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Copepxanue

MapmoH B.H., 3ubapesa U.B.

«HKamanu3 8 npomsiunenHocmuy»: 6MbnuoMeTpuyecKun
M TEMATHUUECKMN AHANMMS .....eeenenenereaeeeeeeeeeaeareeceeeeeeeenes 7

C ucnonbsoBaHuem Gubnuorpaduyeckux 6as panHbix CAPLus, Scopus,
PUHL, u P BUHWNTU npoananusnuposanbl 6ubnnomMeTpuyeckue 1 te-
MaTW4ecKue nokasaTenu xypHana «Kamanus 8 npoMsiweHHOCmUY.

Kniouesble cnoea: 6ubnuometpuyeckuii ananus, «Kamanus 8 npo-
molunensocmuy, «Catalysis in Industry».

KATANIU3 B XUMUYECKOW
U HEGTEXMMUYECKOU NPOMBILINEHHOCTH

forun N.J1., Muxuna E.T., Mai 3.10.

Cnoco6bl nonyyeHus yuc-MetunteTparuapodranesoro
AHEMBPMPA s cocssms o sosssansn duss sosssmmesssssauss sasesvss s saases 17

MpoaHanuanpoBaHbl BO3MOMHbIE (B TOM YMCNe KaTanuTHyYeckue)
cnocoBsl NONYYEHUs Yuc-MeTUnTeTparnapodTanesoro aHrMapnaa
(yuc-MTI®A) — oTepauTENs 3NOKCUAHBIX cMON. B KauecTse Haubaonee
NEPCNEXTUBHOIO NPOMBIWAEHHOTO cnocoba nonyuenus yuc-MTIOA
BbIBpaH METOR €r0 CMHTE3a U3 U30NPEHA M MANEUHOBOID aHrMApPUAA
no peakunu Qunbca — Ansgepa. ina peanusaunu npoMbilIIEHHOTO
npoussogcTea yuc-MTTGA 8 Poccuu neobxogumo cospanue cob-
CTBEHHOrO NPOM3BOACTBA MaNEUHOBOTO aHrMApUaa.

KniwoueBbie cnosa: MeTunTeTparnipodtanesslit aHrnapua, cnocobel
nony4yeHus.

Pakutun M.10., Jonyna B.K., Tepewenkos A.10.,
Demupenko I H., lakuHa H.B., MaTteeesa B.[.,
Cynbman M.T., Cynbman .M.

WUccnegosaHue KaTanUTUUECKOTO TMAPUPOBAHUA HUTPOBEH-
30/1a B CBEPXKPUTUYECKOM UMOKCUAE Yyrnepoaa C UCNoJsib-
3oBaHueM Pd-cofepialyux KaTanm3aropos................ 24

MpuBepensl pe3ynsTathl UCCNEAOBAHUA KaTanUTUYECKOTO TUAPUPO-
BaHWA HUTPOOEH30Ma C UCNONL30BAHUEM NAANALMUEBLIX KATANN3ATO-
pos & cpefe C0y(cx) @ TaKKe B Cpefie TPAAMLMOHHO UCNONb3YEMOTO
pacrsoputens — u3onponaHona — U 6e3 pacteopurens. Ycnosus
nposefeHus peakuuu B cpefie COycyy: Temneparypa 90 °C, macca
Hutpobensona 2,4 r, macca karanuiatopa 0,1 r, napyuasbHoe fasne-
Hue Bogopoda 5 Mila, napuuanbHoe faBneHue AMOKCUAA yrnepoaa
20 MMa. BuifasneHo yckopeHue npouecca rTMAPUPOBaHUA HUTPOGEH-
30na B cpefe COycyy. CropocTh 06pazoBaHus Lenesoro NpogykTa —
aHununa — B cpepe COycyy N0 CPaBHEHUIO € peakumei B U30NPONU-
NOBOM CnUpTe Wan Be3 UCnonb30BaHUA pacTBopuTens 8 3,5-5 pas
Boiwe. [pu 3TOM cenekTUBHOCTL npouecca coctasnaer 92-95 %.

KnioyeBble cnoBa: CBepXKPUTUYECKWH [UOKCUA yrnepoaa, HUTPoO-
6eH30., aHUNUH, KaTanus, CKOPOCTs PeakLum, TMApUpoBaHme.

A66acos B.M., Anvesa J1.W., Ipenpuera J1.M.,

Hypues JI.T., A6bacos M.M.

MNonyueHue HahTEHOBBIX KUCNOT XKUAKOGA3ZHBIM OKUCNE-
HUeM HahTEHOBBIX KOHUEHTPATOB KUCNOPOAOM B NPUCYT-
CTBWM CONEM N KOMNNEKCOB METANNOB NepeMeHHON Ba-
TEHTHOCT W, sos.00s sowmmssmmsnsmessossisss snsasanssss sr oo s uiassss 28

ﬂpe,D,CTaBJ'IEHbI pe3ynsratbl CUHTE3a HaCbTeHOBle KUCNoT )KVI,QKOdJa3-
HbIM OKWCNEHKEM Ha(bTeHO-M30ﬂapaCbMHOBOFO KOHUeHTpaTa, Bbipe-

Parmon V.N., Zibareva L.V.
«Catalysis in Industry»: bibliometric and thematic analy-

With the use of bibliographic databases CAPlus, Scopus, RISC, and
RJ VINITI, bibliometric and thematic indicators of the journal «Ca-
talysis in Industry» were analyzed.

Keywords: bibliometric analysis, «Catalysis in Industry».

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Gogin L.L., Zhizhina E.G., Pai Z.P.

Methods for synthesis of cis-methyltetrahydrophthalic
ANWYARTE v sy 17

The review analyzes possible (including catalytic) processes for the
synthesis of cis-methyltetrahydrophthalic anhydride (cis-MTGFA) —
a curing agent for epoxy resins. It is concluded that the most promi-
sing industrial method of producing ¢is-MTGFA is its synthesis from
isoprene and maleic anhydride by the Diels — Alder reaction. It is
noted that for the industrial production of cis-MTGFA, Russia needs
to establish domestic production of maleic anhydride.

Keywords: methyltetrahydrophthalic anhydride, methods of prepa-
ration.

Rakitin M.Yu., Doluda V.Yu., Tereshchenkov A.Yu.,
Demidenko G.N., Lakina N.V., Matveeva V.G.,
Sulman M.G., Sulman E.M.

Catalytic hydrogenation of nitrobenzene in supercritical
carbon dioxide using Pd-containing catalysts ............ 24

Catalytic hydrogenation of nitrobenzene is studied using palladium
catalysts in supercritical C0O,, in a conventional solvent (isopro::z-
not), and without a solvent. The reaction conditions in CQ, were z:
follows: temperature of 90 °C, nitrobenzene weight of 2,4 g, catalys:
weight of 0,1 g, partial pressure of hydrogen of 5 MPa, and partial
pressure of carbon dioxide of 20 MPa. The hydrogenation of ni-
trobenzene was shown to accelerate in C0,. The rate of formation of
the target product — aniline — was shown to be 3,5-5 times higher
in CO, than in isopropanol or without a solvent. The selectivity in
this case was 92-95 %.

Keywords: supercritical carbon dioxide, nitrobenzene, aniline, ca-
talysis, reaction rate, hydrogenation.

Abbasov V.M., Aliyeva L.I., Efendieva L.M.,

Nuriev L.G., Abbasov M.M.

Synthesis of naphthenic acids by liquid-phase oxidation
of naphthenic concentrates with oxygen in the presence
of salts and complexes of transition metals .............. 28

Naphthenic acids were synthezised by liquid-phase oxidation of a
naphthene-isoparaffin concentrate derived from the diesel frac-
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CoaepxaHue

JIEHHOrO U3 AW3enbHOM Gpakumn 6akuHCKUX HedTel, B ApUCYTCTBUM
KaTanu3aTopoB Ha ocHoBe naTuagepHsix komnnekcos Co, Ni u ux
cMeceil ¢ HadTeHatoMm Cr. C nomoLblo CKaHMpYIOLWER MUKPOCKONUK
M3yd4eHa NOBEPXHOCTb KPWUCTANNOB HUKeneBoro Komnnekca. Oxa-
paKTepu3oBaHbl HU3UKO-XUMUUECKUE CBOMCTBA UCXORQHOIO Chipbs U
HaQTEHOBOrO KOHUeHTpaTa. M3yyeHa 3aBMCUMOCTbL BbIxOfa HadTe-
HOBbIX KMCNOT OT cocTaBa Katanusatopa. OkucneHue HadTeHoBOO
KOHUEHTpaTa NpoBogWIIM B TeueHue 5 4 B peaktope BapboTamHoro
Tnna npu 110-150 °C, ckopocTv nofayu Bo3ayxa 300 51/4 v KoHLeH-
TpauusAx Katanusaropa no oTHoWeHWo K coipbio 0,08-0,20 Mac.%.
YcTaHoBneHo, 4To koMnnekcsl Co u Ni B pasnuuHoi cTeneru Bnusior
Ha BbIXOf W KayecTBO CUHTETMYeCKux HadTeHoBbIX Kucnot (CHK).
B npucytcTeuu komnnekca Co Beixog CHK goctur 27,4 %, a npu Toi
e KoHUeHTpaumuu komnnexca Ni coctasun 16 %, 4To 61U3Ko K pe-
3ynbTary, nofyyeHHoMmy ¢ HadTeHatoM Cr B KayeCTBe KaTanu3saTopa, —
17 %. OpHako B npucyTcTBuu HadbTeHata Cr BbIXOA OKCUHADTEHOBbIX
Kucnot (MoboUHLIA NPOAYKT) BLBOE BbilWe, YeM NPU UCNOSbIOBAHUM
komnnekca Ni. Ucnonb3oBanue natuagepHsix Komnnekcos Ni v Co
No3BONAET YBENUYUTL BbIXOA HadTeHoBLIX KMCNOT (Ha 6-7 % no
CPaBHEHUIO C U3BECTHbIMU CNOCOBaMu), yMEHBIUTL PACcXo/ KaTanu-
3aT0pa W NOBLICUTb KUCNOTHOE YACAO OKCHAATA.

KntoueBble cnosa: HahTeHoBble KUCAOTHI, HahTeHO-M30napaduHo-
BbIA KOHUEHTpAT, XupKoda3Hoe OKWUCNeHue, HabTeHaT, NATUAREP-
HbIA KOMMAEKC.

Mycuy T1LT., Kypuna J1.H., Bocmepuxos A.B.

Katanusatopbl NPAMOro NoAyYeHUA AUMETUIIOBOTO 3hupa
e o e o i - S ———— 33

[na npouecca npaMoro nosyyeHus gumetunosoro 3cupa (OM3)
U3 CMHTEe3-ra3a UCCIeAO0BaHbl KaTafUTU4YeCKue CUCTEeMbl HA OCHO-
BE Meab-UMHKOBOrO Karanu3atopa (CMHTE3 MeTaHona) W LeonuTos
Tuna HZSM-5 (pernppataumns metaHona go AM3). Metonamu agcop-
6umu asoTa, TeMmnepaTypHo-nporpammupyemoit gecopbumu NH; u
UK-cnekTpockonuu oxapaKTepuU3OBaHbL LECHUTHbIE KaTanu3artophl
CO 3HayYeHUAMU cuAUKaTHoro moayns ot 20 po 200. Ha ycTaHoBKe
BLICOKOrO fjaBNeHMA C peakTOpOM MPOTOYHOTO TUNA U3YUEeHbl KaTa-
JIMTUYECKME XapaKTePUCTMKY CMELAHHbIX KaTafU3aTopOoB B peakyuu
nonyyenus [IM3 us cuHTe3-rasa. YCnoBus UCnbITaHUA: TeMnepatypa
473-553 K, paBnenue 3 MIa, ckopoCTb CbIpLEBOTO NOTOKa 48 MA/MUH
npu cootHowernn H,/CO = 2. YcTaHoneHa 3aBUCUMOCTb aKTUB-
HOCTM KaTann3atopos OT KUCAOTHOCTU U CTeMeHU KPUCTANNTUYHOCTH
WCNOJTb3YEMOro LLeonuTa — XapaKTepuUCTUK, ONpefenseMblX ero Cuau-
KaTHeIM MoayneMm. Haubonee seicokuit seixog M3 (39 06.%) noay-
YEH NPU UCNOAL30BaHWUM KaTanusaropa Tna HZSM-5 ¢ cuaukatHbiM
mopynem 30 npu Temnepatype 493 K. Pe3ynbTtatht paboTsl nocnyxar
OCHOBOW AN CO3AaHUA BbICOKO3IQdEKTUBHOTO OUYHKLUOHANLHOTO
KaTanu3aropa npespalieHus cuHTe3-rasa B [AM3.

KnioyeBble cnoBa: nonyyeHue AUMETMNOBOro 3QWpa, CUHTE3-Ta3,
KaTanu3aTtopbl CHHTE3a MET3HONA, UEONUTHble KaTanusaTopkl, Kuc-
NOTHOCTb, AETUAPATALMAA METAHONA, LUMETUNOBHIA 3.

Bonpapesa B.M., Kappaw T.10., WuweHko E.B., Cobones B.U.
llonyyeHue 3TNeHa reTeporeHHo-KaTtanUTUYECKOM
OKNCANTENbHOM KOHBEPCUEM 3TAHA ..covveenieennenieninnnnnns 38

MHorokomMnoHeHTHble MHorodasHbie MoVTeNb okcupaHble KaTanu3a-
TOpbl 0AMHaKoBOro 6pyTTo-cocTasa Mo,Vy3Tey,3Nby 1, pasnuyaro-

tion of Baku oils in the presence of catalysts based on pentanuclear
complexes of Co, Ni, and their mixtures with chromium naphthe-
nate. The crystal surface of the nickel complex was studied using
scanning microscopy. Physicochemical properties of the feedstock
and naphthenic concentrate were characterized. The yield of naph-
thenic acids was studied in dependence on the catalyst composi-
tion. Oxidation of naphthenic concentrate was conducted for 5 h in
a bubble type reactor at 110-150 °C with the air feed of 300 L/h and
the concentration of catalyst of 0,08-0,20 wt.% with respect to the
feed. It was found that complexes of Co and Ni differ in their effect
on the yield and quality of synthetic naphthenic acids (SNA). In the
presence of Co complexes, the yield of SNA achieved 27,4 %, while
the yield of SNA at the same concentration of Ni complexes was 16 %,
which is close to the result obtained with Cr naphthenate (17 %).
However, in the presence of Cr naphthenate, the yield of oxy-naf-
thenic acids (byproduct) is twice higher than their yield in the
presence of the complex of Ni. The use of pentanuclear complexes
of Ni and Co makes it possible to increase the yield of naphthenic
acids (by 6-7 % compared with conventional methods), to reduce
the consumption of catalyst, and to increase the acid number of the
oxidate.

Keywords: naphthenic acids, naphthene-isoparaffin concentrate,
liquid-phase oxidation, naphthenate, pentanuclear complex.

Musich P.G., Kurina L.N., Vosmerikov A.V.

Catalysts for direct production of dimethyl ether from
SYNLWESIS GAS ovvuumunn summmmmsmsms svvmseans s sy s man 33

Catalytic systems based on a copper-zinc catalyst (methanol syn-
thesis) and HZSM-5 zeolites (dehydration of methanol to dimethyl
ether (DME)) were studied as catalysts for direct production of DME
from syngas. Nitrogen adsorption, temperature-programmed de-
sorption of NH,, and IR spectroscopy were used to characterize zeo-
litic catalysts with the silica modulus from 20 to 200. The catalytic
performance of mixed catalysts in the synthesis of DME from syngas
were studied in a high-pressure flow type reactor. Test conditions
were: temperature 473-553 K, pressure of 3 MPa, the feed flow rate
of 48 mL/min with the ratio H,/CO = 2. The catalyst activity was
studied in dependence on the acidity and degree of crystallinity of
the zeolite — the characteristics determined by its silica module.
The highest yield of DME (39 vol.%) was obtained using a HZSM-5
catalyst with a silica module of 30 at a temperature of 493 K. The
results provide a basis for creating highly active bifunctional cata-
lysts for the synthesis of DME from synthesis gas.

Keywords: synthesis, dimethyl ether, synthesis gas, catalysts for
methanol synthesis, zeolite catalysts, acidity, dehydration of meth-
anol.

Bondareva V.M., Kardash T.Yu., Ischenko E.V., Sobolev V.I.
Heterogeneous catalytic oxidative conversicn of ethane
£0 ethyleNe: oovvnvmsmmrmmms ssssssons s ssssmmema s o 38

Multicomponent and multiphase oxide catalysts with uniform com-
position MoV, 3Tey »3Nb,, but different phase content has been
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CopepxaHnue

WHeca coepxanyem oThenbHbIX (a3, 6511 UCCeA0BaHb! B OKUCIHU-
TefIbHOM KOHBEPCHM 3TaHA B 3TUNEH M 0XapaKTEPU30BaHbl METOAOM
POA. dazoBbiil cocTas MeHsNM, BapbUpyA YCIOBUsA CUHTe3a KaTa-
ausatopoe (pH ceiporo npekypcopa, cnocob ero CyWKKU U ycnoBUs
NpPOKanKK CyXoro NpeKypcopa), Konu4ecTBeHHbId ha3oBbld cocTas
onpegensnu metonoM PUTBENbAA. YCTAHOBNEHO, YTO KaTanuTUYecKas
aKTUBHOCTb oKcuaHslx MoVTeNb KaTanu3atopoB B OKUCAUTENLHON
KOHBEPCUM 3TaHa ONpefenseTcs KoJuW4ecTBOM OpPTOpoMOUYeCKoit
tassi M1, koTopas npeacTasnseT coboil CAOUCTOE YETbIPEXKOMNO-
HeHTHoe coefnnenne (TeQ)q,3(Mo,V,Nb);04,.

KnioueBble cnoBa: 3TaH, 3TUREH, OKUCIUTENbHAA KOHBEPCUS,
MoVTeNb oxkcupaHble kaTanuzaropsl.

KATAJIU3 B HEGTENEPEPABATbIBAIOLLEN
MPOMbILIIEHHOCTU

Myxtaposa I.C., W6parumos X.f., Abb6acos B.M.

BrnsHue peXXUMHbIX NapaMeTpoB Ha NPOLLECC rnapoKpe-
KWHIa ryApoHa € CyCNeHAUPOBAHHLIM HAHOPa3MepHbIM
KATANNZATONOM s simesosmmssessn s sess s @ s G s asss T St ms 468 45

[puBeaeHLl OCHOBHbIE pe3ynbTaTb!, NONYYEHHLIE NPU U3yYeHUU
FMAPOKPEKMHTA TYAPOHA CMecH BakuHCKMX HedTel B NpUCYTCTBUM
CYCNEeHAMPOBAHHOrO0 HAHOPA3MEPHOro Katanu3atopa npu HU3KOM
AaBJleHUU C Lesblo BBIPabOTKY JONONHUTENLHOMO KONUYeCTBa CBET-
NbIx HedTenpoayKToB U yrybnexus nepepaboTku HedTy. B kadecT-
Be Karanu3aropa UCNONL30BANU KaOAMHWUT, BBOLUMbIA B KOAUYECT-
se 1,0-2,5 % o1 Maccel ryapoHa. U3ydero BanaHue Temnepatypbl 1
AaBfieHus. YCTAHOBEHO, YTO C NOBBILIEHWEM TeMnepaTypsl oT 400 o
450 °C (paBnexue 0,5 MINa) ebixon cBeTNbIX HedTenpodyKTOB yBe-
nuyusaetca ot 35 go 61 Mac.%. C ypenuyennem aasneHus ot 0,5 go
6,0 Ma BLIXOA CBETAbIX HeTENPOAYKTOB YBENUYKUBaeTCs OT 47 Ao
58,8 mac. %. [1poaeMoHCTPYPOBAHO NPEUMYLLECTBO MCNOABL30BAHMA
HaHOPa3MEepPHbIX KATANUTUHECKUX CUCTEM Nepef HAHECEHHbIMM KaTa-
AN3aTopamm, a UMEHHO BO3MOXKHOCTL Gonee adchekTUBHON nepepa-
6OTKY ChIpbst OUEHb HM3KOTO KayecTsa npu Gonee MATKUX YCNOBUSIX
npoBefleHUs NPOLECCa, 4TO FoBOPUT 06 3KOHOMUYECKOMN BbITOAHOCTH
npenoXeHHoro npolecca.

Knioyesble cnoBa: rvpoKpPEKWHT, TYLPOH, CYCNeHAMPOBAHHBIH
Karanusarop, HaHopa3MepHbIA KaTanu3aTop, BeH3WH, An3ensHas
tpakuus.

I OTEYECTBEHHbLIE KATAJIU3ATOPbDI

Wnbacos U.P., Hasapos M.B., lambepos A.A.
CuHTe3 U UcCnepoBaHUe NannaAMeBbIX KaTaNM3aTopos,
HaHeceHHbIX Ha koMno3ut O-Al,03/Ni ..., 50

W3yueHo BausHMe MOPDONOTMYECKUX, TEKCTPYKTYPHBIX Y KUCNOT-
HbIX XapaKTEPUCTUK HOCUTENR — KOMMNO3MUTA, COCTOAWEND U3 OKCMAA
aNiOMUHWA U HUKEeNbCOAEPXKALLEro BbICOKONOPUACTOrO NPOHULLAEMOT0
Avencroro matepuana (BMNAM), Ha 3neKkTpoHHble, reoMeTpuyeckue
CBOMCTBA U aKTMBHOCTb B peaKLUM CeneKTUBHOrO FMAPUPOBAHMA
ALUETUNEHA HaHEeCEHHbIX Ha HEro yacTul nannagus. YcTaHoBNEeHo,
4TO MO CPaBHEHUIO C TPAAWMLMOHHBIMW KaTanu3aTopaMu, UMEIOLUMNU

studied in oxidative ethane conversion to ethylene and charac-
terized using X-ray analysis. Phase composition of the samples
was varied by modifying preparation conditions, viz different pH
and method of drying of wet precursor as well as calcination of
solid one, the content of separated phase was define by Rietveld
method. It has been found that in oxidative conversion of ethane
catalytic properties of oxide samples are determined by the content
of orthorhombic M1 phase with layered structure and composition
(Te0)q,23(Mo,V,NB)504.

Keywords: ethane, ethylene, oxidative converesion, MoVTeNb oxide
catalysts.

CATALYSIS IN PETROLEUM
REFINING INDUSTRY

Mukhtarova G.C., Ibragimov H.D., Abbasov V.M.
Influence of mode parameters on hydrocracking of goud-
ron with suspended nanosized catalysts ................... 45

Hydrocracking of a goudron mixture from Baku oils was studied at
low pressure in the presence of a suspended nanosized catalyst to
increase the amount of light oil and to advance the oil refining.
Kaolinite was used as a catalyst in an amount of 1,0-2,5 % by weight
of the goudron. The effect of temperature and pressure on the reac-
tion yield was studied. It was shown that with an increase in tem-
perature from 400 to 450 °C (pressure 0,5 MPa), the yield of light oil
increased from 35 to 61 wt.%. An increase in pressure from 0,5 to
6,0 MPa led to an increase in the yield of light oil from 47,0 to 58,8
wt.%. Nanoscale catalyst systems demonstrated the advantage over
supported catalysts in the possibility of a more efficient processing
of raw materials of very low quality under milder conditions, which
indicates the economic profitability of the proposed process.

Keywords: hydrocracking, goudron, suspended catalyst, nanosized
catalyst, gasoline, diesel fraction.

DOMESTIC CATALYSTS

Il'yasov I.R., Nazarov M.V., Lamberov A.A.
Synthesis and characterization of palladium catalysts
deposited on composite 5-AlL05/Ni.. ..., 50

A composite of alumina and nickel-containing highly porous per-
meable cellular material (HPCM) was used as a support. The influ-
ence of morphological, textural, and acid characteristics of the
support on the activity and electronic and geometric properties of
palladium particles supported on the composite was studied in the
selective hydrogenation of acetylene. It has been established that,
in comparison with conventional catalysts supported on 3-Al,0;,
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Copepxanue

B KayecTse HocuTens Tonbko 8-Al,0;, Hocutens 8-Al03/Ni-BMAM
obecneunsaet dopMupoBatue Gosee 0JHOPOAHOTO N0 3apAAOBOMY
COCTOAHWI0O pacnpefeneHus aKTUBHOTO KOMMOHEHTA ~— 4acTuy,
nannagus C NOBEPXHOCTHbIMM atoMamy, obnapatolmmu Gonbuei
3NEKTPOHHOM NIOTHOCTbIO HA BaNeHTHbIX opbuTanax. Takoe cocTosHue
aKTUBHOTO KOMMOHEHTa OnpefenseT BhLICOKYID CENeKTUBHOCTb
rMAPUPOBAHMA aUETUNEHA 0 STUNEHA B 3TaH-3TUNEHOBON (PpaKuyum
C ncnonb3oBaHueM Karanuzatopa Pd/S-Al0s/Ni-BNAM — 78,3 %,
4To Ha 35,7 % Bbllwe CenexTUBHOCTU MpoLecca € UCnoab30BaHUEM
KaTanusaropa Ha TpaguuuoHHom 5-AL,0;.

KnioueBble cnoBa: CenextuBHOE TUAPUPOBAHME ALETUNEHE, HUKENb-
COAepaujuit BLICOKONOPUCTHI NPOHULAEMbIR AYEUCThIA MaTepuan,
aleTunavetoHar nannaaus, Pd/8-Al,05, Pd/8-AL,0,/Ni.

KaneHuyk A.H., Borgax B.U., Kyctos J1.M.
CpaBHeHMe aKTMBHOCTU KaTanU3aTOPOB B peaKLuuu
AETUAPUPOBAHUA NEPrUAPO-M-TEPHEHUNA........cccounue. 59

C uenslo pa3paboTKKU HOBLIX KaTaIMTUHECKUX KOMMO3UTHLIX MaTepu-
anoB AnA xpaHeHUA BOAOPOAA Ha OCHOBE OPraHUYyecKux Xumudec-
KWX COefIMHEHUN NpOBELEHO CpPaBHEHME AKTUBHOCTU Pa3NUYHbIX
Katanusartopos Ha ocHoge Pt, Pd, Cr, Ni B peakuumn geruapuposaHus
nepruapo-m-tepteruna. Uccnegosarns NPOBOANAKCH B HTEPBANE
Temnepatyp 300-320 °C B npOTOMHOM peaKkTope (BHYTPEHHWUI Auna-
metp 10 MM). MlokasaHo, 4TO MaKCUManbHOE KOAWYECTBO BbIJENEH-
HOTO BOZOPOAA MO peakUuy AErMAPUPOBaHUA neprugpo-mM-tepde-
HWUNa B M-TepdeHun HabnmiogaeTca Ha katanusartope 3%Pt/cubyHut
npu Temneparype 320 °C. fIpu 310M MaKCMManbHas CeNeKTUBHOCTb
noftHoro fermapuposanus gocruraet 95 %.

Knioyessle cnoBa: katanus, feruipupoBaHu1e, XpaHeHue BOAOPOAA,
OpraHuyecKne xUMuU4eckue rugpupel, nepruppo-M-tepdeHnn, m-tep-
deHun, nnatuua.

| snokaranus

=33aHoBa T.B., Yynposa H.A., Nlynesa T.A.
Bospeicreue rpuba pona Trichoderma va nurHuH Kopsl
APEBECHBIX MOPOL icnsiesssssnsvsmmmismmssssnsmassmesssasssmssssassss 64

Wccneposato Bo3deiicTeue QepmeHTHOrO KOMRNeKca MMKpOMU-
LETOB Ha UTHUHOBYIO COCTaBARIOWYIO KOPbl ApPEBECHBIX NOPOA Ha
npumepe rpuba poga Trichoderma. B kadecTse 6uonoruyeckoro
obbekTa ucnons3osaH wramm «MIr-97/6» Trichoderma asperellum
Samuels BKMM F-765. B kauecrse cybCTpaToB UCMONb3oBany Kopy
AUCTBEHHULbI cUOUPCKON, ny6 Gepesbi NOBUCNOR W Npenapatbl Au-
OKCAHAUTHWHA, BBIAENEHHOMO U3 KOPbl IMCTBEHHULUEI 1 y6a Bepess
no metoay fennepa nytem 06paboTKM UX CMECHIO AUOKCAH — BOAA
(9 : 1) 8 npucyrceuu HCL (0,7 %). KynbTuBMpOBaHUe rpuba npoBo-
Annu B yawkax leTpu, noMeleHHLIX B TEPMOCTAT, NPU TeMnepatype
25-27 °(, BnawHocTn 80 %, pH 6,5 B TeyeHue 10 cyt. CybCTpart 3a-
CeBasn MULENUANBHON cycnedaueit rpuba B KonudecTse 1-10° cnop
Ha 1 r no abconioTHo cyxoi macce cyberpata. C ucnonb3oBaHuem
MeTO[0B XUMUUecKoro aHanusa, YO u UK-cnektpockonuu nokasa-
HO, YTO NofA BO3AeNACTBUEM (DEePMEHTHOrO KOMMNEKCa MUKPOMULLET]
NPOUCXOAAT ECTPYKTUBHbIE U3MEHEHUS B TUFHYHE KaK in STEY, TaK n
in vitro. Mpeano)ena Cxema OKUCTUTENLHOR JECTPYKUAN IMFHUHE gpe-

the support 8-Al,0,/Ni-HPCM provides a more uniform distribution
of the charge state of the active component — palladium particles
with surface atoms having higher electron density on the valence
orbitals. Such a state of the active component provides high selec-
tivity toward ethylene (78,3 %) in the ethane-ethylene fraction,
which is 35,7 % higher than the selectivity obtained with the con-
ventional catalyst (supported on 6-AL,05).

Keywords: selective hydrogenation of acetylene, nickel-containing
highly porous permeable cellular material, palladium acetylaceto-
nate, Pd/5-Al,0;, Pd/8-AL04/Ni.

Kalenchuk A.N., Bogdan V.I., Kustov L.M.

Comparison of activity of catalysts in dehydrogenation
reaction of perhydro-m-terphenyl ............................ 59

In order to develop new catalytic composite materials for hydrogen
storage based on organic chemical compounds, the comparative
tests of the activity of various catalysts (on the basis of Pt, Pd, Cr
and Ni) were carried out in the dehydrogenation reaction of
perhydro-m-terphenyl. Tests were carried out at temperatures
300-320 °Cin the flow reactor (internal diameter of 10 mm). The
control of volumes of evolved hydrogen, conversion of perhydro-
m-terphenyl to m-terphenyl and selectivity to m-terphenyl was
made during the reaction. It is shown that the best indicators are
obtained when using the catalyst 3%Pt/C on the basis of carbon
sibunit carrier.

Keywords: catalysis, dehydrogenation, hydrogen storage, organic
chemical hydrides, perhydro-m-terphenyl, m-terphenyl, platinum.

BIOCATALYSIS

Ryazanova T.V., Chuprova N.A., Luneva T.A.
Effect of Trichoderma fungi on bark lignin

The effect of the enzyme complex of micromycetes on the lignin
component of bark was studied by the example of a fungus of the
genus Trichoderma. As a biological object, a strain MG 97/6 Tricho-
derma asperellum Samuels RNCIM F-765 was used. The substrates
were Siberian larch (Larix sibirica) bark, pendent birch (Betula pen-
duta) bast, and products of dioxane lignin isolated from the larch
bark and birch bast according to the Pepper method by treating
them with a mixture dioxane-water (9 : 1) in the presence of HCl
(0,7 %). The fungus was cultivated for 10 days in Petri dishes ther-
mostated at 25-27 °(, at a humidity of 80 %, and pH = 6.5. The
substrate was spawned with a fungus suspension in the amount of
1-10% spores per 1 g of dry substrate. Chemical analysis, UV and IR
spectroscopies showed that the enzyme complex of micromycetes
induces destructive changes in the lignin both in situ and in vitro.
A scheme of oxidative degradation of wood lignin under the action
of the fungus was suggested. Microbial decomposition of lignin may
be advisable for the production of biologicals (such as Trihodermin)
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Copepxarue

BeCHbIX cy6CTpaTos nog geitcteuem rpuba 7. asperellum «MI-97/6».
MUKpobHOE pasioKeHNEe IMTHUHA MOXET BbiTb PEKOMEHLOBAHO ANs
€03JaHuA Guonpenaparos TMRa «TPUXOAEPMUAHY C UCTOAL3OBAHUEM
B KayecTse cy6cTpata IMrHUHCOAEPKAWNX OTXO0B UK ANIR paspy-
WeHUA U OTOENUBAHUA [PEBECHLIX BONOKOH C LUENblo UX fafbHed-
Wero NpOMbILNEHHOTO NMPUMeHeHUA (HanpuMmep, B NpPoU3BOACTBE
Gymary u buoatarona).

KnioyeBbie cnoBa: kopa nucTeeHKULbI, Y6 KOpbl 6epesbl, TUTHUH,
OVOKCAHNUTHUH, 6uoaecTpykuus, rpué poaa Trichoderma.

Kosanenko I'.A., llepmuHosa J1.B., bexnemuwes A.b.,
fAkoeneBa E.10., MbixTuHA M.B.

buokaranuruyeckue reteporeHtble NpoLeccol nepestepu-
GuUKauUK pacTUTENLHBIX Macen B 6uoAU3ens ............. 71

MpoBefeHbl UCCNEfOBAHUA reTeporeHHoro GuOKaTanUTUYecKoro
npolecca nepesTepudUKaUUM DACTUTENBHLIX Macen B 3TUIOBbE
3¢pUpbl KUPHBIX KUCAOT € y4acTUeM 3TaHoNa UNKU ITunaleTara u 61o-
KaTanu3aTopoB, NPUrOTOBEHHLIX MYTEM BKAYEHUA B KCeporesb
LMOKCMAA KPEMHUA KNETOYHLIX 143aTOB PeKOMOUHAHTHOrO LWTaMMa
rE.coli/lip, npogyuupytowero TepMmoctabunsHyio nunasy us Thermo-
myces lanuginosus. Tpouecc nepesTepuduKaLUu pacTUTENbHOO
Macna NpoBOAMAMW KaK B MEPUOAMYECKOM peXuMe B peakTope cMe-
LIEHWA, TaK U B HENPEPLIBHOM PEXUME B PEaKTOPE C HENOABUXKHbIM
cnoeM npurotosnenHoro Guokatanusatopa. lMokasaHo, 4To 3TUn-
auerTar ABAAETCA ONTUMASNbHBIM ALUIUPYIOWMUM peareHToMm B pe-
akuuu nepesTpudUKaLUAM TPUTAKLEPUAOB PACTUTENBHOrO Macna B
3TUNOBbIE 3UPLI KUPHBIX KUCTOT. B 0Tnuuue 0T 3TaHona 31oT pe-
areHT He MHaKTUBUPYET BUoKaTanu3satop HeobpaTumo. Bpema nony-
MHAKTUBALMU BUOKATANM3aTOPOB B U3YUEHHEIX YCNOBUAX COCTABUNO
720 4 npun 40 °C.

KnioyeBbie cnioBa: reteporeHHbie 61OKaTaNNU3aTopLl, M3aThl PEKOM-
GMHaHTHOTO WTaMMa-NpPOAYUEHTa TePMOCTabUALHOR NKUNassl, BKIIO-
YeHWe B KCeporenb AMOKCUMAA KPeMHUs, nepeatepuduxauus pactu-
TENLHOTC MacNa 3TuNaLEeTaToM.
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from lignin-containing waste or for the destruction and bleaching
of wood fibers for their further industrial use (for example in the
production of paper or bioethanol).

Keywords: bark of larch, birch bark bast, lignin, dioxane lignin, bio-
degradation, fungi of the genus Trichoderma.

Kovalenko G.A., Perminova L.V., Beklemishev A.B.,
Yakovleva E.Yu., Pykhtina M.B.

Biocatalytic heterogeneous processes of interesterifica-
tion of vegetable oils into biodiesel ......................... 71

Heterogeneous bhiocatalytic transesterification of vegetable oils
into ethyl esters of fatty acids was studied. The process was car-
ried out with ethanol or ethyl acetate and biocatalysts prepared by
entrapping in silica xerogel of cell lysate of the recombinant strain
rE.coli/lip, that produces thermostable lipase from Thermomyces la-
nuginosus. The transesterification of vegetable oil was performed
both in a periodic mode in a stirred tank reactor and in a continuous
mode in a fixed bed reactor. It was shown that ethyl acetate is an
optimal acylating reagent for the interesterification of vegetable
oil triglycerides into fatty acid ethyl esters. Unlike ethanol, this
reagent does not inactivates biocatalyst irreversibly. The period of
semi-inactivation of the biocatalysts was 720 h at 40 °C.

Keywords: Heterogeneous biocatalysts, Lysates of recombinant
strain-producer of thermostable lipase, Entrapment inside silica xe-
rogel, Interesterification of vegetable oils by ethyl acetate.
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