaTanmsatopbl Au/d-
Al,O,, Auly-AlLLO, NpoaBNsIOT 3Ha4YMTENbLHO bonee
BbICOKYH aKTUBHOCTb B peakuun rmapupoBaHus n-
XHB no cpaBHeHMIO € kKaTanusaTopamu Ha
yrnepoaHbIX HoCUTeNsIX. YCTaHOBMEHO, YTO
YCINoBWsi NPOBEAEHUsI peakumu (Npupoaa
pacTBopuTensi, Temneparypa) BNusitoT Ha
aKTMBHOCTb, CENEKTUBHOCTb M CTabUNbHOCTb
Au/AlLO, kaTanM3aTopoB B peakuum
XEMOCENEeKTUBHOro rmapupoBaHus n-XHB.
Hanbonee BeposSTHbIMY NPUYNHAMW CHKEHUSA
akTmBHoCTM katanmaartopos Au/Al,O, B peakuum
rmapupoBaHus n-XHB asnstoTca npoyHas
agcopbumst Ha akTMBHbIX LieHTpax n-XH3B,
o6pasytoLlerocst B peakuuu, 1 yBenumieHue
pa3mepa HaHo4acTuy, 3onoTa. Bnepsble nokasaHo,
YTO McMonb3oBaHne Au-coaepxallero
HaHOCTPYKTYpPMPOBaHHOIO KaTannsartopa
NoO3BONSIET CMHTE3UpoBaTh N-XA nyTem
XeMOCeNeKTUBHOro ruapunpoBaHms n-XHB
razoobpasHbiM BOAOPOAOM B HEMPEPLIBHOM
pexvmMe B NPOTOYHOM peakTope C
CenekTUBHOCTbLIO, Bnuskoit k 100 %.
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Scientific basis of designing nanocomposite /
nanostructurized oxide and metal oxide systems
for hydrogen energy

HayuHble OCHOBbI AM3alHa HAHOKOMNO3UTHbLIX/HAHOCTPYKTYPMPOBAHHbLIX OKCUAHbIX
M MeTanN—oKCUAHbIX CUCTEM ANA BOAOPOAHOM SHEpPreTUKM

V.A. Sadykov

Cathode materials for intermediate temperature
solid oxide fuel cells were developed based on
perovskite-like oxides PrNi,,Co,0,, Pr,NiO, and
doped cerium dioxide. The high oxygen mobility in
the materials is provided by disordering of domains
of co-existing phases due to cation redistribution
between them. The cathodes were tested in thin
film fuel cells and demonstrated a higher power
density in the intermediate temperature range than
that of the standard cathode material
La,,Sr,,Fe,C0,,0,;. The absence of alkaline earth
cation dopants in the cathode composition prevents
the formation of surface carbonates through the
interaction with CO, in air, thus ensuring stability to
degradation of fuel cell performance caused by this
reaction.

Ha ocHoBe nepoBCKUTONOOOOHBIX OKCUMO0B
PrNi,,Co,0,;, Pr,NiO, n gonuposaHHoro avokcmaa
Lepusi co3gaHbl HAHOKOMIMO3UTHbIE KaToaHblEe
MaTtepuansl Ans cpegHeTemnepaTypHbIX
TBEPAOOKCUAHbIX TOMMUBHbLIX 3NTEMEHTOB,
obnapatoLyme BbICOKOW MOABUXHOCTBLIO Kucnopoaa
3a CYET pa3ynopsifO4EHHOCTM JOMEHOB
cocyulecTByoLWnx a3 BCrneacTene
nepepacnpegeneHs Mexay HUMU KaTOHOB.
McnbiTaHsA TOHKOMNEHOYHbBIX TOMIMBHbIX
3MEMEHTOB C TaknMu KaTogamm nokasanm nux
BbICOKYIO YAENbHY0 MOLLHOCTb B 06nacTu cpegHmx
TemnepaTyp, NPEBLILIAIOLLYI0 3HAYEHUS! AN
CTaHOapTHOro KaTogHoro Matepuana
La,¢Sr,.Fe,;Co,,0,,. OTCyTCTBME B NX COCTaBe
OONUPYIOLLMX LLIENOYHO3EMENbHbIX KaTUOHOB
obecneynBaeT yCTONYNBOCTb K Ae3aKTnBaLmm
BCrneacTeme 06pa3oBaHNs NOBEPXHOCTHbIX
KapboHaTOB NpV B3aUMOAENCTBUM C NPUMECHI0
CO, B BO3ayxe.
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ORGANIC CHEMISTRY

BaxHelwue pesynbTaThl B 061aCTH OPraHMueckom xMmmm

Synthesis of chiral diamines from levopimaric acid

CHHTEe3 XMpanbHbIX AMaMUHOB M3 NEBONMMAPOBON KUCNOTHI.

Z.\V. Pai, T.B. Khlebnikova, V.N. Koney, E.V. Lebedeva

Convenient stereoselective methods for
functionalization of levopimaric acid to obtain chiral
compounds with two heteroatom groups were
developed and optimized using the ester adduct of
levopimaric acid and dienophils with free carboxy-
groups. 1,2- and 1,4-diamines were synthesized via
the Curtius rearrangement and diamine reduction.
In the developed scheme for synthesis of amine
from levopimaric acid, the stages of isolation and
cleaning of intermediates are skipped to increase
the product yield and to reduce the process cost.
(IV Russian-Indian Symp. on Catalysis and
Environ. Eng., St. Petersburg, 2013.)

The diamines synthesized from levopimaric acid
were used for preparation of azomethins via
interaction with a series of aromatic aldehydes. The
obtained Schiff's bases were reduced by boron
hydride to produce the corresponding secondary
diamines. 'H and C NMR, polarimetric, IR and UV
spectroscopic data were used for identifying the
structures of all the new chiral nitrogen-containing
compounds.

(7th World Congress on Oxidation Catalysis, Saint
Louis, Missouri, USA, 2013.)

Pa3spabotaHbl 1 onTMMM3npoBaHbl yOobHbIE
NEerkoBOCNpoOn3BoANMbIE CTEPEOCENEKTUBHbIE
MeToabl PyHKLMOHaNU3aumm nesonnmapoBom
KUCMOTbI C NONy4YeHNEM XUparnbHbIX COEAUHEHWI C
OBYMS reTepoaToMHbIMK rpynnamMu. [ns aTon uenm
ucnonb3oBanv agaykT admpa nesonvMapoBom
KMCNOTbl Y AMEHOMUITOB CO CBOBOAHBIMMU
kapbokcurpynnamu. CuHTes 1,2- u 1,4- onamMmnHoOB
OCYLLIECTBIEH Yepes neperpynnmpoBky Kypuuyca un
BOCCTaHOBreHve anamuaa. B paspaboraHHomn
CXeMe CuHTe3a nonyyeHne ammHa n3
NeBOMNMMapoBOM KMCNOThI ocyLecTBnsaeTca 6e3
BbIJENEHNS Y OYUCTKN NPOMEXKYTOUHbIX
COoeVHEHMWN, 4TO 0becnevmBaET BbICOKUI BbIXOZ
npoayKTa peakuun 1 ymeHbLUEHUe 3aTpaT Ha
nposegeHue npouecca. (IV Russian-Indian
Symp. on Catalysis and Environ. Eng.,
St.Petersburg, 2013.) CuHTE3NpOBaHHbIE K3
NEBOMMMAapPOBOM KUCMNOTbl ANaMUHbI Oblnn
MCNomnb30BaHbl 1151 CUHTE3a a30METUHOB NyTeM
B3aMMOLENCTBUSA C Cepueint apoMaTn4ecKknx
anbgernaoB. BocctaHoBneHue 6opornapmaom
nony4yeHHbIx ocHoBaHwu LWndda npmeeno k
CMHTE3y COOTBETCTBYIOLLNX BTOPUYHBLIX AVNAMUHOB.
CTpoeHune Bcex HOBbIX XvparbHbIX
asoTcoAepXKallumx coeavHeHUN ObINo yCTaHOBMEHO
Ha ocHoBaHun gaHHbix AMP ('H, °C), PCA,
nonsipumMeTpum,

WK- n Y®-cnektpockonun. (7th World
Congress on Oxidation Catalysis, Saint
Louis,Missouri, USA, 2013.)
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Synthesis of organic catalysts and ligands for metal
complex catalysts for asymmetrical reactions

CWHTE3 OpraHMueckmx KaTanmaaTtoposB U NMraHaoB ANA MeTamnoKOMMNEKCHbIX KAaTanm3aTtopos
aCUMMETPUUECKNX peakLUmi

Z.\V. Pai, T.B. Khlebnikova, V.N. Koney, E.V. Lebedeva

Methods for synthesis of catalysts with desired
properties were developed based on tungsten
peroxo complexes Q,{PO,[WO(O,),l.} in
combination with interphase transfer catalysts used
for liquid-phase oxidation of various organic
substrates with H,0,. Six samples of new complex
metal catalysts Q,{PO,[WO(O,),],} were prepared
and characterized using IR-, Raman-spectroscopy
and elemental analysis. It was established that the
desired four-nuclei structure of the tungsten
complex is characteristics of the anion of
synthesized catalysts Q,{PO,[WO(0O,),1.},

where Q" — [(Hex),N]’, [BNNPr.,]", [BNNBuU,]",
[(C,oH5)Me:NT', [(C,eHys).Me,N]" and [RBnNMe,]" (R
is C;H,, through C,H,,) (J. Mol. Catal. A: Chemical:
2013, V. 366, P. 341-346.; Bifunctional Metal
Complex Catalysts for the Processes of Fine
Organic Synthesis, Chemistry for Sustainable
Development (2013) 267-277

Pa3paboTtaHbl MeTOQUKM C1HTE3a KaTannsaTopos
C 3a/JaHHbIMUN CBOCTBaMM Ha OCHOBE
NepoKCOKOMMIIEKCOB Bonbdpama
Q,{PO,[WO(O,),].} B coveTaHnm ¢ kaTanuaaTopamu
MexdasHoro nepeHoca, MCNonb3yemblx Ans
peakunin xuakodgasHoro okucrneHuss H,O,
LLIMPOKOIO Kpyra opraHu4eckmx cybctparos.
OcyuiecTBneHa HapaboTka wecTy o6pasLoB
HOBbIX METANIOKOMMIEKCHbIX KaTanu3aTopoB
coctasa Q,{PO,[WO(0O,),],} n npoBeaeHo nx
uccnegosaHue metogamu UK-, KP-cnektpockonum
N 3NIEMEHTHbIM aHanM3oM. YCTaHOBMNEHO, YTO
aHWOH, CUHTE3MPOBaHHbLIX KaTanu3aTopoB
coctaBa Q({PO,[WO(0,),l.}, rae Q° -
[(Hex),NI', [BnNPr.]', [BnNBu3]', [(C,,H,s)Me;NT',
[(C.sHs0),Me,N]" 1 [RBNnNMe,]" (R - oT

C.H,, no C,4H,,), cooTBeTCTBYET 3a4aHHOM
CTPYKTYpE YeTbipeXbAAepPHOro KoMmnmekca
Bonbcpama (J. Mol. Catal. A: Chemical: 2013, V.
366, P. 341-346.; Xumusi 8 uHmepecax

ycmodud. pasgumusi, 2013, Ne 3, C. 267-277).
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Nanostructurized bifunctional catalysts based on
tungsten peroxo complexes

CUHTE3 OpraHnMueckmnx KatanmaaTopos U NMraHAoB ANA MeTaNN0KOMMNAEKCHbLIX KaTannM3aTopos
acKMMMeTPUUECKUX peakLni

Z.V. Pai, D.l. Kochubey, P.V. Berdnikova, Yu.A. Chesalov, V.V. Kanazhevsky, E.A. Uslamin

Kinetics of the formation of N-oxide of
phosphonomethyliminodiacetic acid through
catalytic oxidation of
phosphonomethyliminodiacetic acid (PIDAA) with
hydrogen peroxide was studied. It was shown that
the reaction is indeed the first stage of the catalytic
process for synthesis of glyphosate, and the
catalyst used for oxidation of PIDAA to the N-oxide
also catalyzes the rearrangement of the N-oxide to
glyphosate. The formation of PIDAA N-oxide is the
first order reaction with respect to the catalyst and
the substrate. A unique method for IR
spectroscopic quantitative analysis of the reaction
mixture components was developed. (Journal of
Analytical Chemistry, 2013, V. 68, Ne 11, P.
961-964.)

M3y4eHbl KUHETUYECKME 3aKOHOMEPHOCTU peakuum
ob6pasoBaHus N-okcmaa
oCcHOHOMETUNMMUHOANYKCYCHOM KUCMOThI MyTEM
KaTanuTN4ecKkoro oKUCreHus
HoCcHOHOMETUNMMUHOANYKCYCHOWM KUCTOTbI
(PMOYK) nepokcngom Bogopoaa. MoareepxaeHo,
YTO M3yYeHHasi peakLms sIBMsieTCs NepBom
cTaguen B KatanuTuyeckom npouecce nornyyeHust
rmncpocaTa 1 Katanuaartop, UCMoNb3yeMbli Ang
okucnerns PUOYK B ee N-okcng Takke
KaTanuaunpyet neperpynnupoeky N-okcuaa B
rnudpocar. MokasaHo, 4YTo peakuums obpasoBaHus
N-okcnga PUNOYK nmeeT nepsbi NOpsAoK No
KkaTanusartopy u cybctpaty. PaspabotaHa
opurnHanbHas MeToamnka Korm4ecTBeHHOro
aHanmsa KOMMOHEHTOB peakLMOHHOM CMecu ¢
npumeHeHnem VIK-cnektpometpuu (Journal of
Analytical Chemistry, 2013, V. 68, Ne 11,
P.961-964.)
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APPLIED CATALYSIS

MpuknaaHble pa3paboTKM

Creation of the innovative plants for production
of catalysts for fine hydrotreatment of oil fractions

PaszpaboTka W coO3AaHME WHHOBAUMOHHOMO NPOM3BOACTBA KaTanmM3aTopoB
rNy60KOW r’MAPOOUYMCTKM HEDTAHLIX dpakuymi

0.V. Klimov

A plant (1500 t/y) for manufacturing of catalysts
developed by BIC for hydrodesulfurization of oil
fractions (diesel fuel and vacuum gasoil) was built-
up at the Research and Production Company
«Sintez» (Altai Region). There are two
technological lines:

- Synthesis of granulated supports;
- Synthesis of impregnated catalysts.

The catalysts with particles of any shape and 1 to
10 mm in size can be produced. Oxides of
aluminium, titanium, silicon, as well as
aluminosilicates and zeolites are used for preparing
granulated supports. The line of synthesis of
impregnated catalysts consists of a solution
preparation unit and a vacuum unit for
impregnation with circulated impregnating
solutions. The produced modern high-quality
catalysts provide fine hydrotreatment of diesel fuel
to meet Euro-5 standards (less than 10 ppm of
sulfur) and of vacuum gasoil (200-300 ppm of
residual sulfur). These catalysts are superior to the
known industrial catalysts.

Among the potential customers are the largest oil
companies Rosneft, Gazpromneft, Tatneft and
others.

Ha ocHoBe uccnepoBaHuin U pa3paboTok
WHctutyTa katannsza CO PAH B OOO «HIK
«CuHTe3» (AnTanckun kpamn) co3gaHo
NPOW3BOACTBO KaTanM3aTopoB rMapOOYNCTKN OT
cepbl HehTAHbBIX PpaKLMiA (AM3ENBHOrO TOMNMBa 1
BaKyyMHOro rasowins). MoLHOCTb Npon3BoacTBa -
1500 TOHH KaTanusaTopos B roa. [1pon3BoacTBO
BKITIOYaeT ABE TEXHOMNOrMYeCcKNe NNHUN:

- CMHTEe3a rpaHynnpoBaHHbIX HocuTenenw;
- CMHTE3a NPOMNNTOYHbIX KaTann3aTtopoB.

Wcnonb3yemoe obopyaosaHue no3sonset
NpPOM3BOANTbL YacTULbl KaTanusatopa nob6on
dopmbl ¢ pasmepom oT 1 go 10 mm. B kavecTtBe
marepuvanos ANns rpaHynMpoBaHHbIX HOCUTENen
MOryT BbITb UCMONBL30BaHbI OKCUAbI aNMtOMUHUS,
TUTaHa, KpeMHUS, a Takke pasnnyHble
antoMocuUnuKaTbl U LleonuTel. JIMHWA cuHTesa
NPOMUTOYHbIX KaTanuaaTopoB BKMOYaeT 6rok
NOArOTOBKM PacTBOPOB, BaKYYMHbIV y3en NponuTKn
C LMpPKymnsALUmMen NPonNUTOYHbIX PacTBOPOB, YTO
obecneunsaeT Npon3BOACTBO
BbICOKOKa4YeCTBEHHbIX COBPEMEHHbIX
KaTanusaTtopoB rMapOOHNCTKN.

Co3pgaHHoe Npon3BOACTBO NO3BOSISIET BbiNycKaTb
KaTanusartopbl rny6GoKoN rMapoo4UCTKU
OM3EenNbHOro TONNMBa B COOTBETCTBUN C HOPMaMM
EBpo-5 (MeHee 10 ppm cepsbl), a Tak xe
KaTanusartopbl rMapOOYMCTKN BaKyyMHOTO ra3onns
00 YpOBHs1 ocTaTtovHon cepbl 200-300 ppm, 4To B 2
pasa nyuylle U3BECTHbIX NPOMBbILLINEHHBIX, BKIOYas
3apybexHble, kaTanusatopos. [oTpebutenamum
npogykumn OyayT SABNATbCA KpynHewnwuve
HedTaHble KomnaHum: OAO

«PocHedTb», OAO «lasnpomHedTb», OAO
«TaTtHedTb» 1 Ap.
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Technology for manufacturing an improved
catalyst for the Klaus process

PaspaboTka W CO3AaHME TEXHONOrMKM NPOM3BOACTBA YCOBEPWEHCTBOBAHHOMO
KaTanuMsatopa npouecca Knayca

O.N. Kovalenko, P.N. Kalinkin, A.V. Glazyrin, V.V. Danilevich

A new spherical alumina catalyst AC is developed
for the Klaus process. The catalyst is superior to
the best known analogues in the sulfur yield due to
the extended macro- and ultramacropore systems
characteristic of it. The catalyst, with its lower bulk
weight and high strength, will provide a high degree
of sulfur extraction at a lower catalyst weight
loading at the gas processing plants of Gazprom
Co.

The technology for the catalyst manufacturing was
developed by the Institute of Catalysis and
implemented at the modernized technological line
at the Novomichurinsk Catalyst Plant. The
produced pilot batch (180 t) of the new Klaus
catalyst was loaded into an industrial reactor of the
Gazprom Dobycha Orenburg. The catalyst ensures
the theoretically maximal degree of the gas
cleaning from sulfur. The new catalyst is planned to
be used at the other Gazprom plants in the nearest
future.

B WHctutyTe katanmsa CO PAH paspabotaH
HOBbIA aNtOMOOKCUAHBIN KaTanusaTop npolecca
Knayca cdepuyeckon opmMbl C ynyylleHHbIMA
xapaktepuctukamn - AK. Katanusatop
NpeBOCXOAMT Nyuylume 3apybexHble 1 poccuinckme
aHanoru no BbIxody cepbl B npouecce Knayca Ha
peanbHOM 3epHe 3a CHET Pa3BUTOM CUCTEMBI
Makpo- 1 ynsTpamakponop. Katanusatop nmeet
HW3KWA HacbINMHON BEC M BbICOKYHO NMPOYHOCTb.
lMprMeHeHne kaTanuaartopa ¢ NOHWKEHHOMN
HaCbINHOW NITOTHOCTbLIO MO3BONUT NPYU MEHbLLEN
3arpyske karanusaropa obecnevmTb BbICOKYHO
CTeneHb U3BMEYEHUs cepbl Ha
rasonepepabarbiBaloLLMX 3aBoAaX
OAO«Iaznpom».

Ha ocHoBe nccnegoBaHuin 1 paspaboTok
WHctuTyTa katannsa CO PAH B OO0
«HOBOMWYYPUHCKMIN KaTanu3aTopHbIN 3aBOA»
paspaboTaHa 1 0OCBOEHa TEXHOMOorns nornyyYeHns
HOBOrO KaTanusatopa npouecca Knayca n
MOZEPHM3NPOBaHa TEXHOMNOIMNYecKas fMHUsSE ero
nonyyenusi. HapabotaHHasi onbITHO-
NPOMbILLIIEHHAA MapTUs Katanusartopa B
konnyecTBe 180 TOHH B ceHTAOpe 2013 T.
3arpyxeHa B NPOMbILLIIEHHYIO ycTaHOBKY Ha OO0
«la3npom pobbiva OpeHbypr».
BHoBb3arpyxeHHbIn kaTanusatop obecneunsaet
TEOpPETUYECKM MaKCMManbHO BO3MOXHYHO CTeMNeHb
O4YMCTKU ra3a OT coeanHeHun cepbl. B Grnivxanwwiee
BpeMs NnaHMpyeTcs NCNonb3oBaHNe A4aHHOTO
KaTtanu3artopa Ha gpyrux 3asogax OAO
«lasnpomy.
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