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KATAJIU3 B XUMUYECKOH
U HEGTEXUMUYECKOU NPOMbILUJIEHHOCTHU

bannapunn ALL., e Muryane C., Kactpo A., Len3za 0.
llerwgpupoBanue H-AeKana Ha GumeTannuyeckux PtSn

u PtGe Katanusaropax, NnpMroToBAEHHbIX C NCNO/b30Ba-
HueM DIP-npouecea .........c.ccoiviviiiiiiiiiiiiiicirccreee 8

N3yuenwt katanutuueckue ceoictea Pt, PtSn u PtGe na y-Al,05
(v-A), HaHecenHOoM Ha cdepbl (-Al,05 (ct-A) nytem norpy-
KEHUs UX B OGEMUTHBLIA refb, B peakuuu [eruapupoBaHus
H-pekaHa. WccnepoBaHo BAMAHWME 0N0Ba W repMaHWs B Ka-
yecTBe A06aBOK K NAaTMHe Ha aKTUBHOCTb U CENEKTUBHOCTb
katanusatopoB. WccnepgoBaHus NpoBOAMAUCH B peaKkuUWAx de-
rMAPUPOBAHMA LUKNOreKcaHa, rMaporeHonu3a LMKNONEHTaHa,
a TaKwke MeTogaMu TeMnepaTypHO-NpOrpaMMMpyeMoro BOC-
ctaHoeseHua (TMB), xemocopbuuu Bogopofa, GOTOINEKTPOH-
HOW CNeKTpOCKONUM (3NEKTPOHHOM CNEeKTPOCKONUM ANA XUMM-
yeckoro aHanu3a, 3CXA), TepMorpaBUMeTPUYECKOTO aHanu3a
(TTA) u cranupyloweit 3nekTpoHHon Mukpockanuu ((3M). Hau-
NyYLIKe XapaKTePUCTUKMU NONYYEHbI C UCNONb30OBAHWEM KaTanu3a-
TopaPt(0,5)Sn/y-A/0-A; npuaToMoTMeyeHb Claboe3nekTpoHHoe
B3aUMOAENCTBUE MeX Y METaNNaMu, NOBEPXHOCTHAsA Cerperayms
SnUHanUYUe OKUCIEHHOTO SN, CTaBMNU3UMPOBAHHOTO HAHOCUTE e,
B PtGe KaranuszaTopax BbISBAEHO CUAbHOE B3aUMOJEUCTBUE
MeXOy MeTannamu, BO3MOXHO obpaszoeaHue cnnasa. o kara-
AUTUYECKUM CBOCTBAM U3yYeHHble KaTanu3aTopbl CPaBHUMBI C
ONUCAHHBIMU B LIUTUPYEMBIX NaTeHTax.

Knioyesbie cnosa: CTpyKTypupoBaHHble Kkatanu3iatopsl, DIP-no-
KpbITHe, H-AEKaH, AeTMAPUPOBaHUE, BbICIIME NapatuHel

Kyaemun B.3., Kalomos WU.A., Capaposa U.W., Cachun A.X.,
Wenenun B.A.

PazBuTve TeXHONOrMU NOYYEHUA BbICOKOKOHIEHTPUPO-
BAHHOTO U300YTUMEHA .c.eoiveeiiiiiiiriaaerieereeneeeiaeeneeeneees 22

JedcreyoWas Ha npeanpusTusx Poccuu TexHonorma Bbldene-
HUA M306yTUEHa NONUMEPU3ALMOHHON YUCTOTHl OCHOBAHa Ha
cuHTese mpem-6ytunosoro cnupta (TBC) nyTem rugpartauuu
“306yTUNEHa, cOofepXalerocs B CbIpbeBbIX VIEBOAOPOAHbLIX
dpakumax, ¢ nocnefyloWwmm BoigeneHmem U paznoxernuem ThC.
Twapataums u3oGyTUneHa OCyWECTBARETCA B peaKkTopax peak-
UUWMOHHO-3KCTPAKUMOHHOMO TUNA B NPUCYTCTBUU HOPMOBAHHOIO
CyNbGOKATUOHUTHOTO KaTanusaropa M NpOTUBOTOYHOM pexXume
NOAayu UCXOQHLIX peareHToB. B nnaHe mogepHUsaumuu cywecr-
BYIOWEH TEXHONOrMU B CTaTbe NPEANOKEH BapUaHT ocyliecTee-
HUA NPOLECcCa B NPOTOYHOM PeaKkTope NpW COOTHOLIEHUAX pea-
reHToB, GJM3KUX K CTeXMOMETpUYeCcKUM. MN3yyeHa 3aBUCUMOCTb
KOHBEPCUM U30ByTUNEHA U KONMYECTBA NOBOYHLIX NPORYKTOB
(BumepoB, smop-GyTaHona) oT BUAA UCXOAHOTO YIeBOAOPOLHO-
ro Chipbf W NapaMeTpoB NpOBefeHUA npouecca. B kavecTse Chi-
Pbsi UCNONb30BaHLI M306YTaH-1306yTUneHoBas (MND) u byTunen-
usobytunerosas (bU®) dpakuyuun. NokasaHo, 4To Ha dpaKLmm
BEU® koHBepcua M306yTUNEHa MeHblUe, a KOHLEHTpauus noboy-
HbIX NPOAYKTOB Gosble, yem Ha UAD. Mpepnoxena cxema opra-

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

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

The catalytic performance of Pt, PtSn and PtGe supported on
v-Al,05 (y-A) deposited by dip-coating of spheres of a-Al,0;
(c-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 dehydrogenation (CHD), cyclopentane
hydrogenolysis (CPH), temperature-programmed reduction (TPR),
hydrogen chemisorption, X-ray photoelectron spectroscopy
(XPS), thermogravimetric analysis (TGA) and scanning electronic
microscopy (SEM). Pt(0,5)Sn/y-A/ca-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
prespnted 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, n-decane dehyd-
rogenation reaction, high paraffins.

Kuzmin V.Z., Kayumov 1.A,, Safarova I.1., Safin D.Kh.,
Shepelin V.A.

The development of technologies for high-concentrated
Jsobutylene.......oi 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 a 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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HU3aUUN TEXHOAOFMYECKOTO npouecca cuHTesa ThC ¢ ucnonsso-
BaHWEM PeaKkTopOB MPOTOYHOTO U peaKLUOHHO-3KCTPaKLMOHHOTO
TWN3, NO3BOAAIOWAA HAPalMBATL MOWHOCTY CYLECTBYIOWETD
NPOM3BOJACTBA, NPU 3TOM CHU3UTL 3HEPro3aTpaTkl Npouecca B Le-
fI0M 33 CYET NOAYYEHUA KOHLEHTpPUpOBaHHoro pactsopa TbC Ha
BLIXOle U3 NPOTOUHOrQ PeakTopa v NoNyYaTh U30BYTUREH YUCTO-
Tol He MeHee 99,99 mac.%.

Kniouesble cnosa: usobytaH-usofytuneHosas dpakuyus, 6ytu-
neH-usobytunenosas dpakuus, mpem-6yTUNOBEIA CNUPT, peak-
LIMOHHO-3KCTPAKLUUOHHBIA peaKkTop, NPOTOYHbLIA peaKTop, rugpa-
Tauus, cynbhOKaTUOHUTHBIW KaTanu3artop.

I KATAJIN3 U OXPAHA OKPV)XXAIOLLEMA CPELbI

Tepexos A.B., 3anaBeckun J1.H., 3anaseckun K.J1.,

KoHopes 0.A.

Katanutuueckoe ruapoaexnopupoBaHue xnopyrneBogo-
pOAOR B cpefe pacTBOPOB rMAPOKCUAA HATPUA.

Yactb 2. llpeBpawieHua rekcaxaopataHa v gpyrux nonu-
XIIOPBTAHOB ..eeuieiiiniiecnereiecunenncieenenesiarnasranassscueenacens 2

B yactv 1 ctatbM 6biNO NOKA3aHO, YTO NPU KATANUTUUECKOM
ruapopexnopuposanun CCl, B cpefie pacTBOpPOB rMAPOKCUAA
HaTpus OCHOBHBIMW NPOAYKTaMU Kpome PopmMnata HaTpus AB-
nawTcA rekcaxnopatad (X3) u nepxnopatuneH. B ycnosusx
NpoBefeHWA Npoliecca WMeloT MecTO B3auMHble NpeBpaleHus
NoCAERHUX. YUUTLIBAA, 4TO NOTPEBHOCTb NPOMBIWAEHHOCTU B
Nepxnop3TuNeHe 3HAYMTENbHO NPEBOCXOANT €e noTpebHOCTb
g [X3, B 4acTv 2 W3yueHbl 3aKOHOMEPHOCTW KaTafUTUyeckoro
rugpopexnopupoBanua X3, a TakKe nexTaxnopataHa, 1,1,2,2-
TeTpaxnopstaHa, 1,1,2-tpuxnopstaHa u 1,2-guxnopstaHa. Ka-
Tanu3zarop - 1,5 mac.%. Pd Ha cubyHure. YcTaHoBAEHO, YTO C
yMeHblIeHWEM COZEpPKaHUA YUCNa aTOMOB XN0pa B Mofekyne
NOAWMXNOP3TaHa yBeNMUMBAETCA LONA PEAKUMA 3aMeleHusn Ko-
pa Ha BOJOPOL; peakLMOHHAA CNOCOBHOCTE NPOAYKTOB NpPU 3TOM
cHuxaetca. Tlpw JOCTaTONHOM BPEMEHW KOHTaKTa KOHEYHbIMU
NPOAYKTaMU peakuun ABNAIOTCA 3TaH W 3TuaeH. B uHTepsane
Temnepatyp 3563-393 K v napuuansHbix aasneHuin sogopona 50-
810 kla u3yyeHa KMHETMKA peakUMM KaTaJUTUYECKOro rug-
pofexnopupoBanus [X3. [lokasaHO, 4TO eAUHCTBEHHLIM Mpo-
LYKTOM peakuuu ABAAeTCA Nepxfop3TuieH, T.e. npespalieHue
X3 npet 3a c4yeT peakuuu oTLENNEHWA ABYX aTOMOB X/0pa, a
NUMUTUpYIOWERA cTagueld npouecca ABNAETCA PacTBOPUMOCTDb
NpoAyKTa B BOJHO-LUENOYHOW peakuuMoHHoW macce. Onpepe-
feH BUA KUHETUYECKOro ypasHeHus w = 2,110 %exp[-(16200 =
+ 400)/RTJC;X3£KETPS'25, Monb/(n-c). IKCNEpUMEHTANLHO [OK3-
3aHa BO3MOMHOCTb WCNONb30BAHMA METOAA KaTanuUTUYECKoro
TWAPONEXNOPUPOBAHWS XNOPYINEBOAOPOAOB B Cpejle PacTBOPOB
rMAPOKCMAA HATPUA AN NepepaboTKK XNOPOPraHUYECKUX OTXO-
fos, copepxaumnx CCL, u nonuxnopstaHsl.

KntoueBble CAOBA: YeTbipexXxAOPUCTLIA yINepod, XNopopraHu-
YeCKWe OTXOAb!, FeKCaxnopaTaH, Nepx10p3TUAEH, NEHTaXN0p3TaH,
TeTpaxnopataH, TpUxNopaTtau, guxnopataH, CTC agcopbums.

*

sumption of the whole process through a concentrated solution
TBA at outlet from the flow reactor and obtain isobutylene 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 0.A.

Catalytic hydrodechlorination of chlorohydrocarbons
in sodium hydroxide solutions.

Part 2. Transformation of hexachloroethane and other
polychloroethane..............ci il

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 hexachlo-
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 hydrodechio-
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 Kand 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]CrysCexnPy - The possibility of using of catalytic chlo-
rohydrocarbons hydrodechlorination in the sodium hydroxide
solutions 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.



Makapesuy K.C., Kupuyenko E.A., Jiebyxosa H.B.,

Kapnosu4 H.®.

OcobenHocTu hopmMupoBaHua komno3suumil CuMo0,/6asans-
TOBOE BOJIOKHO ANA KaTaNUTUYECKOTO Q0XKUIa CaXu...... 33

MokasaHa BO3MOMHOCTb WCMONb30BAHWUA 6a3anbTOBOTO BOMOK-
Ha B KayecTBe HocUTens MefHo-MmonubaatHoro Katanusartopa
OKUcneHus camu. Metopamu (3M u POA o6HapymeHa HeoaHo-
POAHOCTL MeAHO-MONU6AATHOrO Cnos, cHOPMUPOBAHHOMO Ha
NOBEpXHOCTU 6a3anbTOBbIX BONOKOH. HaHeceHue Ha BONOKHO
NONUMEPHO-CONEBOTO TeNf C UCXOLHBIM 3KBUMOMAPHBIM COOT-
HoweHuem Cu u Mo conpoBompaetca BbllenayusaHueMm xene-
3a U3 cTpykTypbl 6aszansta, 4To NpU nocnedyioweM nuponuse
CnocobCTBYeT 3aKpeneHUio MefHO-MOAWBAATHOTO Cnos Ha
HocuTene U npuBoauUT K chopmMupoBanmio a3 CusMo,04 1 FeO-
Cu3Mo,04, kOTOPEIE B NpOLECCE KAaTANUTUUECKOTO FOPEHUA CaKM
pasnaratotca ¢ obpasosanuem CuMoO, u okcuaos CuO u Fe,0,.
Komnosuummn 5%CuMoQ,/6a3ansToBoe BONOKHO NocAe UCMOAb-
30BaHUs B 1BYX LMKIIAX KAaTaNnUTUYeCKoro npolecca obecneyusa-
10T cTabubHbBlE NapaMeTpbl CrOPaHUA CaXu, CONOCTaBUMbie C aK-
TUBHOCTLIO MaccusHoro obpasua CuMol, (t,, = 403 °C n(C0,)
= 97,8 %). Pe3ynstarh! UccnefoBaHUA Nofe3Hbl NpU pazpaboTke
cnocoboB (GOPMUPOBAHUA KOMMO3ULMOHHBIX KATANMTUUYECKUX
NOKPbITUIA KOHCTPYKUMIA CaXKeBblx pUALTPOB.

KnioyeBble cnosa: OKCUAHbIE KOMNO3ULIUU, 6a3anbTOBOE BOJIOK-
HO, MOﬂM6,an MeaUu, OKUCNeHNe CaxKu.

WHXEHEPHbLIE NPOBJIEMbI.
JKCNAYATALUA U NPOU3BOACTBO

Haszapos M.B., lackun A.U., Unbsicos U.P., Jlambepos A.A.,
Bukmypsun AL, Warunos B.M., Hazmuesa N.®.
OnbITHO-NPOMBILWNEHHbIE UCNBITAHUA KaTanusaTtopa ce-
JNIEKTUBHOTO FUAPUPOBAHUA ALETUIICHA. .....cervnrinnnenn. 39

lpoBefeHbl OMBTHO-MPOMBIWNEHHBIE WUCTBITAHUA MPOMOTUPO-
BaHHOro anioMonannaguesoro katanusatopa (fA-2M B npo-
uecce CENEKTUBHOTO TUAPUPOBAHWA alleTUNeHa Ha NPOMbIL-
ReHHol 3TaH-3TUNeHoBoU tpakuymuu (339) B cucTeMe U3 ABYX
nocnefoBateNsHoO PacnonoXeHHbX afuabaTUyecKUx peakTo-
poB npoToyHoro Tuna. OnpepeneHbl ONTUManbHble YCNOBUA
npoBefileHUs npolecca, NPU KOTOPbIX KOHBEPCMA aleTuneHa
pocturaet 100 % ¢ cenekTMBHOCTLIO MO 3TuneHy 68,2 %: pas-
neHue B cucteme — 21 atMm, o6beMHan CKOpPOCTb NOJayMn yme-
BOJOpPOJHOro chipbs — 1500 g7l KOHUEeHTpauua MOHOOKCMAa
ymepoaa — 7 ppm, MonbHoe cooTHoweHune H, : CH, Ha nep-
BOW M BTOpPOWA CTaguax rupgpupoBaHua coctasasetr 1,0 : 1,0 u
1,4:1,0,TeMnepaTypacbipbfHa BX0e B NEPBbIA Y BTOPOW pEaKTOpb —
40 1 55 °C cooTBeTcTBEHHO. OLeHeH MeXpereHepauMoHHbIA ne-
puog paboTbl Katanusaropa CTA-2M npu oNTUMANBHBIX YCIOBUAX:
12 mec. Karanusatop CfA-2M moxet ObiTh peKoMeHAoBaH ans
ouncTku 33, conepxauieit ao 2 06.% auetuneHa.

KnwouyeBbie cnoea: anoMonannaavessli KaTanuni3atop, CeeKTUB-
HOE€ rMappuUpoBaHNUe aleTuneHa.

Makarevich K.S., 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-
guent pyrolysis and leads to the formation of phases CusMo,0,
and Fe0-CusMo,04 which in the process of catalytic combus-
tion of soot decompose to CuMo0, and oxides of Cu0 and Fe,03.
Composition of 5%CuMo0,/ 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 CuMoO,
(tmax = 403 °C,(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.IL, Ilyasov I.R., Lamberov A.A., Bik-
murzin A.Sh., Shatilov V.M., Nazmieva I.F.

The pilot testing of the catalyst for selective hydrogena-
tion of acetylene ..o, 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 h™%, 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 %vol. of acetylene.

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



I OTEYECTBEHHbBIE KATAJIU3ATOPbI

Makcumos H0.M., Kupgawkun A U., Apkatosa JI.A.
KoHBepcus MeTaHa Ha KaTanusaropax, NoAyYeHHbIX Me-

TOAOM CaMOpacnpoCTPaHAIOLLEroCs BbICOKOTeMNepaTyp-
HOTO CHUHTE3@ .. ueuieerinenenenenenierassacesansensnensneneosasnsnssens 45
METOAOM camopacn pOCTpaHﬂIOLU,EFOCﬂ BLICOKOTEMNEPATYP-

Horo cuHTesa (CBC) ¢ ucnonb3zosaHuem nopowkos NiQ, Zr0,,
Mg0, AL Ni ¥ Ap. npuroToBneHbl GrOYHbIE MeTannoKepamu-
YecKkuWe Karanu3atopsl ANA CEeNeKTUBHOTO OKWUCAEeHUA MeTaHa.
MpoBepeHbl KaTanuTUYeCKUe MUCNBITaHWA GAOYHLIX 06Pa3LOB
B MPOTOYHOM peakTope Ha cMecu MeTaH (29,6 06.%) — BO3gyx
npu 800 °C. Moka3aHo, YTO NO BLIXOAY CWUHTe3-ra3a (Cymmap-
Has koHuenTpauus CO + H,) CBC-katanusatopel gocTuratoT
VPOBHA NNATUHOBLIX W NAATWHO-POAMUEBLIX, @ B CNy4ae COCTa-
Ba Ni52,97r0,9,5 npeBocxogat ux. C ucnonbiosaHueM no-
CNefHEro B KayecTBe KaTanusaropa pa3paboTaH oOnbiTHbINA
aBTOTEPMUYECKUA [eHepaTop CUHTe3-raza Npou3BOfUTENb-
HocTteio 30 M3/q. Mpouecc nony4yeHUa cCUHTE3-Taza nyrem yr-
NIEKUCNOTHOM KOHBEPCMM MeTaHa OCyLiecTBNeH Ha nopou-
koebix CBC-katanu3satopax Nij;Al, MoauduumposaHHbix Pt.
MoBefeHsl McnbiTaHMA 06pa3uoB B NPOTOYHOM peakTope C
UKCUPOBaHHBLIM CloeM KaTanuzaTopa obbemoM 1 cM>, pas-
mepom 3epeH 600-1000 MKM, npu Temneparypax 600-900 °C,
o6vemHol ckopoctv notoka (CH, : CO, : He =20 : 20 : 60 06.%)
100 cM>/MuH. TokasaHa BbICOKAA aKTUBHOCTL M CTaBUALHOCTH
pazpaboTaHHbiX KaTanu3aToOpoB KOHBEPCUU NPUPOLHOTO rasa
B CUMHTE3-Ta3 B YCNOBWAX BbICOKOTEMNEPATYPHON OKUCAUTENb-
HO-BOCCTAHOBUTENbLHOW cpedbl. BbinonHeHHan paboTa asnsercs
nepsoil cTaaneil Ha NyTW NoNyYeHus aUMeTUnoBoro 3upa, KoTo-
pbiil MOXET CTaTb PeanbHbIM KOHKYPEHTOM AWU3EeNbHOMY TONNUBY.

KnioueBble CnoBa: cenekTUBHOE OKUCNEHWUE MeTaHa, yrnekuc-
NI0THAA KOHBepCUA MeTaHa, CUHTe3-ras, CcamopacnpocTpaHsaio-

WHHCA BblCOKOTeMﬂepaTyprlﬁ CUHTE3, Katanuiatopsl. %

| EMOKATANIN3

XpomoBsa C.A., CmupHos A.A., Cenuwesa C.A., KykywkuH P.T,,
Jynguny B.O., Tpycos J1.W., Axkosnes B.A.
Maruuitcopepsailue katanusaropbl AN fekapbokcunu-
POBAHUA BUOHEDTU ....oevvriiiiiiiiciiii e, 52

B HacTosAWee BpeMs 04HWUM U3 NepCNeKTUBHLIX METOA0B nepepa-
60TKM BO30GHOBAAEMOrO ChipbA ABAAETCA NUPOJU3, NO3BONAIO-
WK NOAyYaTh KUIKUE OpPraHUYecKue NpoayKTsl (GuoHedTb) U3
6uomaccel. [lns noayyeHus U3 6uoHedTU NPOAYKTOB TONNUBHOIO
Ha3HAueHUs HeoHXoRMMO ee npepsapuTenbHoe obnaropaxmusa-
Hue. Lenecoo6pasHo npoBOAWTL 3TOT Npouecc B ABe CTaauu,
nepeas W3 KOTOPbIX, 4eKapbOKCUNUPOBaHMe, MO3BONAET CHU-
3UTh arpeccuBHOCTL (KUCNOTHOCTL) Chipba WU notpeénexue Bo-
LOpoAa Ha BTOpOW cTaguu. Insa AekapbokcunnposaHus o6bI4HO
MCNONb3YIOT KaTaNu3aTops! Ha OCHOBE 671aropodHbLIX MeTasnos.
Ectb Takxe npuMepsl npuMeHeHus Gofiee geweBblX Karanuia-

DOMESTIC CATALYSTS

Maksimov Y.M., Kirdyashkin A.I., Arkatova L.A.
Conversion 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 Ni0, Zr0,, 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 Ni52,97r0,9,5 composition the cata-
lyst samples exceed platinum and platinum-rhodium catalysts.
The experimental autothermal synthesis-gas generator with
capacity of 30 m3/h is designed using a catalyst composition
Ni52,97r0,9,5. The process of synthesis-gas production by the
carbon dioxide reforming of methane was carried out on pow-
der of SHS catalysts Niz;Al, modified by Pt. The samples testing
béhavior 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., Smirnov A.A., Selishcheva S.A., Kukushkin R.G.,
Dundich V.0., Trusov L.I., Yakovlev V.A.
Magnesium-containing catalysts for the decarboxylation
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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



TOPOB Ha OCHOBE OKCUAOB LLENOYHO3EMESbHLIX MeTannos, OA-
HaKo UX HeJOCTaTOMHas CTabUILHOCTL SABNAETCA CyU|eCTBEHHON
npobnemoir. B HacTtosuleid paboTe uccNnefoBaHbl aKTUBHOCTb
KaTanu3aTopoB Ha ocHoBe Mg0 8 peakuuu gekapbokcuauposa-
HUA MOJeNbHOro coeguHeHUs BuoHedTU — NEeHTaHOBOW KUcho-
Tbl, @ TaKXe BAUAHUE MOAWDUUMPYIOIWMX L0OABOK Ha CTabunb-
HOCTb MarHucoaepalmx Karanusatopos. [pouecc NnpoBoAUNY
B MHepTHOW atMocdepe npu Temnepatype 350 °C v pasneHuu
0,50 MMa. Moka3aHo, 4To NpY yBEAUYEHWUM TeMNepaTypbl NpoKan-
ku Mg0 o 1200 °C, a Takxe npu BBeLEHUW CTABUAN3UPYIOLLUX
pobaeox (Al,05, Si0, 1 Zr0,) Le3aKTHBALMA NPOACXOLAUT INABHBIM
o6pa3oM 3a cyer 0bpa3zoBaHUA KApHOHATOB, @ He PaCTBOPUMbIX
coneit MarHus, B CBA3M C YeM Takue KaTanu3atops Honee nepc-
NEKTUBHbI C TOYKM 3PEHUS BO3MOXKHOCTHU PEreHepaumm.

KnioueBsie cnoBa: gekapbokcunupoBarue, bBuonedTs, neHTa-
HOBas KWUCNOTa, MarHWiCoAepXauiue KaTanusaTopbl, OCHOBHbIE
OKCUAbI, CTabMNBHOCTD, fe3aKTUBayma.

lamaoposa B.C., 3uHoBbeBa M.E., YaH.T.T. XvloHr

OcobeHHOCTH hepMeHTAaTUBHOIO rMAPONU3a KacCTOPOBOro
YT Tl - U TR 61

[MApONM30M KaCcTOPOBOrO MAcna noNyyatoT pULUHONEBYIO KUCIO0-
Ty, KOTOPaA UCMONb3YeTCA B MeULIMHE, BETEPUHAPUN U ABAAETCA
CbIPbeM ANS OPraHWYecKoro CUHTe3a Pa3HoOBpasHbIX LEHHbIX
npopykToB. [epcrekTUBHbIM CNocoboM MosyyeHUn puluHone-
BO/ KUCNOTbI ABAfeTCA PepPMeHTaTUBHBIA rMAPONM3 KAacTOPOBOro
Macna, N03BONAIOWMIA NPOBOAUTL NPoOLEcC FMAPON3a B MATKUX
YCIIOBUAX: B UHTepBane TeMneparyp 35-45 °C 1 6e3 nosblWeHHO-
ro AaseHus. B cTaTbe noxasaHa BO3MOXHOCTb epPMEHTaTUBHO-
ro ruiponu3a KactTopoBoro macna nunasoit u3 Candida rugosa s
cucTeMax «Macno — BoAa» bes amynbratopa. MpeanoxeH cnocob
TMAPO/N3a B OTCYTCTBME 3MY/IbTaTOPOB, YNPOLWAWUit npoLecc
BbIfieNEHUS L|eNeBoro NPoAYKTa (CMeck CBODOAHBIX XUPHBIX KUC-
noT ¢ npeobnafaHuemM pULMHONEBOM KUCIOTbI) U COOTBETCTBEH-
HO TexHoMorWio npouecca. [pumeHneMblil kaTanusaTtop obecne-
YuBaeT 3Konoruyeckyw besonacHocTb npouecca. B pesynbrare
3KCnepuMeHTansHoro noabopa ycnoBUW TMAPOAW3a AOCTUTHYT
BbIXOA MUPHbIX KUCNOT 47 %.

KnioueBble cnoBa: KacTOpoBoe Macno, pULMHONEBAR KUCNOTA,
tbepMeHTaTMBHBIA rgponu3, nunasa us Candida rugosa.

Cmuprosa M.H0., Kuxtauuu 0.B., Pybanos A.E., Tpycos J1.U.,
Eyesckui I.B.

BnuaHue copepaHUA MeTanna Ha NoBeAeHUe KaTtanusa-
Topa Pt/SAP0-31 B rupponpeBpalieHUM NOACONHEYHOTO
MACTIA e eeniniiei e ieei e e et e aae e s e et enrueaneensnnasnnsnannnn 66

lNokazaHa BO3MOXHOCTb WCMONb30BAHMA KATaNM3aTopoB HA OC-
Hose Pt/SAPQ-31 ana oaHOCTaguiAHOrO, B OTAUYME OT NMPOMBbILL-
NIEHHOr0 fABYXCTaAMRHOrO, NpespaleHus pacTuTensHoro Macna B
KOMMOHEHTL! HM3K03aCThiBAIOLEro fU3ebHOTO TonAUBa. N3yye-
HO BAWAHUe cofepxaHua meTanna (0,5-2 mac.% Pt) B katanusa-
Tope Ha ero BU3NKO-XMMUYECKMe W KaTanuTuyeckne CBOWCTBA.

on Mg0 in the decarboxylation reaction of biodiesel model com-
pound (pentanoic 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. It is shown if to increase the
Mg0 calcination temperature up to 1200 °C and to introduce the
stabilizing additives (Al,04, Si0, and Zr0,) 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-
um-containing catalysts, basic oxides, stability and decontami-
nation.

Gamayurova V.S., Zinovieva M.E., Chan.T.T. Huong
Feat!ures of enzymatic hydrolysis of castoroil............ 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
wffered. The used catalyst provide the environmental safety of
the process. As a result of the pilot selection of hydrolysis con-
ditions the 47 % yield of fatty acids was achieved.

Keywords: castor oil, ricinoleic acid, enzymatic hydrolysis, li-
pase from Candida 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/SAP0-31 in sunflower oil hydro-con-
VEISTOM L.ouviiiiiiietiieeeeeeeaeeeeeeeteeneraneeeeeeeeaeeeaanases 66

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 regardless of the



O6HapyxeHo, YTO B X0fe peaKkLuuu BHE 3aBUCUMOCTU OT COAep-
KaHWA MNATUHB NPOUCXOAUT YMEHblIEHUE aKTUBHOCTWU KaTa-
JIM3aTOPOB, YTO NPOABAAETCA B CHWKEHUU UX U3OMEpU3VioLLeN
CNOCOBHOCTHA U NOABACHUW KUCAOPOACOAEPKALMX CORAUHEHUM
B NPoAyKTax peakuuu. PU3MKo-xuMUYeckue CBOWCTBA KaTanu-
3atopos Pt/SAPO-31 uccneposanbl Metogamu MK-cnektpocko-
nuu apacopbupoBaHHOro NUpMAUHA, XeMocopbuun Bofopoda
NpoCBeYMBAIOLEN 3/1IEKTPOHHOW MUKpockonuu. [lokaszaHo, 4YTo
yXyAlWeHUe KaTaUTUYeCKUX CBOUCTB 06YCNOBNEHO OTPaBNEHUEM
KUCNOTHBLIX LEHTPOB U CHUXEHUEM aKTUBHOM! NoBEpXHOCTU Me-
Tannuyeckoro KOMNoHeHTa. NpoAeMOHCTPUPOBAHLI BO3MOXHbIE
nyTH NOBbIWEHKUA cTabuabHocTu pabotsl 06pasyos Pt/SAPO-31 8
TWapONpeBpaLieHu pacTUTeNLHOro Macna.

KnioueBble cnoBa: 6uoausenb, 6140ra3oinb, rufpoKoHsepcus,
nofconHeyHoe macno, SAP0O-31.

Napuues H0.B., Eneukuit MN.M., Tysukos ®.B., fixosnes B.A.
Pa3paboTKa TexHONOTUM NONyYEeHUA NOPUCTBIX yrnepoa-
KpeMHe3eMHbIX KOMNO3MTOB U YriePojiHbIx MaTepuanos
13 PUCOBOM LWENYXH, UCCNef0BAHME NX TEKCTYPHbBIX U AUC-
NEPCHBIX XaPAKTEPUCTUK .ovvvennriinneireniieneeenarenneeennasns 72

MpepnoxeH MeToA yTUAKM3aLUMKM pucosoit wenyxu (PW), TpyaHone-
pepabaTbiBAaeMOro 0TX0a NPOU3BOACTBA PUCA-ChIPLA, 3aKITI0YaK0-
wuitcaskapboHusaymn Pl B peakTope cKUNALWMM CI0eMKaTanu3a-
TOpa. 30/1bHbIA 0CTaTOK, 06pasyoWwMUiAcs nocae KapboHU3a LUK Npu
465-600 °C npepctagnnet co60M yrnepos-KpeMHe3eMHbIiA Ha-
HokoMno3uTHbIA MaTepuan (C/Si0,) ¢ copepxanuem Si0, 58,7-
81,8 Bec.%, yAeNbHOM NOBePXHOCTbIO Sgyr= 152-232 M2/r. MNpu
BblljenaynBaHnn Si0, PTOpUCTOBOAOPOLHON KMCAOTOM NOAYYEHDI
nopucTbleyrepojHbieMaTepuanbi CyieAbHORNOBepXHOCTLIO 165~
494 M2/ v copepannem Si0, meHee 1%. [laHHble MaTepuansl uc-
cneposaHbl metogamu MYPP, M3M u pentreHosckon gudpakuuu.
BnepabienonyyeHauHdopmauus opasmMepaxyactuuSio, syrnepoa-
KPEMHe3eMHbIX HaHOKOMNO3uTax. YCTAHOBAEHO, 4TO NOBbIWR-
HWe TeMneparypsl kapboHusauuu ot 465 o 600 °C npusoauT K
VBENIMYEHUIO CPEHUX Pa3MepoB 4acTul, KpeMHe3zeMa oT 5,5 Ao
8,1 HM. TloKasaHa NepcneKTMBHOCTb Pa3BUTUA METOAMKMW onpe-
JeneHus pasMepoB 4YacTuL, KpemHe3eMa B yrnepoAHO# matpule
metoaoM MYPP ana ueneHanpasneHHoOro gu3aiHa nopucTbix yr-
NepofHbLIX MaTepuanos C 3apaHee 3afaHHbIMU cBOWCTBaMU. Me-
104 KapboHu3aumu P B kunswem cnoe karanusaropa sasasercs
0fHUM W3 Haubonee nepcnekTUBHbLIX B nnaHe nepepabotku PLU
B (/Si0, HAHOKOMNO3MUTLI U NOPUCTLIE YINEPOAHbIE MaTepUabl ¢
NpUMEHeHeM NOAX0A0B TEMNNATHOMO CUHTE3A.

KnioueBsle cnosa: MYPP, pucosas wenyxa, KUnswmi cnoi, yrie-
POAHbIE MAaTepUanbl, yIiepoa-MUHEPANbHLIE KOMAO3UTLI.

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/SAP0O-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 metal component. There are demonstration of the
ways to improve the stability of the samples Pt/SAP0-31 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-

S hHCS e r et 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 material {C/Si0,) containing Si0, 58,7-81,8 weight.%
and specific surface Sgpr = 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 X-ray diffraction. Information about the size of Si0,
particles in the carbon-silica nanocomposites is obtained for
the first time. It is 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 8,1 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 carbon materials with predetermined
properties. The RH carbonation method in a fluidized bed of
catalyst is one of the most promising in terms of processing in
RH C/Si0, nanocomposites and porous carbon materials using
approaches template synthesis.

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



