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I KATAJIU3 M HAHOTEXHOJI0T UM

bysHos P.A., lapmon B.H.

0 nonudyHKUMOHANLHBIX MOHOKPUCTANNINYE CHUX
CTPYKTYPAX HAK 0 HaHOPO6OTaX, yNpaBNAIOLIUX HAHO-
TEXHOTMOTUAMM oottt i iaereeaneeaaenraeieeaeeaaannins 11

Mcxops M3 npeAcTaBneHUd 0 HAHOPA3MEpPHOM Mupe w 0COo-
6eHHOCTAX METORONOIUK ero NO3HAHW:, AUCNEpCHan 4acTvua
HWKEens paccMOTPEHA B PONM MONUGDYHKUWOHANBHOW HaHopa3s-
MERHON CTPYKTY LI, 06Nagatolieit cnocobHOCTbIO yNpPaBIATL Ha-
HOTeXHOoNornAMu. B KauecTBe NpUMepPOB TAKUX HAHOTEXHONOTUI
paccMOTPEeHb!: CUHTE3 YINepoAHBIX HAHOPa3MEPHbIX NPOAYKTOB
(HuTeld, BONOKOH M Ap.) yepe3 KaTanuTUYeCKOe Pa3noMeHue
yrNeBOlOPOA0B N0 MeXaHUIMy KAapOUAHOTO UWKAA, NPOUECCH
rUAPUPOBAHWA aPOMATUHECKUX COEANHEHNN, BHICOKOCENEKTUB-
HOTO TUAPUPOBAHMWA aleTuneHa B 3TuneH U bytagueHa B byTU-
neH.

Kniouerblie cnoea: nonudyHKLMOHANBLHAA HAHOpPA3MepHas
CTPYKTYPa, HAHOTEXHONOT UM, YINEepOfHble HAHOpPa3MepHble Apo-
AYKThI.

KATAJIU3 B HEDTENEPEPABATLIBAIOILLEH
NPOMbIUTIEHHOCTU

Kazawor M.0., Jlaspenor A.B., Qynnakun B.K.
TupponszomMepusayma 6eH3oncoaepalux 6€ H3INHOBbIX
¢pakumnu Ha katanusarope Pt/S0, -Zr0,-Al,0;.
MNpeBpauieHNA MOLENILHOTO U PEANLHOTO ChIpbA ......... 15

WayueHo npespawenue bHewsoncofepmauinx 6GeH3UHOBbIX
bpakynit Ha GUdYHKUMOHANBHON| KAaTanuUTUUECKOW cucTeMe
Pt/SOZ ~Zr0,~Al,0; C pasnuuHbiM XUMUUECKUM COCTAaBOM
Hocutensa. flo pesynwraTam ruapoMsoMepu3auMn MOfENtHOU
CMecH rentad — 6GeH30N NOKa3aHo, YTO ONTUMANLHLIMK Ka-
TanuTUUeCKUMU CcBoWcTBaMU oOnafaer cucTeMa, HOCUTENb
KOTOPO# copepwuT 67,8 mac.% okcuaa anwomubua. Qns 6ex-
3oncofepxalien gppakuuu H.k.—85 °C (23,7 Mac.% GeH3ona)
NPOMBILNEHHOTO NPOUCXOMAEHUSA YCTAHOBAEHO, YTO AAHHLIN
KaTanu3atop faeT BO3MOXHOCTb MOAHOTO YAANEeHUA apPeHOB U3
6eH3oncopepmaleit ppakUnu NpY NOBLILIEHUU €€ OKTAHOBOTO
YUCNA Ha 2,2-3,3 NyHKTa N0 UCCREAOBATENbCKOMY METOAY C CO-
XpaHeHueM BHICOKOTO BhIXOAa MUAKWX NPOAYKTOB — Ha YPOBHE
98,7 mac.% v 6onee.

KnwoyeBhie cnosa: cynbaTupoBaHHbIit AUOKCUA UUPKOHUS, THA-
POM30MEPU3ALMSA, CHUKEHWE COAEPKAHUR OeH30Ma.

55 year anniversary of Boreskov Institute
of Catalysis SB RAS ...t reeeaees 8

Congratulations Valentin Parmon - Editor-in-Chief
of «Catalysis in Industry» magazine! ......................... 10

CATALYSIS AND NANOTECHNOLOGY

Buyanov R.A., Parmon V.N.
About multifunctional single-crystal structures
as nanorobots that govern nanotechnology ................ 11

Based on the understanding of the nanoscale world and fea-
tures of the methodology of his knowledge, the dispersed
particle of nickel was considered as multifunctional na-
noscale structure with the ability to manage nanotechnolo-
gy. As examples of such nanotechnology it was considered:
the synthesis of carbon nanoproducts (fibers, filaments, etc.)
through the catalytic decomposition of hydrocarbons by the
mechanism carbide cycle, processes for hydrogenation of aro-
matic compounds, a highly selective hydrogenation of acety-
lene to ethylene, butadiene to butylene.
L ]

Keywords: multifunctional nanoscale structure, nanotechno-
logy, nano-carbon products.

CATALYSIS IN PETROLEUM
REFINING INDUSTRY

Kazakov M.0., Lavrenov A.V. Duplyakin V.K.
Hydroisomerization of benzene containing gasoline
fractions on catalyst Pt/S0; -Zr0,-AL,0,. Transforma-
tion of the model and realfeed ................................ 15

Cqnversion of benzene containing naphtha on bifunctional ,
catalytic system Pt/SO;™-Zr0,-Al,0; with different chemical
compositions of support is studied. Results of hydroisomeriza-
tion of model heptane-benzene mixture showed that the opti-
mum catalytic properties possessed by the system, wherein the
support comprises 67,8 wt.% alumina. For benzene containing
fraction IBP-85 °C (23,7 wt.% benzene) of industrial origin
it is found that the catalyst allows the complete removal of
the arenes from benzene containing fraction at increasing its
octane number up on 2,2-3,3 points by the research method
while maintaining a high yield of liquid products (98,7 wt.%
or more). h

Keywords: sulfated zirconia, hydroisomerization, benzene re-
duction.
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3vipsaHosa M.M., bagmaes C.[1., benses B.[l., AMocos H0.1.,
CubiThukos M1.B., Kupunnos B.A., CobanuH B.A.
Katanutnueckas KOHBEPCUA YINEBOJOPOAHONO ChipbsA

B TOMJTUBO OJ1A 3HEPrOYCTAHOBOK ..ooveinieimiiininininannnens 22

PaccMoTpeHa BO3MOXHOCTb peanu3aunu NPUHUMAA «MYNETUTOR-
NUBHOCTW» — NONYYeHUs BOAOPOACOAEPIKALLETO ra3a U3 paznuy-
HbIX BUAOB YIMEBOAOPOAHOTO Chipbs HA OAHOM KaTanu3atope B
BAM3KUX peaKUMOHHbIX ycnoBuax. Uccnegosanus npoBefeHbl Ha
NpUMepe peakLuu NapoBON KOHBEPCHUU [IBYX TUNOB YrNEBOAOPOS-
HbIX CMECen: fU3eNbHOro TONAUBa, oTBeyatolero HopMam [OCT P
52368-2005 (EH 590:2004), 1 cMecu MeTaHa U Nponaxa, Moge-
NMPYIOLLEN COCTAB NONYTHbIX He(TAHLIX Ta30B. BLIGOP AaHHBIX BU-
[IOB YrNeBOLOPOAHOTO ChipbA OBYCNOBAEH WX NOBCEMECTHBIM NpU-
MEHEHWEM B KAyecTBE TONAMBA B IHEPTOYCTAHOBKAX PazNUYHOTO
TUNA. JKCNepUMeHTBl NPOBOAUNM B NPOTOMHOM KaTanUTUYeCKO
yCTaHORKe B 06nactu TeMnepatyp 250-480 °C (ans cMecu MeTaH —
nponaH) u 500-600 °C (gna AusensHoro TonAuBa) Npu fasne-
Huax 1-15 aT™ Ha HUKenbCoAepxalleM xatanulatope HAAM-18.
TNoka3saHo, 4To flaHHbli KaTanu3atop cnocobel obecneyuTs KOH-
BEPCUI0 Pa3HbIX BUAOB YrNEBOJOPOAHOIO ChiPb B CUHTE3-Ta3 U
MeTaH-BOAOPOLHbLIE CMECH, KOTOpblE MOTYT BbITh UCNONL3OBAHBI
B KauecTse TONAWUBA B IHEProyCTAHOBKAX HAa OCHOBE BbICOKOTEM-
NepaTypHbIX TOMIUBHLIX 3/1EMEHTOB, B UCKPOBbIX, AU3ENbHBIX W
Ta30AN3eNbHLIX ABUTATENAX BHYTPEHHETO CropaHus.

KnioyeBble cnosa: naposas KOHBepPCUA YrieBOfOPOAOB, TON-
NUBHBIA npoleccop, KatanuTuueckuid pedopmep, HUKenbCOfep-
Kaljue KaTanu3aTopsl.

lanpamaka C.H., Tumodeer B.B., [lemenorckun [l.A.,
Kappawes C.B., NapeHaro 0.0., barparawsunu B.H.,
Cepruenko C.A., bpycosa I'.T1., flyHuH B.B.

0 BO3MOYHOCTH CBEPXKPUTUYECKON (NIOUJHOM pereHe-
pauuy NPoMbILIEHHOMO KaTanu3aropa pugopMuura
Pt-Re/y-Al,05 B cMecax 03/C0, ..oooeniiiiiciiiae 27

PaboTa NnpofonKaeT UMKN UCCNeA0BAHUM, HANPABNEHHBIX HA pa3-
paboTKy HOBbIX NOAXCAOB K PereHepalum 3aKoKCOBAHHbBIX GUMe-
TANNMYECKUX TeTeporeHHbIX cucteM. lpoBefieHo cpaBHeHue ax-
TUBHOCTU B PUDOPMUHTE H-renTaHa Tpex o6pasuos NpoMbiLNeR-
HOTO KaTanusatopa pudopmunra Ru-125 (Pt-Re/y-Al,03): ceexero
(A), BHIFpYXEHHOTO U3 NpoMbilneHHoro peakTopa (b) u obpasua
b nocne eroc 06paboTKkU 030HOM B CBEPXKPUTUYECKOM AMOKCUAE
yrnepoga (B). YcranosneHo, uTo o6pasey b cyluecTBeHHO fie3akTu-
BMPOBAH: KOHBEPCUA H-TenTaHa W BbIX04 NPOSYKTOB pUuthopMUHTa
B OCHOBHOM CYW|eCTBEHHO HWKE, YeM Ha CBEXEM KaTanusaTope.
MNocne o6paboTku ero B 03/CK-CO, 3HaYeHue KOHBEPCUM H-TeN-
TaHa He TONbKO BOCCTAHOBUAOCH A0 YPOBHA CBexero o6pasua (A),
HO ¥ NpeBbICUNO ero B 1,2 pa3a. KayecTBeHHbIA COCTaB NPOSYKTOB
Ha obpasuax (A), (b), (B) npakTUuecKu 0AMHAKOB, OfHAKO eCThb U3-
MEHEHUA B KONMUECTBEHHOM COOTHOWEHUK OTAEABHLIX NPOAYKTOB.
CaenaH BLIBOA, 4T pereHepauus ¢ MCNONL3OBAHWEM 030HA nepc-
NeKTUBHA ANA fanbHelWwel pa3paboTKU U MACWTaBUPOBaHMS.

Kniouessle cnoea: xatanu3satopbt pudbOpMUHTa yrneBoAopOAOB,
CBEPXKPUTHYECKUI UOKCHA YTNepoaa, 030H.

Zyryanova M.M., Badmaev S.D., Belyaev V.D., Amosov Y.I.,
Snytnikov P.V,, Kirillov V.A., Sobyanin V.A.

Catalytic conversion of hydrocarbons into fuel

for power plants

The possibility of implementing the principle of «multi-fuel» —
to produce hydrogen gas from various types of hydrocar-
bons on the same catalyst in the similar reaction conditions
is considered. The studies are conducted on the example of
steam reforming reaction of two types hydrocarbon mixtures:
diesel fuel that meets Russian standards GOST P 52368-2005
(EH 590:2004), and a mixture of methane and propane, which
simulates the composition of associated gas. The selection of
these types of hydrocarbons due to their widespread use as fuel
in power plants of different type. The experiments were per-
formed in flowing catalyst installed in the temperature range
250-480 °C (for the methane-propane) and 500-600 °C (diesel
fuel) at pressures of 1-15 atm on nickel catalyst NIAP-18. It
is shown that the catalyst is capable to provide the conver-
sion of different types of hydrocarbon to the synthesis gas and
methane-hydrogen mixture, which can be used as fuel in power
plants based on high temperature fuel cell, in the spark, diesel
and gas diesel internal combustion engines.

'Keywords: steam reforming hydrocarbon fuel processor refor-

mer catalyst, nickel catalysts.

Gaydamaka S.N., Timofeev V.V, Lemenovsky D.A.,

Kardashev S.V., Parenago 0.0., Bagratashvili V.N.,

Sergienko S.A., Brusova G.P., Lunin V.V,

About the possibility of supercritical fluid regeneration
of industrial reforming catalyst Pt-Re/y-Al,03 in mix-
tures of 05/C05 ..o e 27

The paper continues a series of studies aimed at develo-
ping a new approaches to the regeneration of coked bimetallic
heterogeneous systems. The comparison of activity of the three
samples of industrial n-heptane reforming catalyst Ru-125 (Pt-
Re/v-AL,05) was held: fresh (A), discharged from an industrial
reactor (B) and the sample B after the ozone treatment in super-
critical carbon dioxide (C). It was found that the sample (B) sub-
stantially deactivated: conversion of n-heptane and thereforming
product yield significantly lower than on the fresh catalyst. After
the sample (B) was treated in 0;/SK-C0, the conversion value of
n-heptane is not only return to the level of fresh sample (A), but
it exceeds in 1,2 times. The qualitative composition of the pro-
ducts on the samples (A), (B), (C) is practically the same
but there is change in the ratio of individual products. It is
concluded that the regeferation of using ozone is promi-
sing for further development and scaling. -

Keywords: hydrocarbon reforming catalysts, supercritical car-
bon dioxide, ozone.
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Mamonos H.A., Kyctos J1.M., Anxumos C.A., Muxaitnos M.H.
OpHoMepHas reTeporeHHas Mofiesib Peakropa cCHHTe3a
Duwepa~Tponwa c HeNMOABUIKHBIM CJ10EM KaTanuilaropa

B NPUGAUKEHUM NIOTEPMUYECKUX TPAHYNT ..ooennennnn.... 34

PaspafoTaHa OfHOMEpHas reTeporeHHas MOLens peakTopa CuHTe3a
Ouwepa-Tponwa (PT) ¢ PuUKCMPOBAHHLIM (J10EM KaTanu3atopa 8
NPUCAMKEHRUU U3CTEPMUYECKUX rparyn. TposegeHo MoaenMpoRa-
nue npouecca PT ans nabopatopHoro peaktopa. PaccMoTpeHo BAn-
AHME MMHERHON CKOPOCTYU Fa30BOF0 1OTOKA U BHYTPEHHETO AuaMer-
pa PEAKTOPOR Ha TENNOBYIO YCTONUUBOCTL Apotecca. flokalaHo, 4to
pasMep peaKkTopa AMMUTHDYETCA BOIMOMHOCTLIO BO3HWUKHOBEHUA
«TENNOBOTC B3PLIBA» B NOOOBOM CN0e Katanusatopa. Ysenuuetive
AMHERHOW CHOPOCTU TA30BOTO NOTOKA YBENUUMBAET TennooTAavY
M TeM CaMblM yMeHbWaeT Neperpes CioA Katanu3satopa. llokasaHo,
YTO NPOLECC MOAYUEHUA TBEPALIX YINEBOAOPOAOB BO3IMOMKHO Npo-
BOAUTL B PEAKTOPAX AuamerpoM He Honee 18 MM. MakcuManbHblil
nepenag TeMnepatyps Npu AIMHE peaxtopa 3, 4 u 6 M comacHo
pacdetaM paseH 4,7, 4,2 1 3,6 °C cootsercreenHo. (Tenens KOHBED-
cuu CO npu 370M cocTarnseT 35,0, 34,4 u 33,9 %, COOTBETCTBEHHO.
fonyyenue XUAKUX YINEBOROPONOB B BHICOKOMPOUIBOAUTENLHOM
peaktope TpebyeT yMeHbileHUR BHYTPEHHEIO AWaMeTpa peakTopa
A0 12 MM. MakcumanoHblid nepenaj TeMnepatypot Npy pavne 3, 4 ¢
6 M coctasnser 9,6,8,7 u 7,6 °C, a ctenens xonsepeuu {0 - 78,0, 77 4
# 76,7 % cooTeeTcTBEHHO. PazpaboTanHan MareMarnueckas MoJent
NO3BONAET OUEHUBATL NapaMmeTpsl NPOeKTUPYeMbiX PeakTOpoB W
yCnoBuit nposepenus cunteza OT, HanpaBneHHOTO Ha nofyueHue
HKUIAKUX UMY TBEPALIX YINEBOROPO0B.

Knwoueesie cnoBa: cuntes Puuwepa—-Tponwa, ogHoMepHan Mave-
MatyecKas MOAENb, PEAKTOP C HEMOABUMHLIM CNOEM Karanu3sa-
TOP3, CUHTETHYECKME YINEBOAODOAL), TEMNepaTYPHLIA NPODUNL.

I WHXEHEPHbIE NPOBNEMDB.
IKCNAVATALUA U NPOU3BOACTBO

JNackuu AW, Unbacos WU.P., Hasapos M.B., llambepos A.A.,
Hazmuesa W.@., latunos B.M., buxkmypaud A.LL !
OnbITHO-NPOMbILIIEHHLIE UCTILITAHUA KaTanu3laropa
CeNEKTUBHOTO TUAPUPOBAHUA METUNALLTUIEHA

¥ nponaauexa

Mposepeus ucnnitanua karanusatopa KIC-3 8 peakyuu cenex-
TUBHOTO TMAPUPOBAHUA MeTUlateTUNeHa ¥ Nponag1eHda, coaep-
HAUWMUXCA B NPOMBHUNEHRHON NUPOAU3HOH NPONAH-NPONUNEHO-
BOW hpaKumy, Ha NUAOTHON YCTAHOBKE B ABYX MOCNEA0BATENLHO
pacnofoXeHHbiX aauabaTuyeckux peaKTopax NPoTOMHOTO TUNa
C HENOABWXHLIM ClioeM KaTanu3satopa. Onipefeners onTuManb-
Hble TEXHONOTUYECKUE YCAOBUR TURPUPOBAHUA, obecnevusato-
WME OCTATOHHOE COREPHAHUE AUETUACHOBLIX U BUEHOBLIX NPU-
Mecei He bonee 5 ppm: fasnexuu B cucreMe - 18 atM, o6bveMHan
CHOPOCTH NOAAYY YINeBOJOPOAHOIO Chipha — 2100 q“l, MOfibHOE
COOTHOWEHME BOJOPOAA U CYMMbl MeTuflateTuneHa v nponagu-
eHB B 1-M 1 2-M peakvopax cootsercreedHo 1,1:10u 1,6:1,0,a
Temneparypa — 50 u 55 °C. Tipu 31ux ycnosusx karanusartop KIC-3
abecneuuBaeT cyMMapHyto 100 %-Hyo KOHBEPCHIO MeTunaLeTu-

Mamonov N.A., Kustov L.M., Alkhimov S.A., Mikhailov M.N.
Dimensional heterogeneous model of a Fischer-Tropsch
synthesis reactor with a fixed catalyst bed in approxima-
tion of isothermal granules .................. 34

Dimensional heterogeneous model of a Fischer-Tropsch (FT)
reactor synthesis with a fixed catalyst bed in approximation of
isothermal pellets is developed. The simulation of the FT pro-
cess for laboratory reactor is conducted. Effect of the linear ve-
locity of the gas stream and the inner diameter reactors on the
thermal stability of the process is considered. It is shown that
the size of the reactor is limited by the possibility of a «thermal
explosiony in a frontal layer of the catalyst. The increasing of
linear gas velocity increases the heat transfer and thus reduces
overheating of the catalyst bed. It is shown that the process
of preparing solid hydrocarbons may be carried out in a reactor
of diameter not exceeding 18 mm. The maximum temperature
variation in the length of the reactor 3, 4 and 6 mis 4,7, 4,2 and
3,6 °C respectively according to calculation. The conversion of
COin this case is 35,0, 34,4 and 33,9 %, respectively. Production
of liquid hydrocarbons in high performance reactor requires to
reduce the reactor internal diameter down to 12 mm. The maxi-
mum temperature variation in the length of the 3, 4 and 6 m
is 9,6, 87 and 7,6 °C, and the CO conversion - 78,0, 77,4 and
76,7 % respectively. Developed mathematical model allows to
estimate the parameters of the designed reactors and condi-
tions of the FT synthesis, aimed to obtaining of solid or liquid
hydrocarbons.

Keywards: Synthesis of the Fischer-Tropsch-dimensional model,
a reactor with a fixed catalyst bed, synthetic hydrocarbons, the
temperature profile.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Laskin A1, Iljasov L.R., Nazarov M.V, Lamberov A.A.,
Nazmieva LF,, Shatilov V.M., Bikmurzin A.Sh.

Pilot tests of catalysts for selective hydrogenation
of methylacetylene and propadiene

The testing of KGS-3 catalyst is made in the reaction of selec-
tive hydrogenation of methylacetylene and propadiene from
an industrial pyrolysis propane-propylene fraction into a pilot
plant in two successive adiabatic flow reactors with a fixed
catalyst bed. There is a definition of the optimal process con-
ditions of hydrogenation, providing residual acetylene and di-
ene impunties not more than 5 ppm: pressure in the system —-
18 atm, the vdlume flow rate of hydrocarbons ~ 2100 h™%, the
molar ratio of hydrogen to the amount of methyl acetylene
and propadiene in the 1st and 2nd reactor respectively 1,1: 1,0
and 1,6 : 1,0, and temperature ~ 50 and 55 °C. Under these
conditions, the KGS-3 catalyst provides total 100 % conver-
sion of the methyl acetylene and propadiene with propytene
selectivity 76,7 %. Expected service cycle of the catalyst is

4

Karanus 8 npoMsiwnennoctu, N2 3, 2012



CopmepxaHue

JleHa U NponagneHa ¢ CeNeKTUBHOCTLIO No nponuneHy 76,7 %.
OxupaeMblil MexpereHepaunoHHslii Nepuoa paboTbl AaHHOTO
Katanusatopa — okono 14 mec. Katanusatop MoxeT ucnonb3o-
BaTLCA 1A O4MCTKU YINEeBOAOPOAHbLIX PPAKUKUM, COAEPMKALMUX A0
5 Mac.% aueTUNeHoBbLIX U AUEHOBBLIX NpUMECEN.

KnioueBblie cnoBa: anioMonannaguesbli KaTanu3atop, CeNneKTue-
HOe rMapupoBaHue MeTunaleTuneHa U nponafgueHa.

Waposa E.C., ®anees C.A., UBanuuna 3.[., lbivrazosa M.C.,

Nony6ospues [1.C., |Kpasuos A.B.

DIluHamuka ceoicTB Pt-katanusatopos pudopMuHra
B npouecce NpoMbIWNEHHOU IKCNAIyaTaLuu

C uenbio noBbiweHMA 3IPPEKTUBHOCTU IKCMIyaTauUKU Katanu-
3aTOpOB pUbOpMUHIa BeHIUHOB € NOMOWLIO AepuBaTorpadvu
NPOBEAEH aHanU3 CTPYKTYPbl OTAOMEHNI KOKCA Ha NOBEPXHOCTH
NAATUHOBLIX KATanu3aTopoB U3 PeaKTOPOB HECKONLKUX MPOMbILLI-
JIEHHbIX YCTAHOBOK, B TOM YUC/e C pa3fuyHOi TeXHONOTHEN npo-
tecca (Co CTauMOHAPHLIM CI0EM W C HEMpepLIBHOW pereHepauu-
eil Katanusatopa). YCTaHOBNEHO, YTO KOKCOTeHHbIE CTPYKTYPSI,
Le33aKTUBUpYIOILMe KaTanu3aTop, obpasyloTcs Npu OTKNOHEHUM
(= b %) TeKyleN aKTUBHOCTHU KaTanu3atopa oT ONTUMaNbHON -
TaKoW, NpW KOTOpPO# Co6M0AaETCA PaBEHCTBO CKOpoCTeit obpa-
30BaHUA W TWAPUPOBAHUA TPOMEKYTOUHLIX NPOAYKTOB ynsnoT-
HeHWA. HenpepbIBHbIM MOHUTOPUHT NPOMbIWNEHHOR YCTAHOBKM
C UCNONb30BaHWeM pa3paboTaHHbIX paHee QU3MKO-XUMUYECKUX
Mofieflell N03BONAET KOHTPONUPOBAaTb U peryaupoBaTh TeXHOMO0-
ryeckue ycnoBMA NPoLEcca, yMeHbWMUTL COAepXaHue KOKCa Ha
Katanusatope Ha 1-3 Mac.% 1 TeMm CaMblM NPOANNTL CPOK CNYK-
6bl KaTanusatopa Ha 20-30 %.

KnioueBble cnoea: pudopMuHr, Katanuiatop, aMopQHbIA KOKC,
TpaMTU3UPOBAHHBI  KOKC, AU(depeHunansHo-TepMUYecKui
aHanu3, MateMaTMuecKoe MOAENWPOBAHME, KOMNbIOTEpHbIE MO-
AeNUpYIOILMUE CUCTEMBI.

I OTEYECTBEHHBIE KATANU3ATOPbI

Manotun A.B., Nnbepman E.10., Muxainnuuenko AN., ¢
Asetucos N.X., KowwxuH A.T., Konbkosa T.B.

Karanuruyeckas aKTUBHOCTb HAHORUCNEPCHBIX TBEPAbIX
pactBopoB Mg 1Zrg 15Ceq 7,0;, rae M - peakosemensHbin
MeTasl, B peakyuu OKUCIEHUA MOHOOKCUAA YITIepoAaa ... 54

CunTesuposaHbl TeepAble pacteopbl My 71y 15Ce 7,0, tae M -~
peakosementHblid MeTann (P3M). Metogamu POA, KPC, N3M u Huz-
KoTeMNepaTypHOi aacopbunu aszora UccnefoBaHbl CTPYKTYPHbIE
U TEKCTYPHblE XapaKTEPUCTUKK MOJYUeHHbIX coeuHeHui. MoKa-
3aHo, ut0 BBefAeHUe 10 Mon.% P3M B cocras TBepaoro pacrsopa
Iry ,Ceq g0, no3BOARET COXPaHUTL Kybuueckylo $nlOpUTOBYIO
cTpyKTypy. Mpn 3TOM napameTp pelweTku TBEPAbIX PacTBOPOB
yMeHbWAETCA C yBefindeHueM atomHoro Homepa P3M. [lo pan-
HeiM KP, cHTe3upoBaHHble 06pasiybl ABNAIOTCA HAHOAUCNEPCHBI-
MU: pasmep KPUCTANIUTOB AMOKCHAA Uepua cocTasnsneT 13,3 HM,
Irg e g0, — 11,2 1M, My 172rg 15Ceq 7,0, — okono 8 Hm. CornacHo

about 14 months. The catalyst may be used for the punfica-
tion of hydrocarbon fractions containing up to 5 wt.% diene
and acetylenic impurities.

Keywords: aluminum-palladium catalyst, selective hydrogena-
tion of methylacetylene and propadiene.

Sharova E.S., Faleev S.A., Ivanchina E.D., Gingazova M.S.,

Poluboyartsev B.S., | Kravtsov A.V.

Dynamics of properties of Pt-reforming catalysts
inindustrial operation

The catalysts of industrial gasoline reforming reactors with
different process technology (fixed bed and continuous cata-
lyst regeneration) were investigated. The structure of coke
on the surface of platinum reforming catalysts was analyzed
using derivatography to improve industrial performance of
these catalysts. It is found that coke-gene structures, which
deactivates the catalyst, are formed by the current deviation
from the optimum activity of the catalyst is approximately
equal 6 %, when the equality rates of formation and hydro-
genation of intermediates seal is achieved. The continuous
monitoring of industrial units with using of previously deve-

g loped chemical-physical models allows to control and regulate
the process conditions, to reduce the quantity of coke on the
catalyst on 1-3 wt.% and thereby to prolong the life of the
catalyst on 20-30 %.

Keywords: reforming catalyst, amorphous coke, graphitized co-
ke, differential thermal analysis, mathematical modeling, com-
puter simulation systems.

DOMESTIC CATALYSTS

Malutin A.V., Liberman E. Yu., Mikhailichenko A.I.,
Avetisov L.Kh. Koshkin A.G., Kon'kova T.V.

The catalytic activity of the nanosized solid solutions
Mg 1Zrq 1gCeq 720, wherein M — rare-earth metal

in the oxidation reaction of carbon monoxide

The solid solutions Mg 7ry 15Ceq7,0,, where M is a rare earth
metal (REM) are synthesized. The structural and textural char-
acteristics of prepared compositions were studied by XRD,
Raman spectroscopy, TEM and low-temperature nitrogen ad-
sorption. It is shown that the introduction of 10 mol.% REM in
the solid solution ZrO'ZCeQ“BO2 allows to save the cubic fluorite
structure. In this case the parameter of lattice of solid solu-
tion decreases with increasing the atomic number of REM. The
synthesized samples are nanosized: the ceria crystallite size is
13,3 nm, Zry ,Cey 40, ~ 11,2 nm, Mg ,7r 15Ceq 7,0, — about 8 nm.
According to TEM, the average particle size is 15 nm. The incor-
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Copepwanue

[13M, cpepHuit pasmep uactuy coctasager 15 um. Ycranosneno,
yTo BBefeHue P3IM npuBOAMT K yBeNMUEHUIO VAEABHO! NoBepX-
HOCTU M NMOPUCTOCTH, 4TO obycnosneHo GopMuposaHuem bonee
AeeKTHbIX CTPYKTyp. OnpefeneHa KatanuTMyecKas akTUBHOCThb
CUHTE3WPOBAHHLIX TBEPABIX PACTBOPOB B peakuuu okucienus CO
B NPOTOYHOM peakTope npu ycnosuax: gasnenune 0,1 MMa, Temne-
patypa 20-500 °C, o6veMHas ckopocTs 1800 47!, cocTaB rasoBoit
cMecu (06.%): CO - 3,6; 0, — 8,0; N, — bananc. Hanbonee akTus-
HBIMU OKa3anucs 0bpasybl ¢ nerkumu PIM (npaszeopum, camapui,
HeopuM), obnajawoute NOBbIWEHHOR KUCAOPOLHOA EMKOCTbIO
(0SC). Hosble KaTanu3atopsl NPeACTaBAAIOT UHTEPEC ANA npoLec-
COB OYMCTKU ra3osbix BbIGPOCOB aBTOTPAHCNOPTA.

KnioueBbie cnosa: guokcUp Lepus, TBepasle PacTBOpS!, PEAKO-
3eMefibHble MeTasIbl, OKMCIeHUe MOHOOKCUAA yepoaa.

l EUOKATANU3

bynaera B.B., Makaposa E.W., Ckuba E.A., Cakosuy B,
®epMeHTaTUBHbIA TMAPONU3 (IPOAYKTOB rUApoTepMobapu-
uecKkoi 06paboTKU MUCKAHTYCA U NNOAOBbLIX 060s04eK

103 or- R PSSR 60

Llenblo paHHoi pabotsl ABAANOCH UCCNEOBaHWE (epMeHTaTUB-
HOO TUAPO/N3a BOJIOKHUCTLIX MPOJYKTOB, MOAYYEHHLIX TMAPO-
TepMobapuyeckoit 06paboTKoM CO B3PLIBOM [BYX BUAOB ChIpbS:
MUCKaHTyCa ¥ Nnofosbix 060sf0YeK 0BCa — B peakTope BbICOKOTO
AaBneHus. B KauecTBe Katanu3atopa Obina NpUMeHeHa MyabTU-
JH3UMHAs KOMMO3uLUA U3 hepMeHTHbIX npenapatos «bpio3aim
BGX», «Llesnofliokc-Ax», «Panugasa LIP». YcraHoBneHo, 4To BONOK-
HUCTble NMPOAYKTHI U3 MI0A0BBIX 060/104€EK 0BCA XapaKTepU3yIoTCs
Bonee BLICOKOH peakyMOHHOR crocobHOCThI0 K hepMeHTaLUu B
CPaBHEHUM C MUCKAHTYCOM: TMAPONU3 NPOAYKTa 06paboTKu nno-
[OBbIX 060AI0YEK OBCA B peaKTOpe BbICOKCTO AABAEHWUS NPUBOANT
K MaKCMManbHOMY BbIXOLY pelyuupyolmx sewects — 68 % (o1
Maccel cybctpata) unu 95 % (0T Macchl rMAPOU3YEMbIX KOMNO-
HEHTOB) ¢ obecrneyeHueM MpPeUMyLIECTBEHHO MIOKO3HOIO UA-
poan3ata. B cnydqae npoayKTa MUCKAHTYCA, NOJYYEHHOTO B Tex e
YCNOBUAX, BLIXOJ, PefyLUpyollux BelecTB COCTaBaAfeT 44 % (ot
Macchl cybcrpata) wan 56 % (0T MacChi TMAPONU3YEMBIX KOMNO-
HeHTOB). C NOBbILLIEHUEM AABAEHUA NPU TUAPOTepMOGapUYecKoit
06paboTKe MUCKaHTyCa MaccoBas A0/A reMULENTIoNo3 B MPOAyK-
Tax 06paboTku ymeHbwaetca fo 0,4 %, peakuyuoHHas cnocob-
HOCTb K hepMeHTaUuu NPOAYKTOB 06PAbOTKN CHUXKAETCA: BBIXOA
peayuupylolnx BellecTB cocTasnseT 37 % (0T Macchl cybcTpaTa)
wiu 55 % (0T MAcch TMAPONU3YEMbIX KOMTIOHEHTOB),

Kniouesbie cnoBa: (GepMeHTaTUBHLIA TMAPONU3, TMAPOTEPMO-
Gapuyeckas o6paboTKa, MUCKZHTYC, NNDROBLIE OBONOYKMU OBCa,
BOMIOKHUCThIE NPOAYKTI, «bprozaitm BGX», «Uennolliokc-A», «Pa-
nugasa L|P», peayuupyrouine BewecTsa, mMioko3a, KCUno3a.

3aBsapyxuH C.I., MeaHosa A.C., Kykywkun P.T, le6eges M.10.,
Cumonos A.H., lilepcTiok 0.B., fikosnes B.A., Tpycos JI.N.
KuHeTuka nepeatepudukaLuu pancoBoro Macna Ha rere-
pOreHHOM 6apuit-aNtOMOOKCUAHOM KaTaM3aTope C yHeToM
DABACHUA METAHOMA o.eoreinieriienineaenierirnenieenanenencnenanns 67

poration of REM increases the specific surface area and poros-
ity due to the formation of more defective structure. There is
determination of the catalytic activity of the synthesized solid
solutions in CO oxidation in a flow reactor under the conditions:
pressure 0,1 MPa, temperature of 20-500 °C, space velocity of
1800 h™! gas mixture (vol.%): CO - 3,6; 0, - 8,0; N, - balance.
The samples with light REM (praseodymium, samarium, neo-
dymium) were the most active, they have a high oxyqgen storage
capacity (0SC). That new catalysts have aninterest for the puri-
fication processes from gas emissions of motor vehicles.

Keywords: ceria, solid solution, rare earth metals, oxidation of
carbon monoxide.

BIOCATALYSIS

Budaeva V.V., Makarova E.I., Skiba, E.A., Sakovitch G.V.
Enzymatic hydrolysis of preducts of hydro thermobaric
processing of miscanthus and oat hull fibre ............... 60

The aim of this work is to study the enzymatic hydrolysis of the
fibrous products derived by hydro-thermobaric treatment with
tHe explosion of two kind of feed (miscanthus and oat hull fibre)
in the high-pressure reactor. Multi-enzyme composition of the
enzyme preparations «Bryuzaym BGX», «CelloLux-A», «Rapidaza
CR» were used as a catalyst. It is found that the products of
the fruit fiber membranes oats have a higher reactivity to the
fermentation compared with miscanthus: the hydrolysis of oat
hull fibre processing product in a high pressure reactor leads to
a maximum yield of reducing substances — 68 % (by weight of
the substrate) or 95 % (by weight of hydrolysable components),
with the advantage glucose hydrolyzate. In the case of miscan-
thus processing product obtained under the same conditions,
the yield of reducing substances was 44 % (by weight of the
substrate) or 56 % (by weight of the hydrolyzable components.)
With increasing the pressure at hydro-thermobaric treatment
of miscanthus the mass fraction of hemicellulose in proces-
sing products is reduced to 0,4 %, the reactivity to fermentation
of processing products is reduced: the output of reducing sub-
stances is 37 % (by weight of the substrate) or 55 % (by weight
of hydrolyzed components).

Keywords: enzymatic hydrolysis, hydro-thermobaric treatment,
miscanthus, oat hull fibre, fiber products, «Bryuzaym BGX»,
«CelloLux-A», «CR Rapidaza, reducing agents, gtucose, xylose.

-

Zavarukhin S.G., Ivanova A.S., Kukushkin R.G., Lebedev M. Y.,
Simonov A.N., Sherstuk 0.V., Yakovlev V.A_, Trusov L.I.
Kinetics of transesterification of rape oil on heteroge-
neous barium-alumina catalyst with methanol

pressure
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ConepxaHue

WUcnonb3oBaHue reTeporeHHbIX KaTanu3aTopoB A NonydYeHus
fuoaM3ena U3 TUNUAOB PACTUTENLHOrO NPOUCXOMAEHUA Ny-
TeM nepeatepuduKaluu CNUpTaMu UMeeT pAf NpeuMyLlecTs No
CPaBHEHUID C rOMOreHHbLIMM KaTajnu3saropamu. [lns co3panus
NPOMBILNEHHBIX TEXHONOTUW [aHHOTO MNpouecca akTyaibHoM
lafaveil ABAAETCA UCCNefOBaHUe KUHETUKM npouecca. Lensbio
HacToswen paboThl ABNANOCL UCCNEf0BAaHUE KUHETUKW nepe3Te-
pU(UKALMKU PancoBOro Macna Ha reTeporeHHOM Karanuiarope
B YCHOBUAX a3006pasHOro MeTaHona C y4eTom ero napuuans-
HOTO AaBNEHWA, 4TO paHee He UCCNeA0BaNOCh. JKCMEpPUMEHTH
npoBefeHtl B NPOTOYHOM PeaKTope €O CTalMOHAPHLIM CoeM
bapui-anioMOOKCUAHOTO KaTanu3satopa npu Temneparype 200 °C
W fasneHuu metaHona 0,1-2,5 Mfla. Bannsie obpaboTtaHsl Ha oc-
HOBE yNPOLIEHHON KUHETUYECKOW# MOLEenu C ofHoI HeobpaTuMoi
peaxuueit BToporo nopsfka (Nnepsoro NOpPARAKA NO Macny v nep-
BOTO NOPsAfKa No MeTaHony). [TposegeHbl pecypcHble UCNbLITAHUS
Katanu3saropa, npokanenHoro npu 700 °C.

Kniouessle cnosa: buoaunsens, pancosoe Macno, nepearepudmuka-
LMS, reTeporeHHsId KaTanusarop, faBNEHUE METAHO/A, KUHETUKA.

Oununckas T.I., Yepeakon 0.B., lepacumenko K.0., Tansko W 0.
lpuMeHeHUe HOBbIX reTeporeHHbIX CyNbOKUCNOTHBIX
nonUMEpHbIX KaTanu3aTopos npu nepepaborTre oTxoA0B
MuponepepabaTbiBaloLLUX NPOU3IBOACTE

MNpeanoseH cnocob npeagapuUTeNbHOR NOATOTOBKMU HusKokavect-¥
BEHHOTO WUPOCOAEPIKALLEro Cbipba A1 NoNyYeHUs 3hUPOB HUP-
HeiX KucRoT (3MK), 3aknodatolmuitca B NpoBeAEHUM METaHOMU3
CBOGOAHBIX HUPHBIX KUCAOT, COAEPHALIUXCA B KYPUHOM Kupe.
B KayecTee KaTanu3laTopoB UCNOMB30BAHBI HOBbIE rETEPOreHHble
CynbhOKUCAOTHEIE NOMIUMEPHblE MaTepuanbl, CUHTE3UPOBAHHblE
C WCNOML30BAHMEM B KA4ecTBe HanoNHUTENA HaHOPa3MepHOro
Si0, (CKM-K, CKM-0-30 u CKM-0-60) u nuruuna (CKM-0-30(J1)
u CKM-®-60(11)). lNposeaeHo cpasHeHue 3hPeKTUBHOCTU HOBBIX
KaTaNW3aTopoe C MPOMbILUIEHHBIMA UOHOODMEHHBIMU CMONAMK
mapok KCM-2 n KY-2-8 B MeTaHoNM3e PAa3nUYHOTO HUPOCOAEpHa-
wero cbipba. floka3aHo, 4to Haubonbwuit soixog KK (96-97 %)
[OCTUraeTcs Npu ucnonb3osaHuu katanusatopos (KM-K, CKM-¢-
30 u CKM-®-30(11), 4o obycnoeneHo, BUAUMO, X Gonee paBBMQTOﬁ
nosepxHocTslo. Onpegenersl 3hdeKTUBHbIE YCIOBUA NPOBEAEHUA
METaHO/IU3a: MOMbHOE COOTHOWEHUE KYPUHBIA XUP : MeTaHon =
=1:7; KonudecTso Katanusartopa — 5 % oT Macchl Xupa; npojon-
KUTEALHOCTL peakuuu — 4 4; Temnepatypa 65-67 °C. llokaszana
BO3MOXHOCTb pereHepaLuy U NOBTOPHOTO UCMNOL30BAHUSA reTepo-
reHHoro cynbOKUCNOTHOTO NOAMMEPHOTO KaTanu3sartopa (CKM-K) 8
METaHOoMK3e CBOGOAHbIX HUPHBLIX KUCOT.

Kniouesble cnoBa: reteporettsie cynbQOKUCAOTHBIE NOAUMED-
Hbie KaTanu3aTopsl, METAHONU3, 3 UPbI XXUPHbLIX KUCAOT, pereqe-
paLus, Mupocogepxaliee cbipbe.

J xponuka
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Xanogop Tonce otmeyaet 100-neTHUi w6unen! .......... 83

The use of heterogeneous catalysts for the production of biodie-
sel from plant lipids by alcohol transesterifying has a number
of advantages as compared with homogeneous catalysts. The
study of the kinetics of the process is an actual objective for
the development of industrial technology of that process. The
aim of this work was to study the kinetics of the transesterifica-
tion of rapeseed oil on a heterogeneous catalyst in a gaseous
methanol in view of its partial pressure, what has not previously
been investigated. Experiments were conducted in a continuous
fixed bed reactor on barium-alumina catalyst at a temperature
200 °C and methanol pressure 0,1-2,5 MPa. The data is calcu-
lated based on a simplified kinetic model with one irreversible
reaction of second order (first order in the oil and the first or-
der in methanol). The lifetime tests of the catalyst calcined at
700 °C were held.

Keywords: biodiesel, rapeseed oil, a transesterification catalyst
is a heterogeneous, pressure methanol kinetics.

Filinskaja T.G., Chervakov 0.V., Gerasimenko K.0., Tanko Zh.Yu.
The use aof new heterogeneous sulfonic acid paolymer
catalysts for waste treatment of fat processing

plants

The method of preparation of low-quality raw feed to produce
a esters of fatty acids (EFAs) is offered. The method consists in
carrying out the methanolysis of free fatty acids from chicken
fat. New heterogeneous sulfonic acid polymer materials are synthe-
sized using nano filler Si0, (SCM K SCM-F-30 and SCM- F-60) and
lignin (SCM-F-30(L) and SCM-60-F(L)) were used as catalysts.
Comparison of the effectiveness of new catalysts with industrial
jon exchange resins brands KSM-2 and KU-2-8 in the methano-
lysis of various fat-containing raw feed is held. It is shown that
the highest vield of EFA (96-97 %) is achieved by using cata-
lysts SCM-K, SCM-F-30 and SCM- F-30 (A), due, apparently, their
more developed surface. Effective conditions for methanolysis
are: molar ratio chicken fat : methanol = 1 : 7, the amount of
catalyst — 5 % by weight fat; reaction time — 4 hours and the
temperature 65-67 °C. Possibility of recycling and reusé of het-
erogeneous sulfonic acid resin catalyst (SCM K) free fatty acid
methanolysis is shown.

Keywords: sulfonic acid polymer heterogeneous catalysts meth-
anolysis, fatty acid esters, regeneration, fat-containing materi-
als.
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