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Conepxanue

KATANIN3 B XUMUYECKON
W HESTEXUMUYECKOHW NPOMBIWAEHHOCTH

Bannapunn A, ae Muryane C., Kacrpo A., lenza 0.
flermapupoBanne #-feKaHa Ha GumeTannuveckux PiSn

u PtGe Katanu3atopax, NPUroTOBAEHHBLIX C UCNONL3OBA-
HuteM DIP-NPOMECEa . ..o s 8

W3yueHol kaTanuTUYeckue cBolicTea Pt, PtSn u PtGe wa y-Al0;
{y-A), HauecenHoM Wa cheput o-AlD; (o-A) nyTem norpy-
HEHWA #X B DeMUTHbIA rens, & peaKuwu AeruapKWpoOBaHMA
#-pekava. MCcnepoeaHo BAMAHWE ONOBA M EPMAHMA B Ka-
yecTee A06aBOX K MNATUHE HAa AKTUBHOCTb M CENEKTMBHOCTH
KaTanusatopos. MccnefoBaHUA NPOBOAMNNCE B PEAKUNAX fe-
FHAPUPOBAHKA LMKNOTEKCAHA, TUAPOreHoNN3a UMKNONEHTAHA,
a TaKMe MEeTDAAMM TEeMNepaTypPHO-NPOrPaMMUPYEMOTO BOC-
cranonenua (TNB), xemocopbuuu eopopopa, ¢oToINEKTPOM-
HOI CNEKTPOCKONWA {INEKTPOHHONR CNEKTPOCKONUW ANA XUMK-
veckoro ananusa, 30XA), TepMmorpasumerTpuueckoro aHanusa
(TTA) u cranvpylowel 3neKTPOHHON Mukpockonuu {C3M). Hau-
NYHWKME X3PAKTEPUCTUKM NONYYEHLI C UCMOALINBAHWEN KaTaNW3a-
TopaPt(0,5)5n/y-A/ct-A; NpUSTOM DTMEYEHBIChABOE 3NEKTPOHHOE
B3AUMOARIACTBNE MEX 1Y METANNAMU, NOBEPXHOCTHAA CEMPETALHA
SN HANMYHE DKMCABHHOMO SN, cTaBMAM3MpoBaHHOrO Ha HOCHTERE.
B PtGe KaTanu3aTopax BLIABNEHO (WABLHOE B3aWMOACACTBWE
MEXEY METaANaMmu, BO3MOXHo obpasopadune cnnaea. No kava-
ANTMMECKWM CBOMCTBAM U3YUEHHLIE HATanW3aTopsl CPaBHUMbI C
ONUCIHHBIMU B UUTUPYEMBIX NATEHTAX.

Kno4eBble cnoBa: CTPYKTYPUPOBaHHbe KaTannsatopsl, DIP-no-
KPHTHE, A-AEKAH, JETHAPHPOBAHKHE, BHCWHE NapadHHbl

Kysemud B.3., Kawomoe U.A., Cacaposa U.W., Cadun B.X,,
lenenwnH B.A.

Pa3BHTHE TeXHONOTHU MOAYYEHHA BELICOKOKOHLEHTPUPO-
BAHHOTO M3DBYTHACHR ....covrereericeninerirerneresenscevsnnnee 22

DleficTByiowan #a npeanpuaTUAX POCCHM TEXHONOIUA BHAEne-
HUA W300yTHNEHA NOAMMEPH3IAUMOHHON YUCTOTHI OCHOBAHA Ha
cunTeze mpem-Gytunoeoro cnupta (TBC) nyTem ruapataumu
H300yTUNEHa, COAEPKAWEroCs B ChIPLEBBIX YIAEBOAOPOAHLIX
dpakuMax, ¢ rochefyiowns Brgencnren | pazaoxetuem TEC,
lMapatauHa n3obyTUNeHa OCYWECTBARETCA B PeaKTOpax peak-
LMOHHO-IKCTPAKIMOHHOIO THNA B NPUCYTCTBHH HOPMOBAHHOND
cynbOKATHOHWTHOTD KATANW3ATOPA M NPOTUBOTOMHOM pEXHME
NOAAYN UCXOFHLIX pearenTos. B nnane mogepHu3aumm cywect-
BYIOULEN TEXHONOMUMW B CTaThe NPEANOIKEH BAPUAHT OCYIECTEAS-
HUA NPOLECCA B MPOTOUHOM PEAKTOPE NPU COOTHOWEHNAX pea-
reHTOoB, 6IIM3I(I.-‘IX K CTEXHOMETRUYECKUM. Mayqena 3ABWCHMOCTL
KOHBEPCHM W300YTUNEHA W KONWYECTBA NOGOYHBIX NPOAYKTOEB
{nnmepos, smop-GyTaHona) oT BUAA KCXOAHOTO YINEBOAOPOAHO-
ro CbIpbA M NapameTpoB NpoBefeHus npouecca. B Kavecree col-
PbA MCNDABL3DBAHH U3DBYTaH-1U306yTUNEHoBaA (MNE) n GyTunen-
nzobytnenosan (PU®) dparkuuu. Nokazano, 4To Ha hpakuvK
BM® koHEepCHA M308yTUNEHA MEHbWE, 3 KOHUEHTPatUA nobou-
HelX NpofyKToB Gonsie, yem Ha MWD, Mpegnowena Cxema opra-

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Ballarini AD, de Miguel S., Castro A,, Scelza 0.
n-Decane dehydrogenation on bimetallic PtSn and PtGe
catalysts prepared by dip-coating...............cc.ccccceeeee.. 8

The catalytic performance of Pt, PtSn and PtGe supported on
v-AL0; (y-A) deposited by dip-coating of spheres of «-Al,0;
{o-A) is studied in the n-decane dehydrogenation. The effect
of Sn and Ge addition to Pt on the activity and selectivity
was analyzed. The catalytic characterization was carried out
by using cyclohexane dehydragenation (CHD), cyclepentane
hydrogenolysis (CPH), temperature-programmedreduction (TPR),
hydrogen chemisorption, X-ray photoelectron spectroscopy
(XPS), thermogravimetric analysis (TGA) and scanning electronic
microscopy (SEM). Pt(0,5)Sn/y-A/c-A catalyst had the best
catalytic performance and showed a low electronic interaction
between the metals, with a surface segregation of Sn and the
presence of oxidized Sn stabilized on the support. PtGe catalysts
presented strong interactions with probable alloy formation,
The catalytic performance of these catalysts is comparable to
that reported in the patents.

Keywords: structured catalysts, dip-coating, r-decane dehyd-
rogenation reaction, high paraffins.

Kuzmin V.Z., Kayumov L.A,, Safarova 1.1, Safin D.Kh.,
Shepelin V.A.

The development of technologies for high-concentrated
isobutylene.........cooviirmniiiiiiiiniircsis e eas e 22

The technology of selection of a polymerization purity isobuty-
lene, what operating at plants in Russia, is based on the syn-
thesis of tert-butyl alcohol (TBA) by hydration of isobutylene
contained in the feed hydrocarbon fractions, followed by iso-
lation and decomposition of TBA. The isobutylene hydration is
carried out in a reactive-extraction reactor in the presence of
a sulfate cationite catalyst and countercurrent flow reactants.
In the article the way of a process in a flow reactor at 3 ratio
of reactants close to the stoichiometric is proposed to upgrade
the existing technology. The dependence of the conversion of -
isobutylene and by-products (dimers, sec-butanol) from the
starting feed hydrocarbon and parameters of the process is stu-
died. The isobutane-isobutylene (IIF), and butylene-isobutylene
(BIF) fractions are used as feed. It is shown that the conversion
of isobutylene fraction less for BIF feed, and the concentration
of by-products for more than in case of IIF feed, The scheme of
the process of synthesis of TBA with a flow-through reactor and
reaction-extraction type is proposed, which allows to increase
the capacity of existing production, while reducing power con-
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CopepwaHnue

HU3AUMK TEXHOAOTHYECKOTD Npoyecca cuuTeza TEC ¢ ucnonezo-
BAHHEM PEAKTOPOR NPOTOMHOMO U PeaKUMOHHO-3KCTPAKLHOHHOTO
TUNG, NOIBONAKNAA HAPAUWMBATL MOUWHOCTY CYWECTBYHILErD
NPOU3BOACTEA, NPU 3YOM CHUIUTL JHEPTOIATPATH NPOLUECCA B Le-
NOM 33 CYET NOMYYeHHA KOHLUEHTPHPOBaHHoro pacTeopa ThC Ha
BRIXOfIE U3 NPOTOYHOIO PEAKTOPA U NOAYYATh H3O0BYTHNEH YKCTO-
TOi He MeHee 99,99 mac.%.

Knwuessle cnoBa; nsobyTan-u30byTuneHosaa dipakums, bytu-
nex-u3obytunenoeas ppaKuna, mpem-6yTUAOELIA CNMPT, peaK-
LMOHHO-3KCTPAKUMOHHBIA PEAKTOp, NPOTOMHLIA PEakTOp, rMApa-
Tayua, cynbpoKATUOHMTHENA KaTannsaTop.

I KATANIN3 K OXPAHA OKPYXKAIOULEN CPERDI

Tepexos A.B., 3anaseckdn JI.H., 3anaseckun K.,

Konopes 0.A.

Katanuriyeckoe ruAposexnopupoBaHue XNOPYIAEBOA0-
POAOE B CPefié PACTBOPOB rMAPOKCUAA HATPHA.

Yacrs 2. MpespauwieHua rekcaxnopatasa u Apyrux noau-
XAOPITAHOB ...ovviiiiinnmnirnniiansisriiesssssrssnssrsssssieninssses S8

B yactv 1 craTeM ©biNa NOKa3aHO, YTO NPM KATAJAWMTUYECKOM
rugpopexnopipoeaun CCl, & cpepe pacTBOpOB TUAPOKCWAR
HAaTPMA GCHOBHBIMA NPOAYKTAMW KpoMe (hopMWATA HATPHA AB-
nAwTca rekcaxnopatad (MX3) w nepxnopatuned. B ycnosuax
NPOBEREHNA NPOLECCa WMEIOT MEeCTO B3aWMHLIE NpeBpaleHHA
nocnegHux. Yd4wTeiBas, 4To noTpeOHOCTE NPOMBILNEHHOCTH B
Nepxnop3TUAEHE 3HAYUTENLHO MPEBOCXOAMT €8 MoTpeGHoCTL
B FX3, B 4aCTH 2 M3ydeHbl 3AKOHOMEPHOLTH KAaTANNTHYECKOro
rufpogexnopuposanua X3, a Takme newtaxnopataHa, 1,1,2,2-
TeTpaxnopataHa, 1,1,2-TpuxnopavaHa W 1,2-guxaopstana. Ka-
Tanuzatop - 1,5 mac.%. Pd Ha enbynuTe, YeraHoBnewo, 470 ¢
YMEHbWEHHEM COAEPHAHMA YHMCNA aTOMOB XNOPa B MOREKYNe
NOAWXNOPITAHA YBEAMYNBAETCA LONA PEAKUWA 3aMeeHHA XNo-
Pa Ha BOAOPOA; PEAKUMOHHASA CROCOBHOCTE NPOAYKTOB NPY 3TOM
cHIKaeTcA. TTpU AOCTATONHOM BpeMEHM KOHTAKTA KOHEYHBIMM
NPOAYKTAMU PEAKLMMW ABAAIOTCA 3TaH W 3TuneH. B unTepsane
TeMnepatyp 353-393 K 1 napuvancHex AaBneHui eogopona 50—
810 klla M3y4yeHa KMHETHKA pPEAKLUMK KATINUTHYECKOrO ruf-
popexnopuposanua (X3, MokaszaHo, YTG eMHCTBEHHBIM Npo-
OYKTOM PeakuWd ABAAGTCA NepxNopaTUNEeH, T.e. NpespatleHne
MX3 uper 3a cyeT Peakuuu OTIENAEHHMA ABYX aTOMGB XA0pa, a
AMMUTHpYIOWEA crapuell npolecca ABAAETCA PACTBOPUMOLTL
NPolykTa B BOAHO-WENOYHOH peakuyuwoHHOW macce. Onpepe-
NEH BUA KWHETUYECKOTO YPABHEHUA W = 2,1-10'6exp[—(16200 *
+ 400)/RT]CrConPly, MONB/(A1-C). IKCTEPUMEHTaNBHO AOKa-
33H3 BO3MOMHOCTE MCNCAB3OBAHWA METOAA KATANHTHYECKOro
rMAPOAEXNOPUPOBAHUA XNCPYINCBOAOPOAOE B CPefe PacTROPOB
MMBPOKCWAA HATPHS ANA NepepaboTku XNOPOPFAHUYECKUX O0TXC-
nos, cofepraimx CClL, v nonuxnopaTaHel,

KnoveBbie CnoBa: YETLIPEXXNOPUCTHIA YINEPOA, XNOPOPraHH-
4eCKHEe OTXOAL), TeKCAXNOP3ITaH, NePXNCPITHAEH, NEHTAXNOPITaH,
TeTPaxXNOP3TaH, TPUXNOP3TaH, auxnopatay, CTC agcopbumsa.

sumption of the whole process through a concentrated solution
TBA at outlet from the flow reactor and obtain iscbutylene pu-
rity of at least 99, 99 wt.%.

Keywords: isobutane-isobutylene fraction, butylene-isobuty-
lene fraction, tert-butyl alcohol, reactive extraction reactor,
flow reactor, hydration, sulfokationitny catalyst.

CATALYSIS AND ENVIRONMENT PROTECTION

Terekhov A.V., Zanaveskin L.N. Zanaveskin K.L,,

Conorev D.A.

Catalytic hydrodechlorination of chlorohydrocarbons

in sodium hydroxide solutions.

Part 2. Transformation of hexachloroethane and other
polychloroethane.............occmmiiiinniiiiorniniini... 28

In part 1 of the article was shown to hexachloroethane (GHE)
and perchlorethylene are the main products except sodium for-
mate in the catalytic hydrodechlorination CCl, among sodium
hydroxide solutions. The mutual transformation of hexachle-
roethane {GHE) and perchlorethylene occur during the conduct
of the process. Takes into accounts that the need for the com-
mercial industry in perchlorethylene significantly greater than
in GHE, so the consistent pattern of the catalytic hydrodechlo-
rination of GHE and pentahloretana, 1,1,2,2-tetrachloroethane,
1,1,2-trichloroethane and 1,2-dichloroethane are studied it the
paper. The catalyst is 1,5 wt.%. Pd on SIBUNIT. It is found that
the percentage of substitution reactions of chlorine to hydro-
gen increases with decreasing the number of chlorine atoms in
the molecule of poly chloroethane, reactivity of the product is
lowered. Ethane and ethylene are the end products of the re-
action with a sufficient contact time, kinetics of catalytic GHE
hydrodechlorination Reaction is studied in the temperature
range 353-393 K and hydrogen partial pressure 50-810 kPa. It is
shown that perchlorethylene is the only product of the reaction,
i.e. conversion of GHE is due to the cleavage reaction of two
chlorine atoms, and the rate-limiting step of the process is the
solubility of the product in aqueous alkaline reaction media. The
form of the kinetic equation is defined w = 2,1.10%exp[-(16200 +
% 400)/RT)Cp3CePi, - The possibility of using of catalytic chlo-
rohydrocarbons hydrodechlorination in the sodium hydroxide
sotutions for the processing ofr organochlorine wastes contai-
ning CCl4 and poly chloroethanes is proved experimentally.

Keywords: carbon tetrachloride, organochlorine waste, hexa-
chloroethane, perchlorethylene, pentahloretan, tetrachloroetha-
ne, trichloroethane, dichloroethane, CTC adsorption.
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Conepwanue

Makapeeuny K.C., Kupnuenko E.A., lebyxoea H.B.,

Kapnoguy H.®.

OcobennocTu popMupoBaHua komnosnumin CuMo0,/6azane-
TOBOE BOAOKHO ANA KATAAUTHYECKOTD LOMUIA CaXM...... 33

NoKazana BOIMOKHOCTE MCNONL3OBAHMA GaA32NETOBOIO BONOK-
Ha B KAYeCTBE HOCUTENA MENHO-MONMBAATHOre KaTanusaTopa
OKWCNEHHA camu. Metogamn CIM u POA oGHapymeHa HeopHo-
POAHOCTL MegHO-MonubgatHore cnos, chOpMUPOBAHHOTD Ha
NOBEPXHOCTH 6a3ansToRLIX BONOKOH. HaHeceHWe Ha BONOKHO
NOAVMMEDPHO-CONEBOMD reaf ¢ WCXOAHBIM 3KBMMONAPHEIM COOT-
HoweHueM Cu W Mo conpoBOMAAETCA BbILENANMBAHUEM Hene-
32 W3 CTPYKTYpHl 6a3antTa, 41O NPU NOCNEAYIOWEM NUPOAW3e
CnocoBCTBYET 3AKPENAEHHID  MEAHO-MOAHMOAATHOTO CNoA Ha
HOCUTERE W NPUBOANT ¥ (apmuposannio (a3 (usMo,0g n FeO-
Cu;Mo,04 KOTOPHE B NPOUSCCE KATANUTUYECKOTD FOPEHUA CAKW
paznaraietca ¢ ofpasopanuren CuMoQ, v oxcupos Cul u Fe,0,.
Komnoauuuu 5%CuMo0,/6azansToBOE BONOKHO NOCAE HCNONb-
30BaHKA B IBYX UMKNAX KATANMTHYECKOro NpoLecca obecneyusa-
10T CTaOMALHBIE NAPAMETPH CTOPAHUA CAKK, CONOCTABMMEIE C aK-
THEHOCTbIO MaccuBHore 06pazua CuMol, (t,, = 403 °C n(C0,)
= 97,8 %). PesyntTarel WCCNRAOBAHMA NONIEIHE NpU pa3paBoTue
cnocofos GOpPMMPOBAHMA KOMMOZMLUMOHHEIX K3TANUTUYECKUX
NOKPLITUA KOHCTPYKUWIA CaeRbX PUALTPOB,

Knwouesbie cNOBa: OKCHAKLIE KOMNO3WL KK, Ba3aNLTOBCE BONOK-
HO, MONKE QAT MEIH, OKHCNEHUE CAMM.

WHIEHEPHBIE NPOBAEMDI.
IKCNAVATALIUA W APOU3BOACTBO

Haszapoe M.B., flackun A.WN., Unbacoe U.P., Nambepoe A.A.,
Bukmypaun AU, lWatunoe B.M., Hasmuesa 1.0,
OnbITHO-NPOMBILLEKHEIE HCTIBITANWA KaTanu3aTopa ce-
NEKTUEBHOTO FTHAPUPOBAHNA ALETUAGHA.......vvveiinnannnee 39

MpoBeneHs GNBTHO-NPOMLILNEHHEE WCMBTAHWA NMPOMOTUPO-
BAHHOTG anoMonannaguescro Katanuwsatopa (TA-2M & mpo-
yecce CeflieKTMBHOIO TUAPWPOBAHWA aLETMNEHa Ha NPOMBIL-
NeHHOW 3TaH-3TuneHosoW tpakywn (339) B cucteme w3 geyx
NOCNefOBaTENLHD PacNONOMEHHBX aguabaTwyeckux peaxTo-
poB mnpoTouHore TWna. Onpefenedb! cATMManbHbe YCNOBUA
NpoBeAEHUA DPOLeCcca, NPM KOTOPLIX KOHBEPCKA aUeTUneHa
pocruraer 100 % ¢ cenekTUsHOCTLIO No 3Tuneny 68,2 %; pae-
neHue B cucTeme — 21 aTM, obbeMHan CKOPOCTH NOAAYM yrae-
BOAOPOAHOrO chpba — 1500 yl, KOHLeHTPALMA MOHOOKCHAA
yrnepoga — 7 ppm, monsHoe cooTHowenue Hy @ C,H, Ha nep-
BOW W BTOPON CTAAMAX TWAPHPOBaHWA cocTasiaer 1,0 : L0 un
1,4:1,0, TemnepaTypa cbipbAHABX0AE BNEPBLIA ¥ BTOPOWH PEaKTOpLI—
40 u 55 °C cooveercTeeHHO. OUEHEH MelpereHepaynoHHNI: ne-
pHog paboTel katanusatopa CTA-2M Npu ONTHMANLHBIX YCAOBKAX:
12 mec. Karanusatop CTA-ZM MmoXeT BuTL pekoMeHpoBaH anA
ouMcTKH 330, copepxawei go 2 06.% aueTuneHa.

KnwyeBbie CAOBA: anOMONANNaGHEBH A KATANK3ATOP, CENRKTUHE-
HOoe ruapHpeBaHue aueTuneHa.

Makarevich K.5., Kirichenko E.A., Lebuhova N.V,,

Karpovich N.F.

Features of the formation of the composition CuMo0,/ba-
salt fiber for catalytic afterburning of soot................ 33

The use of basalt fiber as a support for copper-molybdate cata-
lyst for the oxidation of soot is shown in details. The heteroge-
neity of copper molybdate layer formed on the surface of basalt
fibers is detected by SEM and XRD. The polymer-salt gel with an
original equimolar ratio of Cu and Mo on the fiber is accompa-
nied by leaching of iron from the basalt structure that perpetua-
tes copper molybdate layer on the support during the subse-
quent pyrolysis and leads to the formation of phases CuzMo,0,
and Fe0-Cu;Mo,0, which in the process of catalytic combus-
tion of soot decompose to CuMo0, and oxides of CuQ and Fe,0;.
Composition of 5%CuMoa0,/ basalt fiber after using in two cycles
of the catalytic process provides the stable parameters of soot
combustion, comparable to the activity of a bulk sample CuMo0,
(tmax = 403 °C, n{C0;) = 97,8 %). Results of the study are useful
for the development of methods for forming composite struc-
tures of catalytic coatings particulate filters,

Keywords: oxide compositions, basalt fiber, copper molybdate,
oxidation of soot.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Nazarov M.V,, Laskin A.L, Ilyasov L.R., Lamberov A.A., Bik-
murzin A.Sh., Shatilov V.M., Nazmieva L.F.

The pilot testing of the catalyst for selective hydrogena-
tionofacetylene .........ccccnviiiicieiiiinnninieniiin e 39

The pilot testing of the promoted alumino-palladium catalyst
SGA-2M in the selective hydrogenation of acetylene on an in-
dustrial ethane-ethylene fraction (EEF} as feed in the system
of two consecutive adiabatic flow reactor was performed. The
process optimum conditions are identified at which acetylene
conversion is 100 % with a selectivity of ethylene 68,2 %: the
pressure in the system - 21 atm, space velocity of hydrocarbons -
1500 h7%, the concentration of carbon monoxide — 7 ppm, the
molar ratio of H; : C;H, on the first and second stages of the
hydrogenation is 1,0 : 1,0 and 1,4 : 1,0, temperature of feed at
the entrance to the first and second reactors - 40 and 55 °C
respectively. The service cycle of the catalyst SGA-2M under
optimal conditions is estimated as 12 months. Catalyst SGA-2M
can be recommended for treatment EEF, containing up to
2 %ovol. of acetylene.

Keywords: alumino-palladium catalyst, the selective hydroge-
nation of acetylene.
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Conepxanue

I OTEHECTBEHHDBIE KATANU3ATOPDI

Makcumos 10.M., Kupgawwun A, Apxatosa JLA.
KouBepcuA MeTaHa Ha KaTanAu3aTopax, NoNYUYeHHbIX Me-
TOAAOM CaMOPACNPOCTPAHAIOLLENOCA BBICOKOTEMNEPATYP-
HOPO CHHTE3 A .c.ovnriuecrrrirencesnereresanssssremessnsrestusnssserans 45

MeTogoM  CaMOpacnpoCTpaHAIOWErOCA  BHICOKOTEMNepaTyp-
Hore cunteda (CBCY c wucnoswsopanuem nopowkoe NiQ, ZeO,,
Mg, AL Ni u ap. npurotoBnenn 610YHbIE METANNOKEpaMu-
YeCKWe KaTanu3aTopbl SNA CENeKTWBHOTO OKWCNEHMA METaHa.
NposeaeHtl KaTANWTHHECKHE MCNLITAHUA BI0YHBIX 06pasuos
B MPOTOYHOM peakrTope Ha cmecw MeTaH (29,6 06.%) - Bo3fyx
npu 800 °C. flokazaHo, YTO NO BLIXOAY CHHTE3-ra’a (CymMap-
Haa koHuewtpauma (0 + H,) CBC-karanusatopel AocTurawT
YPOBHE MAATHHOBHIX ¥ NNATUHO-POAMEBHIX, @ B CAy4ae COCTa-
ea Ni52,92r0,9,5 npesocxopaT ux. { ucnonb3oeaHWeM no-
ChefHers B KavecTee Katanuaatopa pa3paboTaH onbITHBIRA
ABTOTEPMHYECKUI FeHepaTop CWHTe3-rasa npPOM3BOAMTENb-
HocTeio 30 M3/yu. Mpouecc NOAYYEHWA CUHTE3-Ta3a NyTeMm yi-
NeKUCNOTHOA KOHBEPCHM MerTaHa ocyllecTeled Ha nopou-
kosux CBC-karanuzatopax Ni;AlL moguduumposanubmx P,
MoeegeHd WCMbITaHWA 0OpasyoB & MPOTOYHOM PeaKTope C
PUKCHPOBAHHLIM CRoeM KaTanusatopa obvemom 1 cw®, pas-
mepoM 3epeH 600-1000 mxm, npu Temnepatypax 600-900 °C,
obvemMHoR ckopocty noToka (CH, : CO, : He=20: 20 : 60 06.%)
100 cM?/MuH. NokasaHa BHCOKAA AKTUBHOCTL W CTABUALHOCTDL
paspaboTaHHLIX KaTanW3aToOpPOB KOHBEPCHWW NPUPOAHOrG rasa
B CMHTE3-ra: B YCAOBMAX BbLICOKOTEMNEPATYPHON OKMCAWTERL-
HO-BOCCTAHOBUTEALHOW cpean. BuinonneHHan paboTa asaseTca
nepeoi cragqeil Ha NYTH NOAYYEHUA SUMETUAGBOTO 3BNpa, KOTO-
PHil HOMET CTaTh PeantHbIM KOHKYPEHTOM AH3ENbHOMY TONAUBY.

KnioueBeie CAOBA: CENEKTHEBHOE OKWCNEHUE METAHa, YIMEKMC-
NOTHAA KOHBEPCMA METaH3, CMHTE3-Tas, CaMopacnpoCTPaHA-
WMIACH BHCOKOTEMNEPATYPHLIH CUHTE3, KaTAANIATOPH.

l EMOKATANM3

Xpomora C.A., Cuuproe A.A., Cenuweea C.A., Kykywrun P.T,
HAynawnd B.Q., Tpycoe N.W., Axoenes B.A.
MarHuAcoAepHaUMe KaTANN3aTOpLI ANA aeKapboHcunm-
POBAHUA GHOHEDTH ..cverrrnirrnrrnnrernresrrerrieransseressrerens 52

B HacToAWEe BpeMA OfHHM W3 NePCNEKTHBHEX METOAOB Nepepa-
60THU BO306HOBAREMOTO CHPBA ABAALTCA NUPOAU3, NOIBONAD-
WHH NONYYAT HUAKWUE OPraHHYECKUe NPoAYHTH (GHoHedTs) 13
GuoMaccut. fina noayyenus uz SUoHedTH MPOAYKTOB TONANBHOMO
Ha3HAYeHUA HeobxofuMo ee NpefsapuTentHOe OGNAropamMea-
Hue. LjenecoofipasHe MpoBOAMTL 3TOT RBPOLUECC B ABE CTaAMM,
Nepeas U3 KOTOPbIX, AeKApOOKCHAUPOBAHKE, NO3BONALT CHM-
3WTL ArpeCcCHBHOCTL {KMCNOTHOCTL) CHIPBA U NoTpebneHne Bo-
AOPOAS Ha BTOpof cTapuu. Ans aexapBokcunuposakus obbiumo
KCNONB3YIOT KATANM3ATOPL HA OCHOBE BAArOPOAHLIX METALNOB.
ECTb TaKKe NPHMEpH NPUMEHEeHMA Qonee fellesulX KaTanuia-

DOMESTIC CATALYSTS

Maksimov Y.M., Kirdyashkin A.I., Arkatova L.A.

Conversian of methane on catalysts, obtained by self-pro-
pagating high-temperature synthesis ....................... 45

The block-metal catalysts for the selective oxidation of methane
were prepared by self-propagating high-temperature synthesis
(SHS) using powder NiQ, ZrQ,, Mg0, Al Ni, and others. Catalytic
tests of block samples were conducted in a flow reactor in a mix-
ture of methane (29,6 %vol.} and air at 800 °C. It is shown that
SHS catalysts reach the level of platinum and platinum-rhodium
catalysts in yield of a synthesis-gas (the total concentration of
€0 + H,), and in the case of Ni52,92r0,9,5 composition the cata-
lyst samples exceed platinum and platinum-rhodium catalysts.
The experimental autothermal synthesis-gas generator with
capacity of 30 m*/h is designed using a catalyst composition
Ni52,92r0,9,5. The process of synthesis-gas production by the
carbon dioxide reforming of methane was carried out on pow-
der of SHS catalysts Ni,Al, modified by Pt. The samples testing
behavior were studied in a flow reactor with a fixed catalyst bed
volume is 1 cm®, 600-1000 micron grain size at temperatures
of 600-900 °C, flow rate {CH, : CO, : He = 20 : 20 : 60 %vol.)
100 cm>/min. A high activity and stability of the developed
catalysts in the conversion of natural gas to synthesis-gas are
shown in a high-temperature oxidation-reduction environment.
That work is the first step on the way of producing dimethyl
ether, which can be a real competitor to diesel.

Keywords: selective oxidation of methane, carbon dioxide con-
version of methane, synthesis gas, self-propagating high-tem-
perature synthesis,

BIOCATALYSIS

Khromova S.A., Smimov A.A,, Selishcheva S.A., Kukushkin R.G.,
Pundich V.0., Trusov L.1., Yakoviev V.A.
Magnesium-containing catalysts for the decarboxylation
OF BHO=0Tl .cceri i ririr i ers s cescrs e snrrr s ssesrareras 52

Today one of the most promising methods for processing of re-
newable raw feed is pyrolysis, which allow to obtain a liquid or-
ganic products (bio-oil) from biomass. To produce a biodiesel fuel
the preliminary elevation of biomass is necessary. It is advisable
to carry out the process in two stages, the first of which, decar-
boxylation reduces aggressiveness (acidity) of the feed and the
consumption of hydrogen in the second stage, A catalysts based
on a noble metals usually are used for decarboxylation. There
are also examples of the use of cheaper catalysts based on alka-
line earth metals oxides but their lack of stability is a significant
problem, We have investigated the activity of catalysts based
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Copepmanne

TGPOE HR OCHGEE OKCWAOB IHENOWHOISMENnbHbLX MeTannoe, 04-
HAaKD MX HEROCTATOYHAA CTABWABHOCTL ABARETCA CYWECTBEHHOH
npobnemoit, B Hactoawed paboTe MCCNEAOBAHB AKTUBHOCTL
KaTann3aTopoBs Ha ocHose Mg0 B peakuwu gexapboKcunuposa-
HMA MOENBHOTO COBAMHEHHA GUOHEhTU — NEHTAHOBOW KMCNO-
TH, @ TAKHE BAKAHME MoguPUUMPYOLHX ROBABOK Ha CTabBuaL-
HOCTh MaTHUiAcofepXalLux Karanniatopos. pouecc nposoanau
B MHepTHOW atMochepe npu Temnepatype 350 °C u paesnexnu
0,50 MMa. NokasaHo, YTG NPH YBENUYEHUH TEMNEPATYPLI NPOKan-
k1 Mg0 o 1200 °C, a TaKme NPy BEEAECHHU CTABHAUIMPYIOL X
aobaeok (Al,04, 510, 1 Zr0,) Ae3aKTHBALUNA NPONCXOQNT FAABHHIM
oBpasom 3a cueT obpasoBaHua KapOoHaToe, 3 He PaCTBOPUMBIX
coneii MarHus, B CBA3W C YeM Takue kaTanusatopsl Bonee nepe-
NeKTHBHB € TOYKH 3PEHWA BOIMOKHOCTH PETeHepaLmn.

Kniouesbie cpopa: pekapbokcunnposauue, Guonedts, neHta-
HOBAA KWCROTE, MATHWACOAEPHAUME KATARU3ATOPH, OCHGEHBIE
OKCHAY), CTABUNLHOCTD, Ne33KTUBALUA,

lamaoposa B.C., 3unosbesa M.E., Had.T.T. XnoHr

OcoBeHHOCTH hepMeHTATUBHOTO MMAPONN3A KACTOPOEOTD
MBCAA coierniirnsraencrancsmersrsncsssrarsommasrrssrssesnnes PITRURR i |

TMAPONMIOM KACTOPOBONG MACAA NOAYYAKT PULMHONEBYID KUCAD-
TY, KOTOPAR UCNONb3YETCH B MEAULUMHE, BETERUHAPUN U ABNACTCA
CoipbeM ANA OPraHWYECKOTo CUHTE33 PasHOOBPasHLIX LLeHHBIX
npoAykroe. MNepcneKTHEHBM CNECOBOM NONYYEHUA pPUUUHOAE-
BOW KHCNOTH ABNAETCH DEPHEHRTATHBHIA TMAPOAKU3 KACTOPOBOrO
Macna, NO3BOMAIOWMIE NPOBOANTE NPOLECC THAPONU3A B MATKHUX
YCAOBUAX: B HHTEPBANe Temneparyp 35-45 °C w Ges NoBbIWeH Ho-
ro pagnedua. B CTaThe NOKa3aHa BOIMOMHOCTL PepMeHTaTHBHO-
0 rMAPOAK3a KaCTOROBOrO Macna nunasoh wz Candida rugosa B
CUCTEMax «MAcno — Bogas 6e3 smyavratopa. NpegnoxeH cnocob
rUEPOAKM3a 8 OTCYTCTBHE SMYNLIATGPOE, YNPOWADIWHKA Npouecc
BLAENEHUA UENSBOO NPOAYKTA (CMECH CBOGOAHBIX MUPHBIX KUC-
A0T ¢ npeobnagaHuen PULWHONEBOW KWCNOTH) U COOTBETCTBEH-
HO TexHoNoruo npouecca. MNpumeHAeMuil kaTanusatop obecne-
YMBAET 3KOAQrMYecKylo GelonacHocTe npolecca. B pesynetarte
3KCMEpPUMEHTaNLHOTO NoaBopa yCNoeWH FUEPONU3A AOCTHIHYT
BLIXOS KHPHBIX KUCNAT 47 %,

Knwueeble cnoea: KacTopoBoe MACNC, PHUWHONEBAA KMCMOTA,
(pepMeHTaTHEHBIA rMgponn3, nunasa wz Candida rugosa.

Cmuproea M.10., Kuxtanun 0.B., Py6anos ALE., Tpycoe J1.W.,
Euescxuid [.B.

BauaHMe copepMaKHA METANNA HA NOBEREHKE KaTanH3la-
Topa Pt/SAP0-31 B ruapORpeEpalIEHHN NOACOAHEYHOTO

MoKa3aHa BOIMOMHOCTE MCNONB30BAHWA KATaNM3aTOPCB HA OC-
Hoee Pt/SAPO-31 ana ofHOCTaIMAHOIO, B OTAMYHE OT NPOMbIL-
NEHHOTO ABYXCTAAUHHOTO, NPEBPallEH WA PaCTUTENBHOTO Macna B
KOMNOHEHTH HU3KO3ACTHBADULETC AM3ENEHOTO TONAKBA. H3yde-
HO BAWAHME copepianua metanna (0,5-2 mac.% Pt) B natanuaa-
TOpE Ha erc PU3HKO-XHMUYECKHe M KataauTHYecKue CBOHCTBE.

on Mg in the decarboxylation reaction of biodiesel model com-
pound (pentancic acid) and the effect of modifying additives
on the stability of magnesium-containing catalysts. The process
was carried out under an inert atmosphere at a temperature of
350 °C and a pressure of 0,50 MPa. Tt is shown if to increase the
MgO calcination temperature up to 1200 °C and to introduce the
stabilizing additives (Al,04, 510, and Zr(Q,) than deactivation is
mainly due to the formation of carbonates and insoluble salts of
magnesium, due to which these catalysts are more promising in
terms of the possibility of regeneration.

Keywords: decarboxylation, bio-oil, pentanoic acid, magnesi-
umt-containing catalysts, basic oxides, stability and decontami-
nation.

Gamayurova V.S., Zinovieva M.E., Chan.T.T. Huong
Features of enzymatic hydrolysis of castor oil........., . 61

A ricinoleic acid is produced by hydrolysis of a castor oil. A rici-
noleic acid is used in medicine, veterinary medicine and as feed
for organic synthesis of various valuable products. A promising
way to obtain ricinoleic acid is enzymatic hydrolysis of castor
oil, allowing to carry out the hydrolysis in mild conditions in
the temperature range 35-45 °C, and without high pressure. The
possibility of enzymatic hydrolysis of castor oil by lipase from
Candida rugosa in the system «oil — water» without emulsifier
is shown in the article. The method of hydrolysis in the absence
of emulsifiers, which simplifies the process of separation of the
expected product (a mixture of free fatty acids with a predomi-
nance of ricinoleic acid) and therefore process technology are
offered. The used catalyst provide the environmental safety of
the process. As a result of the pilot selection of hydrolysis con-
ditions the 47 % vield of fatty acids was achieved.

Keywords: castor oil, ricinoleic acid, enzymatic hydrolysis, ii-
pase from Condida rugosa.

Smirnova M.Yu,, Kihtyanin 0.V., Rubanov A.E., Trusov L.I.,
Echevsky G.V.

Influence of the metal content on the behavior

of the catalyst Pt/SAPO-31 in sunflower oil hydro-con- -
version ......... coerrverreaanns rersinnnns teesteeeraenttaannnas veeees 06

The possibility of using the catalysts Pt/SAPO-31 for single-
step, in contrast to the industrial two-stage, conversion of vege-
table oil to components of waxy diesel. The effect of metal con-
tent {0,5-2 wt.% Pt) in the catalyst on its physico-chemical and
catalytic properties is studied. It was found that the decrease
of catalyst activity during the reaction occurs reqardless of the

6

Karanus B npeMblnerHocT, Ne 2, 2013



CoplepaHue

OBHapyreHo, 4TO B X0fe PeakuMM BHe 3aBUCUMOCTH OT COREp-
MAHME MNATUHBL NPOWCXOAWT YMeHblUeHUE AKTMBHOCTM Kata-
NU3ATOPOB, 4TO NPORBARETCA B CHHXEHWM MX M3OMEpU3yoWed
CNOCOBHOLTH U NOABNEHMU KUCNOPOACOAEPHALUUX COLAMHEHUH
B NPOAyKTax peakuun. Pu3uKo-xMMUNECKHe CBOMCTBA Katanu-
3atopos Pt/SAPO-31 uccnepoBasul metogamu MK-cnektpocke-
NUK aAcopOUPOBAHHOID NUPKAKHA, XeMOCOPOLUMM BOAOPORA H
NPOCBEYNBAIOLIEH 3NeKTPOHHOR MuKpockonwK. okasaHe, yTe
yxyAlieHKe KaTaNnUTHYeCKUX CBOWCTE 06YCNOBNRHO OTPABNEHHEM
KUCNOTHHIX UEHTPOB W CHIKEHWEM aKTWBHOIN MOBEPXHOCTA Me-
TAAMYECKOI0 KOMNGHEeHTa, [IPoABMOHCTPUPOBAHLI BOIMOXHbIE
NyTH NoBbIUEHKA CTabunbHoCTH paboTk oBpasyos Pt/SAPO-31 8
TMAPONPEBPALIEHUU PACTUTENLHOTO MaCha.

Knouesble cnoea: GMopusent, 6UOrasoinb, rMAPOKOHBEPCHA,
nogconHewHoe Macno, SAPO-31.

Napuues K0.8., Eneuknii N.M., Tysukos ©.B., Akosnes B.A.
Pa3paboTka TEXHONOTHM NOAYYEHUA NOPUCTLIX YTNEPOA-
KPeMHEe3eMHbIX KOMAIO3UTOB M YINePOHLIX MaTePHAN0B
U3 PUCOBOI WIEAYXHN, HCCNEROBAHHE HX TEKCTYPHLIX U AHC-
MNEPCHBIX XAPAKTEPUCTUH .covneerrvreenenens Certrrrenerrrrenas w72

MpegnoxeH MeTod yTuanzaumu pucosoi wenyxu (PLU), TpyaHone-
pepabaTbieaeMoro 0Tx0a NROM3BOACTEA PUCA-CLIPLA, 3aKNI0YaN0-
wuicaeKapoHnzayi PlL 6 peakTope CKUNAWWM CAOEM KATANK3a-
TOpa. 30AbHEIH 0CTATOK, 06pa3yIOLKIicA NoCHe KAPBOHKU3ALMK NPY
465-600 °C npeacTasnneT coboi yrnepoa-KpemHeseMHuli Ha-
HOKOMNO3WTHLIA MaTepuan (£/510,) ¢ cogepwanuem Si0, 58,7
81,8 sec.%, yAENBHOA NOBEPXHOCTLIO Sgyr = 152-232 mZ/r. Npu
sollenauuBat K 510, HTOPUCTOBOROPORHON KUCAOTOR NONYHEHE!
NOPUCTHEYTNEPOAHBIEMaTE pHAALI CYARSbH O NOBEPXHOCTEI0 165~
494 M/T 1 conepanuem 5i0; veHee 1 %. laHHuIe MaTepUansl uc-
cnefosansl MeTofamu MYPP, M3M u pedTreHoBCcKoil gudpakumi.
Bnepsbie nonydeHanHhopmaLua o pazmepaxdacTmuSi0, symepog-
KPEMHE3eMHLIX HAHOKOMNO3UTax. YCTAHOBARHO, 4TO NOBLIWe-
HUE TeMnepaTypel KapBoHWaauww oT 465 o 600 °C npueomuT K
YBEUYEHNI0 CPeAYMX Pa3MepoB YacTUL, KpeMHeseMa oT 55 go
8,1 uN. [loxasaHa NepcneKTMBHOCTE PasBUTMA METORUKK onpe-
OeNeHUs pa3MepoB HacTuL KPeMHe3eMa B yimepoaHod Matpuue
MeToaoM MYPP Bna LueneHanpasneHHoro gu3anHa NOpPHCTLIX YT~
NepoAHbIX MATEPHANOB C 3apaHee 2afAHHBMA CBOACTBAMYU. Me-
Ton KapboHusauuu Pl e kunAwem cnoe Katanuzaropa ABRAETCA
ORHMM W3 HaWBoNee nepcneKTBHLIX B NnaHe nepepaboTky PLI
8 (/Si0; HAHOKOMNO3UTH U NOPULTHIE YMepoaHLIe MATepHant €
NPHMEHEHWEM NOAXONOB TEMNAATHOTO CHHTE3A.

Kmioueebie cnosa: MYPP, pucoBas wenyxa, KWNAWKWA CRoW, yre-
poAHble MATEPHANE], YrNepof-MUHEPanbHblE KOMNO3KTH.

content of platinum, this is manifested in a decrease in their
ability to isomerize and the emergence of oxygenates in the re-
action products. The physico-chemical properties of the cata-
lysts Pt/SAPO-31 are studied by IR-spectroscopy of adsorbed
pyridine, hydrogen chemisorption and transmission electron
microscopy. It is shown that the deterioration catalytic proper-
ties is due to poisoning of acid sites and reduction of the active
surface of the metzal component. There are demonstration of the
ways to improve the stability of the samples Pt/SAPQ-31 in hyd-
ro conversion of vegetable oil.

Keywords: biodiesel, biogazoyl, hydroconversion, sunflower oil,
SAPO-31.

Larichev Yu.V., Yeletsky P.M., Tuzikov F.V., Yakovlev V.A.
Development of technology for production of porous
carbon-silica composites and carbon materials from rice
husks and study their texture and dispersion characte-
ASHCS. oot Ceerenmeenmrranaenee cesrenaes 72

Rice hulls (RH) is a paddy rice waste product difficult to recycle.
The method of RH carbonation in a fluidized bed reactor with
a catalyst developed as a way of RH utilization. The ash formed
after carbonization at 465-600 °C is carbon-silica nanocom-
posite mateniat ({/Si0;) containing Si0, 58,7-81,8 weight.%
and specific surface Sapy = 152-232 m?/g. The porous carbon
material with a specific surface area 165-494 m?/g and Si0,
content less than 1% were received during leaching Si0, by
hydrofluoric acid, These materials were characterized by SAXS,
TEM and ¥-ray diffraction. Information about the size of 5i0,
particles in the carbon-silica nanocomposites is obtained for
the first time. It #s found that increases in temperature car-
bonization from 465 to 600 °C leads to an increase in aver-
age size of silica particles from 5,5 to 81 nm. It is shown the
promise for the development of methods for determining the
size of the silica particles in a carbon matrix by SAXS for tar-
geted design of porous carboan materials with predetermined
properties. The RH carbonation method in a fluidized bed of
catalyst s one of the most promising in terms of processing in
RH C/510, nanocomposites and porous carbon matertals using
approaches template synthesis.

Keywords: SAXS, rice husks, fluidized bed, carbon materials,
carbon-mineral composites,
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