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HoBble KaTtanusatopbl M3oMepusauuu
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06cyxpatoTcs coBpeMeHHble NpefcTaBlieHns 0 MexaHU3Me KaTanuTU4ecKow
M30MepU3aLUM O-NUHeHa. PaccMaTpuBalOTCA KaTaiUTUYECKUe CUCTEeMbl, MO-
AuGbUKaTOPbI, YCNOBUA NPOBELEHUA NPOLECCa, UX BAUAHME HA AKTUBHOCTbL
Katanu3aTopa U CeNeKTUBHOCTL peakLuu NO OCHOBHbLIM NPOAYKTam (kamdeH,
AWneHTeH). M3yyeH npouecc U3oMepU3aLMK Ci-MMHeHa Ha 6eNopyCCKOM MpU-
pogHoM antomocunukare (Al-Si Pb), B8 Tom uucne aktuenposaHHom HCL u
H,P0,, a Takwe MopuduumposarHom auatomute (Al/Dia) u Gentonute (ZSM-5/
Ben). B kayecTse penepa UCNONb30BaH NPOMbILNEHHBIA anioMOCUNUKATHBIA
karanusarop AC-36. O6pabotky Al-Si Pb Benu 3 4 npu 50 °C, 50-250 ma/r
10 %-Hoit HCL 1 50-100 Mn/r 10 %-Hoit H3PO,. W3omepuaosanu oi-nuHeH
B Tpexropnoi Konbe, ¢ 0HpPaTHLIM XONOAMNLHUKOM NPU CKOPOCTH BpaLLeHUs
Mewanku 10 06./c B Toke a3oTa. HauGonbluasn akTUBHOCTb KaTanu3aropa u ce-
NEKTUBHOCTbL NpoLiecca No KamdeHy Habnwogaercs Ha obpabotaHHom 50 mi/r
HCL AL-St Pb. Ha akTusuposaHHoM Al-Si Pb 85 %-Haf KoHBEpCUA (-NUHEHa
pocturaetca npu 130 °C, KoHUeHTpauuK katanusaropa 0,5 mac.% 33 55 4, Ha
AC-36 - 33 7 4. Ha obpaboranrom 50 mn/r HCL Al-Si Pb cenexktuHOCTb NO
KamdeHy coctasnser 61 %, 4o Ha ~20 u ~10 % Bbilue, yem Ha AC-36 v Al/Dia
cooTeeTcTBEHHO. Haranutueckan aktusrocts Al-Si Pb coxpaHseTtcs 70 4 v
MOJHOCTLIO BOCCTaHABAMBAETCS NPU €ro pereHepalu aueToHOM.

KnioyeBble cnoBa: antoMOCUIIUKAT, AUNEHTEH, U30MepU3aLme, KaMdeH, KaTa-
7IU3aTOp, KUCAOTHOCTb, O-MUHEH, YAENbHAS NOBEPXHOCTb.
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PackpbiTUe UMKIOB apOMATMUECKUX U Ha(pTeHOBBIX
YINeBOAOPOAOR — HOBLIN NYTL yAyUlIeHUA Ka4ecTBa
TOMIIMB .ernveneineenieneensenneeseanneneensanns reenen reranes 18

PackpbiThe YWKNOB HaTEHOBLIX U aPOMATUYECKUX COELUHEHWN paccMaTpuBa-
€TCA B NOCNEAHME FO/bl B Ka4YeCTBe OAHOTO U3 CNocobos ynyyleHWs KayecTsa
MOTOPHbLIX TONAMB. B 6EH3MHAX PacKpbiTUE MOHOLIMKIUYECKUX COERUHEHMUN
TMNA W- U TPUANKUNLMKNOTEKCAHOB NO3BOJAET MONYYaTh BbICOKOOKTAHOBbIE
KOMAOHEHTL — u3onapaduHbl C;—Cyg, a B Cnyyae Au3enbHbIX TOMNUB, COgep-
HALMX 3HAYUTENbHblE KOJUYECTBA BU- U TPUALEPHBIX NONULUKIUYECKUX CO-
ef\HEHUI TUNA NPOU3BOAHLIX HadTanuHa (aeKanuHa), beHaHTpeHa, UHAaHa U
4., NO3BOJUT NONYYaTh MOHOLMKIIUYECKUE COEAMHEHUS U aNKaHbi, Y4TO NpuBe-
LT K CHUMEHWIO TeMnepaTypbl 3aMep3anus TONUBa, a B Ciyyae NONyyeHUs
NPeUMYLYECTBEHHO NUHERHBLIX aJIKAHOB — K NOBBIWEHUI LETaHOBOTO YuCAa.
B pabote caenaH KpaTkuit aHanu3 HAKOMNEHHbIX AaHHbIX N0 PACKPBITUIO LIUKAU-
YECKUX COEAUHEHWI HA HAHECEHHBIX OKCUAHbIX U LIEOUTHBIX KaTanu3aropax.

Knroueskie cnoBsa: apoMaTnyeckue yrneBoA0poAbl, Katannu3atopbl, NOJAULIUK-
nm4eckue Hacheth, uetaHosoe Yicno,

Conosbes C.A.

OKucnUTeNnbHan KOHBEPCUA MeTaHa Ha CTPYKTYpU-
poBaHHbIx Katanu3atopax Ni-Al,0;/kopavepur......... 31

TpescTaBneHbl pesynsTaTb! MCCNEA0BAHUA KaTanuTUyeckux csoicTs Ni/ALO5-
KOMNO3UTOB, HAHECEHHBIX Ha Kepamuueckue 6OA0YHBIE MaTpULLl COTOBOW
CTPYKTYPbl U3 CUHTETUYECKOTO KOpPAWepHUTa, B NpoLecce OKUCIUTENbHOR KOH-
BEPCUW MeTaHa. McnbiTaHUA npejBapuTeNbHO BOCCTAHOBAEHHOMD Katannia-
Topa MpoOBOAMNU B peakTOpe NPOTOYHOrO TMNa (COCTaR PeaKLMOHHOW cMecu:
npuU aKUCneHuu metana 2-6 % CHy, 2-9 % 0,, ocT. Ar; npu yrAEeKUCNOTHOM 1
OKCHYIMEKUCNOTHON KoHBepcuu MeTaHa 2—6 % CH, 6-12 % (0, 0-4 % 0,
ocT. Ar). DU3NUKO-XMMUYECKUE UCCNELOBAHUA BKNKOYANN KOHTPONL 06pasosa-
HUSA W OKUCNEHUA YIepoaa, npodHocTh ceasu Ni-0, dasosoro coctasa obpas-
LoB Ha agudpakTometpe HZG-4C. MNokazaHo, yTo CTpyKTYpUpOBaHHbie Ni-Al-
KaTaau3aTopbl NO NPOM3BOAMUTENBHOCTU B YINEKUCNOTHON KOHBEPCUM MeTaHa
CYLECTBEHHO NPEBOCXOAAT TPAAULIMOHHbIE TPaHYNMPORaHHbIe KOHTaKTHI. Yse-
JIM4erme CTabUNLHOCTU UX paboTbl JOCTUIAETCA PerynupoBaHUeM KUCIOTHO-

Agabekov V.E., Sen'kov G.M., Sidorenko A.Yu., Nguyen
Dinh Tuien, Vu An Tuan

New catalysts for o.-pinene isomerization

Modern ideas about the mechanism of catalytic isomerization of o--pinene are
discussed. Catalytic systems, modifiers, process conditions and theirinfluence
on catalyst activity and selectivity in the reaction of primary products
(camphene, dipentene) are considered. Studying the process of a-pinene
isomerization on Belarusian natural aluminosilicate (Al-Si RB), including
activated by HCl and H4P0,, and modified diatomite (Al/Dia) and bentonite
(ZSM-5/Ben). Industrial aluminosilicate catalyst AC-36 used as a benchmark.
Al-Si RB was treated for 3 hours at 50 °C by 50-250 ml/g 10 % HCl and
50-100 ml/g 10 % H4P0,. o-pinene was isomerizated in three-necked flask
with reflux at a speed of mixer 10 turns per second streaming by nitrogen.
The highest catalytic activity and selectivity for camphene is observed on Al-
Si RB treated by 50 mi/g HCL. Activated Al-Si RB 85 % probability of c-pinene
conversion is achieved at 130 °C, catalyst concentration 0,5 wt.% in 5,5 h,
on AC-36 — in 7 hours. On Al-Si RB treated by 50 ml/g HCl the selectivity to
camphene is 61 %, which is ~ 20 and ~ 10 % higher than in the AC-36 and
Al/Dia respectively. The catalytic activity of Al-Si RB is still 70 hours and
completely restored by acetone regeneration.

Keywords: aluminosilicate, dipentene, isomerization, camphene, the catalyst
acidity, o-pinene, the specific surface.

Kustov L.M.

Disclosure of cycles of aromatic and naphthenic
hydrocarbons is a new way to improve
the quality of fuels ..............cce. R 18

Disctosure of cycles of naphthenicand aromatic compounds considered in recent
years as one of the ways to improve the quality of motor fuels. In the gasoline
the disclosure of monocyclic compounds such as di-and trialkylcyclohexanes
allows to produce a high-octane components - C;-Cy, isoparaffins, in the case
of diesel fuels containing significant amounts of bi-and polycyclic compounds
such as triatomic derivatives like naphthalene (decalin), phenanthrene,
indane, etc. it will receive a monocyclic compounds and alkanes, which could
reduce the freezing temperature of the fuel, and in the case of a linear alkanes
predominantly — to improve the cetane number. We made a brief analysis of
available data on the disclosure of cyclic compounds on oxide and zeolite
deposited catalysts.

Keywords: aromatic hydrocarbons, catalysts, polycyclic naphthenes, cetane
number. :

Solov'ev S.A.

Oxidative conversion of methane on structured
catalysts Ni-Al,03/cordierite...........cccccc.cceeee. 31

There is presentation of results of studies of the catalytic properties Ni/
AlL,0; composites deposited on the ceramic honeycomb structure of the
synthetic cordierite matrix block, in the oxidative conversion of methane.
The tests of the pre-reduced catalyst were carried out in the flow type reactor
(composition of the reaction mixture during the oxidation of methane
2-6 % CH, 2-9 % 0, and Ar, with carbon dioxide and oxy carbon dioxide
conversion of methane 2-6 % CH,, 6-12 % C0,, 0-4 % O, and Ar). Physico-
chemical studies included a control of carbon formation and the oxidation,
bond strength of Ni-0, the phase composition of samples on a diffractometer
HZG-4C. The authors have shown that structured Ni-Al-catalysts are
significantly higherthantraditionalgranularcontactsin catalytic performance
in carbon dioxide conversion of methane. Increase of the stability of their
performance is achieved by regulation of acid-base properties of the surface
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CopepaHue

OCHOBHBIX CBOWCTB NOBEPXHOCTU NPU BBEEHUM OKCUI0B LUENOYHbLIX META/JIOB
(Na, K), 410 06ycnoBneHo 3aMefieHreM 3aymeporUBaHUA NoBepxHocTu. Y-
TaHOBAEHD, YTO OKCUALI P3M C HeBbiCOKUM pedokc-noTeHuuanom (La,05, Ce0,)
NOBLILAIT AKTUBHOCTb M CTabuneHocTh paboTel katanu3satopos Ni-Al,04/kop-
JMEPUT B peakuusax rayboKoro U napuuanbHOro OKUCAEHUA W YIEKUCIOTHOM
KoHeepcuu MeTaHa. B npucytcteuu katanusatopa (Ni0 + La,03 + Al,03)/kop-
[AMEPUT NMPOLECC YrNeKUCNOTHON KOHBEPCUM METaHa MOMXHO UHTEHCUEULMPO-
BaTh BBEJEHUEM B PEaKLIMOHHYIO ra3oBylo CMECh KUCNOPOA], YTO NPUBOAUT K
CHUXEHUIO TEMNEPATYPb! OCTUEHUSA BLICOKOH KOHBEPCUM U NPAKTUYECKH He
BAYAET Ha CENEKTUBHOCTb No H,.

Kniouesble cnoBa: Katanu3atop, KOHBEPCUA, KOPAUEPUT, OKUCNEHHUE.

Naenoe M.J1., TpaskuHa 0.C., Kytenos B.1.

paHynupoBaHHble LeouTbl 6e3 CBA3YIOLUX
BELLECTB — CUHTE3 U CBOMCTBA cuvvvvnininenineneninnnens 42

Bnepstie 0606weHsl onybaukoBaHHble 3a nocnedHve 15-20 neT ceefeHuUs
10 CUHTE3Y U OCHOBHbIM NOKA3aTesIAM KayecTsa — CTeNeHU KPUCTANNUYHOCTY,
afcopbunontbiM emrocTaM no H,0, RSH, H,S, €0, 1 C4Hy, a Takke MexaHuuec-
Kaol NPOYHOCTU LeosUTOB A 1 X 6e3 CBA3YIOWMUX BEWECTB, TPaHy/Ibl KOTOPbIX
NpeACTaBAAIOT efjUHbIe CPOCTKU KPUCTANNoB. PaccMOTpeHbl BApUaHTbI X CUH-
Te3a. [posefieHO CpaBHeHUe yKa3aHHbIX NoKa3ateneid 3TUX KpucTaniudec-
K¥X aniOMOCUTUKATHBIX MUKPO-, ME30- U MaKpPONOPMUCTbIX MaTepuasos c Le-
onuTCOAEPKAIUMMU afcopberTaMu co CBA3yloLMMU MaTepuanamu. Nokasano,
4TO FPaHynupoBaHHble Lieonutsl A u X 6e3 cBA3yiolLMx BELLeCTB N0 aacopbLu-
OHHOW EMKOCTH U MeXaHU4eCKOM NPOYHOCTH NPEBOCXOAAT aHANOTU CO CBA3Y-
OWWMU MaTepuanamy, WHUpOKo NnpuMeHseMble B ancopbLMOHHIX NpoLeccax.
bonbluas yactb pazpaboTaHHbix cnocoboB MPUroTOBNEHUA 3TUX LEONUTHBIX
MatepuasnoB NpoLwa ONMbITHO-NPOMbIWIEHHBIE UCNBITAHUA, 3 HEKOTOpPbIE yXe
sHegpeHbl 000 «CanaBatckuit KaTanu3aTopHblit 3aBogy» (LleonunTel cuHTETUYEC-
iue: NaA-bC CTO 05766575-109-2008, KA-BC TY 2161-126-05766575-2005),
000 «Mwnmbaitcknit cneunanuaupoBaHHbIA XMMUYECKUA 3aBOA KaTanuaa-
topos» [CaA-Y (5A) TY 2163-004-05766557-97, ueonut KA-Y(ynydweHHslit)
(3A) TY 2163-006-05766557-98, Leonut NaA-Y(ynyuweHHbiid) (4A) TY 2163-
003-05766557-97] 1 000 «3asog MosnekynspHoix cut “Pean Copb”» (NaA TY
2163-005-21742510-2004, KA-HNI TY 2163-009-21742510-2005, CaA-HIT
TY 2163-006-21742510-2004). CchopmynMpOBaHbI OCHOBHbE HanpasieHUs
uccnefoBaHui B 31oi obnactv B bavwaitweid nepcnexkTuee.

KntoyeBble CAOBA: rpaHynMpoBaHHbie LEOAUTEl A U X, KAONUH, CBA3ylOILMe
BellecTea.

Knenos 0.1., Hockos A.C.

BbluncnutenbHas rugpoauHaMuka B pa3pabortke
KaTanUTUYECKUX PEAKTOPOB ......ccevvnniniinninennennes 52

BuuucAUTeNIbHAR rMAPOAUHAMUKA CTAHOBUTCA BaWHbIM MHCTPYMEHTOM B UcCne-
[0BaHUU NPOLLECCOB W anNNapatoB XUMUYECKOH TEXHONOTUU (B HACTHOCTH, LONR
paboT C NpUMEHeHUEM 3TOro MeToAa cocTaskna B 2010 r. No4TU 6 % OT yucaa
Beex NyBuKaLUmMi no XMMUYECKon TexHONOrMKU U3gatenscTea «Elsevier Science).
Bo3MOMHOCTU BBIMUCAMTENBHON TMAPOAMHAMUKU NOKA3aHb! HA Tpex npumepax
¥3 pasHbix obnactei XUMUYECKON TeXHONOrMK: pa3paboTku MeTofa 3arpy3Ku
TpybuaTOro peakTopa NapoBOW KOHBEPCUWM NPUPOAKOIO ra3a, WccnefoBaHUM
TENAONEPEHOCA B PEAKTOPE TMAPUPORAHUA PACTUTENBbHLIX KUPOB NpW 3amere
Karanu3atopa, U3yyeHUW NepexofHbiX NPoLeccoB B asTOMOOWIbHOM HelTpa-
nu3atope. Bepudukauus pesysnLTaToB BbIYUCAUTENBHON MUAPOANHAMUKM Bbina
BLINOJIHEHA CPABHEHMUEM C 3KCNEPUMEHTaNbHBIMU AaHKbIMU NPU pazpaboTke Me-
T04a 3arpy3ku TpybUaToro peakTopa Ha NpuUMepe pelleHUsA 33/1a4y TOPMOXEHHSR
4aCTULb! KaTanv3aTtopa noToKoM Bo3fyxa. [lonyyeHHbie faHHbIe COMNOCTaBEHb! C
KNACCUYECKUMU Pe3ynbTaTaMu U3MepeHWA a3poAUHAMUYECKOro CONPOTUBAEHHUA
wapa v LMIKUHAPA U ABAAITCA AafbHERLWNM pa3BUTUeM paboT No obTexaHvio No-
TOKOM YACTUL CNOXHOK (opMbl. B pabote npuBeaeHs! pesynbTatel obcnesoBaHvs
peakTopa rupUpoBaHM1A }UPOB C y4eTOM BO3MOXHOCTU pa3orpeBa N0TOKA U ero
DaBHOMEPHOTO pacnpefefieHus nepef nojadel Ha cnon Katanuzaropa. Nokasa-
HO, 4TO KOHCTPYKUMS peakTopa He obecneyuBaeT HeoOXOAUMOro KayecTsa of-
HOPOJHOCTU PEAKLUOHHOIO NOTOKa, TpebyeTcs MOAUMBUKALIMA HarpeBaTesbHbIX
IMEMEHTOB. IBDEKTUBHOCTb BbIYUCIUTENLHON MAPOAUHAMUKM JAA WM3yYeHUs
BHCTPLIX NPOLECCOB € XUMUYECKOW peaKLMell nokasaHa Ha npumMepe uccnedo-

with the introduction of alkali metal oxide (Na, K), due to the slowdown
of surface cocking. Established that the oxides of rare-earth metals with a
low redox potential (La,0,, Ce0,) increases the activity and stability of the
Ni-AL,0,/cordierite catalysts in the reactions of deep and partial oxidation of
carbon dioxide and methane conversion. In the presence of a catalyst (Ni0 +
+ La,05 + Al,03)/cordierite the carbon dioxide methane conversion process
can be intensified by oxygen introducing into the reaction gas mixture, which
leads to lower of temperatures to achieve high conversion and no effect on
the selectivity of H,.

Keywords: catalyst, conversion, cordierite, oxidation.

Pavlov M.L., Travkina O.S., Kutepov B.I.
Granulated zeolites without binding agents -
synthesis and properties .........cccoooiiiiiinniinne 42

For the first time the authors summarized published over the tast 15-20
years, information on the synthesis and the main indicators of quality - the
degree of crystallinity, adsorption capacity of H,0, RSH, H,S, €0, and {gHy, as
well as the mechanical strength of zeolites A and X without a binder, which
granules are uniform aggregates of crystals. The ways for their synthesis are
considered. A comparison of these indicators of crystalline aluminosilicate
micro-, meso-and macroporous materials with zeolite adsorbents with
bonding materials. It is shown that granulated zeolites A and X without a
binder in the adsorption capacity and mechanical strength are superior to
analogues with binding materials, widely used in adsorption processes. Most
of the developed methods for preparing of these zeolite materials had pilot
testing, and some have already been introduced at «Salavat Catalyst Plant»
(Synthetic Zeolites: NaA-BS STO 05766575-109-2008, KA-BS TU 2161-126-
05766575-2005) , at «Ishimbai specialized chemical plant of catalysts»
[CaA-V (5A), TU 2163-004-05766557-97, zeolite KA-I (improved) (3A),
TU 2163-006-05766557-98, zeolite NaA-I (improved ) (4A), TU 2163-003-
05766557-97] and at «Plant of molecular sieves “Real Sorb™» (TU 2163-
005-21742510-2004 NaA, KA-NPG TU 2163-009-21742510-2005, NPG-CaA
TU 2163-006-21742510-2004). The main directions of research for this area
in the near future are formulated.

Keywords: granular zeolites A and X, kaolin, binders.

Klenov O.P., Noskov A.S.

Computational fluid dynamics in the design
of catalytic reactors........c.ccevvvvieiiiiniiniiiceninnnn, 52

Computational fluid dynamics has become an important tool in studying
the processes and apparatuses of chemical technology (in particular,
the proportion of papers using this method in 2010 was almost 6 % of
all publications in chemical engineering publishing «Elsevier S¢ience»).
Capabilities of computational fluid dynamics are shown in three examples
from different areas of chemical technology: developing a method of tubular
reactor loading in natural gas steam reforming, the study of heat transfer
in the reactor of vegetable fats hydrogenation at the catalyst replacing,
the study of transients in the automotive converter. Verification of the
computational fluid dynamics results was performed by comparison with
experimental data at developing of loading method in tubular reactor as an
example the solution of the catalyst particles deceleration by air flow. The
obtained data are compared with the classical results of measurements of
aerodynamic drag of the sphere and cylinder are a further development work
on the flow past a stream of complex shape particles. The paper presents
the results of survey of the fats hydrogenation reactor with the possibility
of flow heating and even distribution before applying to the catalyst bed.
It is shown that the design of the reactor does not provide the necessary
quality of homogeneity of the reaction stream, it's necessity to modify
the heating elements. Effectiveness of computational fluid dynamics to
study fast processes with chemical reaction is shown by the example of
the study of transients in automotive catalytic converter (the influence of
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BaHWA NePeXoAHbIX NPOUECCOB B aBTOMODUIBHOM KaTANUTUYECKOM HelTpanu3a-
Tope {BNUAHWE TMAPOANHAMUKM NIOTOKA U TennonepeHoca Ha TENJIOBOW PeXUM B
COTOBOW 4aCTWLE KaTanu3aTopa OYeHb CIOKHO UCCNEROoBaTb 3KCNepUMeHTanb-
HbIMU MeTogaMu). TpuMeHeHUe BbIYUCIUTENBHOW MMAPOAUHAMUKU NO3BONSAET
3HaYUTENbHO COKPaTUTh BpeMeHHble U CTOMMOCTHbIE 3aTpaThl Ha pa3paboTky u
ONTUMU3ALMIO KOHCTPYKLMIA 3ChPeKTUBHbBIX KaTanUTUYeCKUX peakTopoB C Henog-
BUIKHbIM, KUNALUM UK IBUKYLLMMCA CnoeM (B YaCTHOCTU, MHOrOda3HbIX peak-
TOPOB € Melankamu), a Takxe cmecutenei, ancopbepos, 6ap6oTepoB U ApYIux
annaparos XMMUUYECKO ! TeXHONOMMU C BUNKYIIMMUCA CpefaMu.

Knioyesble cnoBa: a3pogrHamMudeckoe TOPMOKEHWE UACTULBL KaTanu3aTopa,
BbIUUCIUTENbHAA TMAPOANHAMUKA, NepexodHble NPoLeccsl B COTOBOM YacTuue
Karanusaropa, pacnpefeneHue NOToKa B KaTanUTU4ECKOM peakTope, Tennone-
peHoc, ypasHerua Hasbe—Crokca.

Mawkosues M.A., Xynopoxkos A.K., bekk 1.3., Mop-
cun A.B., Mpoceupun W.T1., Puivkos B.H., byxTtuspos B.W.
Mon6op moanduuUpyOWKX 406ABOK ANA NOBbIWE-
HUA ycToUYUBOCTU Pd-KaTanu3aTopoB foXKUraHus
MeTaHa K BOAAHbLIM napaMm.......... erreeeen. eeerrienee, 63

B crathe paccMoTpeHa Nnpobnema A0MUIaHUA MeTaHa B BIXJIONHbIX ra3ax aBTo-
MOGUNLHbLIX ABUraTenel, paboTalolmux Ha NPUPOAHOM rase. B TpaguLMOHHbIX
HelTpanu3atopax ucnonb3yetca katanusatop Pd0/AL,0;, ocHOBHOM HegocTa-
TOK KOTOPOro — CHUXEHUe aKTUBHOCTU NOJ, AeiCTBMEM BOAAHLIX NapOB, Bceraa
NPUCYTCTBYIOLMX B BEIXTONHBIX ra3ax. {18 noBbIWeRUs YCTORYMBOCTU K BOAS-
HbIM NapaM NpUroToBAEHa W MCCNedoBaHa cepua BUHApHbIX KaTanu3atopos
Pd0-Me,0,/AL,05 (Me - Co, Cu, Fe, Ni, Mn 1 Sn). CpasHuTenbHble UcnbiTakms
B YCNOBMAX, MOAENUPYIOLIAX NPOLECC AOMUIAHUA METaHA B aBTOMOBUABHBIX
HeidTpanu3aropax, nokasanw, 4to Pd-katanusatopbl, NPOMCTUPOBAHHbIE OKCH-~
[aMH Hukens, kobansta u onosa, bonee yeToluUBb! K UHIMBUpyloueMy fefcT-
BMIO BOAsAHbIX NapoB. B KayecTse KpUTepUeB yCTOWYMBOCTU KaTanu3aTopos B
NPUCYTCTBUK BOASHBIX NAPOB BbIAENEHL! BHICOKAR KPUCTANNUYHOCTb HaHECeH-
Horo Pd0 1 paBHoMepHOe pacnpejeneHue ero No NOBepXHOCTU MOAUBULMPO-
BanHoro ALO;. OnTUMU3aLMA copepmanina U cnocoba BBeeHUA NPOMOTOPOB
NO3BOMAT NPaKTUYECKU NONHOCTBIO UCKMIOYUTL Ae3aKTuBauuio Pd-karanusa-
TOpOB NOA AeHCTBUEM BOAAHBIX NAPOB.

Kntoyeskie cnoBa: GuMeTannuyeckue, HaHeceHHble Pd-KkaTanusareps!, fe3ak-
TUBALMUA B NPUCYTCTBUU BOALI, OKUCHeHUe MeTaHa, PPA, PD3C, crabunbHoCTb.

Oynenes A.B., 06ticos A.B.

OnbIT NpoMbILIAGHHOW IKCTIAYATALMUM U NYTU
coBepleHCTBOBAaHUA HaHeceHHbIx Ni-KaTanusa-
TOpPOB pUGOPMUHTa NPUPOAHOro rasa........... cerees 71

B 000 «HWATI-KATAIN3ATOP» paspabotaHa TexHOOrUA NONYYERUA HOCU-
Tefled OAA Katanu3atopos pUAOPMUHTA METOLOM WAWUKEPHOro AUTbA NOA
AasfieHueM. [laHHas TeXHOAOMMA NO3BOAUNA HE TONbKO PaCLUPUTh BOIMOXK-
HOCTb NOAYYEHVA HOCUTENIeH PasHbIX CAOMKHbLIX reOMeTpUYeckux PopM, Ho U
NPOU3BOAUTL HOCUTENU HA OCHOBE YMACTOro okcuaa antoMunus (o-Al,03) e3
A0BaBOK Kanblua U MarHus, obecneynsan kataju3atopy NOBbIWEHHYIO CTa-
GUALHOCTb JaMe B CAOMHbIX YCIOBUAX 3KCNyaTaumuu. B cratse npejcTtasers
pesynbTartbl pa3paboTkit U NpoMbllneHHoR 3kcnayaTauuu HUAM-03-01 - ka-
Tanu3artopa KOHBEPCMU NPUPOLHOIO rasa C rpaHynaMu B PopMe LUNMHLPOB C
CeMblo OTBEPCTUAMMU U ABOAKOBLINYKBIMU TOPUAMMY, A Takke HUAM-03-01L -
KaTaaM3aTopa HOBOTO MOKOJEHWA C rpaHynamu B GopMe nepPopUpPOBAHHbLIX
WAPOoB, NPUMEHEeHUEe KOTOPOrD B NPOMLILAEKHOCTY OTKPLIBAET 3HAYUTENbHBIE
NepcrnekTUBLI B NOBLILEHUNA NPOU3BOAUTENLHOCTU U TEXHUKO-3KOHOMUYECKUX
nokalatenei Naposoit KOHBEPCUM MeTaHa B TpyBuaThix nevax.

KnioueBble cnoBa: Katanu3atop, KOHBEPCUA NPUPOSHOTO ra3a, HoCUTeb, py-
hOopMUHT.
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flow hydrodynamic and heat transfer on the thermal regime of the cellular
catalyst particles is very difficult to investigate by experimental methods).
Application of computational fluid dynamics can significantly reduce time-
cost to develop and optimize designs of effective catalytic reactors with
a fixed, fluidized or moving bed (in particular, multi-phase reactors with
stirrers), as well as mixers, adsorbers, bubblers and other apparatuses of
chemical technology with moving media.

Keywords: aerodynamic braking of catalyst particles, computational fluid
dynamics, transients in cellular catalyst particles, flow distribution in a ca-
talytic reactor, heat transfer, Navier-Stokes equations.

Mashkovtsev M.A., Hudorozhkov A.K., Beck I.E., Por-
sin A.V., Prosvirin L.P., Rychkov V.N., Bukhtiyarov V.I.
Selection of modifying additives to enhance

the stability of methane burning Pd-catalysts
towater vapor.......coieieiiiiiiniie e 63

The article discusses the problem of methane post-combustion in the exhaust
gases of automobile engines fueled by natural gas. In conventional convert-
ers Pd0/AL,05 catalyst is used, which main drawback is activity decreasing
under the influence of water vapor that always present in exhaust gases. Ta
increase the resistance to water vapor is prepared and investigated a series of
binary catalysts Pd0-Me,0,/Al,04 (Me - Co, Cuy, Fe, Ni, Mn and Sn). Compara-
tive tests under conditions simulating the process of methane post-combus-
tion in the automotive converters have shown that Pd-catalysts promoted
with oxides of nickel, cobalt and tin are more resistant to the inhibitory ef-
fect of water vapor. The stability of catalysts in the presence of water vapor
caused by high Pd0 crystallinity and its uniform distribution over the surface
of modified Al,0;. Optimization of quantity and route of promoters adding
will almost completely eliminate the deactivation of Pd-catalysts under the
influence of water vapor.

Keywords: bimetallic deposited Pd-catalysts, deactivation in the presence of
water, methane oxidation, XRD, XPS, stability.

Dulnev A.V., Obysov A.V.

Experience in commercial operation and ways
to improve the deposited Ni-catalysts for refor-
ming of natural gas.......c......oooiiiiiiiiiinniiinnnes, 71

In «NIAP-KATALIZATOR» company the production technology of supports for
reforming catalysts by slip casting under pressure is developed. This technol-
ogy made possible not only to expand the possibility to produce supports of
different complex geometrical shapes, but also to produce supports en the
basis of pure aluminum oxide (o-Al,03) without calcium and magnesium
supplements, providing increased stability of a catalyst for even in adverse
conditions. The article presents the results of development and commercial
exploitation of NIAP-03-01 — a catalyst for natural gas conversion with cylin-
ders with seven holes and biconvex ends granules shape, and NIAP-03-01SH ~
a new generation catalyst with of granules in the form of perforated balls,
which use in the industry offers significant promise in enhancing productiv-
ity and techno-economic performance in methane steam reforming in tubu-
lar furnaces.

Keywords: catalyst, natural gas conversion, support, reforming.
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