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CATALYSIS IN INDUSTRY




CopepxaHue

WUHcTuTyTy Nnpo6nem nepepaboTky yrneBoAoOpoAo0B
COPAH — 10 NeT ... st emerevesreneeraaes 7

I OBLUUE BOMPOCHI KATATU3A

benbckan 0.b., fynsesa T.U., Qynnakuu B.K., luxono6os B.A.
Pons rupponusosartbix popMm npepecTBeHHUKA B hop-
MUPOBaHUU 3ACOPOLUOHHDBIX U KaTaUTUMECKUX CBOUCTB

HaHeCeHHOW NAaTUHbI B Katanusaropax Pt/AL,0;.......... 9

B cvatbe npeAcTaBneHbl pesynbTathl, CBA3aHHLIE C UCCNEROBAHUEM
npouecca (QOpPMUPOBAHUA MNNATUHOBLIX LEHTPOB Karanu3atopos
Pt/AL0; u3 xnopuaHbix KoMrnekcoB nnatunsl (IV), pasnuyaiowux-
cs my6uHoi rugponusa. MoxaszaHo, 4yTo 6onee npoyHoe B3auMo-
IedCTBUE METANNOKOMNNEKC — HOCUTENb HA CTAfiUM 3aKpenneHus
rWAPONM3OBAHHOIO NPeJIeCTBEHHUKA NPUBOAUT K (HDOPMUPOBAHUID
MAGTUHOBBIX LeHTPOB, OTNUYAIOWUXCA aACOPOLUUOHHBIMU U KaTanu-
TUYECKUMU CBOWCTBAMU OT CBOWCTB HaHeCEHHOro MeTanna, noay-
YeHHOFO M3 XJIOPUAHLIX KOMNNEKCOB. YCTaHOBNEHHbIE pa3nuuus 3a-
KAyaloTcs B 6onee npoyHo ancopbumm BOJOPOAA U NOHUKEHHON
aKTUBHOCTM B TUAPUpOBaHUM beHsona. Kpome Toro, Katanusartopsl,
NOAYYEHHbIE U3 TURPOAU3OBAHHLIX OPM KOMNAEKCOB, XapaKTepu-
3yloTcs Bonee BHICOKOMA gerngpupyioLieil akTUBHOCTLIO U CENeKTUB-
HOCTbIO B apOMaTM3aLMu H-TrenTaHa.

Knioyesble CNOBa: anioMONNaTUHOBLIE KaTanu3artopsl, B3auMope-
CTBUE METANOKOMMNEKC-HOCHTENb, TMAPONNU30BaHHbIE HOPMbI NNa-
TUHOBLIX KOMM/IEKCOB, MAPUpOBaHue 6GeH3ona, gerMapuposatue
UMAKNOreKCcaHa, AerMAPOLMKIU3ALMA H-TenTaHa.

Bacunesuy A.B., bawnaHosa 0.H., Jlaspetios A.B.,
Knsxesa 0.A., [ynsesa T.W., TpeHuxuu M.B., Jluxonobos B.A.

CuHTe3 M UCCNeROBaHME MACCUMBHBIX KApONUAOB MONUG-
AEHa U HaHeCeHHbIX Kapbuacoaep KaLYMX KaTaiM3aToOpoB
coctaBa Mo,C/C, nony4eHHbIX METO,OM MEXaHUYECKON
AKTUBALMM ..c.eeeonoenenenenininneannencoamerasasssacerasnseanssnrernnes 21

BrnepBble CO3g4aHbI METOAUKM CHHTE33 MACCUBHOTO Kapbupa Monuo-
JeHa MeTOLIOM MexaHUuYecKoW aKTuBaluu Ha Bo3gyxe cMmecu MoOs,
TeXHUYECKOro ymepoaa v Zn; cuHTe3a HaHeCeHHOro Kapbuhcogep-
ailero Katanu3satopa coctasa Mo,C/C MetopoMm MexaHuyeckoil
aKTMBAUWW B MHEPTHON Cpefle TEXHUYECKOro YrNepoja, RponuTaH-
HOTO 16 %-HbIM BOJHbIM PaCTBOPOM Napamonubpara ammoHus. [ns
MeXaHOaKTUBUPOBAHHbLIX KOMMO3ULMA C NpUMEHeHMeM KOMMNaeKca
M3UKO-XMMUYECKUX METO/I0B ONpefeneHsl CoflepxaHiue MeTannos,
pa3Mep yacTul, yaenbHas nnowans NoBepxHOCTH, Ga3oBhlil coCTas.
MeTofoM 3neKTPOHHOW MUKPOCKONWM U3yUYeHo cTpoeHne Kapbugco-
AepXawero HaHeCeHHOro KaTanu3aTopa, MeTOLOM TeMnepatypHo-
nporpaMMupyeMoil aecopbuun amMMuaka usydeHsl ero KUCIOTHbie
CBOWCTBA ¥ NpOBRefeHbl KaTaaUTUYECKUe UCMbITAHUA B MOAENbHbLIX
peakuuax ruppoobeccepuBaHun gubexsotnodena (AbT) v apoma-
TM3auuu ankaHos. MokasaHo, yto katanusarop cocraea Mo,C/C npo-
ABNAET BLICOKYIO aKTUBHOCTL B 3TUX peakuunax: kowsepcua ABT npu
BPEMEHW KOHTAKTa 3—6 4 cocTasnser 80-85 %. Konsepcus H-renta-
Ha Npu BpeMeHu KoHTaKTa 2 4 coctasnset 31,2 %, u npoayKTOM peak-
LUy Ha 100 % aBnsetcs Tonyon. YBennueHue BpeMeHU KOHTaKTa A0
6 4 NPUBOAUT K CHUXEHNIO KOHBEPCUU H-renTaHa Ro 1,3 %, npuyem

Institute of Hydrocarbon Processing SB RAS -
10 years anniversary .......cc.coieiiiinieiineiiniaenenanenaceaeens 7

GENERAL OF CATALYSIS

Bel'skaya 0.B., Gulyaev T.I., Duplyakin V.K., Likholobov V.A.
Role of precursor hydrolyzed forms in formation of adsorp-
tion and catalytic properties of the supported Pt/AL,04
CatalySES . ...t 9

The results of study of the platinum centers Pt/AL,0; catalysts for-
mation from platinum chloride (IV) complexes, different by depth of
hydrolysis, are presented in the article. It was shown that a stronger
interaction between the metal complex and support at the stage
of hydrolyzed precursor fixing, leads to the formation of the plati-
num centers which different by adsorptive and catalytic proper-
ties from the properties of supported metal prepared from chloride
complexes. The established differences are in more solid hydrogen
adsorption and low activity in the hydrogenation of benzene. Fur-
thermore, catalysts obtained from hydrolysed forms of complexes,
have a higher dehydrogenating activity and selectivity in the aro-
matization of n- heptane.

Keywords: aluminum-platinum catalysts, reacting of metal complex
and support, hydrolyzed forms of platinum complexes, the hydro-
genation of benzene, cyclohexane dehydrogenation, dehydrocycli-
zation of n-heptane.

Vasiljevich A.V., Baklanova 0.N., Lavrenov A.V.,,
Knyazheva 0.A., Gulyaeva T.I., Trenihin M.V., Likholobov V.A.

Synthesis and study of massive molybdenum carbides
and supported carbide containing catalyst composition
Mo,C/C, obtained by mechanical activation ................ 21

The methods the first time are developed for the synthesis of solid
molybdenum carbide by mechanical activation in air of mixture
Mo0,, carbon and Zn; for synthesis of supported carbide contai-
ning catalyst Mo,C/C composition by the method of mechanical
activation in an inert atmosphere of carbon impregnated with
16 % aqueous solution of ammonium paramolybdate. The metal
content, particle size, surface area, phase composition are deter-
mined for mechanically activated compositions using a complex
of physical and chemical methods. Structure of carbide contain-
ing supported catalyst was studied by electron microscopy, cata-
lyst's acidic properties were studied by temperature-programmed
desorption of ammonia and the catalytic test were carried out
in model reactions of hydrodesulfurization of dibenzothiophene
(DBT) and aromatization of alkanes. It is shown that the catalyst
composition Me,C/C exhibits a high activity in these reactions:
conversion of DBT at contact time 3-6 hours is 80-85 %; conver-
sion of n- heptane at a contact time of 2 hours is 31,2 %, and the
reaction product is 100% toluene. Increasing the contact time to
6 hours reduces the conversion of n-heptane and 1,3 % , wherein
in the reaction product contains up to 47 % of C4—C; cycloalkane.
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CopepxaHue

B COCTaBe NPOAYKTOB peaKuuu coaepxuTcs o 47 % LuKnoankaHos
Cs—C,. Pe3ynbrarbl paboTbl CBUMAETENLCTBYIOT O BLICOKOM KATanutu-
4ecKOoi aKTUBHOCTW Katanusatopa coctaBa Mo,C/C, nonyyeHHoro
METO/IOM MEXaHUYECKOW aKTUBALMHU.

Kntoyesble cnoBa: BLICOKOAUCNEPCHHIA KaTanmu3aTop, MexaHuyec-
Kan akTueauus, kapbua monubaeHa, ymepoga,.

KATANIU3 B XMMUYECKOW
U HEGTEXUMUYECKON NPOMBILNEHHOCTH

loppees A.B., Knsases A.C., BogsaHkuna 0.B.

MeTaresuc TpaHc-6yTeHa-2 v 3TUIeHa B NPONUAEH Ha Ka-
Tanu3aTopax Ha OCHOBE MOJIMGACHA ...........cceeeeeeeeenee. 30

C uensio npogneHns BpeMeHn XU3HU MONUMBAEHOKCUAHbIX KATaNu3a-
TOPOB B peakLuu MeTaTesnca 3TuieHa U GyteHa-2 B NPonuseH B Ka-
YeCTBe HOCMTENA UCMONb3OBAH HOBbLIA ANOMOYTNEPOAHbIA copbeHT
(AL,0,-C), umerowumit pasBUTYIO NOBEPXHOCTL (430 M2/T), BRICOKHE COPB-
LMOHHYIO eMKOCTb, MEXaHUUYECKYIO NPOYHOCTL (He MeHee 5 H/MM?).
Metogamn P3M u apcopbumu uccnenosanbl MopdonorMa U TeKCTyp-
Hble XapaKTepUCTUKKM NOBEPXHOCTY KaTanuzatopa 10 % Mo0s/Al,0,-C
u cpasHuTensHoro obpasua — 10 % Mo0y/AL,04. C nomMousio TepMu-
YeCKOro aHanuaa U3y4eH NpoLecc akTUBauuu Karanusaropos. Mpo-
BeeHbI KaTaNUTUYECKHE UCMLITAHUA B PEAKLMM METaTe3nCa 3TUNEHa
W TpaHc-GyTeHa-2 B nponunen (22-150 °C, fasnenue 10 krc/M%
C,H,/C,Hg = 1). NokasaHo, 4To B cpaBHeHuu ¢ MoO;/y-Al,0; katanu-
3atop Mo05/AL,05-C o6ecneyusaeTt 6onee BLICOKYIO KOHBEPCHIO pe-
areHToB, 6yNblIyI0 CENEKTUBHOCTL NO NponueHy u Gosbliee BpeMs
xu3Hu. Karanuszatop Mo0O;/Al,05-C MoxeT 6bITh peKOMEHA0BaH AN
NPOMbILIAEHHOTO UCMONb30BAHUA B NPOLiECcce MeTaTe3nca 3TuaeHa 1
6yTeHa-2, TaK KaK No CPABHEHUIO C NPOMBILIEHHBIM KaTafn3aTopoMm
W0,/Si0, oH no3BonseT NpoBoAUTL NpoLecc Npy bonee MATKUX yc-
NOBUAX U € 60NbLINM BLIXOAOM LENEeBOr0 NPOAYKTA.

Knioyeebie cnoBa: Mertatesuc, oKCUp MonubaeHa, NponuneH, 3Tu-
neH, TpaHc-byTeH-2.

I WHXEHEPHDIE NMPOBJIEMBI.
JKCMNYATALUA U NPOU3BOACTBO

Cmonukos M. ., Kupsanos [1.U., Konmaropos K.B., Yopac U.E.,
3atonokuHa E.B., benwiit A.C.

OnbiT NpOMBIWIEHHOrO MPOM3BOACTBA M IKCNYATALMNH HO-
BbIX KaTanu3aropos pucgopmunra MP-81 U WINP-81.....36

UNNY CO PAH paspa6oTaHb! U BHeApeHb! B MPOMbIWAEHHOE NPOU3-
BOACTBO HOBble KaTanusatopsl pudopmunra NP-81 u LWMNP-81, o1-
Anvatowuecs ot npegwectsedHukos (MP-51 n MNP-71) nossiweHHON
MexaHuyeckoi mpouHocTbio (1,8-2,2 npotue 1,2-1,5 kr/mmM). Ha
0AO «AHrapckwii 3aBoj| KaTanu3aTopoB U OPraHUYECKOro CHHTE3an
HK «PocHedTb» HapaboTaHbl YeTbipe NapTMK Katanu3atopos obuiei
Maccoit 78 T Ans Tpex NPOMbINEHHBIX YCTAHOBOK pudopMuHra, pabo-
TaloWwux no 6eH3MHOBOMY W apoMaTtuyeckomy BapuaHtam (000 «flyp-
Hedrenepepabotkay, 0AQ «lfaznpom vedrexum Canasar», OAO «[as-
npoMHedTb — OMckuii HM3»). MpoBeaeH cpaBHUTENbHBIA aHaNU3 pa-
60Tbl HOBBIX KaTasM3aToOpoB U UX NpealecTBeHHUKOB. [ToKa3aHo, 4To
karanusarop MNP-81A, npumeHaBWMiACcA Ha ycTaHoeke JIM-35-11/40

The results show a high catalytic activity of Mo,C/C, obtained by
mechanical activation.

Keywords: highly dispersed catalyst , mechanical activation , mo-
lybdenum carbide , carbon.

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Gordeev A.V., Knyazev A.S., Vodyankina 0.V.

Metathesis of trans-2-butene and ethylene to propylene
on the catalysts based on molybdenum ...................... 30

New aluminum-carbon sorbent (Al,05-C) having a developed surface
(430 m%/g), high adsorption capacity, mechanical strength (at least
5 N/mm?) used as a support in the metathesis reaction of ethylene
and 2-butene into propylene, in order to extend the lifetime of mo-
lybdenum oxide catalysts. The morphology and texture characte-
ristics of the surface of 10 % Mo0;/AL05-C and comparative sample -
10 % Mo0,/AL,0, were investigated by SEM and adsorption. The ac-
tivation of catalysts was studied using the thermal analysis. Cata-
lytic tests in metathesis reaction of ethylene and trans-2-butene
to propylene {22-150 °C, pressure 10 kg/cm?, C,H,/C,Hg = 1) were
performed. It is shown that the catalyst Mo0;/Al,0;-C compared
with Mo0,/y-AL,0 provides higher conversion of the reactants, more
propylene selectivity and longer life. The Mo0,/Al,05-C catalyst
may be recommended for industrial use in the metathesis of ethy-
lene and 2-butene as compared to the commercial catalyst W0,/Si0,,
it permits process under milder conditions and with a high yield of
the desired product.

Keywords: metathesis, molybdenum oxide, propylene, ethylene,
trans-2-butene.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Smolikov M.D., Kir'yanov D.I., Kolmagorov K.V., Udras L.E.,
Zatolokina E.V., Belyj A.S.

Experience of commercial production and operation of new
reforming catalysts PR-81 and SHPR-81 .................... 36

New reforming catalysts PR-81 and SHPR-81 differing from its pred-
ecessors (PR-51 and PR-71) by increased mechanical strength (1,8-
2,2 vs 1,2-1,5 kg/mm) were developed in IHCP SB RAS and put into
commercial production. At «Angarsk plant catalysts and organic
synthesis» by Rosneft Company a four parties of the catalysts total
weight 78 tons are turned out for the three industrial reforming units,
working on gasoline and aromatic scheme («Purneftepererabotka»,
«Gazprom Salavat Petrochemical», «GazpromNeft - Omsk Oil Refi-
nery»). Comparative analysis of new catalysts and their predeces-
sors was hold. It is shown that the catalyst PR- 81A which was used
at commertial unit LP-35-11/40 in the period 2010-2013 is cha-
racterized by increased activity (the temperature for achieving
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CopepmaHue

8 nepuof 2010-2013 rr., xapaKTepu3yeTca nosblleHHON aKTUBHOC-
Tbi0 (TeMmneparypa BOCTHMEHUA TpebyeMol MHeCcTKOCTU npouecca
Ha 25-30 °C Huxe, uem ana MNP-71), npu 3TOM BbIXOA CTabUALHOO
pucopmata Ha 2—3 Mac.% Bblllie, @ CofiepIKaHue apomMaTU4ecKux yr-
NEBOAOPOAOB Ha 5 % Mac. Huwe. KoMOWHWUpPOBaHHAR 3arpy3Ka ycTa-
HoBku J1-35-11/600 katanuzatopamu MP-81A/ILUMP-81 obecneuunna
noayueHue koMnoHeHTa 6ensuna c NOH 95-97 pawe npu Hebnaro-
NPUATHLIX KA4ecTse CIPbA Y YCAOBUAX IKcnnyatauuu. MNonyyerHsle
pes3ynbTaThl NO3BOAAIT PACCYMTBIBATL HA LUIAPOKOE BHEApEeHUe HO-
BbiX KaTanusartopoe Ha HI3 Poccumn v cTpan bnumtero 3apybexba.

KnloueBble ¢noBa: Katanusatopsl pUOPMUHIE, OKTAHOBOE YUCAO,
6eH3nH, apoMaTUyecKue yrmesoaopoabl, BbIXOA CTabunbHOro Kata-
nu3ata.

l OTEYECTBEHHbIE KATAJIN3ATOPbI

Bekmyxamenos I. 3., Eroposa C. P., Jlam6epos A. A.

Bnuaxue npupoabl OKUCHOKPEMHUEBbIX CTPYKTYP Ha aK-
TUBHOCTb ANIOMOXPOMOBOTO KaTasiu3aropa B peakuuu pe-
TMAPUPOBAHUA U306YTAHA. ..oeieeiieieiiaiai i 41

€ nomouisio MeTo0B afcopbumu, POA, TeeppofeTansioro AAMP 295i,
TEepMONpPOTPaMUpoBaHHON Aecopbunu ammuaka, YO-sua- u KP-crekr-
POCKOMMW  U3Y4EHbl 33aKCHOMEPHOCTU (OPMUPOBAHMA OKUCHO-
KPEMHUEBLIX CTPYKTYP B COCTaBe anioMOXPOMOBOrO Karanusaropa
LEruapupoBaHuA u3obyTaHa. YCTaHOBIEHO, YTO KPEMHUA B KONu-
yectse 0,5-1,2 Mac.% pacnpepeneH Ha NOBEPXHOCTY Karanusaropa
g Buge cTpykTyp Si(0Si),. C yBenuuenuem ero copepranus no 2,2—
3,6 Mac.% nomumo Si(0Si), Ha NOBEPXHOCTA NPUCYTCTBYIOT CTPYK-
TypHle 3nemenTsl  Si(0Si);(0-). ®opmupoBaHHe OKUCHOKpEM-
HWEBLIX CTPYKTYP Ha NOBEPXHOCTU KaTanusatopa obycnonusaer
go3pacTaHue KoHueHTpaunn woHos Cr(III) u ymeHblieHue nosepx-
HOCTHOM KUCAOTHOCTH, YBESIUUMBAETCA aKTUBHOCTb U CENIEKTUBHOCTDL
KaTanu3aTopos B peakuuu AeruapupoBanus u3obytaHa.

Kniouesble cnoBa: anioMOXpOMOBbLIA KaTannu3arop, KpeMHui, okcug,
xpoma (I1I), peruppupoBanve.

Cmonukos M.[1., ToH4apos B.b., Caposckas E.M., Kasanues K.B.,
3aronokuHa E.B., Kupbaunos [.W., Maykwtuc E.A.,
banbxxuHumaes b.C., benniti A.C.

U3y4yeHue PoNK COCTOAHUA NAATUHBI B KaTanM3aTopax
Pt/S0,/Zr0,/Al,0; Ana n3oMepu3aLnm H-reKcana ....... 51

MpuroTosneHb 06pa3usl karanusaropos SO,/Zr0,/AL,05 v Pt/ALO; u
UX U3NYECKUX CMECEN, U3yueHbl KaTanuTuyeckue CBOMCTBA obpas-
OB B peaKkuumu W3OMEPU3AUNU H-reKcaHa. BrisiBneHo cylwecTeeHHoe
BJIMAHUE COCTOSIHMA NNATUHLI Ha KaTafMTUYECKUE XapaKTepUCTUKU
o6pasuos. Metopamn WK-cnextpockonmu (€O,,.), xemocopbumuu
KMCIOPOAA M KNCNOPOAHO-BOAOPOJHOTO TUTPOBAHUA NOKA3AHO, YTO
B BOCCTaHOB/IEHHOM opMe KaTanu3aTopoB NMPUCYTCTBYIOT MOHHbIE
GopMbl NNATUHLI, CNocobHbe agcopbuposarts J0 Tpex aToMOB BOAO-
POAA HA KAAbIA NOBEPXHOCTHbIA aToM naaTuHbl. C nomoulblo u3o-
TonHoro H/D-o6MeHa ycTaHoeneHo, 4TO cneuvduueckue CBoiCTBa
MOHHOM NAATUHbLI NPOABAAIOTCA B 06pa3oBaHMn ruapULHON dhopMsl
aacopbuposaHHoro Bogopoaa. (aenaHo npefnonoXeHwe, Y10 aK-
TUBHOCTb U CTabUNLHOCTbL KaTanu3aTopoB HAa OCHOBe CynbdhaTupo-
BAHHOMO AMOKCHMAA UMPKOHUA B PEAKLUM W3OMEPU3ALUK H-TEKCAHA

the desired stiffness of the process on 25-30 °C lower than for the
PR-71 catalyst) and the yield of the stable reformate to 2--3 wt.%
higher and aromatics content on 5 wt.% lower. Combined loading
of commercial unit L-35-11/600 by catalysts PR-81A/SHPR-81
provide a producing of gasoline with RON 95-97 even under adverse
operating conditions and low quality of feed. The obtained results
allow us to rely on the widespread introduction of new catalysts to
refineries in Russia and CIS countries.

Keywords: reforming catalysts, octane, gasoline, aromatic hydro-
carbons, yield stability catalyzate.

DOMESTIC CATALYSTS

Bekmuhamedov G.E., Egorova S.R., Lamberov A.A.

Influence of silicon oxide structures on the activity
of alumino-chrome catalyst in the dehydrogenation
ofisobutane................oooiiiiiiiiii e, 41

Laws of formation of oxide-silicon structures in the aluminum-chro-
mium catalyst for isobutane dehydrogenation were studied using
the methods of adsorption, XRD, solid state detailed NMR 2°Si, ther-
mal programmed desorption of ammonia, UV-Vis and Raman spec-
troscopy. Found that silicon in an amount of 0,5-1,2 wt.% is dis-
tributed on the surface of the catalyst as Si(0Si), structures. With
an increase of its content up to 2,2-3,6 wt.% besides Si(0Si), on
the surface a Si(0Si);(0-) structural elements present. Formation
of silicon oxide structures on the catalyst surface determines the
increase of Cr(III) ions concentration and reducing the surface
acidity, increases activity and selectivity of the catalysts in the de-
hydrogenation of isobutane.

Keywords: aluminum-chromium catalyst, siticon oxide, chromium (III),
dehydrogenation.

Smolikov M.D., Goncharov V.B., Sadovskaya E.M., Kazantsev K.V.,
Zatolokina E.V., Kiryanov D.I., Paukshtis E.A.,
Balzhinimaev B.S., Belyj A.S.

Studying of the role of platinum state in catalysts
Pt/S0,/Zr0,/AL,0, for the n-hexane isomerization......51

Samples of 50,/Zr0,/Al,05 and Pt/Al,0; catalysts and their physi-
cal mixtures are prepared, the catalytic properties of the samples
in the isomerization reaction of n-hexane were studied. Significant
impact on the state of the platinum on catalytic properties of the
samples was revealed. It is shown that the ionic form of platinum
present in the reduced form of catalysts by infrared spectroscopy
(CO,4s) and oxygen chemisorption of oxygen-hydrogen titration.
These forms can adsorb up to three hydrogen atoms on each sur-
face atom of platinum. It's established with the help of isotope
H/D-exchange that specific properties of ionic platinum are mani-
fested in the formation of hydride form of adsorbed hydrogen. It
is suggested that the activity and stability of catalysts based on
sulfated zirconia in the isomerization of n-hexane caused by invol-
ving ionic and metallic platinum in hydrogen activation. The results

4
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Copnepwanue

06YCNOBAEHbI YHACTUEM UOHHON U METANNIUYECKON MIATHHBI B aKTU-
Bauuu Bogopoaa. MonyyeHHsle pe3ynbTathl MOryT 6bITh UCNOAL30BA-
Hel npu paspaboTke 3(heKTUBHBLIX KaTanu3aTopoB U3OMEpU3aLuy
C5—Cg-6eH31HOBbIX paKLUuit ana nonyyeHus U3oMepU3aTa B Kayec-
TBE BbICOKOOKTaHOBOW 4062BKU B COBpEMEHHblE 6EH3UHBI.

KnwoueBble cnoBa: 13oMepu3aLuna, NNaTUHOBLIE KAaTaNU3aTophl, AU-
OKCHJ, LIMPKOH U, U30TOMHbIA 0BMeH.

l BUOKATAJIN3

Dloponun B.MN., Notanenxo 0.B., lunun MN.B., Copokuna T.M.
MpeBpaweHns pacTuTesibHbIX Maces B YCIOBUAX KaTanu-
TUYECKOTO KPEKMHTA ..oeiimeiininnenacnceanerosmecneorecsnssnnsnan 61

W3yyeno BnMAHME cOCTaBa UEONUTCOAEPWALIErO KATanNU3aropa,
YCNOBUiA OCYUIeCTBAEHUA NpoLecca, NPUpoabl Macen Ha pacnpefe-
NeHue LeneBbix NPORYKTOB MPW WX NPEBPAWEHUAX B YCJIOBUAX Ka-
TanUTHYECKOTO KpekuHra. Nccneposanue nposoaunu Ha Guueonur-
HbIX KaTanu3aTopax, COAEPXaWUX LUEONUTb, — YNLTpacTabuibHLIA
Y u ZSM-5 B pa3nuyHbix Nponopuusx, u Ha katanusatope JIIOKC —
18 mac.% ueonura Y 8 HP33-cbopme. NokazaHo, 4To Hanuume Leonuta
ZSM-5 B cocTaBe Katanu3aropa cnocobcTeyeT ob6pasoBaHmio onedu-
Hos C,—C,. YBenu4eHue XecTKOCTU Npoyecca KpeknHra (noebiweHue
TeMneparyphl U COOTHOLEHUA KaTanu3aTop : CbIpbe) NPUBOAUT K yBe-
JIMYEHHUIO BbIXOAA ra3006pa3HbIX NPOAYKTOB U KOKCA NpU OfHOBpe-
MEHHOM YMEeHbIEHWH BbiXoAa BeH3uHoBOM dpakuuu. Basauue npu-
poAbl pacTUTENbHLIX Maces UCCeflOBaHO Ha NpUMepe NafbMOBOTO,
pancosoro, rop4RYHOro U NOACONHEYHoro Macen. NokasaHo, Yto Ans
MaKcUManbHLIX BbIXOLOB oneduHos C,—C, u 6eH3nuHa Heobxoaumo
MCMOML30BaTh MAcCna C MOBLIWEHHBIM COAEPKAHUEM HACBILEHHBIX
KUPHBIX KMCNOT. N3yueHbl 3aKOHOMEPHOCTH COBMECTHOTO KPeKUHra
NOACONHEYHOro Macna ¥ BakyyMHOTO ra3oins. YCTaHOBAEHO, 4TO Npu
COBMECTHOM KpPeKUHre yBeNU4YUBaIOTCA 061An KOHBEPCUA CMECEBO-
o Chipbsi ¥ BbIXOA GEH3UHOBON (PpaKLWK; MAKCUManbHbIR 3ddekT
gocturaetcs npu gobaenerun 3—10 Mac.% pacTUTeNbHOIO Macna.

KnioueBble cnoBa: KatanuTUYECKUH KPEeKUHT, palTUTENLHOE MAaCno,
6MuEOI'IVITHbI|7I Karanu3arop, TpUrnuepun, MupHsie KUCNoThl.

Makaposa E.W., bypaesa B.B., Ckuba E.A., Cakosuy I.B.

BepMeHTaTUBHBIA FTMAPONU3 LESAION03, MONYHEHHBIX
rUAPOTEPMUUECKOR 06PabOTHON MUCKAHTYCA N NNOROBbLIX
OBO0MIOMEK OBCA ...oeeueeevienieeeeeneieeieeeeenneereaneesenneereanns 68

WUccnepoBan (epMeHTaTUBHBIA TUAPONU3 LEANION03, NOAYYEHHLIX
obnaropaxupaHueM BONOKHUCTHIX NMPOAYKTOB NOCNe TMAPOTEPMO-
Gapuueckoit 06paboTKu CO B3PLIBOM [BYX BMAOB CbIpbA (MUCKAH-
TYyCa W NNoA0BLIX 060NOYEK 0BCA) B PEAKTOPE BLICOKOTO AaBNEHUA.
B kauecTBe Katranu3atopa Obina NpUMeHeHa MyNbTUIH3UMHAS KOM-
nosuuns u3 depMmeHTHbIX npenapator «Uennofliokc-A», «bpio-
3aitM BGX», «Panupasa LIP». YctaHoBneHo, 4To uennionossl, nony-
YeHHble 061aropaXuBaHEM BONOKHUCTBIX MPOAYKTOB W3 YKa3aHHbIX
BWOB CbIpbA Npu fasneHun 1,5 MMa, xapakrepusytoTes 6nuskod pe-
aKUMOKHOW cnocobHocTbIo: BIXOA pedyuupyowux sewecTs (PB) —
81 % (oT Maccwl cybetpara) M 87-91 % (0T Maccsl TMRPONU3YEMBbIX KOM-
noveutos). C nosbllieHueM faBneHns rugpotepmobapudeckoil obpa-
60TKM Cbipba (MUCKaHTyca) oT 1,5 ao 2,5 Mlla peakunoHHas cnocob-
HOCTb UeNnoNo3 K pepMeHToNn3y cHuxaeTca: Boixog PB coctasnset

can be used to develop the effective catalysts for (;—Cg gasoline
fractions isomerization to produce isomerate as octane additives in
modern gasoline.

Keywords: isomerization catalyst platinum dioxide, zirconium iso-
tope exchange.

BIOCATALYSIS

Doronin V.P., Potapenko 0.V., Lipin P.V., Sorokina T.P.
Transformation of plant oils in catalytic cracking........ 61

Effect of zeolite catalyst composition, the process conditions, the
nature of oil on the distribution of products at their targeted trans-
formations under catalytic cracking conditions was studied. The
study was conducted on bizeolite catalysts containing zeolites —
ultrastable Y and ZSM-5 in various proportions, and on the catalyst
LUX where 18 wt.% of zeolite Y in HREY form. It is shown that the
presence of ZSM-5 zeolite in the catalyst promotes the formation of
C,-C, olefins. Increased rigidity of the cracking process (increase
temperature and the ratio of catalyst : feed) increases the yields of
gaseous products and coke, while reducing the gasoline fraction.
Effect of the nature of vegetable oils was studied on the example
of palm, rapeseed, mustard and sunflower oils. It is shown that the
maximum yield of C,—C, olefins and gasoline have to use oils with a
high content of saturated fatty acids. The laws of the joint cracking
of sunflower oil and vacuum gasoil. It's found that the total conver-
sion of the feed mix and yield of the gasoline fraction increase at
ajoint cracking; maximum effect is achieved by adding 3-10 wt.%
vegetable oil.

Keywords: catalytic cracking, vegetable oil, bizeolite catalyst,
triglyceride, fatty acids.

Makarova E.V., Budaeva V.V., Skiba E.A., Sakovitch G.V.

Enzymatic hydrolysis of cellulose produced by hydro-
thermal treatment of miscanthus and fruit shells

Enzymatic hydrolysis of cellulose, derived by ennoblement of fib-
rous products after hydro thermobaric treatment with the explosion
of two tipes of feed (miscanthus and fruit shells oats} in the high-
pressure reactor was investigated. Multienzyme composition of the
enzyme preparations «CelloLux-A», «BrewZyme BGX», «Rapidaza CR»
was used as the catalyst. It's found that cellulose obtained by
ennoblement of fiber products these feed s at a pressure of 1,5 MPa,
characterized nearest reactivity: yield of reducing substances -
81 % (by weight of the substrate) and 87-91 % (by weight of
the hydrolyzable components . With increasing pressure of hydro
thermobaric processing of feed (miscanthus) from 1,5 to 2,5 MPa
to fermentolysis reactivity of cellulose decreases: reducing sub-
stances yield is 53-57 % (by weight of the substrate) or 56—
60 % (by weight of the hydrolyzable components.) The universality
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53-57 % (oT macchl cybetpara) unu 56—60 % (0T Macchl ruaponm-
3yeMbix koMnoHeHToB). [lokasaHa yHUBEPCANbHOCTL TMAPOTEPMO-
6apuyeckoro cnoco6a 06paboTkU pa3nuuHbIX BULOB HeLPeBECHOTO
CbIpbsi ANA NoCAeAyIolEero yCNewHoro GepMeHTonusa cy6erparos 8
pacTBopbl PB ¢ npeuMylecTBEHHbIM COfepHaHUeM MIOKo3bl. Nony-
YeHHble TakuM 06pasoM IOKO3HbIE MAPONU3aTLl ABAsOTCA A06-
POKaYecTBEHHbLIM ChIpbeM AN 6UOCMHTE3a He TONLKO TOMIMBHBIX
CMUPTOB, HO U WUPOKOFO Kpyra NpoAyKTOB MUKPOOMONOrMYECKoro
CHHTE33: aMUHOKMCAOT, OPraHUYECKUX KUCNOT, renb-nneHkn Gakre-
pUansHoi| Lenniono3sbi, 6eNKOBO-BUTAMUHHbBIX KOHLEHTPATOB U T.A,.

KntoueBnle cnoBa: depmeHTaTUBHbIA FMAPOAN3, ruapotepmobapu-
yeckan o6paboTka, MUCKAHTYC, NNoaoBble 060N0UKM 0BCA, BONOKHUC-
Tole npoaykTel, «bpio3aiim BGX», «lUeanofliokc-Aw, «Panugasa LiPy,
peayuupylolMe BEWeECTBa, MIOK03a, KCUNo3a.

Mpockypuna 0.B., Kopotkosa 0.1, Poxxosa A.M., Mateic B.10.,
Koweries A.B., OkyHes 0.H., Hemawkanos B.A.,
Cunuubina 0.A., Peun B.B., CunnysiH ALTI.

3uporniokanasa IV Trichoderma reesei — HOBbI KOMMO-
HEeHT 6UOKATaNIU3aTOPOB HA OCHOBE LLeJIDNA3HOr0 KOMN-
nekca rpuba Penicillium verruculosum gns rupponusa
HENNION030CoAepIKAEN BUOMACCDI ..c.oeeveeernnnnnnenennnnn. 73

OaHOW ¥3 aKTyanbHbIX TEXHONOTMYECKUX 3afiad Ha CEerofHAWHU
ZEHL ABAAETCA NoBblileHne IheXTUBHOCTY (DePMEHTHLIX npena-
paTos, OCYWECTBAAIOLIUX KOHBEPCHIO Lennonosbl. B naHHoi pabote
paccMOTpeH HOBEWWMWA MeTOf NOBLILUEHUA TWAPONUTUYECKON Crio-
CO6HOCTH LennioNasHeIX Npenaparos, 3aKN0YIWMACA BO BBEAEHUN
GhepMeHTOB HerMgpoNMTUYECKOro TUna AelcTBuA (monucaxapug-
MOHOOKCHUTeHa3) B LennononuTuueckuit komniekc. Ha ocHose pe-
KoMBMHaHTHOro wWramma rpuba Penicillium verruculosum, Hecywero
red aHgorniokaHasel 1V Trichoderma reesei, 6bin nonydeH depmeHT-
Hblil npenapar C yBeNUYEHHOW TUAPOAUTUHECKOW CNOCOBHOCTLIO.
Hcnonb3oBaHue faHHOro MeTOAa NO3BOAUAO NOBLICUTL IPPeKTuB-
HOCTb LeNNAa3Horo Komnnexkca Ha 20 %.

Knwouesble cnoBa: Penicillium verruculosum, nonncaxapmgMoHOOK-
cureHassl, aHpornokanasa IV Trichoderma reesel, hbepmeHTHbIA Npe-
napar, UenMonasHeiil KoMNAEKE, GUOKOHBEPCUSA LENI0NO3bI.

J xponuka
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Bennamuna Jlaebiosnya KanbHepa .........c.ccevveeinnieee. 81

Yneny pegronnerum xypHana « Karanus B npombituieHHoC-

of hydro thermobaric way of different types of non-wood feed for
subsequent successful fermentolysis of substrates into solutions
of the reducing substances with the predominant content of
glucose. The glucose hydrolysates thus obtained are good feed for
the biosynthesis of not only alcohol fuel, but also a wide range of
products of microbiological synthesis : amino acids, organic acids,
gel film of bacterial cellulose, protein and vitamin concentrates,
etc.

Keywords: enzymatic hydrolysis, hydro thermobaric treatment, mis-
canthus, fruit shell oat fiber products «CelloLux-A», « BrewZyme BGX»,
«Rapidaza CR» reducing agents, glucose, xylose.

Proskurina 0.V., Korotkova 0.G., Rozhkova A.M., Matys V.Yu.,
Koshelev A.V., Okunev 0.N., Nemashkalov V.A.,

Sinitsyna 0.A., Revin V.V,, Sinicyn A.P.

Endoglucanase IV Trichoderma reesei — a new component
of biocatalysts based on the cellulase complex of the fun-
gus Penicillium verruculosum for the hydrolysis of cel-
lulose bIoMaAss ......cocciirmiiiin e e re e 73

Improving the efficiency of enzyme preparations which performing
conversion of cellulose is one of the most pressing technological
challenges today. In this paper, the latest method is considered
to increase the hydrolytic ability of cellulase preparations compri-
sing administering a non-hydrolytic enzymes of the type of action
(polysaccharidemonooxygenase) in cellulolytic complex. Enzyme
preparation with increased hydrolytic capacity was obtained by a
recombinant strain of the fungus Penicillium verruculosum, carry-
ing gene endoglucanase 1V Trichoderma reesei. Using this method
it is possible to increase the effectiveness of cellulase complex up
to 20 %.

Keywords: Penicillium verruculosum, polysaccharidemonooxyge-
nase, endoglucanase IV Trichoderma reesei, enzyme preparation,
cellulase complex, bioconversion of cellulose.
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