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I OBLLUE BOMPOCHI KATAJIU3A

bensckasn 0.6., [ynsesa T.1., Qynnakuu B.K., Tnxono6os B.A.
Ponb rupponusoBanHbix hopm npeaurecTBeHHUKa B op-
MMPOBAHUM aiCOPOLNOHHBIX U KAaTaIMTUYECKUX CBOUCTB

HaHeCeHHOW nnaTuHbl B Katanusaropax Pt/AL,0, .......... 9

B ctatee npegcraBneHsi pesynbrathl, CBA3aHHbLIE C UCCIEAOBAHMEM
npouecca HOPMMPOBAHWA NAATMHOBLIX LEHTPOB KaTanu3aTopoB
Pt/AL,05 13 xnopuaHeix Komnnekcos naatuuel (IV), paznuyaouux-
ca mybuHoi rugponusa. MokasaHo, 4To Gonee nNpoyHoe B3aWMO-
AeACTBMe MEeTanNoKOMNNEKC — HOCUTENb HAa CTaAUU 3aKpenneHus
TMAPONU30BAHHOIO NpejllecTBeHHUKA NPUBOAUT K HOpMUPOBaHUIO
NNAaTUHOBLIX LLEHTPOB, OTIMYAIWMUXCA AaACOPOLUOHHBIMU U KaTanu-
TUYECKUMU CBOWCTBAMM OT CBOWACTB HAaHECEHHOro MeTanna, nosy-
YEHHOTO W3 XNIOPUAHBIX KOMNNEKCOB. YCTAaHOBEHHbIE Pa3inynA 3a-
KnioyaloTca B onee NpoyHoi aacopbuumn BOJOPOAA U NOHUKEHHOM
aKTUBHOCTU B rUapUpoBaHuK GeHsona. Kpome Toro, katanusatopsl,
nony4yeHHble U3 rMAPONNU30BaHHLIX HOPM KOMMMEKCOB, XapaKTepu-
3yloTcA Gonee BLICOKON AErMAPHUPYIOlLEN aKTUBHOCTBIO U CENEKTUB-
HOCTbi0 B apoMaTHU3aLUm H-renTaHa.

KnwoueBble CAOBA: anioMoNNaTMHOBLIE KATanW3aropel, B3aMMOAen-
CTBUE METaNNIOKOMNNEKC-HOCUTEND, THAPONU30BaHHbIE hopMbI Nna-
TUHOBbLIX KOMMNEKCOB, rWapupoBaHue GeH3ona, AervapupoBaHue
LMKNOreKcaHa, AermapoLUKIM3aLmUa H-renTaHa.

Bacunesuu A.B., baknaHosa 0.H., laspeHos A.B.,
Knsxesa 0.A., Tynaesa T.1., TpeHuxuH M.B., luxonobos B.A.

CMHTe3 U uccnefoBaHUe MAaCCUBHBIX KAPBUMAOB MONNG-
AleHa 1 HaHeCeHHbIX KapbuacoaepKalMx KaTanu3aTopos
coctaBa Mo,(/C, nonyyeHHbix METOJOM MeXaHUYECKO
AKTUBALIMM ..ooontinininininaeieneneneneraearnraraaseeasuesesnanennnnns 21

Brepsble cO3/1aHbl METOAMKM CHHTE3A MACCUMBHOTO Kapbuaa Monnb-
AeHa MeTOA0M MexXaHUYECKO! aKTUBaLWM Ha Bo3ayxe cMecn MoO,,
TEXHUYECKOro yrnepoaa U Zn; CHHTe3a HaHeceHHoro kapbuacoaep-
Kaulero Kartanuiatopa coctasa Mo,C/C meTooM MexaHU4ecKoi
aKTMBaLWUMU B WHEPTHOW Cpefle TEXHUYECKOrO yrneposa, NponuUTaH-
HOTO 16 %-HbIM BOAHLIM pacTBOpPOM napaMonubaata aMMoHua. [na
MeXaHOaKTUBUPOBAHHbIX KOMMNO3ULKUIA C NPUMEHEHWeM KOMMneKkca
DU3UKO-XUMUYECKUX METOAOB ONpeAeNeHbl COAepHKaHhe MeTannos,
pa3mMep 4acTuu, yaensHaa nnowaab NnoBepxHocTH, ha3osbiit COCTas.
Mero/i0M 3n€KTPOHHOW MUKPOCKONUW U3y4eHO CTpoeHUe Kapbuaco-
AEpHalLero HaHeCEHHOro Katanusatopa, METOAOM TeMmepaTypHo-
nporpaMMupyeMoil Aecopbunn aMMUaKa M3yYeHbl ero KUCNOTHble
CBOMCTBA W NpOBeJeHbl KaTanUTUYeCKUe UCNLITAHUA B MOAENbHbIX
peakuuax ruapoobeccepusanmna aubersotuodena ([bT) u apoma-
TH3aumuu ankaHos. [loka3aHo, 4To karanusarop cocrasa Mo,C/C npo-
ABNAET BLICOKY!O aKTUBHOCTb B 3TUX peakumuax: KoHsepcua 6T npu
BpeMeHW KOHTaKTa 3-6 4 coctasnaet 80-85 %. KoHBepcus #-renta-
Ha NpuY BpeMeHW KoHTaKTa 2 4 coctaenaet 31,2 %, U NpoyKTOM peak-
unu Ha 100 % asnseTcs Tonyon. YsenuyeHue BpeMeHU KOHTAKTa [0
6 4 NPUBOAMT K CHUXKEHUIO KOHBEPCUU H-TenTaHa fio 1,3 %, npudem

Institute of Hydrocarbon Processing SB RAS -
10 years anniversarny ........ccc.eceeeueeeeecerunereneresnnereennnns 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,0,
CatalystS...oooeniieee e 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-
mgﬁzation 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 O.N., Lavrenov A.V.,
Knyazheva 0.A., Gulyaeva 1.1, 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 Mo,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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Copepxanue

B COCTaBe NPOAYKTOB peakuuu cogeprurca o 47 % yukncankados
Cs—C;. Peaynetartsi paboTel CBUAETENLCTBYIOT O BLICOKOH Kartanutu-
yeckoW aKkTUBHOCTM KaTanusatopa coctaBa Mo,C/C, nonyuenHoro
METOZOM MEXAHUYECKOW aKTUBALUMU,

Kniouesble CnOBa: BLICOKOAUCNEPCHbIA KaTanui3aTop, MexaHuuec-
Kas aKTMBaUUA, kapbug Monubgena, ymepoga,.

KATAJIU3 B XMMUYECKOW
W HEOTEXMMUYECKOW NPOMbBIUIEHHOCTH

fopaees A.B., Knazes A.C., Bopsnkuna 0.8B.
Meratesuc TpaHc-6yTeHa-2 U 3TUEHA B NIPONUAEH HA Ka-
TaNU3aTopax Ha OCHOBE MOSIMBAEHA ...........ceenmnnnennnn. 30

( yenbio NPOANEHUA BPEMEHU KU3HN MONUBAEHOKCUAHBIX KaTanu3a-
TOPOB B PEAKLMW METATE3NCA 3TUNIEHA W ByTeHa-2 B NPONUNEH B Ka-
yecTBe HOCUTENA MCMONL3OBAH HOBLIH ANIOMOYINEPOAHBIA COpBenT
(AL05-C), umeroLMis pa3euTyI0 NOBEPXHOCTS (430 M2/T), BhicOKMe Cop6-
LIMOHHYIO @MKOCTb, MEXaHUYECKYI0 NPOYHOCTL (He Menee 5 H/mMME),
Metopamu P3M u apcopbunu uccnenosaHbl MopdoNorua U TeKCTyp-
Hble XaPaKTEPUCTUKU NOBEPXHOCTU Katanusatopa 10 % Mo0,/Al,05-C
¥ cpahuTenbHoro obpasua ~ 10 % Mo0,/AL,05. C noMowsio TepMu-
YECKOT0 aHanW3a U3yyeH NPOLECC aKTUBaUUU katanusaTopos. [po-
BefeHbl KATANUTUUECKUE UCTBITAHUA B PEAKLMI METATE3NCA 3TUNEHA
# Tpanc-byTena-2 B nponune (22-150 °C, gasnenne 10 Kkrc/m’,
(,Hs/C4Hg = 1). MokasaHo, uto B cpasHeHuu ¢ Mo0y/y-Al,04 kaTanu-
3atop Mo03/AL,05-C obecneunsaet 6onee BLICOKYI KOHBEPCHIO Pe-
areHToB, Gynbiyio CENEKTUBHOCTL NO NPONUAEHY 1 Bonblee BpeMA
wusnn. Katanuzarop Mo0;/AL04-C MoxeT GbiTh pekoMeHfoBaH AN
NPOMBILIEHHOTO UCNONL3OBAHUA B NMPOUECCE METATE3IUCA ITUEHA 1
GyTeHa-2, Tak KaK No CPaBHEHUMIO C NPOMBHUNEHHbIM KATaNU3aTOPOM
W0,/5i0, oH nossonseT npoBORUTL NpoLeCcC NpU Bonee MArKUX yc-
N0BUAX M € 60NLIWKMM BLIXOLOM LENEBOTO NPOAYKTA.

KnioyeBble cnoBa: MeTates3uc, oKcup MonubaeHa, NponuneH, 3Tu-
JeH, TpaHC-byTen-2.

I WHKEHEPHBIE NPOBJIEMBI.
3KCRAYATALIUA U IPOU3BOJCTBO

Cmonuros M., Kupwsros [1.U., Konmaropos K.B., ¥apac U.E.,
3atonokvHa E.B., benwiit A.C.

OnbiT NPOMBILNEHHOTO NPOM3BOACTBA U IKCAAYATIUUU HO-
BbIX KaTanu3satopos pucopmuira f1IP-81 U LHNP-81.....36

UMy CO PAN paspaboTtadst # BHEAPEHL B NPOMbILINEHHOE NPOU3-
BOACTBO HOBble KaTanuiatope! pudopmudra (1P-81 u WLITP-81, ot-
suvalomecs ot npegwectseHHukos (MP-51 u MP-71) nosbitweHHoi
MexaHUuecKo# npoyHocTsio (1,8-2,2 npotus 1,2-1,5 wr/mM). Ha
0AQ «AHrapckvit 3aBoj KaTanu3aTopoB W OPraHUYecKoro CurTesay
HK «PocHedTb» HapaboTanb ueThipe napTUU KaTanu3atopos obuiei
Maccoit 78 T fns Tpex NPOMbIWAEHHBIX YCTAHOBOK puUdopMunra, pabo-
Talwwux no Gen3uHoBOMyY U apoMatuueckoMy sapuanTam (000 «flyp-
HedrenepepaboTtkan, OAD «laznpom Hedrexum Canasar», 0AO «fa3-
npomuedTs ~ OMckuit HM3»). MpoBepen cpasHUTenbHLIA aHanu3 pa-
60Tb! HOBbIX KaTaN3aTOPOB U UX NpefwecTBeHHUKOB. [TokasaHo, YTo
katanusatop fP-81A, npuMensasiitca Ha yetanosxe JIN-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 (A(,03-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 % Mo0y/Al,05-C and comparative sample —
10 % Mo05/AL,0, were investigated by SEM and adsorption. The ac-
tivation of catalysts was studied using the thermal analysis. Cata-
lytjc 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,05-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., Kiryanov 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 Campgny 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 («Purneftepererabotkan,
«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., xapakTepu3yeTcs NOBLILIEHHOR aKTUBHOC-
Toto (Temneparypa AOCTHMKeHWUs TpebyeMoil KecTKoCcTH npoyecca
Ha 25-30 °C Huke, yem ans P-71), npu 3TOM Bbix0f CTabUALHOTO
pyopmMarta Ha 2—3 Mac.% sbitlie, a COAepIKaHME 3POMATUUECKHX yI-
neBOAOPOAOE Ha 5 % Mac. Hue. KoM6UHWpOBaHHan 3arpyska ycrta-
HoBKHM J1-35-11/600 katanu3atopamu TP-81A/WWLINP-81 cbecneuunna
nonyyexue komnoHeHta 6eHsuna ¢ MOY 95-97 pame npu Hebnaro-
MPUATHBIX KAYeCTBE ChIPbs # YCAOBUAX IKCNyaTauuu. fonyderHse
pe3ynsrathl NO3BONAIOT PACCHUTLIBATL HA WWPOKOE BHEApPEeHWe HO-
BbIX Katanu3atopos Ha HI3 Poccuu 1 cTpaH 6aunHero 3apybexsa.

Kniouepble ¢noea: katanusatopsl pudopMuHra, OKTaHOBOE YUCHO,
6eH3MH, apoMaTUyecKue yrneBofopOasl, BbIX0oA CTabunbHOTO Kata-
nusara.

I OTEYECTBEHHbIE KATAJIU3ATOPbI

bekmyxamepos I. 3., Eropoea C. P., Jlambepos A. A.

BnuaAnue npupogbl OKUCHOKPEMHUEBbIX CTPYKTYP HA aK-
TUBHOCTb aNIIOMOXPOMOBOT0 KaTaNu3aTopa B peaKkunu pe-
FUAPUPOBAHUA H30OYTAHA......eeeeeeeeeaeeeeeeeieeeeeaniecneeans 41

C nomouwsto meTopos agcopbumnu, POA, TeepagofetansHoro SIMP 294,
TepMONPOrpaMMpoBaHHOH fecopbuumn ammmuara, YO-sua- u KP-cnekt-
POCKONWM W3y4eHb! 3aKOHOMEpHOCTU (OPMUPOBAHUS OKUCHO-
KpeMHWeBbIX CTPYKTYP B COCTaBe ajlOMOXPOMOBOTO Karanusatopa
LeruapupoBaHus W300yTaHa. YCTAHOBNEHO, YTO KPEMHUA B KOMW-
yectee 0,5-1,2 mac.% pacnpefened Ha NOBEePXHOCTU Katanusartopa
B Bupe ctpykryp Si(0Si),. C ysenuueHueM ero copepaHusa go 2,2—
3,6 mac.% nomumo Si(0Si), Ha NOBEPXHOCTU NMPUCYTCTBYIOT CTPYK-
TypHeie 3nemenThl  Si(0Si)3(0-). ®opmuposanue OKUCHOKpeM-
HUEBLIX CTPYKTYpP Ha NOBEPXHOCTW Katanusatopa obycnosnusaer
Bo3pacTaHue KoHueHTpauuu uoHoB Cr(III) u ymeHbweHne nosepx-
HOCTHOM KUCNOTHOCTH, YBENUYUBAETCA aKTUBHOCTb U CENEKTHBHOCTD
Katanu3aTopoB 8 peakL i AeruapupoBaHis u3obytaHa.

KnioyeBble cNoBa: anioMOXpPOMOBLIA Katanu3aTop, KpeMHUMA, OKCUL,
xpoma (III), peruppupoBaHue.

Cmonukos M. [1., fonyapos B.b., Cagosckas E.M., Kazanues K.B.,
3atonokuHa E.B., Kupeanos [.W., Naykwtuc E.A.,
banbwunumaes b.C., benbid A.C.

U3yueHue ponu coCcTOAHMA NATUHBI B KaTanu3aropax
Pt/S0,/Zr0,/Al,0; aAnA U3oMepU3aUNK H-TEKCAHA ....... 51

MpurotosneHs 0bpasubl katanu3saropos SO,/Zr0,/Al, 05 u Pt/AL04 4
ux PUINYECKMX CMecelt, M3ydeHbl KaTanuTuyeckue cBONCTBA obpas-
LLOB B peaKLMu U3oMepU3aLLUN H-reKkcaHa. BoisieneHo cylecTseHHoe
B/IWAHUE COCTOAHWUA NNATUHLI HA KaTaNUTHYECKUE XapPaKTEPUCTUKM
o6pasuos. Metopamu MWK-cnektpockonuu (CO,, ), xemocop6uuw
KUCNOpOAa U KUCIOPOAHO-BOAOPOAHOTO TUTPOBAHUA NOKA3aHO, YTO
B BOCCTAHOBNEHHOW hOpPME KaTanu3aTopoB NPUCYTCTBYIOT UOHHbBIE
opMbI MNaTUHL!, cnocobHble agcopbupoBaTh 0 Tpex aToMOB BOAO-
POfi@ Ha KaXAbl NOBEPXHOCTHLIA aTOM NNatuHel. C NOMOWLIO U30-
TonHoro H/D-obMeHa yctaHosneHo, yTo cneundudeckue CBoHCTBA
WOHHOM NA3TUHE! NPOSBAKIOTCA B 06pa3oBaHUN TMAPULHON hopMbl
agcopbuposarHoro sofopoga. CaenaHo npefnonoxeHue, YTo ak-
TWBHOCTb M CTaBMNLHOCTL KaTanu3aTopoB Ha OCHOBe cynbdaTUpo-
BAHHOTO [UOKCUAA LYUPKOHUA B PeakLUu N30OMEPU3aLUmU 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 wi.%
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

of isobutane...............coociiiiiiiiiiii 41

Laws of formation of oxide-silicon structures in the aluminum-chro-
nyium 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, silicon oxide, chromium (IIT),
dehydrogenation.

Smolikov M.D., Goncharov V.B., Sadovskaya E.M., Kazantsev K.V,
Zatolokina E.V,, Kir'yanov 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,4) 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
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CopepxaHue

06ycnoBAEHbl Y4acTUEM MOHHOW U METANNIUYECKOMH NNATUHBI B aKTU-
Bauuu BoAopoAa. NonyyeHHble pe3ynsTaTel MOFYT GbITh UCNONBL30BA-
Hbl ipu pa3paboTke 3theKTUBHBIX KATanu3aTopoB M30MepU3aLUu
(5-C4-BeH3nHoBbIX PpaKLnit Ana nonyYeHUn U3oMepu3ata B Kayec-
TBE BbICOKOOKTaHOBOM 063aBKM B COBpPEMEHHble GEH3UHbI.

KnioueBble cnoBa: M30MepU3auuaA, NNATUHOBLIE KATANU3ATOPLI, AU-
OKCUA UMPKOHWA, U30TOMHBIA 06MeH.

| EUOKATANIU3

Jloponun B.M., MoTtanenko 0.B., llunun I1.B., Copokuna T.1I.

lIpespauteHUa pacTUTENIbHbIX MAcesl B YCIOBUAX KaTaiu-
THUECKOTO KPEKMHTA ...oeveinieieiieeasiaasanaeaeaaaanaaaaaaenaans 61

W3yueHo BNUsHME cCOCTAaBa LEONATCOAEPHKAWEro KaTanu3atopa,
YCNOBUIA OCYWECTBNEHUs Npolecca, NPUpofiLl Macen Ha pacnpefe-
NieHne LueneBbIX NPOAYKTOB MPU UX NPeBpalLeHUAX B YCNOBUAX Ka-
TanuTMYecKoro Kpekuura. Uccneposadue nposogunu Ha 6uleonut-
HbIX KaTanu3atopax, COflePXalUxX UEONUTHl, ~ YNbTpacTabunbHbIA
Y u ZSM-5 B pa3nuyHbiX NponNoOpuUKAX, U Ha KaTtanu3atope JILOKC —
18 mac.% ueonuta Y B HP33-dopme. flokasaHo, YTo Hanuyue Leonuta
ISM-5 B cocTase katanv3satopa cnocobcTeyeT 06pasosaHuio onedu-

HOB CZ—C4. YBenuueHue KecTkocTu npouecca KpeKuHra (I'IOBbIUJeHMe §

TeMnepaTypbl ¥ COOTHOWEHMUA KaTannu3aTop : Cbipbe) NPUBOANT K yRe-
NMYEHUI0 BbIXOAA ra3006pa3Hbix NPOAYKTOB U KOKCA NpU OfHOBpe-
MEHHOM yMeHbLIEHWHN Bhixofia 6EH3UHOBOMR tpakuuu. BauaHue npu-
podbl pacTUTENbHBIX MaceN UCCNeoBaHO HA NpUMepe NanbMOBOTO,
pancoBoro, rOPYUYHOTO U NoAconHeyHoro macen. MokasaHo, 4To Ans
MaKCUManbHbIX BbIX0A0B onednHos (,—C, u GeH3una HeobxoanMo
MCNONL30BATL MacNa C NOBbLIWEHHLIM COflEPKAHUEM HACHIUEHHBIX
WUAPHBIX KUCNOT. W3yyeHbl 3aKOHOMEPHOCTU COBMECTHOTO KPeKUHra
NOACONHEYHOTO Macna U BaKyyMHOTO0 ra3oiina. YcTaHoBAEHO, YTO Npu
COBMECTHOM KPEKWHTE YBEIWNYMBAIOTCA 06WaA KOHBEPCUA CMeceBo-
10 CHIpbS W BbIXOA GEH3UHOBON pakunWu; MakcUManbHbIA 3dekT
pocturaevcs npu gobasneHuu 3—-10 Mac.% pacTUTeNbHOro Macna.

KnioueBble c10Ba: XaTanuUTUHECKUI KPEKWHT, pacTUTENbHOE Macno,
BULeONUTHBIN KaTanu3aTop, TPUMULEPHUA, KUPHLIE KUCNOTI.

Makaposa E.W., bynaesa B.B., Ckuba E.A., Cakosuu I.B.
GepMeHTaTUBHBINA FMAPOJIU3 HEANH0N03, NONIYYEHHBIX
ruppotepMuyeckoi 06paboTKoi MUCKaHTYCa U NJIOAOBLIX
000MI0UEK OBCA ..vveeeeneeeeenneeernnneeeerenneeesneeesnnsenesnnnnns 68

Uccneposad depMEHTATUBHbLIA TMAPONN3 LENNION03, NONYYEHHbIX
06naropaxmMsaHMeM BONOKHUCTLIX NPOAYKTOB Nocne ruApoTepMo-
6apuyeckoit 06paboTKM CO B3pbIBOM ABYX BWAOB CbipbA (MUCKAH-
Tyca u nnoAosbix 060NM0YEK 0BCA) B PeaKTOpe BLICOKOTO AaBNeHMs.
B Kauectse katanu3atopa 6Gbina NpUMEHEHa MyNbLTUIH3UMHAA KOM-
nosMuua u3 depmenTHeXx npenapatos «llennofliokc-A», «bpio-
3aiim BGX», «Panupasa LP». YctaHoBNeHo, 40 Uennonossl, nony-
yeHHble 06NaropaXuBaHWeM BONOKHUCTLIX NPOLYKTOB M3 yKa3aHHbIX
BMBOB CIpbA Npu AasneHuu 1,5 MIla, xapaktepusytotca 6nu3koi pe-
FKUMOHHOM CnocoBHOCTbIO: BbIXOA pepyuupylowux sewects (PB) —
81% (o7 Maccel cybeTpata) M 87-91 % (0T Macchl ruipONU3YEMBIX KOM-
noHexTos). C noselweHWeM gaBneHus rugpotepMobapuyeckoi obpa-
60TKM cbipbs (MUCKaHTycA) oT 1,5 po 2,5 Mila peakunoHHas cnocob-
HOCTb LENIoN03 K PepMeHTONNU3y CHUXaeTca: BbixoA PB coctasnser

can be used to develop the effective catalysts for C;—C4 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, 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
a joint 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 catalyste 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 subsfances —
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 % (o1 Maccel cybeTpata) unu 56-60 % (OT Maccel rUAponu-
3yeMbix KoMnoHeHToB). [lokaszaHa yHMBepcanbHOCTH TMAPOTEPMO-
6apuyeckoro cnocoba 06paboTKKU pa3UUHbIX BUAOB HEAPEBECHOFO
CbIpbs pAIs NOCAeAyIoWero yenewHoro depmeHTonusa cybcrpatos B
pacteopbl PB ¢ npeumyliecTBeHHbIM COAEPKAHMEM MIIOKO3bI. [Tony-
YeHHble TakuM obBpa3oM MIIOKO3HbIe TMAPONM3ATH ABAAIOTCA [OO-
POKAYeCTBEHHLIM CbIPLEM ANA BMOCUHTE3A HE TOJLKO TOMIUBHBIX
CMUPTOB, HO U LWIMPOKOTO Kpyra NpOAYKTOB MUKPOBUONOTUYECKOTO
CUHTE3a: aMUHOKWCAOT, OPraHWYeCKUX KUCNOT, refb-nieHKu bakte-
pUanbHoi Lenntao3sl, 6€NKOBO-BUTAMUHHBIX KOHLEHTPATOB U T.4.

KnioueBble cnoBa: gepMeHTaTUBHLIA TURPONU3, ruapoTepmobapu-
yeckas 06paboTKa, MUCKAHTYC, NI0A0BbLIE 0BONOYKN OBCA, BONOKHUC-
Thie npoayKThl, «bpto3ailm BGX», «Uennolliokc-A», «Panupasa LiPy,
penyuMpyloLiMe BellecTBa, MoKo3a, KCunosa.

Mpockypuna 0.B., Kopotkosa 0.T., Poxkoea A.M., Mareic B.10.,
Kowenes A.B., OkyHee 0.H., Hemawkanos B.A.,
Cunuuysiva 0.A., Pesun B.B., CuHuubiH A.M.

vpornwokanasa IV Trichoderma reesei — HoBbl KOMNO-
HEeHT 6MOKATaNIN3aTOPOB HA OCHOBE UENJI0Na3HOro KOMN-
nekca rpu6a Penicillium verruculosum pna rugponusa
LeNNIoNo30coAeprKaled BUOMACCHE ... .ceeerrreeeeaneeee. 73

ORHOM M3 aKTyanbHbIX TEXHONOTMYECKUX 3aAay HA CETORHALHMWIA
AeHb ABAAETCA noBblleHne 3PpPeKTUBHOCTM depMeHTHLIX npena-
paToB, OCYLECTBASAIOWMUX KOHBEPCHUIO Lennionossl. B gaHHoit pabote
paccMoTpeH HOBEUWWA MeTop NOBLILIEHUS TUAPOAUTUYECKOW Cro-
CoOHOCTY UeIIna3HLIX NPENapaToR, 3aKI0YaIoLMACA BO BBEREHUM
(hepMeHTOB HeruapoNnuTUHECcKoro TUna pAeicTBuA (Noaucaxapua-
MOHOOKCUTeHa3) B LeNNION0AUTU4ECKUA KoMnnekc. Ha ocHoge pe-
KoMbuHaHTHOrO wramma rpuba Penicillium verruculosum, Hecywero
red sHpomokaHassl IV Trichoderma reesei, 6bin nonyuen hepMenT-
HbiA Mpenapar ¢ yBenWYeHHOW TUAPOSUTUYECKOW CMOCOBHOCTBIO.
Wcnonb3oBanue aaHHOro MeToAa NO380NU0 NOBLICUTL 3PPeKTUR-
HOCTb LieantonasHoro koMnaekca Ha 20 %.

Kniwouessle cnosa: Penicillium verruculosum, nonncaxapuaMoOHOOK-
cureHassl, 3Hgorokanasa IV Trichoderma reesei, pepMeHTHbIN npe-
napar, UennaasHelit KOMNIEKC, BUOKOHBEPCUA LENNIONO03bE.
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of hydro thermobaric way of different types of non-wood feed far
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 biomass ........ceueieeieiiiieiiiiiiiiiiiiir 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 IV 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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