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Tailored SCR Application and Operating Experience in
Coal- and Gas-fired Power Plants

E. Hums, R. Sigling and H. Spielmann
Siemens AG Power Generation (KWU)
Freyesiebenstralie 1
91058 Erlangen, Germany

The commercial needs, and conseguently the developments for environmenial
protection catalysts, are mainly promoted by changing legislation worldwide. After
restriction of dust and SO, emissions from power plants, NOx and dioxin abatement are
now the focal point. To date, selective catalytic reduction (SCR) using ammonia as the
reductant has dominated over other emissions control techniques. Various types of
furnaces and fuels (e.g. gas, distillate, heavy oil, hard coal or lignite, including high-
inerts coal, particularly sulfurous coal, municipal and industrial waste) call for tailor-
made catalysts and for appropriate catalytic converter design. Siemens has developed
two types of catalysts: the innovative plate-type catalysts which are suitable not only for
applications downstream of high-grade coal furnaces and for extreme service
conditions, such as for high-dust and erosive-dust flue gases and the ceramic body
honeycomb-type catalysts manufactured under Japanese license. The ceramic body
honeycomb-type catalysts have proven themselves in many years of service handling
low-dust flue gases downstream of furnaces and have undergone further development
for NOx and dioxin abatement in waste incineration plant applications. Siemens has
now optimized their geometric dimensions, catalytic material and design to improve
catalytic efficiency. This report presents tailored SCR application criteria and discusses
operating experience gathered in various power plant applications.
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NOx Reduction for Stationary Diesel Engine Exhaust Gas and Industrial Incineration
Facllitiss

M. JoisTEN, R. MULLER
Siemens AG, KPW Redwilz PK, Bahnhofsir, 43, D-96257 Redwitz (GERMANY]

As shown by the NOx emission control for stationary diese! engines and industrial incinerators,
SCR-catalysts have been optimized for certain applications by modifving specific material
properties.

introduction

Selective Catalytic Reduction (SCR) is a proven technique for NOx removal from power plant
flue gases. Since 1986 more than 80 coal-fired boilers have been equipped with Sierens catalytic
reactors in Europe and the USA,

With regard to the catalytic reactors for NOx reduction, efforts have been made to look for
innovative application lines of this technique. One major figld of activity has been worked on. It is the
development of specific SCR catalytic reactors for diesel engine exhaust gas treatment and industrial
incineration facilities.

° In the following, particular aspects of these new types of catalytic reactors as well as results of
tests pexformed will be llustrated more closely.

To meet NOx emission control limits for stationary diesel engines, installed in small cogeneration
plants or peaking units for example, special requirements such as the temperature range, rapid load
changes etc. have to.be taken into consideration. A new, compact and reliable complete SCR syster,
called SINOx, especially developed for these applications, is presented. The Siemens diesel catalyst
as the 'heart' of this system, its characteristics and advantages will be described.

Considerable potential for improvements can be seen looking at such a NOx reduction installation
and its everyday operation. The use of heavy fuel oil with high sulfur content, for example, imposes
high demands on the catalytic reactors. Sclutions with regard to the catalyst and the reactor design
will be discussed.

The efficiency of 2 SCR installation for stationary diesel engines depends, among other things, on
the consumption of reducing agent, typically urea solution. Methods for precise dosing of this reagent
taking the storage capabilities of the catalyst for the reducing agent into sccount are worth discussing.
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Different applications of operating SCR plants from several european countries demonirate that
the NOx emissions of diesel pewer plants, industrial steam boilers and incinerstors ate safely
minimized below all local environmental standards,

Outlook on future trends of catalysis for NOx-emission control

The following trends will influence future developments:

continuous decrease of legally prescribed limits (high conversion rates for NOx, decreasing
NHj slip) ’

changes in engine characteristics, higher efficiency, lower temperature (low temperature
catalysis especially at part load) .

alternative reducing agents (SCR with hydrocarbons, SCD without reducing agent)

mobile applications
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biosHbie KOMIIOZAIVIOHHbIE MOHOIHTHI COTOROH CTPYKTYDbI

bapannmk [.B.

Tocyoapcmsennsii nayunviil yenrmp Poccutickot @edepayuu "Hucmumym Kamanusa

um. I K. bopeckoea Cubupcrozo omoenenus Poccutickoti Axademuy rayx”, 2. Hosocubupcx
The composiie honeycombmonoliths

Barannik G.B.
State Research Center of Russia "Boreskov Institute of Cataiysis of the Siberian Branch
of the Russian Academy of Sciences”. Novosibirsk
MoHomuTsl  €cOTOBOH  CTPYKTYpHl, HMeinHe camoe  pasHoobpasmoe
npakTHYeckoe npuMenenue [1, 2] M3rOTaBNMBAIOT, B OCHOBHOM, IO TPaIHI:OHHOMN

"KepaMuuecko#" TEeXHONOTHH. 3amepuiaiolieil crTaguell 3TOrO Hpolecca SABIACTCST
BLICOKOTEMINIEPATYpHOE cnekanue win "obxur" [3, 4]. ViMenro 3ta crazua onpenenser
OCHOBHBIE TEOMETPHYECKHE M  CTPYKTYPHO-MEXanHHYeCKHE CBOHCTBA  TOTOBEIX
KepaMU4ecKHX MOHOJIUTOB [3].

BuMecte ¢ TeM, B pAAC CHyYaeB BecbMa HPUBICKATEIBHBIM ABISAETCH CO3/AHUE
MOHOJHITOB COTOBOH CTPYKTYPHI IO CXeMe, MCKIIOYaromiell BBICOKOTEeMIIEpaTypHCE
crieKaHMe KOHCUHBIX I3Menuii. Ora cxXema ONmM3Ka K MeTOAAM TIPHLOTOBIEHHA
KOMIO3HLMOHHBIX MATEPHAlOB ¥ HO3BOJAET COXPAaHATh YHHMKaibHBIE CBOHCTBA
HCXOIHbIX BEIECTB B MOHONUTAX COTOBOH CTPYKTYPHI.

PaccMOTpeHHIO 3TOTO MOAXOHA. METONOB HPHIOTOBNEHHSH, OCHOBHBIX THIIOB
KOMNO3HLUUOHHBIX MOHONHYOB, @ TaKKe HEKOTOPHIX IIPHMEPOB KX NPAKTHIECKOTO

DPUMEHEHNS MMOCBALIEHO HAaCTOACE coobuienue.

L Matpmia-TiO: - orcumer V, W Cu

THOWYHBEIMH ~ [PEACTABUTENAMHM  3TOH  cuCTeMbi  ABIgIOTCH  OlovHBIE
BaHAAUNATHTAHOBLIC KATalIN3aTOPbI COTOBOH CTPYKTYpHl i mpomecca DeNOx tmna
UK-40 [5-7]. OcHOBHHIM KOMOOHEHTOM 3THX KaTajlW3aTOpOB SBIAETCH THOKCHI
THTaHa. B KauecTBe CBA3YOUIMX JXOOABOK HCMONBIYIOTCA TPUPOAHBIC INHHBI, A Taxke
BOJHBIE PACTBOPHI OPraHUYECKHX HOIHMEPOB.

IToka3aHo, 4TO HE3aBUCHMO OT NPHPOJBI OPTaHUYECKHX INIACTHOHKATOPOB M
CBSI3YIOIMX, MCHOAB3YEMBIX INIA NPHIOTOBJACHWS OXOKOB., MHKPOCTPYKTYPA rOTOBOTO
KaTanusaTopa onpenenseTcs Mopdonorueit yacTuu uexoxroro TiO: [S]. D10 mozBomger

' co3gaBarte aKTHBHEIA U w3GupaTenbHblil Omounsli katanmusatop DeNOXx, onmpascs Ha

(yHAaMEHTAbHbIE IPEACTABISHHT 06 aKTUBHBIX HEHTpaX KaTanusaTtopa {8, 9].
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EBorouneie xomnozuumornse CuO-TiO: KaTanum3aTopsl HPOABIAIOT BBICOKYIO
aKTIIE——="HO CTh B PEaKIUH CEIIEKTHBHOIO BOoccTAHOBNeHHI NO aMMHAKOM, 8 TAKIKE BechbMa
IepC™ -~ W €K 'THBHEI IPW 3aMEHE aMMEAaKa Ha HpeAenbHBIe YITIeBoA0POoas[9;10].

I To paccmatpuBaeMoOii cxeMe ObINM NPATOTOBIEHE NOPHCTHIE KOMITOS WL HOHHBIE
KaTa ¥ SN YT FIYECKH aKTHBHBIE TpyOuatkre membpansl DeNOx [11]. B pesymprare ynanocs
peanE=—=wr 30 BaTh MPOLECC B YCJOBHAX MeMOPaHHOIO Pa3felieHust ra3oB NPH P a3 aeNbHOH
noga =€ @aMMHakKa u ognmaemoro rasa (NOx, Oz ocranmbHOe He) mpH BHICOKMX CTENEHAX
NpeB——» AIWIE€HAWI H NPAKTHYECKH NPH [OJHOM  OTCYTCTBMYM IIPOCKOKa aMMHAaKa.
2.Ma = prunia TiO: - HeopraHH4ecKe cBs3y0mue

MN1OHONUTE HAa OCHOBE [HMOKCHIA TUTAHA -NIEPCNIEKTHBHBIE CEPOVCTO MYHBLIE
HOCH X~ €JX¥ KaTalu3aToOPOB IONHOTO OKUCHEHHA, a Takke CTabMiIbHbIE ~WHEPTHBIE
HOCHE —— —<=I¥M AId HMMOOMIm3auny (epMEHTOB H MHMKPOOHANBHBIX KIETOK, OCHOBa JUIf
CO3/1 A MY 51 GNOKATAIH3ATOPOB H BHICOKONPOH3BOAUTENLHEIX POTOYHLIX 6 OpeaKTopoB

HOBOX —— «O XIOKOIeHuA[12].

3. AN —————— )\ ¥ OCHIHKATHAA MAT pHIA - CMECh KaTAJHTHYCCKH AKTHBHBIX OKCHIOB

2710 npuMep NPUrOTOBIEHHA GJIOYHOIO MEJIe30XPOMIMHKOBOTC OKCHAHOrO
xaTary w33 ;aTopa MK-44 [13]. Ponp HeopraHn4eckoro CBA3YIOHIENO MOTYT BBITTOIHATH
pobaB T MEKIA MIPUPOMAHBIX IMHA, ''ap MHpoBaHHBIX" okcuaaMmu xpoma. ITo 3701 cxeme MOXKHO
roTOBME=_ATE B BUAe ONOKOB COTOBOH CTPYKTYPHl XOPOIIC 3apeKOMEHIOBAaBILME cebs
cMeIl Fammmmm  HEIHIC OKCHIHbIE KaTaluTHueckye cicTeMbl. [IpapumbHblil noxbop npuponmel H
KOHIC M AT PO aiy CBA3YOMMX H TEMNEPaTyPsl HPOKAJKH TO3BOJACT B 3HAYHWTENBHON
cTene Fam— X1 COXPaHHTb CBOMCTBA JWCXOIHBIX IOPOIIKOB KaTaXWTHYECKH  AKTHBHBIX
OKCUJLC—— DR -

B paMxax JAHHOH CHCTeMbl ObIIM NPUTOTOBNEHB! OJIOYHBIE KA TAJIH3aTOPHI
pasIA=——M H <OJi TE€OMETPMH C FICIONB30BAaHHWEM TBEPIARX OTXOHOB NP OW3BOACTBA

kaTan e 3 = TO0PoB DeNO,[14].

XY © npaHHO# cxeMe MPUTOTOBRJEHB! W NPOLIIH MPAKTHYECKYIO TPOBEPKY BGITOUHBIE
KaTa VN 73z TOPH OYMCTKH Ta3OBHIX BBIOPOCOB ' NU3eNEIreHepaTOpHCH ycTraHoBKHIS]
KaTa/I Vw3 =3 TOPHl OYHCTKH I'E€OTepMalbHOTO Napa[l6], a Takike KaTanM3aToOpkl ITPAMOro

OKHCIIE—— WYX CEpPOBOIAOpOaa B cepy [17].

4. Kepz—=——=um nmmauyeckas matpnua - TiO:
. M Topgobnas cucreMa ObUIa CHHTEIHPOBAHA IUIA mpomuecca (OTOKATATIHTH HECKOi
OYHCTK - _ M1 rasoBbX BHIGPOCOB OT npumecell TOKcHYHBIX coemubennii [18]. Ha 3apanee

ApAroT " <DOIBJIEHHYIO COTOBYIO KEPAMHUECKYI0 MATPHLY M3 KOPAHEPHTA C -[10MOMIBIO
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CBA3YIOIMX J00aBOK HAHOCHIAHM IIOPOIIOK JHOKCHIA THTaHA. lIpemBapuTeibHO
NOBEPXHOCTh KEPAMHMKM NOABEprand Moguuuupyromedl kucmotHOH obpaboTke.
Hauusii crroco6 [o3BoisfeT PEryliHpOBaTh TOJMIIHHY NMOBEPXHOCTHOTO CIOS JMOKCHIA
TUTAHA, 2 TAKXKE HCIOIL30BaTh 1102 ¢ ONpeeaeHHbIMU cBOlicTBamu [19].
5.Kepamiveckas MATPHLA - YIJIepoa

CHHTe3HpOBaH DX CHCTEM IIPH BAapHANMH XHMUYECKOIo COCTaBa U YCIOBUH
npeapapurTeabHol  00paboTKHM  KepaMHyeckoii MaTpHIfel, ycnosmit oOpasoBaHus
yrnepoaHoro mokpeitis [20]. O6macTe npuMeHeHHs WOXOOHBIX MOHONMTIOB BECBMA
LIAPOKA- HOCHTENMHM KAaTIH3ATOPOB JUIA TOHKOrO  OPraHMYeckOrc  CHHTE3a,

KepaMU4YeCKe MEMPaHbl, HOCHTENRH I HMMOOMIU3OBAHHBIX GLiORaTEUII/BaTOpOB.

6. MarpHua-lUeoanT - aMOMOOKCHAHbIE, 2AI0MOCHIHKATHbIE CBA3YIOIINE

[TpumMepoM NAHHOH CHCTEMBI ABIAIOTCH 00pasilbl KOMIO3SHHUOHHBIX MOHOIRTOS,
APUFOTOBIICHHEIE B BHAC GIIOKOB COTOBOM CTPYKTYPH! M HOPHCTHIX Tpybok. Obmacts
MPUMEHEHUS TaKUX MOHOJHTOB - ON0OUHbIE KATATA3aTOPh], HOCUTENH HEOPTAHHYECKUX
mem6pan. Ob6pa3ubl MOHONHMTOB OBUIM CHHTE3UPOBAHLl € HCHONB30BAHMEM IHEOHHTA

Tuna NaA, a Takxe Meabzamenennoro ieonura Cu/ZSM-5.

7. MaTpuua-yriepoadble MATEPHAbL, - CBA3YHOME N00ABKH
B npouecce NpHroTOBIIEHHs 3TOH CHCTEMbl  3aJIOJKeH NPHHUUN NTpeoOpasoBanus

cMecH OPraHMyecKX CBA3YIOIHX H MUIacTH)UKATOPOB, 00Pasyo KX KOATYIALHOHHYO,
CTPYKTYPHPYIOLIYIO SKCTPY/MPYEMYIO MACCy-CeTKY Ha CTaguit GOPMOBAHMS COTOBOTO
H3ENHs B NOJMMEPHYIO, CBA3YIOINYIO "ceTKy". YIPOYHAIOLIYIO MOHOJMT HOCHIE CTaIuH
ero rternoBoé obpaGorkn npu TeMmepatypax 250-300°C. OGnacte mpHMeHEHHA
MOHOIHTOB AaHHOTO TUIA - GJIOYHBIE HOCHTENH HAHECEHHBIX KaTaun3aTOPOB, HOCHTEIH
Ans xpomatorpadui, HOCHTENH HMMOOHIH3OBaHHBIX OmokaTamusaTopos [1, 12].
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METAL SUBSTRATED ZEOLITE CATALYSTS FOR NOy ABATEMENT IN LEAN
EXHAUST CONDITIONS

Réisdnen, H, Keiski, R L., H'a;rkénen*), M., Maunula*), T. and Niemisté,.P
Department of Process Engineering, University of Oulu, Linnanmaa, FIN-90570 Qulu, Finland

*) Kemira Metalkat Oy, Catalyst Research, P.O.Box 171, FIN-90101 Oulu, Finland

ABSTRACT

The removal of nitrogen oxides from exhaust gases of lean-burn engines (e.g. diesel and other
lean burn engines) is difficult with traditional three-way catalysts. In oxygen-rich atmosphere
these catalysts work as oxidizing catalysts and the reduction of nitrogen oxides is restricted. To
meet the new emission standards new catalysts has to be found for NO, reduction. The most
promising practical solutions are the new deNO,, catalysts, which could be based on zeolites or
mixed oxides. Cu-ZSM-5 with and without co-cations seems to be the best catalyst for the direct
decomposition and reduction of NO by unsaturated hydrocarbons in excess oxygen.

Copper-ZSM-5 catalysts .substrated on a metal foil to form a honeycomb structure were
studied in NO reduction by propene and CO in lean exhaust conditions (15 % Q;). The effect of
the zeolite base (ZSM-5 and 13X), silica-to alumina ratio, cation and co-cation, catalyst
preparation method, thermal treatment and composition of the reaction gas were studied. Activity
and the effect of perturbation on activity in diesel exhaust gas conditions with and without SO,,
as well as the effect of the reductant at constant temperature were studied, too. To explain the
reductive properties of CO in NO reduction over zeolite catalysts, concentrations of propene and
CO were varied simultaneously at constant temperature. Separate and simultaneous adsorption of
NO, CO and air as well as NO, C3Hg and air were detected using infrared spectroscopy to
determine the active surface complexes during the reduction.

The best way to prepare a Cu-ZSM-5 catalyst with or without some co-cations is to substrate
the zeolite first on the metal foil after which copper is introduced into the zeolite structure by
several successive ion-exchanges. The co-cation should be ion-exchanged first to an jon-
exchange level lower than 100 % depending on the co-cation used. After that copper can be
-exchanged in several ion-exchanges to a higher ion-exchange level (> 100 %). Maximum NO,
conversions obtained were 80 % at 350 °C for a copper nitrate ion-exchanged Cu-nitr-ZSM-5.
For a copper acetate ion-exchanged Cu-acet-ZSM-5 NO, conversions were quite the same but
the light-off temperature was. 50 °C higher. The oxidation of NO to NO, and SO, to SO5 was
not significant until at temperatures above 400 and 500 °C, respectively. The formation of CO
was clear as far as propene was present in the gas phase at the outlet of the reactor and CO
formation had its maximum simuitaneously with NO, conversion. The activity of Cu-ZSM-5
catalyst was improved by combining Ca, Cr, Co, Ni and Sr as co-cations into the zeolite (Fig. 1).
The light-off temperatures were decreased considerably (60 - 100 °C) compared to Cu-free
catalysts whereas the maximum NO,, conversions remained practically unchanged.

Cr also improved the thermal stability of the catalyst. The physical properties of a Cu-ZSM-5
catalyst with chromium remained unchanged even after aging at 950 °C. The catalytic activity of
Cu-ZSM-5 with and without Cr decreased, however, considerably after aging at 700 °C. The
reason for the deactivation is probably the modification of the state of copper (CuG — Cu,0).
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Figure 1. The effect of co-cation in Cu-acei-ZSM-5 on NOy conversions; NO 1000 ppm, THC
2000 ppm, CO 500 ppm, CO, 10 %, O, 15 %, H,O 7 %, SO; 25 ppm, N, bal.

According to the reductant tests CO was a poor reductant in NO, conversion whereas propene
raised NO,, conversions from 10 to 40 % (Fig. 2). FT-IR studies also confirmed that CO is not a
good reductant when Cu-ZSM-5 is used as a catalyst for NO reduction. The most probable
reaction is NO decomposition and reaction of adsorbed NO through different intermediates to
form N,O, N; and NO,. Adsorbed CO reacts with oxygen released from NO dissociation. With
noble metal zeolites the reaction is more likely to go through isocyanate complex formation at

“ temperatures higher than 300 °C. N
Conversion of NOx (%)
100
2000 ppm CO
80 500 ppm C3H6
60 500 ppm CO +
500 ppm C3H6
40 @—H I 2000 ppm €O+
/» g 500 ppm C3H6
20 I///:sz:;/\ ~f= —g== 2000 por: C3H6
T 00 ppm C3H
ApaEa e Ll
0 - : : 500 ppm CO +
0 1 2 3 4 5| 2000 ppm C3H6
Time (min) [V

Figure 2. Comparison of CO and propene (as ppm in legend) as a reductant for NO,, abatement
with Cu-acet-ZSM-5 at 350 °C; NO 1000 ppm, CO, 10 %, O, 15 %, H,0 7 %, S0, 25 ppm, IV,
bal.
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BJIOYHLIE HAHECEHHBIE KATAJIM3ATOPLI JJIA NPOUECCA CKB
OKCHUJIOB A30TA
M. Mapueniok-Kyxapyk, B.A.Ocramiok, C.H.Opmik, A.J{.Tepemenko,
HU.®.MupoHiok
HPucruryr dusyeckoii xumun uM. IIncapxepckoro HAH Vkpannsl, Kues

MONOLITH SUPPORTED CATALYSTS FOR SCR OF NITROGEN
OXIDES
M.G.Martsenyuk-Kukharuk, S.N.Orlik, V.A.Ostapyuk, A.D.Tereshchenko,
LF.Mironyuk
Pisarzhevskii Institute of Phisical Chemistry NAS of Ukraine, Kiev

PaspabGoraH HaHeceHHBIH OIOYHEIN COTOBOM CTPYKTYpHl BaHARMIi-TUTaHOBLIN
katamusarop (V705-TiO,/Si0O,) Id  ceIeKTHBHOTO BOCCTAHOBIICHMST OKCHIOB
‘a30Ta  aMMMAKoM. Hna  yayuireHns  GOpMyeMOCTM MacChl Ha  OCHOBE
a3poCHIOTeNIs M YBENIWYCHMS MEXaHHYCCKOM IPOYHOCTH 5JIEMEHTOB COTOBOM
CTPYKTYPH IIMXTYy FOTOBIWIH c JobGarinecHMEM 3akapnarckux mmH. Haxecenma
VABTPAaTOHKOIO CJIof OMOKCHAA TWTAHA aHaTasHol MomudHMKaluMH Ha
_HOBEPXHOCTb TIOp SJCMEHTOB COTOBOM CTPYKTYpHl IOCTMTaIM Ojaromaps
_ UCTIOJIb30BAHMIO BOAHBIX DACTBOPOB TETPAAllTaTa TUTAHA M COMSTHOKMCIIBIX
pacTBOpOB XjJopuaa THTaHa. Mexny warpuuet SiO; u HacnoenmsiM TiO;
peaymsyercss xuMudeckasa cpsizh = 1i-O-Si =. 19 NOBBIUEHMSA aKTHBHOCTH
xaTaJmaapoa, CEpPOYCTOIYMBOCTH, MEXQHWYECKOH TPOYHOCTH HaHECeHHE
IMOKCHIA TUTAHA U NCHTAOKCH/Aa BAHAAMSA YePETOBUIM.

B imrepBane remneparyp 250-350°C xousepcust NO cocrapinger 80-98% mns
peaxuHoHHoNK cMecH cocrasa: 0,05% NO + 0,045% NHj + 6%0,; V=15 toic.ul.
OmuM U3 meGOBaHPxJ?z, nperpABIAeMbIX K Katammzatopam CKB-nponecca,
SIRIAETCA YCTOMMUBOCTh MX K CEPHUCTHIM COCOMHEHMAM, HOSTOMY MBI JCTAILHO
HM3YYWIM BIMSHME HHOKCHIAA Cepsl Ha CKOpOCTH Tpolecca. BhyesieHo aBa THma
rmustHMS SO, Ha mpollecc: MEepBBI 3aKII0YAcTCs B TOM, YTO B XOJIOOHEBIX YacCTsX
YCTAHOBKM M PeakTopa AMOKCHI CEPHI CBA3LIBAET AMMMAK, BCICACTBHE 4Yero IpU
BCEX - MCCIIENOBAHHEIX TEMIEpaTypax HabIIONaeTCs - TOPMOXEHHME  peakluH,
NPONOPIMOHANBHOE KOHUEHTPALMM IJHOKCHMAA cephl. BO BropoM ciyyae (TIpH
peeacHuM SO; HENOCPEACTBEHHO B TopsiYyl0 30HY peaKTopa) BIHsSHHE ero Ha
CKOPOCTh PeaKliMM HEOMHO3HAYHO. BO3MOXHO YCKOPEHHE, TODMOXeHHE, a TaKxke
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.OTCYTCTBH¢ 3QMETHOTO BO3NCHCTBHS IMOKCHMIAR CEpHl Ha npéucéc; cTeneHs
BIMaHEA SO; YBEIMUMBACTCS C YBEIIMYCHHEM €ro KOHICHTPAITUH. .

Ilpy  HM3yYeHHMH . KHCIOTHO-OCHOBHHIX  CBOMCTB - maﬁuﬁ-mmnonux
xara:msa‘mpbn meronom TTIJ aMMHaKa noxasaﬂd, YTO ﬁuox_cngr cephl TIOBBILIACT
KHCJIOTHOCTb MOBEPXHOCTH KATAM3ATOPOB, IIPH .3TOM HE TOJIBKO YBEMYMBACTCHA
KOJIMYECTBO. KMCJIOTHBIX HEHTPOB, HO MOARIAIOTCA HOBHE C BHICOKOH aHeprueit
CBA3H aMMHaKa, YTO MOXKCT " OMTH npnqm{oi'{ NOBHILECHUSA 'amudcm
KATAIN3aTOPOB B MPOUECCE CCIICKTHBHOIO BOCCTAHORNCHHUA OKCHJIOB a30Ta

Hna CKB-npouecca paspaGoTaHBl TaKKke ﬁauccennﬁe 'x‘nm:msampu
CTIOXHOTO COCTaBa, COJEPXALIME B KauecTse 'aKTMBHHIX KOMITOHEHTOB CMeCh
OKCHIOB H cynbdhaToB Xenesa, Meaw, xpoma, HHKCIIA, IMHKA, KOTOpHc He
YCTYNaloT N0 aKTHBHOCTH M CEPOYCTONYMBOCTH Baﬂw:mﬁ-rmaﬂonuu KOHTAKTAM,
HO 3HAYMTEIBHO NPEBOCXONAT MX N0 SKOHOMMYECKMM ITOKA3ATEIIIM. ]

C Ue/bIO AHAIM3A COCTABA M BAICHTHOMO COCTOAHMS IEMCHTOB B
KATAIH3aTOpaX  MPOBENCHO,  MCCJENOBaHME ‘vcgcxcnpurdrdkm:‘}nm H
OoTpaboTaHHBIX (B J1a6OpaTODHBIX  YCIOBHSX) kdﬂmmb. ‘MeTomoM PO3SC.
 CpaBHMTENBHBIA aHAM3 BeMYMH 3HEPrHA 'CBASH M. OTHOCHTENBHBIX
uureHcuBHocreil numui Ti 2p, V 2p B cnekTpax HCXOmHBIX M OTpa6OTAHHBIX
KATANH3ITOPOB CBMACTCIBCTBYCT 06 OTCYTCTBHH -GYIECTBCHHBIX H3MEHEHMI
BAJICHTHOTO M apymypnord COCTORHMA amnﬂ_oﬁ d:dsu. Jnsa XpoMCOACPXKALHMX
KATAH3aTOpOB B TpoLEcce paGOTH HabLoXaeTcs 3dnbe)cr Bocaauowiclmx Crb+
IO TPEXBAICHTHONO XpPOMA, a TAKXKC BO3PACTAHME nonepxuocmoifl KOHIICHTpaIHH
aKTuBHOI ¢assl Ha y-Al,0s, I )

Pa3paGOTaHHEIC KATATHIATOPH TPOLUTH YCCUIibie o:m-mo-npoimnmemme
HCIINTAHMS B TNPOLIECCE OMMCTKHM oTXomaumx rasop TOIU or OKCHMIOB 230Ta
MmeromoM CKB. Ilpu Temmeparypax 300-315°C.- vxi ’pﬁéeuaoﬁ CKOpPOCTH
OYHIBEMEX Ta30oB 10-20 Toic.y™! mocTHrHyTa CTETeHD OMMCTKH or NO, 6onee
80%. ‘ - .
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CERAMIC HONEYCOMBS COATED WITH ZEOLITE Co-ZSM-5 FOR NOx
ABATEMENT

Zbigniew S. Rak, Hubert J. Veringa

Netherlands Enérgy Research Foundation ECN,
Petten, The Netherlands

Zeolite based catalysts suited for removal of nitrogen oxides (NO,) from
exhaust gases. of car engines and industrial boilers are presently developed. The
cétalyst, a zeolite, is deposited on the surface of a ceramic monolith by
washcoating’ techm'que. Catalysts in the form of a thin-walled honeycomb offer the
advaivltagevrof a low pressure drop, high geometric surface area, and short diffusion
distance compared to conventional pellets and beads in fixed bed reactors. The
properties of the washcoat are strongly dependent on the choice of the preparation
teéhniquc and the properties of the monolith. The cordierite honeycombs with 400
channels/inch? were made by extrusion. Test samples were cut into cylinders of a
size of 1 x 1 and subsequently acid leached to improve bonding of the washcoat.
The BET surface of the leached honeycombs made for experimental purpurses was
6,6 -m?/g. The open porosity amounts 35,3 %. A mixture of zeolite/alumina or
silica binder, with ratios in the range of 90/10 to 70/30, was used in the
washcoating slurries. The Na-ZSM-5 zeolite with silica/alumina ratio 27 and
boehmite as an alumina binder were used. Generally, the weight loading increases
as the binder content in the slurry increases. The best properties of the coatings
were found for a composition with a zeolite/alumina binder ratio of 84/16. The
resulting coating has a thickness of approximately. 50 pm and specific surface area
of 50 to 70 m?/g. The washcoats are uniform and appeéred to be strongly bound
to the honeycomb structure. The washcoating procedure is generally repeated three
times. A thi_ck viscous slurry with high solids content gives a non-uniform and
inconsistent loading, whereas a thin fluid slurry with low solids contents gives a
low but consistent loading. The cobalt cations were incorporated into the structure
of the zeolite by an ion-exchange procedure, to improve the catalytic activity. The
cobalt cation ion exchange procedure was done at a temperature of 80 °C during
8 hours. This ion exchange was carried out three times. The zeolite ZSM-5 was up

. 10 98% exchanged by Co2*.
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Short term tests of the catalytic activity of the system showed NO,, abatement

up to 95 % at a temperature 450 °C using a mixture of synthetic gas and air as a
reactant. The composition of this synthetic gas was: NO - 500 ppm,
CyHy4 - 1500 ppm and N, for the balance.
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CUUCTKA OTXOASIKX ['A30B MAPTEHOBCKHMX HEUEH OT OKCHLOB AZ0TA
HA B/IOUHHEX COTOBHX KATA/IMBATCPAXR

A A, QefiopoB, 0. C. UeKPHIKMH, A. M. XaHoB. C.H. CyauMoB*
HHCTHUTYT TEXHHYECKOM XMMHM VPO PAH, r.[lepMb
*Hay4HO-UCCAEN0BATRIBCKUN HHCTUTYT MeTalIYPIUYeC KUK
TEXHOJOTHM, I. HXeBCK

MARTIN FURNACE WASTE GAS CLEANING FROM NITROGEN OXIDES ON
HONEYCOME  CATALYSTS

A. A.Fiodorov, Ju.S. CheXryshKin, A.HM.EKhanov, S.I.Sulimov*

Institute of Technical Chemystry Ural Branch Academy of
Scilences of Russia, Perm, Russia
*Research Institute of Metallurgy Processes, IzhevsK, Russia

[IpeuMymecTBa 6JOYHNX KaTalM3aTOPOB COTOBOY CTPYKTYDPH Ilepex
OPYTHMH THIAMU KaTaau3aTOPOB MNO3BOJASOT 3¢PeKTUBHO HCMOJAL3OBATH UK
B Pa3HOOSPA3HHX IpPoLeccax OYUCTKHU rasoB oT NOgz. IIPM 3TOM KaTaau-
34TOPH Ha OCHOBE MEAHOXPOMOBHE MIOMHEJEH MMEOT BHCOKYD AaKTUBHOCTD
B NPOHECCaxX KaTadUTHYECKOrO BOCCTAaHOBAEHMs NOy B Np IPM HAJHUMM
KACJIOPOZ3 B PEaKIMOHHOV CMEeCH. ) :

HCOHTaHUS GJAOKOB KaTallM3aToPa Ha COTOBOM KePaMHUeCKOM HOCHU-
TeJle pa3MepoM 85%85x160 MM KaxZHY NpoBeZeHH B AO "MOTOBHIMXMHCKHE
33aBOAH" B PeXHMax 32BaljlkM ¥ NJNaBKM ORHOM U3 MaPTEHOBCKUX NeYell.
VCTAaHOBKA COCTOSNA H3 MeTalldHJYeCKOI'0 PeaKToPra UWIMHADPUYECKOHM ¢op-
MK ZHaMeTPoOM 250 MM, AJUHOM 1500 MM K BEHTUASATOPa HPOM3BOAUTENbL-
HOCTBIO 250 HM3/4. O6LeM KaTalu2aToPa cocTaBasaa O, 0185 M3, nauna
cios- 640 MM, CPeAHee CoOAePXaHHe aKTHUBHOI'O KOMIIOHEeHTa (CuCraOy)
6,8 Mac%. Ha BXOAe W BHXOAEe M3 DPEaKToPa AHAIMW3WNPOBaJM CoAepxaHue
B 'a30BOM dase KUCJAOPOHa, CO M OKCHOOB a3oTa (NO u HOp).

B NepPBOM CEPHMH HCIOHTAHHM 6JOKM KaTajlu3aTopa SHIM NOMEmeHH B
KOHNEBOM 4acTH PeakTora, BO BTOPOW - NeDEMEmeHH K NePefHel 4acTH
peaKToPa Ha PaccTosfHMe 350 MM. B Pe3YJAbTaTe WCHOHTAHUHA YCTaHOBJE-~
HO (Tabik.), HTO COCTAB OTXOASANMK 'a30B M3aPTEHOBCKHMX Ieuel CYmecT-
BeHHO 3aBMCUT OT PEXHMMa MX PASOTH. [IPM NJaBKe NDPUGIU3UTEIBHO B 3
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pa3a yBeJHUYHBaeTCsi CoOLepxanue CC ¥ CYMMapHOe CONEPXaHue OKCHAOB
a30Ta, KOTOPOE B CPEAHEeM HOCTHIEeT BEeNMYMHH ~5000 Mr/MS. [PH 3TOM
KoHneHTpauua HOp ¥BeJIWYMBAETCs B 8 pa3. He3aBHCHMO OT PexuMa pa-
60TH [leUM NPOLECC KAaTANUTHUYECKON OUYMCTKHM OTXOAAMMX 'a30B MeTOHOM
HeCeJIeKTUBHOI'O BOCCTAHOBACHHA NOy NPOTEKAET B HEOJATONPUATHHX YC-
JIOBHAX, OSYCHOBIEHHHX NPUCYTCTBHEM B OYMIaeMOM I'a3e 3HauMTeAbHOI'o
KOAMYECTBa KUCAOPOA3 (10-1Z2 064), NHIM M HEAOCTATKOM BOCCTAHOBU-
Tedst (CO) B cUcTeMe. HanmpuMMeP, B PexuMe 3aBaJIKK -MOJBHOE OTHONEHHUE
CO/NOg=0, 175, B PexuMe MJAaBKM - O, 147. TaKuM O6P330M, YUUTHBAS
KOHUeHTpanuio NOp B OTXOLSMMX I'as3ax. COLEPXaHME MOHOOKCHUAA yrjiepo-
na cocTaBaseT He 6ogee 25-30% 0T KoJMYeCTBa, HEOSXORAMMOIC ZIMf

BOCCTAHOBJEHHMsI OKCHAOB a3oTa.

Bpe-[ [IapaMeTPH Ha Brone ; HapameTpﬁ H4 BHIXOZLE |CTeHEHb
M, | PeakKTopa ] PeakKTora ‘ OUMCTKH
MUH | T i T joT HOX,
]TEM- [KOHHEHTP&HH% B Pa3E]TeM— ] KOoHUeHTPAUUs B raae] A
jmepa- - T T jmepa- s 1 J
fTvPa, | O, | CO | NO_. |TvPa, | O, | CO. [ NO. |
| °C | o&x |ur/m3| ur/m3| OC | 06% | mr/m3| mr/u3|
f i i t f f | T f
I | | i Cepps {1 | - ! |
19 | 420 | 11,2 | 316 | 1618 | 256°| 13,0 | 260 | 1832 | 0.0
28 | 418 ‘ 12,3 ] 191 ] 1304 j 287 [ 13,3 | 533 ] 1388 [ 0,0
34 | 460 | 12,3 | 260 | 1670 | 297 | 13.1 | 590 | 1464 | 12,3
S5 | 410 | 12,2 | 290 | 1652 | 309 | 13,1 | 432 | 1656 | 0,0
l i f f f i f f j
CPef| 429 | 12,0 | 274 | 1681 | 287 | 13,1 | 454 | 1585 | 3,0
X . . . i X , X X
. Cepugq 2
23 | 452 | 11,6 | 494 | 4480 | 235 | 12,4 | 617 | 3540 | 21,0
31 | 451 | 11,0 | T34 | 5712 | 24Q | 11,6 | 1213 | 4596 | 19,5
S2 | 424 | 11,1 | S67 | 4622 | 264 | 10,8 | 611 | 3558 | 23,0
60 | 467 | 10,4 | 637 | 4970 | 262 | 10,2 | 669 | 3768 | 24,2
f f 1 f R 1 f f
cpen| 448 | 11,0 | 608 | 4946 | 250 | ti,2 | 777 | 3865 | 21,9

OPHEHTHPOBOYHAS TeMIeraTypa HaQaﬂé PAaGoOTH KATAJUTUULCKOM CU-
CTEeMH C aKTHBHOM MAacCCOM M3 MEAHOXPOMOBOM WMNMHENH B PeXKMe PaGOTH
ONHTHOM YCTAHOBKM COCTaBisdAeT 360-370°C.
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OnHuM ¥23 BO3MOXHHX NYTel OXHOBPAMEHHOI'O CHYMSHHA KOHUEHTPa-
UMK KUCJIOPOLZ U YBEJMUESHHS KOHUEHTPAUMM MOHCOKCHUAA YIMIEPOAA SBJA-
eTCcs OCYWNeCTRAEHUE PeAKUMA OPEHUS M a3HOUKAmMU YIJepola, Mexa-
HM3M U KUHETHUKA KOTCPHX XOPOEO M3YUEHHW. BHAe/sblleecs B Pe3yiabTaTe
MX OPOTEKAHMS S0JbIOe KOAMYECTBO Temja NO3BCHSET PAaCCYUTHBATH HA
YCTaHOBKY Da30leHEPaTOPa B KOJMEeKToPe OTXOASNMX IazoB LeYel Ipu
TeMIepaTyre 400-500°C 1 IPOBeAcHME NpPoLecca I'OPeHHS K Ta3MMKaunuy
B aBTOTEPMHYECKOM DeXuMe.
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BJIOYHBIE HOCHTEIDB COTOBOM CTPYKTYPHI HA OCHOBE
KAOJIMHA
A.T. Hanaxomxaes, P.A. Tamikapaes, A.A. XanMyxamenor

Qupuurckuii URXCeHePHO-MEXHUMeCKIT eHmp
Tauwkenmerko2o 20CyDapCMEEnRno20 mexXHIMecKoeo yrusepcumema, & Jupuux

KAOLIN BASE MONOLITH CARRIER OF HONEYCOMBEB STRUCTURE

A.A. Dadahojaiev, R.A. Tashkaraiev, A A. Khalmuhamedov,

Chirchik Ingeneering ~ Technical cenire
of the Tashkent State Technical University, Chirchik

Hanmure B Pecrrybnuke cBoel 0a3bki 1O UPOH3BOLCTBY DAIHUHBIX
Karaau3aTopoB HKMeeT Oonblioe 3HaueHWE B COBPEMEHHOM oleciicycHMU
HPOMBIILTICHHOCTH HEOOXOZUMBIMY KaTallu3aTopamMu.

B nocnegnee speMst Bce OoNbilice BHUMaHNE UCCASAGBaTeneil NIPURIESKAIOT
B/I0YHBIC KaTaMM3aTOPbl COTOBOM CTPYKTYphL. 1HUpOKME XJAsCC KaTalu3aTopos
COCTABASIOT KOHTAKTH! HAHECCHHOIO THIIA.

Jnst paspaboTaHHBIX B HacTosilice BpemMs ONOYHBIX KaTaJM3aToOpoB B
Ka4eCTBe HOCHUTCICH NPUMCEHIIOT OKCHIABI AIIOMUEMNS, Pa3ilyHbIC KCPaMITICCKUE
Macchl, COCTOSIIME M3  IJIMHMHCTBIX  KOMIIOHEHTOB M HaNOJHHTENeH,
yapTpadapdop, amoMOCHIY AT, TEXHUHECKHH VITIEPOa K Ap.

Tlepen wuccnepoBaTs/LIME  CTRBATSA  3aJa¥i  [C  HCUCTIBIOBAHUIO B
IPOUBBCICTBE KaTallM3aTOPCE MECTHHIX HCTOYHHUKOB CBIPbA.

Ha reppuropus Y30eKucTaHa 4eTallsHO Pa3BeaH0 U 3a4MCiICHO Ha DanaHe
cepiliie 3,25 MDA, TOHH KaONMHOB AHIDEHCKGTC MECTODOXKIASHUS, KOTOpBIE
SABJATIOTCS OTXOAOM TP ACOBINE VI

Hemsio wmacrosielt  paGoThi  gB7sieTcss  MCCIENOBAHME  BO3MOXHOCTH
ApHUMEHCHMS KaONWHOB AHIDEHCKOTO MCCTOPOIKASHWS B KayecTse MCXOAHOTO
CBIpbS JUI TIPOM3BOJICTBRA DI0UYHBIX HOCHTE eH ¥ KaTafin2aTopoB Ha UX CCHOBE.

AHTpeHCKIE KaCTHHbI 3HaTUTENALHO 3arpsI3HEHBI KDaCSIHVIMH
COCAYIICHMSAMM Keic32 ¢ THTaHa, a TakKe 3alieCoueHsl. [loaToMy [UIs
PUTOTOBTICHUS OJCYUHEBIX HOCUTENEW HaMyu Obll MCHONB3CBaH OOCTAUICHHBIA

Cephil KaONTHH.
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Kunaiseckuil coctaB OBOrallieHHero KaokyHa, B % Maoo:
8i0, -50+52; FeyGs - mo 1,3; Ti0O; - 0,8; Cal - §,37; Mgl - 6,55; K,0 - 2,0.

Meronuka  TpDUrOTORIEHYS  OIOYWHOTO  HOCHTENS  3aKiIodyalack B
CHENVIONIEnL.

TOHKO H3MENEYCHHB BBICYIICHHBIA KAOTHH YBIAKHSIN IIPY MOCTOSHHOM
TEpeMEINUBAHNYE [0 TIOTVYEHUS @opMVQMoﬁ oJHOpOnHOM Macchl. Ilocne
TDUTOTOBNICHHS H VIUICTHEHMS MAaCCy 3arpyxalid B py4YHOH rnpecc - dhopMoBaTesnb
W TpufaBand ¢ ¢dopMy IWIMHAPDWYECKMX ONOKOB € KaHalaMM XpYIJIOTO
ceycHus. [loyygeHusic OJIOKA TIDOBSUTMBAAM Ha BO3AyXe B TeueHme 24 wyac.,
cylwm B cylmwibHoM Imkady mpu 100-120 °C B teuenue 2-3 wac. M
npoKayuBaiy mpu 650 °C B TeucHue 4-6 yacoB. IlombeM TeMitepaTyphl go- 650 °C
OCYHIECTBILUIA CO CpefHEH cKopocTeio HarpeBa 50 °C B yac.

ToroBpic OnmoYHBIE . HOCUTENM MMEIOT . CHCAYIOIIME IeOMETpHYECKUE
pa3sMepsL:

muameTp 61moka - 30 MmM;
BBIcOTa OTOKa - 10-35 MM,
IyaMerp KaHaia - 2,0 Mu;
g¥CIo XKaHanoB Ha | oM - 10.

C 11e71bI0 OTIPERENCHUS MEXaHUYSCKOM IIPOYHOCTH ObLIM TIPHUTOTOBIEHBI M3
MaCChl HOCHTEIIS KOJIbLI2 C HapyXHBIM 1aMeTpoM 6 MM U TOMIMHOH 2 MM.

CrammdeckuM MeTomoM Ha npubope MII - 9C mpoBenensi MCTIBITaHuS Ha
IPOYHOCTE OOPaslioB, IPOKAICHHEIX TPV PAVIMYHAX TEMIIEPaTypax.

YeTaHOBICHO, Y0 ¢ YBEIIMUCHHUCM remﬁcpawpm TNPOKATUBAHUs TIPOYHOCTD
TIOBBIIIaeTCA M NpH TeMIlepatype npoxkanku 650 °C cocrarmger 30-32 xr/cm?,

MaccoBass BraroeMKOCTh, ONpCHeNeHHAS IO TIPUBECY HOCHUTENS IOCHE
YBITAXKHEHYA €70, cocraBmiia 26-28%.

C  umenpio  omnpefenesns  >OdexTHBHOCTH - palbOThi  KAaTaJIA3aToOpOB,
NPUIOTORNCHHBIX HA OCHOBEC Ka0AuHA, HAMM CHHTCSHPOBAH aIIOMO-MERb-
HWHKOBEI  KaTajM3arop CEeleKTUBHOIO  KATAIHTHYECKOTG  BOCCTaHOBJICHMA
OKCHAGE &30Ta 8MMHaKOM.

MerogyKa nOpUTOTOBACHMI KaTaly3aTopa 3akjiOYaiack B TIDOMUTKE
HOCHTEN pacTBOPaMud a30THOKHCIBIX cojjel MeAM M UWHKa ¢ HOCHeOyIoLeH

cymikoil pu 120 °C u npokanxci npu 600 °C.

149



QOP-42
Comepxanne Cu0O um ZnO B KaTammzarope COOTBETCTBOBATIO COCTABY

TIPOMBIIDICHHOTO 3epHHCTOro Katanusaropa AMIL.

WccrnepopaHie aKTUBHOCTM TONYYEHHOTO KaTalM3aTopa MPOBOZWIH B
peakTope NPOTOYHOIO TUITA Ha MCKYCCTBEHHOMN Ira3oBo¥ cMeck cocTapa, % o6:
NO - 0,15-0,25, NH; - 0;2—0,3, O, - no 4,5, ocrailbioe a3eT, mpu 00beMHO
CKOpOCTH 20060 yl  Karanummueckyio aKTHBHOCTh KaTanu3aropa
XapaKTepH30BaIU CTECTICHBIC BOCCTaHOBHeﬁm okcuna azota (ii).

Peaynpratel CPaBHMTENEHBIX MCCHEOBAHHI Mpollecca  CeTFeKTHMBHOTO
KATaJIMTHYECKOro BOCCTaHORNeHUS okceuna asorta (II) nHa karammsaropax AMI]
TIpUBeEHSI B Tabuiie.

AKTHBHOCTE KaTtaiuzatopoB AMII B peaxiiiu BoccraHorneHuss NO aMMHaKoM.

CreneHs BoccraHoBIeHuss NG, % nipu

Karanusarop 250°C  3000C 350°C 400°C 450 ¢°C
AMII ripoMBINLIeHHBIA
rpaHyJIMPOBAHHEIH 88 95 97 97 -
AMII-65r0unstit Ha AO3 80 88 93 95 -
AMII-6rouHbIN Ha KaojduHE 76 82 91 92 92

W3 pesynsTaToB BHOHO, 4TO IpH Temieparypax Bbiie 350 °C Ha G104HOM
karammsarope AMII Ha ocHOBe KaojuHa JOCTHTaeTcA CTCIEHEL BOCCTAHOBIIECHWS
92 %, KoTopas MOXET 00CCIICUMTDb JJISl MHOTHX MCTOYHHKOB BPEIHBIX BBIOPOCOB
Hopwmet I1/IB no oxcuiam a3ora.

Takum o06pa3oM, HONYYCHHBIC B 7a0OPaTOpHBIX YCIIOBHSIX PE3YABTATHI
TIOKa3a/T¥ BO3MOKHOCTh IIPDHMEHEHHsT KAOJIMHOB AHIPEHCKOT0 MECTOPOXIEHUS ¢

HEBIC NPHUIOTOBICHHA OICYHBIX HOCUTEHCH 1 Karajaus3aTopoB Ha X OCHOBC.
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OIIBITHC-IIPOMBIILIEHHBIE MCIIBITAHMA BJIOYHBIX
KATANTY3ATOPORB HA OCHOBE KAOJIMHA JIJIA OYHUCTKH
OTXOISIINX TA30B ITAPOBBIX KOTJIOB

A.T. Janaxomkaes, B.T. A6nykannipos, P.A. Tailikapaes, A.A. XaMyxaMenoB

YupuurcKuil UHMHCeHEPHO-MEeXHUMEeCKUll Yermp
Tawkenmckoeo 20cy0apcmeentozo mexHuHeckoeo yyugepcumema, 2. Qupuux,
’ Vabexucman

EXPERIMENTAL - INDUSTRIAL TESTS OF MONOLITH CATALYSTS
BASED ON KAOLIN TO PURIFY EXHAUST GASES OF STEAM - BOILERS

A.T. Dadahojaev, B.T. Abdukadirov, R.A. Tashkaraiev, A.A. Khalmuhamedov.

Chirchik Ingeneering - Technical centre
of the Tashkent State Technical University, Chirchik, Uzbekistan

Bonpmiyio 4acTh aTMOCGEPHBIX 3aIrpASHCHMH COCTABILTIOT HM3KOHAIIODHBIC Tasbl
BHIOpACBIBaCMbIC U3 pa&nnq}mx HMCTOYHUKOB.

Uempio HacTosiel paborsl srmsieTca paspalorka KaTanmsaropa ¢ HH3KHMM
Ta3OOMHAMWYECCKUM  COTNPOTHBIIEHHMEM I OYMCTKM  OTXOMSIMX  ra3oB
KOTJIOAarperaroB, HCIONB3YIOWMX HETPANMIMOHHOE TOIUIMBO, ~ COIepXaulee
ammuak, CO # op. ’

Mi3BecTHO, 4TO H3-32 HaIWuYMA aMMMaKa B TOIUIMBE, COAEpXaHHE OKCHIOB
a30Ta B OTXOISIIEM TOTIOUHOM rase Oymer OOJBIIE, YeM TIPH CXKUIaHWH OOBIYHOTO
TOTLIABA.

Panee(l, 2) Hamm OBUIM NpoBeeHBl HCCIENOBAaHUA TIpoLEcca ABYXCTYTICH-
4aTOM  KaTaluTHYeckodl = OYMCTKM  BbIIIEHa3BaHHBIX  Tas3oB. Ilpu sTomMm
aMMMaKCOAEePXKalUM ra3 MUCHONB30BAIM Ha TMEePBOM CTYNEHM VIS CENEKTHBHOrO
BOCCTAHOBTIEHUST OKCHIOB a30Ta Ha IIPOMBIIUICHHOM T'PaHYJIHPOBAaHHOM alliOMO-
MEeIb-IUHKOBOM KaTanu3aTope.

PasBuBas paGoTy B 3TOM HampapJieHWH, HAMHU HPOBOMWIIHCH MCCIISIOBAHMS
mo paspabotke OJIOYHBIX . KaTaJu3aTOpOB C HCIIONIb30BAHUEM ~ MECTHOTO
CHIPBS - KAOMMMHA AHTPEHCKOTO MECTOPOXICHUS.

BriouHsIi KaTanus3aTop MONyd4any MyTeM CMCHIEHHA TOHKO M3MEFYEHHOTO
KAaoJIMHA ¢ A30THOKHUCHBIMH COJISMHM MeI¥ W IIMHKA, YBAAKHEHUSA RO TIOJIYYCHHSA

dopmyeMoit Maccel, $OPMOBKM B BHOE GJIOKOB COTOBOH CTPYKTYpPBI C
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NCLHSAYIOINM TIDOBSUIMBAHNEM Ha BO3AYXE, CYIUKM U HpokKayixwk. CeoTHOIeHHE
CMeIMBAEMBIX KOMITOHEHTOR Opasi ‘TakuM, UToBB B TOTOBOM KaTali3arope
comepxarme CuC u Zn0 ‘COOTBETCTBOBAIN COCTaBY MPOMBIIUICHHOTO 3EPHIECTOTO
raranusaropa AMYU u cocrasmum 7,0 u 5,0 % macc., COOTBETCTBEHHOG.

Toroswiit GrHoUHBIN Karanws3arcp ZMeer xeagpetooe cocuernie 7OXT0Mn,
BpicoTy 80 MM, pasmMep kaHajxos 4 X 4 MM, TOMUYUHY CTEHKH 1,5 MM ¥
KCAYECTBO XaHanos -90.

Vicirranmss OnowHoTO - KerTanwsaTopa B vonopmax  paloter ¢

IPpCMBIITICHHBIME fal3aMu HpOBOHP}'ﬂYi Ha ONBITHO-NPOMEIIISEHOK YCTaHOBKE

CMOHTHDPOBAHHOK B exe napocHabXKeHus YUpUMKCKOTO Tio
“ BHeKTPOXUMIIPOM .
Victipiranuis TIPOBONWIM | MCTIONB3YA Ha TEpBOH CTymeH: - OnouHEid

KaTa/I¥3aTop Ha OCHOBS KaoiyHa, Ha BTOPOH CTYNMEHH - NpOMBIIUICHHBIN

xaramzarop AITK-2. B xauectBe raza-BOCCTAHOBHTENS HCIIONB30BAIM DPETYPHBIE

ra3sr IPOHW3BCACTBa aMMuaKa, cofepxammue 1o 5% 06. NHj 1 mo 65% o6. CO.
Ha nepBoff  CTVIIEHW  NPOTEKAST  CENEKTHBHOS  KATaNHTHYSCKOS

BOCCTRHORJICHXE OKCHUEOB a30Ta aMMUaxKoM. Pacxox &3z - BOCCTAHOBMTENA

AMABTIMBATE M3  P8cYcTa CONCPXAHT  aMMMaKa, COOTBeTCTEYIOMIEro
coorHomerms NHs/NO ==1,15+1,20. Hs Bropo#i crymeny nporexast ImyHOKos
cxucnerre ocrarounoro CO no CG,.

Konnenrpailyin OKCHIOB 230Ta B OTXONSHINEX TONOWHLIX Ta3sX COCTaBIIuia
0,10-0,31% of.

Pesvnprashl HCTIBIT2HES ONOYHOIO KETANV2RTOPY BOCCTAHORIECHNS CKTHACD
oTa aMMHEEKoM YIpeNcTamicHel B Talnuie. [ cpasHenws s Tabnyiie Taxxe
TPEACTABNICHB! PE3YIBTATHL, TIONYYCHHbIC Ha NPOMBIIUICHHOM TPaHyIMPOBAHHOM
raramasatope AMILL

PesynnTaTel MCIBITAHMP TIOKa3a7l¥, YTO HONYYCHHEBIN Hamy OrIouHbid
KATAK3ATOp Ha OCHOBE KaojiwHa fpH temreparypax 350-400 °C u ofbemmuoli
cxopoctH no 20000 ! ofecneurBae T ZOCTATOYHO BHICOKYIO CTENEHDL OYHCTKY OT
WO, # moxer OBITE IPHMEHSH Ha YCTRHOBKAX KaTaMMTHUYCCKON OYMCTKH
UM3KOHANOPHBIX OTXOIANIMX Ta30B. Pa3pabGoTaHuwit OFOUYHBIN KaTaiH3aTop
PEKOMEHAOBAH [7iA JIPOMBIUUIEHHOTO BHEADEHHMA B TIPOHECCE KATANHTHUYECKON

OYUCTKH OTXOMSIIMX I'a30B KOTIOarperaros.
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P€3YHBT8TI>I OIIBITHO~IIPOMBIHIICHHBIX WVICTIHITAHMI KaTaIATAYECKOM OUMCTKHA

OTXOAIMX TONOYHLIX Ta30B

O0BpeMHas CrencHb BoccTaHOBIeHUS, %
Karamisarop CKOpPOCTh
y-1 250 °C 300 oC 350°C | 400°C

16000 63 81,7 87,6 89
AMII - 6mouHbI 20000 61 78,6 88,0 92
Ha KaoJuHe 35000 37,5 56,0 61,0 76
AMI]I - 3epHUCTHIH 15000 77 92 94 93
TIPOMBIIUTCHHBINA 20000 74 83 91 92

30000 70 78 82 89

Jluteparypa

1. HanaxomxaeB A.T., A6mykageipoB bB.T., YamantaeB K.K. O pesymbrarax
OTBITHO-TIDOMBINUICHHBIX ~ UCHBITAaHWH  KaTaJIMTUYECKOTO  00e3BpeXKMBaHUsA
OTXOHSIIVX Ta30B M3 MapoBbix KOTIoB, - CO6. HayyHbIX TpymoB. biounsbie
HOCUTENTY M Karalu3aTophl COTOBOM CTpPyKTypel. Marepuansr Il coselnanms,
Hosocubupck, 1992r., c. 165-169

2. Jamaxomkaes A.T., YamanrtaeB K.K., Tamxkapaes P.A., A6aykagsipos B.T.
OMNBITHO-TIPOMBILIICHHAS YCTaHOBKA KATATHTHYECKOM OYUCTKH OTXOHSIUX Ta30B.
Tes. mokn. Mexpecny6. HaydH.-TexH. KoHdep. “UHTeHcuDMKaMs NPOLIECCOB

XMMHYCCKON U THieBoi TexHonorum”. T. TamkenT, 1993, c. 263.
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HEPEI'VASIPHAS 3ACBIIIKA COTOBBIX KATAAHTHUECKHX MEKPGBAOKDE
B ITPONECCE CEAEKTHBHOIO KATAAUTHYECKOTO BOCCTAHG
OKCHAOB A3OTA AMMHAKOM

AJH.BobSposz, E.C.Bopuco
HHcTATYT Kataansa uM. i.K. bopeckos:.

BCK.

IRREGULAR PACKING OF HONEYCOMB MINL
L.N.Bobrove, E.S.Borisova

Boreskov Insiituie of Caﬁalysis_, Novosibirsis, ¥

B mpouecce CeASKTHBHOTC KaTAAWTHYECKOro BoccraHoBaeHms {CKE) oxm—
CHAOR 230Ta aMMHAaKOM IpH O0e3BpeRUBaHUE OOAbIIHX O8BHEMOE
HCIOAB3YIOTC KaTAAH3aTOPE! B BHA® COTOBBIX OAOKOB Graroaap
OCYIIECTBASTS IPONEcC € BHICOKON AWHESHHOW CKODOCTBIC JIDHE X
AMIeCKOM conpoTuBreHum. OAHBKO  TpH 2TOM HeofXop <
roHCTpYKOm¥. C 3TOH TOUKHM 3DEHES UPELCTEBASIET HHTEDEC HePervA#ZpHaS 33—
CEIIIKa COTOBBIX KATAAMTHISCKHY MHKPOGAOKOB KYOHYECKOH OpME, KOTODam
MOJKeT OBITh IPHMEHEHA MR YKe CYINeCTBYIOI{HX DEaKTODOB.

B paBoTe BRIICAHEH TEOPETHYECKHH aH morazarere¥ mpouecca CKEB
KaTaAM3aToOPe B BHAES COTOBEIX MHKPODACKOB KYSHISCKOE (PODMEI C HEDEIVAS
saceinko# (H3C}, ocymecTsasemorc B OOHYHEIX CTalMOHAPHEIX VCAOBHIX
HeCTAIHOHAPHBIX, OPH PEBEPCe FA3CBOr0 HOTORA B CACS KAaTaAM3aToDa. "Ipo
cpaspeHEe ¢ XapakreprucTuxamu CKB Ha DpOMBIUASHEEX KATAAN ;

SHE

PeOMEeTPHIECKHEX (POpM — UHAREADS] PETYASIDHELS MOHOAHTHEIR Growu. Yipu pac—
9eTaX YUHTLIBAAKCHL KONBOKTMBHBIM NEPEHOC TEIAZ M MacCh IO
o8MEeH TEeNAOM I MacCOi MeXAY XaT3AK3ETOPOM 31 rasoBod (asok
IO TBEPACH (hase, NPOTEKAHHE Ha HOBEPEHOCTH KAT3AM32TODR
peaxiull BOCCTANOBASHYR OKCHAGE 830Ta FEKOM

7

4NQ + 4NH, + O, = 4N, + §

Z

¥ OXUMCAEHHUS aMMHaKa RKUCACPROACHM,

3 3epea ¥ OOTOKE B HX KaHaAax MOTyT 3ma-—
. CaAHBRG yASABHAR NOBEPXHOCTE B KaHAAAX

f COTOBRIX \m\yoﬁﬁ.@r\w
7 TBEDAOY hazck Oyaer

NOYTH Ha HOPIAOK ﬁo%me
BCASACTBHE 4ETO OOMEH TEIAOM
ONPEABAATECH HPONRccaMy o5:

Sh = 2.877 + 8.827 {1000 z )" exp{—48.2z} {33,



rae Z =2 D, /u d’ — GespasMepHas AKCHAABHAT KOOPAMHATa KaHAAA,
L, — xos@pduurent aucdysua NO, 1 — CKOpOCTs IOTOKA B KaHaae,
d — ruppaBAMYeCKHUI AmaMmeTp Kanaaa [1]. OpmeHramusi COTOBRHIX 3€peH cralo
AOCTYHHOCTH BHYTPEHHEH HaCTH HX XaHaAOB. Tax , HalpuMmep,
AA3X, OPUEHTHPOBAHHEIX BACAD IOTOKA M IIOA YTAOM B 43 mpar—
aKOBHI, upH yrae 90° — meHbile, HO He OOAee WeM B aBa pasa [2].
SKCHEPUMEHTAABHEIM 32BHCH —
MocTAM [3]. AAd pacdeTa THAPABAHICCKOTO CONPDOTHBACHHA - 3€PHHCTOTO CAOH #

H3C ucnoas3oBasacs gopmyaa (4) [4, 5]

2
8., Pp-0l 3.8
AP = fy——————— 1pe iy = {4}
3T, .3 g Ae B3 Re™?
Apn
4ae _ > {5)
dl d

TuappaBAM9ECKOe CONPOTHBAGHHME PETYAADHOTO CAOS MOHOAHMTHHIX OAOKOB OIIpe —
AEGASIACCH 110 3aBHCHMOCTH (5) [6]. CReaeTHast TemAonmpoBOAHOCTH aast H3C u pe—
TYASIDHEIX OAOKOB OTPaHHYIHBAAACE TEIAOIPOBOAHOCTBIO KaTaaM3aropa. Xapak —
TEPHCTHKH CPaBHHBAaeMHEIX KaTaAH3aTOPOB NPHBEACHEH! B Tabaune 1.

TaGauna 1.

Karaauzarop PasmepH, Buemusis Toposuocte | Habaroaaemeie npu T=300"C
MM TOBEPXHOCTh CAOSL KOHCTaHTH peaxuumit k, (1 —g),
/M’ chost ¢

: 1) 2
ABK—-10 UHAAHHAD 580 0.42 4.5 0.17
V,0/AL0O, AHaMeTp 5
BBICOTa 10
V,0/WO,/TiO, | xyb co 418 0.82 4.2 0.0054
CTCpOHO# 75
KaHaaH 4.2
crenxka 0.8
V,0/WO/TiO, | 6aok ce— 656 0.69 7.2 0.0093
4eHue
75X 75
AAMHA
350 — 700

YacTk HOAYIEHHX DEe3yAbTaTOB IPEACTAaBAEHA Ha DHCYHKe !{a, b) u B Tab—
AHpe 2. YAeAnHad axTHUBHOCTE B OCHOBHOH j}eaxunn, XapaxTepHas AAS IPOMEIN —
AemHOrO Karaamsaropa V,0/WO,/TiO, Goaee ueM B ABa pa3a BEIOIE, YeM AAA
xaraausaropa ABK—10. Oamako BcreacTBme BRICOKOH noposmocts H3C axTes —
HOCTh €AMHHIE O0BeMa CAOS AAI OCOMX THIIOB KAaTaAM3aToOpa IpaKTHYeCKH
OAMHAKOBa. TeM He MeHee ropa3po §oAee HusKad CKODOCTE OKHUCASHWS aMMHUaKa
O3BOAAET HOAYIHTE BBICOKYIO CTeIeHb KOHBEDCHH OKCHAOB a20T@ C MEHBIIHM
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pPacxoAOM BOCCTAHOBHTEAS — aMMuaka (pHc. la, kpueee 1, 1', 2, 2'). Hamaywmmmu
[IOKa3aTeAdIMH B 3(p@PeKTHBHOCTH OWHCTKH 0OA3A@eT peryasipHas OAOYHAS CTPYK —
Typa cros (puc. la, xpmBas 3, 3), BCAGACTBHE BHICOKOHM YAGABHOHM HOBEPXHOCTH
(Tabamza 1), I'mApaBAMYECKOE CONIPOTHBAGEHE HEDEIyASPHOM M PEeryAspHOH
CTPYKTYDBI CAOS KaTAAM3aTOpa COTOBOM  (DOPMEI OTAMTAIOTCS APyT OT Apyra B
TOPasA0 MeHBIIeH CTemeHd, 9eM OT 3epHHCTOro cros ABK — 10 (puc. 16).
HecrauuoHapHe cirocob ocymectBaeHuss CKB xapax'repmyé'rcx HHTEH —
CHBHEIM HCIOAB30BAHHEM TEMAOAKKYMYAUDYIOIIMX CBOMCTB TBEPAOrO MaTepHara —
KaTaAu3aTopa H HHepra [7]. Aas xaraamsatopa ABK— 10 xo3hpHIHEHTE Ternno u
MaccooOMeHa NPEeBHIAIOT TakoBHe Anst H3C u MoHoauTtHOro 6Haoka. Tak, KO —
sthprument maccoobmena aas H3C paeen 322 ¢, a aar ABK—10 — 585 ¢
(ycaoBHss  pHC. 1}, DTO OHNpeEAGAseT HEOOXOAMMOCTE AMOO HECKOABKO GOABUINX
3arpy30K MHEepPTHOIO MaTePHaAd, AHbO COKpalleHHe BpeMEHH MeXAY H3MEeHEHMsIMH
HanpaBAeHHA (DUABTPALIMY ra3a 4epe3 CAOH KaTaAusaTopa (i) Arsg ofecnedeHus
aBTOTEDMHYHOCTH H CO3AAHHA HeOXOAMMOIO TEIAOBOrO PeXKHMa B CAOE KaTaAu —
saropa (rabamma 2, CNO=CNH3 =0.3% o6., U,=07 m/c, T, =30°C, uuepr —

Koabna Pammra 15 x 15 x 2). Kak u B cayuae obwraHoro cranumosHapHoro CKB,
HeperyAspHas 3aChllIKa COTOBHIX MHKDOOAOKOB IIO3BOASET 3HAUMTEALHO CHHU3HTH
THAPaBAHYECKOE CONpOoTHBAeHUEe caos (Tabamna 2).

1.00 - o , Emoo_
T & ¢
008y ! s £ -
£ 3
3 1 z & 2
Z g.06- § E£40007
2 « 2 « 5
= N E 2 4
: g
g 0.94- = 8
g -400 S E 2990
<7 s %
41 ] -1
0.62 \\:’\ 2002 ] .
-+
000 Tl g 8 E S ———
0.6 0.8 1.0 0.6

‘ 0.8 1.
BpeMsa XodTaKTa, ¢ BpeMs KoHTaKTa, €

A b

Puc.1. 3aBucumocTh KoaBepcun NO, 0CTaTOYHOTO COAEPKaHNA HellpeBPAaleHHOTO
aMmMmuaka (A), TMADaBAHYECKOTO CONPOTHBASHUSA CAOSI (B) OT BpeMeHH KOHTAaKTa.
T, .=300°C, C = CNH3 =0.3% ¢6., U,_,=0.7 m/c.

Kpussie 1, 1'—aas H3C, 2, 2'—aas ABK—10; 3, 3' —aAg DIOAHOPA3MepPHOTO OAOKA.
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TaGanna 2
Karaausarop Bpems kouTakTa, ¢ | i, Mun | T, °C Kon— Cpue HE AP,
KaTaAM—  WHEpPT ) BEPCHs | BLIXOAE, Ma
NO ppm
3aTOp .
ABK—10 0.5 20 5 350 0.948 3. 1890
0.5 23 13 348 0.946 . 30 1810
V,0./WO,/TiO, * 0.5 23 5 347 0.967 92 730
(H3C) X :
0.5 2.6 5 ‘388 0.987 85 852

TakuM 06pa3oM, NPOBEACHHHE HCCAGAOBAHHS MOKA3HBAIOT, ITO HCHOAb —
3oBanne B CKB HeperyAasipHOH 3aCHIIKH COTOBHX MAKPGOAOKOB C KaTaAHTHIECKOH
' aKTHBHOCTBIO, XAPaKTEPHOM AAA COBPEMEHHHX NPOMEILIAEHHO BHITYCKaeMEIX
“V,0,/WO,/TiO, KaTdAM3aTOPOB, MO3BOASET AOOHMTBCI IO CPAaBHEHHMIO C ILUMPOKO
npuMeHsieMBIM KaraansatopoM ABK-—10 npH ToM >Xe BpeMeHH KOHTaKTa Goaee
BHICOKOH CTeleHH KOHBEPCHH OKCHAOB a30Ta HPH MEHBIIEM PAaCXOAE BOCCTaHO —
‘BHTEAd — aMMHAaKa M COKpATHTh IOPU 3TOM 3aTPATHl SHEPIHM Ha IIPEOAOACHHE
mApanmecxoro COMPOTHBACHHMA. |

R AB'ropm IpHU3HATEABHE FB BapaHHHKY 3a HHHIMHPOBaHHE HHTepeca K
AQHHOMH TeMe A.C. HockoBy 3a 00Cy’RA€HHE Pe3yABTATOB PaGOTH.

- AHTeparypa:

1. E. Tronconi, P. Forzatti, J.P. Gomez Martin, S. Malloggi, Chem. Eng. Sci., Vol.
47, No: 9— 11, pp. 2401 — 2406, 1992. _
2. M.C. Omrypros, B.A. KyssMuH, HécTaumoHapHbIe NPOIECCH B XHMHYeCKHX
-peakTopax, Hosocubupck: Uacruryr kataansa CO AH CCCP, 1982, c.173.
3. B.C. Beckos, B. OA0KK, MoapeAMpOBaHNE KAaTAAHTHICCKHX IPONECCOB M PEaK —
" ropos, M., Xumus, 1991
4. M.D. Aspos, O.M. Toaec, AA. Happmcxnn, AnnapaThl €O CTAIIHOHAPHBIM
3EPHHCTHIM caoeM, A., Xummus, 1979. -
5. B.B. INhatonos, B.C. Beckos, TOXT, 1984, 1. 15, N 1, c. 540— 545,
6. L.I. Johnson, W.C. Johnson D.L. OBnen, Chem. Eng. Prog. Symp. Ser., 1961,
. V.35, pp. 55—64.
7> AH. Bo6posa, A.C. Hockos, KO.I1I. Martpoc, XuM. Texnoaorss, 1989, N §, c.
- 80-85.
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Kuneruueckue oco0eHHOCTY BoceTaHORIeHHA NO aMMBaKoM Ha 6109

Cu-Ti-O raranuzaropax

P.B. OarxoB, A.B. Cumaros, I'.B. bapapamk

TI'ocydapcmeennsiii nayunslii yenmp Poccuiickoii Pedepayuu "Hrcmumym xamanuza

unm. bopeckosa Cubupckozo omoenenus Poccuiickoti Axademuu Hayr", 2. Hosocubupcx

Kinetic study of NO reduction with ammonia on Cu-Ti-O

monolithic catalysts

R.V. Olkhov, A.V. Simakov, G.B. Barannik

State Research Centre of Russia "Boreskov Instituze of Catalysis of the Siberian Branch

of the Russian Academy of Sciences”, Novosibirsk

'Ynanelme NO B OTXOAJINMX IPOMBIINICHHBIX Ia3aX HPOBOAAT NPU GONBIIMX
06BEMHBIX CKOPOCTAX, IOITOMY Ha NPaKTHKS IPEHMYIIECTBEHHO HENONB3YIOT ONOUHBIE
KaTalW3aToOpb! COTOBOH CIPYKTYPBl BCHEACTBHC KX HM3KOTO Ta3O0AAHAMHYECKOTO
CONMPOTHBIEHAA IOTOKY B OTIMYMK OT TPaHyIHPOBaHHLIX KaTalusaTopos. B pabote [1]
IOKa3aHO, 4YTO KHHETHKAa paccMaTpupaemModf peakmgud Ha Omowmerx  V-Ti-O
KaTanu3aTopax OTIMYATCs OT KMHETHKA B Cilydae UCHOAB3OBAHMA TPAHYyIMPOBAHHOTO
katapsaropa. OOHapy:KeHHBIE OTIAYHI MOTYT OHTH OOYCIOBICHBI KaK NEPEXOOM H3
KHHEeTHYeCKOH OONacTH NPOBeIeHMs pPeakuuH B IAQGY3HOHHYIO, T2K H OTAHYMAMHU B
cocTaBaxX rpaHyIMPOBAHEEIX M ONOYHBIX KaTalu3aTOpop. B TOCHeZHEM ciiydae IpH
SKCTPY3MOHHOH TEXHONOTHM NPHTOTOBIEHUS OJOKOB B KaTadd3aTop BBOMATCA
miactTaduimpyiomye Ho6aBKu ¥ IOBEPXHOCTHO-AKTHBHBIC BEHIECTBA, YTIO TaKKe
OTpaKaeTcs Ha aKTHBHOCTH KATaIH3aTOPOB.

Oxcugaere Cu-Ti KaTanA3aTOPst HPOSBIAIOT BHICOKYIO aKTHBHOCTb B PEaKUHH
CENEXTUBHOTO KaTAIHTHYECKOro BoccTaHoBiueHHs NO aMMHaKOM, CPEBHHMYK ¢

aKTHBHOCTBHIO TPaJMUHOHHEIX ANg 3T0o# peakimn V-Ti-O kxaramusaropos [2]. [anneie



KAHETAYECKOH 061aeTy

Oﬁ??"@l‘u BHHSROT Ha aKTHSHOCTR

mGo  ere

MEAbpTHTRHCE

JianHas wx ocobeunocreii

nmporexanns peaxuum  CKB NO aMMHAKCOM Ha OkchpHEX Omoumex  Cu-Ti
KaTaIH3aTOPax COTCBOM CTDYRTYDHL.

Toxy=ens: 3aBACHMOCTY 3KTHBHOCTH KATAH3ATOPOR OT cooTRomenns NO/NH;
B quanasoHe (+2, TemMueparypsi o7 200 xo 430°C; paccmorpesa paboTa XaTanAZaTOPOB
BO BHYTPH- ¥ BHOITHeZAPDY3MOHHBIX OONAcTIAX LROTEKaWWd DEaKOuHW. 1IpoBENeHO
CONOCTaBNeHHEe JIONYYEHHBIX xuHeTHYeckmx JamHbx ami Cu-Ti-O m V-Ti-O
KaTaln3aTOPOB. ) ‘

O6CyKIaroTci KOJIWYECTBEHHBIE MAKPOKHHEETHIECKHAE XapakTePHCTHKA peaKOuu
CENeKTHBHOIO KATAIMTHYECKOrO BOCCTAHOBJIEHMS OKCHEA a30Ta aMMHAKkOM Ha

HCCIeAOBaHHBIX CIOYHEIX KaTalH3aTopax .

Jlumepamypa

1.9.H. I0puenko, JI.B. Ctykawn, b.J1. Xpamos, JI.A. Hopukos /K. Ipuxn. Xum., 1. 66,
BbIL 4, {1993), cTp. 732-736.

2.0.B. Komosa, A.B. Cm\iakon, JI.T. Iaxo3a, H.H. Cazonosa, B.A. Yimakos,
T.B. EapaHHmc, 3.P. Mlemarnnos //React. Kinet. Catal. Letters, v. 54, No. 2, (1995),
pp. 361-370.
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Peryauposanue cocrosnus meau B osounbIx Cu-Ti-O karanuzaropax

KOMILIEKCHOH Fa3004HCTKK

Kowmosa O.B., Cumaxkoe A.B., Poros B.A., Casonopa H.H,,
Omnbxoe P.B., bapannuk I'.b.

Tocyoapcmeennvtil nayunstil yenmp Poccuiickoii Pedepayuy "Hnemumym xamanusa

um. bopeckoea Cubupckozo omoenenus Poccutickoti Akademuu nayx”, 2. Hosocubupck

Control over copper state in monolith Cu-TiQ, catalyst design to clean

complex exhausis
0.V.Komova, A.V.Simakov, V.A.Rogov, N.N.Sazonova, R.V.Olkhov, G.B.Barannik

State Research Centre of Russia "Boreskov Institute of Catalysis of the Siberian Branch

of the Russian Academy of Sciences”, Novosibirsk

OKCHJI MeI H3BECTEH KAK KATATH3aTOp IMYGOKOTO OKHCTeHM (1], Tak M Kak
xarammsaTop CKB okcugor asoTa amMuakoM [2], HO HEBBICOKas yHAENbHaA MOBEPXHOCTD
HE [03BOJIAET HCIONB30BATH €r0 JOCTaTOYHO 3didexTHBHO. Mcnonb3oBaHue HOCHTENSA
ABNAETC CTAHJAPTHEIM CHOCOOOM H3MEHEHHs THCIEPCHOCTH H COCTOSHHs aKTHBHOTO
koMnounenta. Tak, Cu-Ti-O kaTaXH3aTOp aKTHBEH B PeakuuH LIyboKoro oKHCHeHuA [31.
HiMerotcsa Taroxe JaHHele 0 HeM Kak 0 xatanusatope CKB oxcumos azota ammuakom [4].
Kak mpaBmmo, KaTaiw3aTophbl, INOJNYyYeHHbie NPHM HCHONB30BaHWM Hocurend TiO,
OTJIHYAIOTCH BhICOKOH CTOMKOCTRIO K COAep KaIUMcs B AHIMOBHIX razax SOy [2], oxHako
B cnyyae Cu-Ti-O kaTammsaTopa oTMedaercs ero ciocoOHOCTD K CEPOOTPABIEHHIO [5].

Hensto 3Toi paboTtel aBAAeTCK paspaborka Merogop mpurorosiesus Cu-Ti-O
KaTanu3atopa Uil KOMINeKcHoil oyHctky rasop oT NO, CO, BpeaHBIX OpraHHYecKUuX
COEAMHEHMUH, YCTORYUBOro K OTPABACHHIO OKCHIaMK CEPEIL.

KaTann3aTopbl FOTOBHIH TPAJHIHOHHBIM METOIOM HPOIUTKA HO BIArOEMKOCTH -
pacTBOpaMu HHUTpata, XIOPHAa, Cylk(para MeIHM H MEroJOM HOHHOIO OOMeEHa H3
pacTBOpa TeTPAaMMHAKaTa MeIH, JAIOIUM CliCHH(UIecKHe COeTUHEHHU HOHOB MeIH C

noeepxHocTeio Ti0O: [6].

160



OP-45

TTo murepaTypHBIM KaHHEM [7, 8, 9] SO r Cl anuoHHBIE AOGABKH BIHAKT Ha
pacripeleneHne KHCIOTHBIX CBOHCTB 110 HOBEPXHOCTH aHaTa3a, UTO MOXKeT OTpasHIbes
Had M3MEHEHHH KaK COCTOSHHY HOHOB MeOH, TaK W ajCOPOLUHOHHHIX CBOHCTB
KaTadu3aTopoR. B KauecTBe HOCHTEN HCNOMb30BanA YuCTsil maboparopueiii Ti0s (1 ¢
pobapkamn 304> u Cl), a taxke TiO., nomydyeHHBIA HO cyMpaTHOH W XIOPHMIHOR
TEXHONOTHAM, cofep:rampuit mpumecu SO u CI.

B nomyweHHBIX KaTanH3aTopax BapbUPOBANA MOBEPXHOCTHYIO KOHHEHTPaLHIo
MeIH, MeHId KOHLEHTPALWIO HAHOCHMON Menn (Macc. %) M AMCIEPCHOCTH MCXOHOTO
TiOo.

Karanuzatoper Geumu ucenenoBansl Merogamn OIIP, TIIB, penrrenodazoporo
anammza 71 EXAFS. Tokasaso Bmusaue nmpHponsl AcxomHoro TiO: (mucmepcHOCTS,
KOJNIMYECTBO W POJI MpHMeCeH) Ha cocTosnue HoHOB Mean. O6Hapy:xeHo MHoroobpasue
pearm3yemblx QopM Mean Ha nopepxHocTH TiO» PeamnsyeMbll THH ITOBEPXHOCTHBIX
COENMHEHNI MEAM C MUOKCHIOM THTAHA 3aBHCHT OT CHIBI ¥ PACIPENeNeHAs KHCTOTHBIX
rpyun no nopepxHoct TiO:. Ilpnmecn B ucxomaoM TiO: MOryT OxaspIBaTh BIAMAHIE
KaK Ha NPUPOAY KHCIOTHBIX CBOWCTB MOBEPXHOCTH aHATAa3a, TaK W YYacTBOBATh B
06pa3oBaHKUHU TTOBEPXHOCTHBIX COCTHHEHHUI ¢ HAHOCHMBIM koMIoHeHTOM. IIpoBeneHHbIe
WCCIIefOBAHNS [OKA3aMM BOSMOXHOCTh HEJIEHANPaBICHHOrO CHHTE3a KaTaH3aTOpoOB C
3aJaHHBIMH  cBOficTBamu. Tak, BapbHpysd KOJIMYECTBO HAHOCHMOR Meau "
jucnepcHocTs  ucxogeoro  TiOs, a  Takke NPUMEHAd PasiHYHBIE  CIOCOOHI
HNPUTOTOBIEHAS KAaTaNW3aTOPOB, MOXHO H3MEHITH COOTHOIIEHHE MEXAY KOIHYECTBOM
¢azpi CuO 1 mOBepXHOCTHBIX coeruHenudl Memu ¢ TiO:. Beesenue pasimmusBIX
AHUOHHBIX A00aBOK [HAeT BO3MOXHOCTB pealH30oBaTh TOT WM HWHOHW THI
TIOBEPXHOCTHEIX COCOMHCHMIH MeIH.

AKTHUBHOBHOCTh KaTaimzaropos usMepsand B peakuusx CKB NO ammuaxowm.
my6oxoro oxuciaenus CO u CiHyp. [lonyuyeHHbIe JaHHBIE O COCTOSHHM HOHOB MEIH B
neenegyeMerx  Cu-Ti-O  xaranusatopaX COMNOCTaBNEeHbI ¢ HX aKTHBHOCTRIO B

BHIIIENEPEIUCITCHHBIX PeaKIHAX.
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Haranurugeckue v ancspduuonHbie cBoiicTea Grovtioro Cu-ZSM-5

KaTa/j3aropa, NpuroToBjieHHOT O TBEp}lO(!)ZBHHM CHHTE30M

Casonosa H.H., Komopa O.B., Pe6pos E.B., Cumaxos A.B., bapamsux I'.B.,
OnwxoB P.B., Poros B.A.

Tocyoapemeennoiii nayunstl yenmp Poccuiickoit @edepayuu "Hucmumym ramanusa

um. Bopeckosa Cubupckozo omoenenus Poccuiicxoti Axademuu nayk”. 2. Hosocubupex

Catalytic and adsorption properties of monolithic Cu-ZSM-5 catalyst
prepared by solid phase synthesis

State Research Centre of Russia "Boreskov Institute of Catalysis of the Siberian Branch

of the Russian Academy of Sciences”. Novosibirsk

IieonmuTHRIE KATANM3ATOPHl, W MEOBHEONUTHRIE B TOM HHCHE, IHPHBIEKAOT
GonpiIoe BHHMAHME YyYeHBIX KAaK KaTauu3aTOphl OHYMCTKH TIas3sOBBIX BHIOPOCOB,
COJiEP KAIAX OKCHIBI a30Ta Y APYrHe TOKCHYHEIE BeluecTBa. OHHE NPOSBASIOT BEICOKYIO
aKTHBHOCTL, OONAZaroT BHICOKOH CTOHXOCTBIO K sSHaM ¥ IHEHa LEOIMTHOrO
KaTanu3aTopa HIKe, YeM KaTauu3aTtopoB Ha ocHoBe TiO.. 3amManHdMBa IepCIeKTHBA
NIPUTOTORICHAS ONOYHOro IMEOTHUTCOAEPKAILEro KaTalH3aTopa COTOBOH CTPYKTYPSI,
YTO mnpuBeno OB K 3HAUMTENLHOMY pacilupendio obmacTedl NpHMeHEHHS 3ITHX
KaTajln3aTOPOB M HOBIMEHTIO 3(peKTHBHOCTH OYHCTKH.

Cu-ZSM-5 kaTanm3aTOphl B HACTOsLIee BPEMS MONY4YaroT METONOM HOHHOTO
o6meHa. J{id npuUroToBleHHs OJIOYHEIX KAaTANH34TOPOB 3TOT CIIOCOO HNPHUIOTOBICHHS
SIBIFETCS TPYAOEMKHM H He TEeXHOJIOTHYHBIM, IIOCKOJBbKY TpedyeT yTHIH3auAu
GONBIIOTO KONUYIECTBA CTOYHBIX BOA.

Lensto pmanHodt paboThl sBIAETCS HMCCACOOBAHHE KATANHTHYECKHX U
afcOPOIMONHBIX CBOWCTE ONOYWHOrO KaTauM3aTopa, TONYYeHHOrO Ha OCHOBE
Cu-ZSM-5, IpuroTOBAEHHOIC METOAOM TBEpAO(A3HOTO CHHTEa.

Ileppriit stan paGoTel BKIOYan pa3paboTKy NPHIOTOBIEHHA aKTHBHOTO
KOMHOOHeHTa Kartammsatopa Cu-ZSM-5, mccnenoBaHme €ro  KaTaXUTHYECKHX.

GM3MKO-XMMHYECKAX M aXCOpPONMOHHBIX CBOHCTB. Meroanka IPHTOTOBICHHS
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AKTHBHOIO KOMTIOHEHTA - "KIIOYdeT MOATOTOBKY M PasMON HCXOZHBIX BEILUECTB,
mocieAyiomiee TableTUpPOBaHMe H NMPOKANHBAHHE. B KadecTBE HCXOAHBIX BEIIECTB
ucmons3opain Heomur (H* u NHZ-q)opmy) u kapboHat Menu. O6Cy)KaaroTes YCIOBHS
[IPUTOTOBNICHNS aKTHBHOTO KOMIIOHEHTa KaTaumM3aTopa (BpeMd pa3sMoia, TeMIiepatypa
H BpeMs NMPOKaNMBaHHA, KONHYECTBO BBOAMMOH MEAH) HA aKTHBHOCTH ITOMYYEHHBIX
oGpasnoB.

Karanntudeckylo aKkTMBHOCTb H3MEPSAIH . IPOTOYHBIM METOIOM B pPeaKIHy
pas3ioKEHHS OKCHAA a30Ta B NPHCYTCTBHH KHCIOPOAd, B PEAKHUH CeNeKTHBHOIC
BOCCT2HOBIEHHs OKCHAA a30Ta [IPOMAHOM H GaMMUAKOM H NMPOTOYHO-HUPKYLIIMOHHBIM
METOAOM B PeaKIUU KaTaTHTHIECKOro OKHCIERH aMMHaKa 0 a30Ta.

O xonudectBe U POpPMax MEIHM, BBEICHHOH B IEOJHT, CyH¥uM no aaHHeiM TIIB
BOMOPOAOM MONy4eHHBIX oOpasuos u HaHHeiM OIIP . Ancopbumonmsie cpoiicta
n3yyanu MerogomM TI1J] yJacTHHKOB peakuuH ¢ IIOBEPXHOCTH  KaTalH3aTOPCE.

IIpoBeneHo  cpaBHEHHWE  KATAJTHTHYECKHX M aJCOPOLMOHHLIX  CBOHCTB
NONYYEHHBIX KaTaJlf3aTOPOB C KAaTAIM3aTOPAMH, DONYYEHHBLIMU HOHHBIM OOMEHOM.
TlokazaHo, |TO MNOJIYYeHHbii MeToZOM TeeppodasHoro cHHTesa Cu-ZSM-5
KaTaJH3aTCP He YCTYIAeT 1O KaTaJHTHYECKAM CBOMCTBAM HMOHOOOMeHHBIM OGpasuant.
OGcyxaaeTcs B3aMMOCBA3b KAaTAIWTHYECKOH AaKTHBHOCTH W COCTOAHHH MeOu B
KaTanu3aTopax.

Ha ocHoBe paspaGoTaHHOro TBepAO(asHbIM MeroXoM akTuHOro Cu-ZSM-5
O6putd  nonydeHsl stabopatopHBle O00pasmel  OGI0YHOrO  KaTanH3aTopa COTOBOH
CTPYKTYpHL. PacemaTpuBaeTcs BIUIHHE NIACTHOHIUPYIOIINX M CBA3YIOIHUX 100aBOK Ha

HX KaTalIuTHYCCKHE " aHCOpGHHOHHbIe CBOHCTBA.
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Bananne criocoba nonyyenus TiO; Ha cBoiicTBa 6JI0YHBIX OKCHAMBIX
V-W-Ti-O-KaTanu3aropos CeieKTHBHOIO BOCCTAHGBJIRHUSA
OKCHACB 22074 AMMHAKOM

JL.T.Xinxo3a, H.A Kynuxoscxas, H.K.)Kynanos®*, I".B.Bapanuk, 3.P.Mcmarnunos

Tocysapcmeennsili nayyqnsiii genmp "Hucmumym xamanusa um. i K. BFopeckoea”
Cubupcxoe omoenenne Poccuiickoti Axademuu nayx

*4 0 "Conuxamckuil Mazhueesiii 3a600"

Effect of TiO; Origin on the Properties of Honeycomb Monolith V-W-Ti-O
Catalysts for Selective NO Reduction with Ammonia

L.T. Tsikoza, N.A. Kulikovskaya, N.K. Zhulanov, G.V. Barannik,
Z.R. Ismagilov

“Boreskov- Institute of Catalysis SB RAS*, Novosibirsk, Russia

*Magnesium plant, Solikamsk, Russia

Hccnepobaisl  (PH3HKO-XHMHYECKHE H KATAIHTHYECKHE CBOHCTBA NHOKCHIA
THTaHa (aHaTa3) pasiHyYHLIX cnocoboB nomydenus H V-W-Ti-O-karanu3aTopoB Ha ero
OCHOBE B PpEAaKI{HH CEJEKTUBHOIO BOCCTAHOBJIEHHS OKCHIOB a30Ta aMMHAKOM
(nporouHsiii peakTop, TeMnepaTtypa 225-400°C, cocrae rasoeoii cmecu 0,05% 06. NO,
0,5% 06. Oz, 0,05% 06. NHs, ckopocTs momaun cmecH 3 Mi/c, HaBecka
xaTanusaTopa- 0,4 r, pasmep yactun 0,5-1 MM).

Ioxa3aHo, 4TO KATATHTHYeckas aKTHBHOCTb  COOCTBEHHO  HOCHTENA
(npombliuwieHHbIR TiO,, NOMyYEHHEIH MO TEXHONOTHUH CEPHOKHCIOTHOTO BCKPBITHA WIH
XIOpHPOBaHAEM: ¢ NpuMechio cooTBeTcTBeHHO SO, u Cl” HOHOB, u nmabopaTopHble
NPaKTHYECKH HHCTHIE OOpaslbl PasNHYHOTO MPHIOTOBICHHA) NPHMEPHO PaBHA HYIIO
mums  apu 225°C. C mOBBIUEHHEM TEMIIEPATYphl PpEakuud BKIaX HOCHTENIS B
AKTHBHOCTb CTAHOBHTCS 3aMETHBIM H CYIECTBEHHO 3aBHCHT OT XHMHYECKON NIPHPOILI

TiO; (xapaxrepa ¥ cofmepxaHus npumeceii). Hapany ¢ npumecamn annonoB (SO, u

CI”) BbigBieHa pONb MHKPONPHMECeH COMYTCTBYIOLIHX OKCHAOB MerawioB (WOs,
Nb,Os, V20s), BO3SMOXHBIX IPH IPOMEIINIEHHOM HponsBofcTee TiO:.

TIpu ¢dopmupoBanuu axkTHBHOTO Komnonenta V-W-Ti-O-karanusatopos Ha
ocuoBe VOSO; mokasaHO NPeNNOYTHTAIBHOE UCIONb3oBaHue TiO2 CepHOKHCIOTHOrO

TPOH3BONCTBA, 4TO, 1O nanHeiM SIMP-cnextpockonun [1], MoxeT ObiTh CBS3aHO ¢
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pasmuunoil npmpomo# u cootHomenueM OH-rpymao Ha nosepxHocta TiO: H,
ClleHOBaTeNbHO, PA3HEIM PACHPENETIEHIEM aKTHEHOIO BAHANA H 6r0 OKpyskcHueM. [Tpu
HCHONMB30BAaHUHM B KauecTBe HCXogHOro coeaunennms NH.VO; He OTMeYeHO BIHIHHA
xunudeckodf npupoas: mpumeceii B TiO; Ha aKTHBHOCTD ACCASAYEMbIX KATAIH3ATOPOB.

Jins  KaTanu3aTopoB Ha OCHOBE Cl™-corepxKalero MAMOKCHAQ THTAHA
YCTAHOBNEHO JHMHEHHOEe CHIKeHHe KoHBepcmH NO ¢ yBeNHYEGHHEM COACPIKAHIA
Cl” - moroB B obpasmax seimie 1,0-1,5% macc.

B orsomeHm# go6aBok Nb:Os u WOs B KaTagM3aTop HOILYyYEHO
SKCHEPHMEHTANLHOE IOATBEPKIACHNE HX CTaOITU3HPYIOLIEro BIHAHMA HAa aKTHBHOCTE B
yCHOBHAX DPabOTHl KAaTATH3ATOPOB B ra3sOBBIX CPedax, COACPHAIMX IPHMECH
COEAMHEHU Cephl, U TEPMHYECKYIO YCTOHHHBOCTE [2].

[pu nony4eHny GI0YHBIX BaHAIHI-THTAHOBBIX KATATH3aTOPOB OTMEYEHO TaKKe
BIMAHUE XWMHAYECKOrO COCTaBa Chipbs u jgucnepcHocTH Ti0: Ha 3KC’l'i)y3LiOHHLI€
CBOMCTBA KATANM3aTOPDHOH MAaccel, MEXaHHYECKYI0 IIPOYHOCT:E H  TeDMHUYECKYIO

yCTOﬁ'ﬂIBOCTI: HOoJy4aceMbIX KaTaIU3aTOPOB.
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Puc. 1. 3asucuMocTs aktusHocTH V-W—-Ti—0 - 06pasmos oT cojep:anus
Cl— B ucxoagom TiO, (O) u B xatanmsaTope (*)
Jluteparypa
1. Lapina O.B., Mastikhin V.M., Lyakhova V.F., Simakov A.V.. Barannik G.B.,
Ismagilov Z.R. Europ.Congr. on Catal. 15T '(EUROPACAT - 1), Book of Abstr. -
V.2. - Montpellier, France, 1993. - P.780.
2. Sazonova N.N., Tsykoza L.T., Simakov A.V., Barannik G.B., Ismagilov Z.R. React.

Kinet. Catal. Lett., - 1994. - V.52. - N1. - P.101-106.
166



OP-48
Peakuuu npeppalieHns a30TCoAePRALIX COeAHHEHHIT HA OJIOUHBIX

OKCHAHBIX KAaTAJIM3ATOpax
CumakoB A.B.

Tocyoapcmeennvlil Hayunsni yenmp Poccuiickoii Pedepayuu "Huemumyin Kamanusa

ux. Bopeckosa Cubupcxozo omoenenua Poccuiickoii Axademuy nayr”, 2. Hogocubupcx

Catalytic conversion of nitrogen-containig compounds over oxide monolythic

catalysts
Simakov A.V.

State Research Centre of Russia "Boreskoy Institute of Catalysis of the Siberian Branch

of the Russian Academy of Sciences”. Novosibirsk

Xumusa aszora  BechbMa pa3sHooOpa3Ha, IDIOCKONBLKY Aa30T MOMXET
CYIIECTBOBAThb B PA3NMYHBIX CTEMEHSX OKHCICHHUS OT -3 B aMMMake Jo +5 B
a30THOM kuciaoTe. OFHAKO MHOTHE M3 €r0 COSIUHEHMI MaNOaKTHBHEL, NO3TOMY
OCYHIECTBIICHUE MX [peBpaiienuii ¢ NpPUEMIIEMBIMH CKOPOCTAMH Tpebyer
HpuUMeHeHua KaTanusatopoB. OaMH M3 NEPBBIX NPOMBILIIEHHBIX IPOIECCOB
OCYIIECTBIICHHBIX KAaTATUTHYECKAM CIIOCOOOM - CHHTE3 aMMMaKa Ha JKeJIe3HOM
KaTaau3aTope.

C pocTOM HPOMBIIUICHHOTO IIPOM3BOJACTBA BCe Gompbiuee 3HAYCHHE
npuoOpeTaroT MPOLECCHl OYHUCTKA OTXONSAUIMX MPOMBIIJICHHEIX Tra3oB OT
TOKCHYHBIX mpumeceil. Cpemm npouux B OONBIMX KOMHYSCTBAX BBIIEAIOTCA
okcuapl azora M aMmmak. C  3TOH CTOpPOHBI, BaXXHEHIUMM AacNeEKTOM
KATAIUTUYECKOH XUMHUH a30Ta sABIACTCH HEOOXOHMMOCTh pa3paboTKU MpOCTBIX
KATAUIMTHYECKUX  NPOILIECCOB  yHAICHHA  TOKCHYHBIX  a30TCOIEPIKalIuX
COEUHCHWH H3 OTXONAILKX ra30B.

B sTtoM cooOlueHun OyAyT HpPEXCTaBlIeHbl PE3yIIbTaThl, MOJYYEHHbIE 3a
TIOC/IEAHEE BPEMSA B HAIEH IPYIIIe M0 HCCIEXOBAHMIO CIEIYOLHX PEaKUHUIL:

167



OP-48
® CCICKTIHBHOC KaTanHuTHYCCKOE BOCCTAHOBIICHHE OKCHIOB aszora
AMMHAKOM;
® CCIICKTHBHOC KaTalmTHYeCKOoe BOCCTaHOBJICHUC OKCHIOB aszora
APONAHOM;
& OKHCICHHE dMMHaxa
npeHCTaBHCHbI JAHHBIC T1O H3YYCHHIO aKTHBHOCTI KATAUIH3ATOPCR KAk B
rxmxpoxammnmccxoﬁ YCTAHOBKE Ha 3CPHE KaTalM3atopa, Taxk U PC3VIALTATLI

CTEHAORBIX UCTIBLITAHNH KaTaJIn3aTopos B BUAE 6IOKOB.

Cenexmusnoe Kaimvmmuuecxoe BOCCHIAHOGACHIE OKCHOOE A30MA AMMUAKOH

TIponecc ceXeKTHBHOTO KATAIHTUYESCKOrO BOCCTAHOBIICHHS aMMITaKOM Ha
O0UHBIX BAHaJUHATHTAHOBBIX KaTaJIu3aTopax MOIYIHI HIHPOKOE
PacnpoCcTpaHeHHe Kak BHICOKOI(PEEKTUBHBIA METOM OYUCTKU OTXOMIMHX [a30s
TEIUIOBBIX CTAHUMIH CHauana B SIMOHUMM, 3aTeM B cTpanax 3ananHoH Esponsi B
WHcmuryre kartamusa wum.I.K.Bopeckosa Opma paspaboraHa TeXHONOTIA
NpOU3BOJACTBA 0ONOYHOro BaHAIUWUTHTAHOBOIO KaTamuMsaropa Ha Oase
OTEYECTBEHHOTO ChIphA. BMecTe ¢ TeMm, B pe3yIbTaTe MOHCKOB albTePHAaTHBHBIX
(boree meMICBBIX KaTanH3aTOPOR ) ObUIM IIPSUIOKCHBI METHOTHTAHOBBIH
KaTajdu3aTop ¥ CMEIIaHMbld OKCHIAHBIA KaTalu3aTop Ha OCHOBE COSXHHEHUH
xenesa. B artom coobuiehus OyZyT TIpEHCTaBAEHBI Pe3VibTaThbl HCCISIOBAHUR
ITUX KaTATU3aTOPOB B PCAKHHM CEICKTHBHOIO BOCCTAHOBICHUS OKCHIA a30Ta
AMMHAKOM.

VccaenopaHa akTHBHOCTh HEPEYHCICHHBIX BBILIE KATAMTHYCCKHX CHCTEM
B HIMPOKOM MMANA30HEe YCIOBWE. [IpoRemeH aHanmu3 BIMAHHA MPUPOHI
HCXOAHBIX MaTECpHAIOB HA AaKTHBHOCTh KaTalM3ATOPOB, PaCcCMATPHBAIOTCH
METOAbI CHMAEHMA @POCKOKA aMMHMaKka M TOBBbIIICHUA YCTOHUHBOCTH
KATan#3aToOPOB K OTPaBICHUIO OKCHAAMH cepbl. [10Ka3aHO BIMAHME YCIIOBMIl M
¢110c062 NPUTOTORIEHHA KATaMU3aTOPOB HA UX KATATHTHYECKYIO aKTHBHOCTD 1
cenekTHBHOCTL. OBCYKIar0TCA MAKPOKMHCTHYECKHE OCOOEHHOCTH MPOTEKaHild
peakiMii CEIEKTHBHOTC KATATMTHYECKOrO BOCCTaHOBIeHHMA NO AMMEAGKON HA

H3YYCHHbBIX KaTaau3aTopax.

.
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{Cenexmucuoe KaOmUImueckoe §0CCmanoelenile oKCudos azoma nponauom

B mocienHee BpeMsa 3HAYHTENbHOE BHHMAHHME BO BCEM MHpeE ViICIAeTCS
pa3paloTKe HOBBIX NPOLECCOB KATAJMATHHYECKOro BOCCTaHOBIeHHs NO ¢
IICHONB30BAHHEM BOCCTAHOBHTESEH,  OTIAYHBIX OT amMMHaka. Hamu Opimo
BHINIOTHEHO  HCCIAEHOBAHME -PEAKHHM  CENEKTUBHOIO  KAaTaIHTHYECKOTO
BOCCT2HOBIIEHNA OKCU/IA 430Ta IIPONAHOM. AXTUBHOCTb B 9TOH peakLuy U3y4eHa
Ha HECKONBKUX KaTaAMTHYECKHX CHCTEMAX:

® KaTHOH-3aMelIeHHbIC NEOIMTH Me-ZSM-5
( roe Me: Pt, R, Ag, Cu);
» neposckuThl { LaCoOs, LagsSro2Co0s );
» HaHeceHHBie Ha AlxOs Mmerammer ( Pt, Rh, Ag).
TTokasaHo, YTo B HCCISAOBAHHOM IMHANA30HE YCIOBHA HaHOOIee aK THUBHbI

KaTaJm3aTophbl Ha OcHOBE NepoBCkUTOB U Cu-ZSM-5. [laXke npucyTCTBHE NAapOB
Bomel 1o 1006.% B cocTaBe peakUHMOHHON CMECH HE CHHXKACT 3HAYMTEIHHBIM
0o6pa3oM aKTHBHOCTH MUCCAESHOBAHHBIX neposcxummxkaranmampon.
BoImonHeHo AeTaNbHOE HCCISTOBAHME KMHETHKM M MEXaHW3Ma peakuui
PAa3IOKEHHS M BOCCTAHOBIICHUA OKCHIa A30Ta MIPOMIAHOM Ha TPATMIMIOHHOM UIA
3TOW PpeaklMu MeIb-3aMELCHHOM ueomre ZSM-5. Uzyyenma muHaMuka
ofpa3zoBaHNs U UpeBpameHUs NOBEpXHOCTHEIX GopMm axcopbumm NO, mpomnaHa
M KHCIOPOJAa B YCIOBHAX peakmuu. lloxazaHa B3alMOCBA3b AKTHBHOCTH H
nipupoapt axcopbumonnbix dopm Ha Cu-ZSM-S5. [TpoBoauTcs aHaMM3 KHHETHKH
pPeaKuMy UYHCICHHBIM MOJICIMPOBAHWEM KHHETHMKH PpEaKlMil Ppa3IoXeHHs H
BOCCTAHOBIEHHA OKCHIA a30Ta IIPONAHOM C Y4ETOM AWHAMHKH MOBEPXHOCTHBIX

HHTEpMEIUATYOB.

Oxucnenue aumuara

OOBIMHO MPUMEHAEMBIE CeiiMac METO/Ibl yaeHUs aMMHAKa U3 OTXOIAIIMX
Ta30B, OCHOBaHHbIE HA ni)oueccax M3BJICUCHAA W CKATAHHA, HEZOCTATOYHO
3 dekTHBHEI, OCOGEHHO B CIydJae OYHMCTKM CHOXHBIX CMECeHl pa3IMYHBIX
'KOMIIOHEHTOB W GOJBUIMX KOMHYECTB ra3oB. [105TOMy yHaeHHe aMMUAKa ero
CEEKTHBHBIM KAaTaNMTUIECKMM OKUCIEHHMEM [0 MOJIEKYIIPHOTO 4a30T1a

OpeacraBiiiCICAa BECbMa NEPCHEKTUBHBIM METOIOM.

169



OoP-48
Hamu GbuT M3y4eH Helbli CIEKTP pa3sAudHBIX KaTami3aTopos ( 6omee 30 )

B OTHOLICHHH UX aKTUBHOCTH B OKHCJIEHHH aMMHaKa. DTO KaK HPOCTBIC OKCHIIBI,
Tak n HaHeceHHbie Ha AlOs, SiO;, TiO: u MgO; clIoXHBIE CMELIaHHLIE
OKCH/IHBIE CHCTEMBbI Ha OCHOBE OKCHIA JKEIe3a; MEPOBCKUTHE, Pa3iiMuHbie (hasbl
MOMMGIATOB KENe3a W BUCMYTa M X CMELIAHHBIC (GOPMBI, HEOTHTCOIEPKALLHE
KaTaJIu3aTopsl.

Ha ocHoBe npopedeHHBIX HCCIEAOBAaHHH BRIOpaHB HAOONCe aKTHRHBIE U
CEIEKTUBHBIE KaTaNM3aToOpbl B NAPIHAJIBHOM OKMCICHMM aMMHaka o
MOJISKYNSApHOTO a3oTa. [lodaydeHBI KOppensuMHM aKTHBHOCTH H  (PH3HKO-
XMMMYECKHX CBOHCTB KaTaaW3aTOpOB. li3ydeHa KMHETHKA PEaKLMM OKUCICHUS
aMMMaka Ha  BHIOpaHHBIX BAaHAJMIfTUTAHOBBIX Y  MEIHOTHTAHOBBIX
kaTanusatopax. [lokasaHa CHpaBeUTMEOCTL NPUMEHEHHA KMHETHYECKUX CXEM H
ypaBHEHHH, NpETOXEHHbBIX B pabotax [onoxua, W1 ONHCAaHHA KUHETHKH

pCaKmuy OKMCIICHUA aMMHUAaKa JUIA U3YUCHHOI O JUana3soHa yC)IOBHﬁ.

Takum obpasom, HaMH ObUIM HaiimeHb! M uccaeaoBaHBI 3(dEKTUBHBIC
KaTaJU3aToOphl peaKUuil NpEeBpalieHHs a30TCOAEPXALMX COCAUHEHHHI C LENbo
yTUIH3AUMM TOKCHYHBIX MpHMEcCel B OTXOJMAIUX TPOMBIUIIEHHBIX Tra3ax.
Kartaiusatopsl, PACCMOTPEHHBIC B HACTOALIEM COOOLICHHH, MPUTOTOBIEHLI B
BUAE GIJOKOB COTOBOI CIPYKTYpPbI, 4TO CYLIECTBEHHHIM OOpasoM MOBBIIAET UX

3thdexTHBHOCTL B MpolLieccax nepepaboTky 60abpIIHX 06BEMOB I'a30B.
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PA3PABOTKA KATAJIM3ATOPA COTOBOWM CTPYKTYPBI JIJIA SCR-
IMPOIECCA HA OCHOBE TBEPABIX ¥ XKNJIKUX ITPOMBINUIEHHbBIX
OTX0410B
Maxorkun A.®., Cyxapuvkos A.E., Xatipynnus P.I'., llamcusanees M K.,
Yerumen AA., bupiokos B.B., HlIkenos B.M., Mo3neesa A.D.
Kasanckwii mipkenepHbiil ueHtp “Hobble Texnomornu” nipy Kazanckom Tocynap-
CTBEHHOM TEXHOJIOTHYECKOM YHUBEPCHTETE
TTpousBoacTBeHHOE OOBLEAMHEHHE SHEPTETUKH U SNeKTpoduKkanmH Pecnybnuxu
Tarapcran

THE DESIGN OF MONOLITH SCR-CATALYST ON THE BASIS OF THE
SOLID AND LIQUID WASTE MATERIALS
A.Makhotkin, A.Sukharnikoff, R.Khairullin, M.Shamsivaleyev, V.Biryukoff,
A. Ustxmets, V.Shkedoff, A. Pozdeyeva
The Kazan Engineering Centre “New Teclmologles by the Kazan State
Engineering University: The Department of the power engineering and elec-
trification of Tatarstan Republic, Kazan

AKTYQIbHOMN PKOJIOTMYECKOH U HaydHO-TEXHUYECKOI NpobyIeMoil oTeyeCTBeH-
HOIf IPOMBINUIEHHOCTH SBJISIETCA TNMpoGieMa OYHUCTKU Ta3OBBIX BHIOPOCOB XHMMH-
YecKoi, METALTypruyeckoii, HedTerazoqobbiBatollell, SHEPTETHYECKOH U IPYruX
oTpacieii OT OKCHOOB a3ora. l[lomaBnsioiiee OONBLIMHCTBO TIPOMBIIIUIEHHBIX
TIPERTIPHATII B 33pYOEKHBIX CTPAHAX OCHAIIEHO YCTAHOBKAMM OYMCTKM Ta30BBIX
BHIOPOCOE OT OKCHAOB 230Ta, paboTAOIIKMH Ha TMPURLMNIE CEJEKTUBHOH KaTanu-
THYECKOM peakliMM BOCCTAHOBIIEHNST OKCHIOB asota amMMuakoM (SCR-nmpouecc).

BHenpenue razoouncTHoit Texuuku B Poccun ¥ B crpaHax CHI caepxwugaer-
cs BBHIY OTCYTCTBMSI COBPDEMEHHBIX OTEYECTBEHHBIX Ta300YMCTHBIX YCTAHOBOK,
BbICOK03((hEXTMBHOTO [EIIEeBOTO OTEUECTBEHHOIO KATAIM3aTopa M 06a3bl AN MX
TNPOMBILLUIEHHOTO TIPOM3BOACTBA.

OnHoii B3 BaXHENHINNUX 3K0JIOTHYECKHX 3aay SIBIIETCA NTpobneMa yTHIM3aluK
TBEPABIX M XWAKMX TPOMBIUUIEHHBIX OTXOAOB. 32XOpPOHEHME M CKJIAMpOBAHHE
OTXOIOB 9KOJIOTHYECKH OTIACHO BBMIY COIAEPKAHMS B HUX TOKCHUYHBIX COEIUHE-
HUH 1 BO3MOXHOCTH 3arpsA3HEHMS TIOCTIENHMMHU atMocdephl, a TaKKe TPYHTOBBIX
¥ TIOBEPXHOCTHEBIX BOJI.

B nacrosmieii paboTe MccaeqOBaH 3JIEMCHTHEBIA M (Da3OBBIA COCTAB OTXONOB
PasfIMYHBIX OTPACiCll TPOMBILUIEHHOCTH, TIPU 3TOM TIOKa3aHO, YTO MocJeaHue
COAEPXKaT B 3HAUMTENBHBIX KOJAWYECTBAX COCAWHECHMS, SIBIUTIOLIMECS] BHICOKOA(h-
¢EeKTMBHBIMM KaTATA3aTOPAMH TpOLIECCa BOCCTAHOBJIEHMST OKCHAOB a30Ta aM-
MHWaKoM - OKcHabt Xeme3a (10 60-70%), Banamns (zo 10-15%), Bonbdpama (mo
2-3%), nvkens (o 3-5%), kobansta (1o 1-2%), xpoMa (1o 2-3%) u Apyrux Me-
TAJUIOB.

PaspaboTtansl peuenTypsl M CIBITHO-IPOMBIUUICHHAS TEXHOJIOTHSI NMPOU3BOI-
cTBa Go4yHOre coroBoro Karaauaaropa SCR-mpomecca, Bkmoyaroniero go 80%
TBEPIBIX ¥ KUAKHX TIPOMBILIUIEHHBIX OTXOJ0B.

HsydyeHo BAMSTHUE TEXHONOTMYECKMX TIApAMETPOB Ha 1i€JIeBble CBOHMCTBA Kata-
amzatopa. [losydeHs! noaHopasMepHble GJIOKM COTOBOTO KaTalM3aTopa M ApoBe-
JCHBI WX OMBITHO-TIPOMBILUICHHBIC HUCMBITAHUS TPUMEHWTENIBHO K Ipoleccy
OYMCTKHM JBIMOBBIX I'a30B TEIUTIOBBIX 3MEKTPOCTAHLIMHM. PazMepbl KaTaaus3aTOpHBIX
6roxoB - 100 ¢100 500 MM, 150 150 #1000 mMm: cropoHa siyeitku Groka - 4-6
MM, TOJILUMHA CTEHKH - 1-2MM. [TnotHocTh Gr0KOB - 600-800 xr/M3.

VYenoBusa npoBeieHHsT HCIBITAHUI:

- 00BEMHAsI CKOPOCTh ABIMOBLIX Tazoe 5000-20000 1/y

- TEMIIEpaTypa ABIMOBBIX TazoB 250 - 450°C

- coctap razoB NOx - 150 - 400 mMr/um3

NH3 - 60 - 180 Mr/um3
0Oy - 3-6% o6.
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- JIMHeHHas CKOpOCTb, NPUBENCHHAA K HOPMWIbHBIM ycnoBisim (,5 - 6 m/c.

IIpoBeneHHbIe HUCIIBITAHMS TTOKA3aIM, YTO KOHCTAHTAa CKOPGCTH BOCCTaHOBJE~
HHUSL OKCHIOB a30Ta aMMHAKOM HAQ ONBITHOM KATAIM3ATOpE NpH BBIUCHpPHBEOCH-
HBIX ycnoBusix cocramiiteT 30-45um3/M2 o vy, TIpi cKOpOCTM EBIMOBBIX ra3oe 3
M/c ¥ TeMrieparype 350°C 95%-as cTemeHb OYUCTKH OT OKCHIIOB a30Ta AOCTHIA=
eTcs IIpH BBICOTE Cog  Kartaausaropa 1-1,5 M.

TIpeaBapuTesibHbie pacueThi MOKA3bIBAIOT, YTO CTOMMOCTH KATANH3aTcp: H3
NPOMBILUICHHBIX OTXOJ0B Ha MOPANOK MEHbIIE CTOMMOCTH THTGHC - BAHAUMEBOTS
koHTakTa it SCR-npoiecca. v

OpraHusaims MPOU3BOJCTBAa KAaTAIM3aTopa M3 NPOMBIILICHHBIX OTXOAOB IO~
3BOJIAT OMHOBPEMEHHO DEIUNTb IBC BaXHEHIIME 3KONOTHUSCKIE 30HauH: OCy-
LIECTBUTh YTHIM3ALMAK TBEPABIX M XWOKHMX NPOMBILUICHHBIY OTXOJOE ¥ YMEHb-
LIATH BBIOPOCHI OKCHIAOB 230Ta MPOMBINUICHHBIMH MPEINDHSTHAMY O YCTAHO-
BIIEHHBIX HOPM.
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HOBBIE OBJACTH ITPUMEHEHH S BJOYHbBIX
HOCHUTEJIEA U KATAJIU3ATOPOB

NEW FIELDS OF APPLICATION OF MONOLITH
HONEYCOMB SUPPORTS AND CATALYSTS
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MONOLITH MEMBRANE CATALYSTS

V.M.Gryaznov
Russian University of Peoples’ Friendship, Moscow, Russia
BJIOYHBIE MEMBPAHHBIE KATAJIM3ATOPbBI

B.M.I'psazsos

VYuusepcuret Jpyx6s1 Haponos, r. Mocksa, Poccus

The first generation of hydrogen permeable membrane catalysts were
palladium alloys in the form of foil and thinwalled tubes. The systematic studies of
the nature and concentration of these alloys components influence on catalytic
activity, hydrogen permeability and mechanical strength were performed at
Russian University of Peoples Friendship (RUPF), A.V.Topchiev Institute of
Petrochemical Synthesis (TIPS) and A.A.Baikov Institute of Metallurgy, all in
Moscow. The optimal properties display palladium-ruthenium  and
palladium - indium - ruthenium alloys. The technology of these alloys foils and
thinwalled tube's production was eclaborated in cooperation with Ekaterinburg
Factory of Lesscommon Metals. Palladium-6 % ruthenium tubes are commercially
available in Russia. The said tubes 1 or 2 m long are stable at pressure drop up to
100 atm and at temperature 773K. The made in TIPS' workshop diffusion cell
with 200 spiral of such tubes was used at a refinery for obtaining ultrapure

hydrogen from the reforming gases.

The advantages of palladium-ruthenium tubes are the simple preparation and
the high catalytic activity in selective hydrogenation for obtaining pharmaceuticals,
vitamins and other valuable products by hydrogen transfer through the tube walls.
That is why the hydrogen containing waste gases of the refineries and the
ammonia synthesis plants may be used instead of more expensive pure hydrogen.
The junction of the tubes to the reactor shell performed by the convenient
soldering, or welding. Such reactors are corrosion stable and are suitable for the

flexible technological processes.

The reactors with such membrane catalysts have been tested at Sterlitamak
plant of synthetic rubber for butene and isopentene dehydrogenation, at Tula
Institute of Monomers for naphtalene homologs hydrodealkylation. The reactors
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designs were patented in USSR, UK, USA and some other countries. Oxygen

porous silver membrane catalysts proved to be effective for alcohol’s selective
oxidation.

The second generation of hydrogen or oxygen porous membrane catalysts are
the compositions of thermostable and mechanically strong porous support with
thin film of palladium alloy or silver. The dense metal films were obtained by
magnetron sputtering or by electrolysis plating in RUPF and TIPS in
collaboration with industrial enterprise Red Star and Moscow Academy of Steel

and Alloys.

.. The advantages of composite membrane monolith catalyst are the small
amount of precious metals on the surface unit and the high permeability for
hydrogen or oxygen. These catalysts are good for selective hydrogenation of dienes
admixtures in gasoline and olefins in aromatic hydrocarbons. The supports for
these catalysts were the commercially available porous stainless steel sheets. New
composite membrane catalysts were prepared in collaboration with Institute of
General and Inorganic Chemistry, Institute of Physical and Organic Chemistry
and Institute of Electronics of Academy of Sciences of Belarus, all in Minsk.
Anodic alumina membranes have been converted into refractory and chemically
stable y-alumina by special heat treatment which did not disturb 'theb structure of
pores 65 nm in diameter. A thin film of tantalum and 0.2 micron thick layer of
palladium-ruthenium alloy have been sputtered on the mentioned polycrystalline
alumina membranes (PAM). These compositcs proved to be unpermeable for
helium. Hydrogen flux was 1.3-10-2 cm/s at 293 K and l;atm_ pressure gradient
and 0.7 cm/s at 573 K and the same pressure drop. Catalytic arcti{lit'y“ of
palladium-ruthenium alloy on PAM was tested in pentadiéne-1,3 hydi'ogénation m .
vapor phase. At temperature of 423 K conversion into pcnteneskwas equal 82 %.
The main product was trans-pentene-2 (54.4 % ). It is important that the product

of complete hydrogenation - pentane was not found.

The monolithic composite membrane catalyst are created on the alumina
based blocks produced at Institute of Technical Chemistry of Permian Scientific
Centre of Russian Academy of Sciences.
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PREPARATION, CHARACTERIZATION AND TESTING OF NICKEL
ON ALUMINA MONOLITHIC CATALYSTS

A.C.J.M. van de Riet, H. Vonk, Xu Xiaoding, E. Otten, A. Cybulski,
A. Stankiewicz and J.A. Moulijn

Industrial Catalysis Section, Department of Chemical Process Technology,
Delft University of Technology, Julianalaan 136, 2628 BL Delft,
The Netherlands.

ABSTRACT

Cordierite monoliths have been washcoated with y-alumina using several
aluminium sols. A homogeneous distribution of nickel on the alumina-
washcoat layer was achieved by using a deposition precipitation method. The
performance of nickel on alumina monolithic eatalysts in terms of activity and
selectivity was tested in the hydrogenation of benzaldehyde. A high selectivity
towards benzyl alcohol was found.

1. INTRODUCTION

Monolithic catalysts have been and are extensively applied in emission
control and combustion. Nowadays monolithic catalysts are also used in three-
phase processes, such as liquid-phase hydrogenations [1]. The most important
advantages are the low pressure drop and the short diffusion length inside the
thin catalytic layer. An improved and faster access of the reactants to the
catalyst surface may result in more efficient catalyst utilization and improved
selectivity. Operation in the Taylor (or segmented) flow regime provides low
axial dispersion and low external mass transfer resistance.

The first step in the preparation of a monolithic catalyst is to enlarge the

' surface area of the monolithic support by depositing a layer of high-surface-
area material on it (washcoating). The second step is incorporation of the
catalytic species in the washcoat layer.

- We studied washcoating of alumina on cordierite monoliths using sol-gel

- methods. The starting point in the preparation of the aluminium sol was hy-
drolysis of AICl, and aluminium granules. An aqueous solution of either urea
or hexamethylenetetramine was added to accelerate the gelation of the sol
and/or to increase the porosity of the alumina. Deposition precipitation was
used to incorporate nickel in the washcoat layer.

The performance of nickel on alumina monolithic catalysts was tested in a
gradientiess reactor. The model reaction selected was the hydrogenation of the

P
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simplest aromatic aldehyde, -i.e. benzaldehyde, to its corresponding alecohol,
benzy! alcohol:

0
=
©_C\H TR, T @'CHZOH @

benzaldehyde benzy! aicohol

2. EXPERIMENTAL

2.1. Alumina-washcoating

An aluminium sol was prepared as described previously [2]. AlC1,/6H,0
(0.25 mol) was dissolved in 150 ml distilled water; subsequently aluminium
granules (15 g) were added to the solution. On heating to 343 K (while stir-
ring) the aluminium started to dissolve. An additional amount of aluminium
granules (15 g) was added gradually. The solution was kept at 363 K until all
the aluminium was dissolved. Then it was filtered and a light yellow sol
(named SOL-1) resulted. SOL-1 was used for washcoating without any additive
or mixed with an aqueous solution of urea or hexamethylenetetramine. The
latter are called SOL-1U and SOL- I H, respectively.

The monolithic block (cordierite from Degussa, 400 cpsi) was dried at 353
K before washcoating. The block was submerged in the aluminium sol. After 1
h the monolith was drained. The channels were blown free of excess sol with
pressurized air. The washcoated monolith was dried at room temperature.
Thereafter, it was calcined in air at a heating rate of 0.6 K/min up to 823 K
and kept there for 1 h.

The weight increase due to washcoating was obtained by weighing the
monolith before and after washcoating and calcination. The specific surface
area of the washcoated monolith was determined according to the BET method
{nitrogen physisorption at 77 K using a Digisorb 2600 equipment from Mi-
cromeritics). The specific surface area for washcoated alumina (S,
lated from the weight increase and the corresponding area of the washcoated
monolith (S

) was calcu-

—_

2.2. Nickel loading

A deposition precipitation method was used to load nickel on alumina [2].
A dried alumina-washcoated monolith was submerged in an agueous solution
of nickel nitrate (0.88 M) and urea (0.95 M). The solution was heated to 363
K and kept at this temperature for 5 h while continuously bubbling air
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through the solution. The block was then drained and the excess solution in
the channels was removed using pressurized air. It was subsequently dried in
a microwave oven and calcined in air at a heating rate of 10 K/min up to 723
K where it was kept for 2 h.

2.3. Testing of catalysts

Pre-reduced nickel on alumina monolithic catalysts were tested in the hy-
drogenation of benzaldehyde to benzyl alcohol. Experiments were performed in
a semi-batch gradientless reactor with internal recirculation of the reaction
mixture (see Figure 1).

A glass holder containing the monolithic catalyst was placed in the coaxial
draft tube. By rotation of the stirrer the mixture was forced to flow upwards
through the annular space
between the draft tube and
the vessel wall. The mixture
flowed back downward
|- cover through the monolith.

The experiments were
performed in the temperature
I+ furnace range of 390 to 450 K and
pressure range of 11 to 21
bara. Hydrogen was supplied

gas Inlet at the same rate as it was
magnedrive consumed. At regular inter-
vals samples of the reaction
mixture were withdrawn for
GC-analysis.

vessel < > Insulation

sample line
clearance

Figure 1. Schematic representation of the reactor.

3. RESULTS AND DISCUSSION

3.1. Alumina-washcoating

The characteristics of the various sols used are summarized in Table 1 [2].
SOL- I gave a high alumina loading and a good quality of the washcoat layer.
However, the low porosity of the layer excluded it from being used as a cata-
lyst carrier. SOL-1U and SOL-1H represented a compromise. Though the sd-
hesion of the alumina to the monolithic support was slightly lower compara:
to SOL-1, the alumina loading was reasonable and the washcoat layer was
highly porous. Washcoating using SOL-1U appeared to be a good choice. The
sol was stable and the alumina loading was acceptable.
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A number of washcoating experiments using SOL-1U were performed. Up
to a certain point the amount of washcoated alumina increased with the alu-
minium concentration in the sol. Thereafter, the viscosity of the sol became
too high to be used for washcoating.

Table 1. Comparison of aiuminium sols and the corresponding washcoat layers.

Al Sol 1 1U 1H
A1203 (wt%) 10.67 7.85 5.3
oro (°/8) 1.6 8.1 9.1
S, (m'/g ALO)  15.0 103.2 171.6
Quality” +++ ++ ++
Stability’ months : month hours

* Adhesion of the washcoat layer to the monblith.
* Time that the sol could be stored without being gelated.

3.2. Nickel loading

A long reaction time (5 h) was necessary because of the low rate of urea
decomposition:-
NH,CONH, + 3 H,0 -» 2 NH,' + CO, + 2 OH (2)

Due to the decomposition of urea and the equilibria between NH, CO, and
water; the pH increased to a fixed value of 6.1. -

Nickel was deposited as nickel hydroxide, which was anchored by reaction
with the surface OH-groups of the alumina-washcoat layer:

Ni(OH)" + AlOH + OH— AIONi(OH) + H,0 (3)

The earlier mentioned buffering of the solution might facilitate the homo-
geneous anchoring of nickel hydroxide. Drying in a microwave oven helped
maintaining the homogeneous nickel distribution. Nickel hydroxide and nickel
oxide have relatively high melting- and boiling-points, implying that they are
not volatile and do not redistribute during caleination.

3.3. Testing of catalysts

Typical results of an experiment performed with a nickel on alumina
monolithic catalyst are given in Figure 2. The selectivity towards benzyl alco-
hol (BALC) was very high (>95%) up to about 95% benzaldehyde (BALD)
conversion. Thereafter, substantial hydrogenolysis of benzyl alcohol to toluene
(TOL) commenced. Clearly, the monolithic catalyst showed a high activity and
selectivity.
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Figure 2. Hydrogenation of benzaldehyde (T=420 K, p=16 bara).

4. CONCLUSIONS

Various aluminium sols were prepared and used in the washcoating of
cordierite monoliths. SOL-1 (resulting from hydrolysis of AICL and alumin-
ium) was the most stable sol and led to a high alumina loading on the mono-
lithic support. However, the low porosity of the washcoat layer made this soi
unsuitable. The alumina-washcoat layers from SOL-1U and SOL-1H (SOL-1
mixed with an aqueous solution of urea or hexamethylenetetramine, respec-
tively) were sufficiently porous. SOL-1U was preferred because of its high
stability., The amount of washcoated alumina was found to increase with the
aluminium concentration in the sol. When the aluminium concentration was
too high the sol was no longer suitable for washcoating because of its high
viscosity. Deposition precipitation followed by drying in a microwave oven led
to a homogeneous distribution of nickel on the alumina-washcoat layer.

Performance tests of nickel on alumina monolithic catalysts in the hydro-
genation of benzaldehyde showed a high selectivity towards benzy! alechol.
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SELECTIVE HYDROGENATION OF STYRENE/1-OCTENE MIXTURES
OVER A MONOLITHIC Pd CATALYST
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Delft University of Technology, Department of Chemical Engineering,
Julianalaan 136, 2628 BL Delft, The Netherlands

and

W.Ch. GLASZ, A. STANKIEWICZ
DSM Research, P.O. Box 18, 6160 MD Geleen, The Netherlands

Abstract:

Monolithic catalysts have found wide application in G/S-processes such as
automotive emission control and industrial off-gas purification. More recently,
monolithic catalysts are being considered for L/G/S-processes such as catalytic
hydrogenation. The most important advantages of monolithic reactors over trickle
bed reactors are: (1) a much lower pressure drop, (2) a higher external surface to
volume ratio (over 2000 m’/m®) and (3) a high effectiveness factor in the presence
of fast reactions. A thin and porous catalytic layer, fixed
onto the monolithic support, facilitates good internal
mass transfer rates, while good external mass transfer
characteristics are provided by operation in Taylor-flow
regime. This flow regime, which is characterized by an
alternate flow of gas and liquid volumes, is shown in
Figure 1. The specific mass transfer characteristics
make the monolithic reactor an attractive alternative for
chemical processes where activity and selectivity are
controlled by mass transfer.

In the present study, we have investigated the
competitive hydrogenation of styrene and l-octene in
-toluene over a monolithic Pd catalyst, with a catalytic
layer having a thickness of only 15 microns. The
reactor was operated in batch mode (fed-batch with
respect to H,) and operating
conditions were in the range of @——/ —_— @-—/ —
T=40-90 °C and P=6-15 bara. Styrane Ethyls

{

§

Figure 1: The Taylor-flow
Tegime.

s
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The liquid-to-gas ratio and the
superficial velocity were varied

between 1:1 and 1:6 m*/m® and “M'"'\ \\//E//\\//\\
0.05-0.125 m/s, respectively. Internat
Figure 2 shows the Octane Octenea
reactions, which may proceed @_ . <:>_
under the conditions listed Figure 2:
Toluens Methylcyciohaxane Reactions
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above. The two bold arrows mark the desired reactions, while the remaining
reactions need to be minimized. It is well-known from literature that a
conjugated olefin such as styrene is more strongly adsorbed on Pd than a non-
conjugated olefin such as 1-octene (see e.g. lit. [1]). Therefore, it is possible to
hydrogenate styrene selectively to ethylbenzene, while l-octene is partially
isomerized to internal olefins (cis/trans- 2-, 3-, and 4-octene). The formation
of alkyleyclohexanes and octane needs to be prevented as much as possibie.

Figure 3 and 4 show the results of a typical experiment. The graphs
clearly show that styrene is preferably hydrogenated to ethylbenzene, while
l-octene is isomerized to internal olefins. Only when styrene is depleted,
octenes are converted to n-octane at an increased rate. Clearly, adsorption
of styrene and octenes is competitive, with styrene showing much stronger
adsorption. Formation of alkylcyclohexanes is negligible (always less than
0.2% of the initial quantity).
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Figure 3: C ions vs. time. plotted Figure 4: Selectivities. S(1) : selectivity for preserving

as 8 percentage of the total quantity of reactants. octenes (as a percentage of the initial quantity), S{2):

Experimental conditions: P = 10 bara, T = 323 K, liquid selectivity for formation of internal octemes (as a

fraction = 0.5 [-], superficial velocity = 0.10 m/s. percentage of the initial quantity 1-octene).

The reaction rates observed are comparable to those listed in literature
(see e.g. lit. [2] and [3]). The internal mass transfer characteristics were
evaluated by means of the Weisz-Prater criterion and showed that internal
diffusion limitation was negligible. External diffusion mass transfer of
hydrogen, however, was found to be a controlling phenomenon for conversion.
Furthermore, results indicate that the liquid distribution was non-uniform.
With improved liquid distribution and optimization of process conditions and
catalyst, further improvement of reactor performance is expected.
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MONOLITHIC REACTORS FOR THE CATALYTIC PARTIAL
OXIDATION OF METHANE TO SYNTHESIS GAS
K. Heitnes, S. Lindberg*, O.A. Rokstad** and A. Holmen

Norwegian Institute of Technology, Trondheim, Norway.
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INTRODUCTION
Commercial processes for the conversion of methane to fuels and chemicals

are mainly based on the indirect route via synthesis gas. Synthesis gas is produced
from methane by reforming using either steam, and/or oxygen [1,2]. Although the
production of synthesis gas is a well-established industrial process, a large incentive
exists for the improvement of the process especially in reducing the investment
costs of synthesis gas production. Monoliths are of interest in syngas production
due to the high surface-to-volume ratio compared to commercial pellets and the
low pressure drop {3]. In addition, the reactions take place at high temperatures
and only the outer surface area of the catalyst participates.

The present study deals with the feasibility of using Pt, Ni, or Pd impregunated

monolithic catalysts in the partial oxidation of methane to synthesis gas.

EXPERIMENTAL

The oxidation experiments were carried out in a conventional flow apparatus
using a quartz reactor into which the monolith was placed. The monoliths
(Cordierite from Corning, 400 cells/in2) were cut into cylindrical pieces with a
diameter of 15 mm and with varable lengths (2-20 min). The monoliths were
either washcoated with alumina and impregnated with the metal salts or the
washcoat was impregnated with metal before deposition on the monoliths. After

drying, the monoliths were calcined in air.

The experiments were performed at 800-1000 °C. The ratio of CH4/0O, in the
feed was kept constant and equal to 2 and the feed was diluted with helium or
argon. The temperature was measured by a moveable thermocouple placed along
the centre channel of the monolith. Conversion and selectivities were obtained by

on-line GC analysis of the reactor effluent.
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RESULTS. . v

Different preparation methods were used for the Ni and the Pt monoliths. The
impregnated monoliths were characterized by H; chemisorption and reproducible
dispersions were obtained especially for the Ni monoliths. The dispersion for a 1,5
wt% Pt monolith 'was much higher than obtained for a 5 wt% Ni monolith.

The conversion and the selectivities to CO arid H; follow very closely the
equilibrium "values although gas compositions different from equilibrium values
could be obtained at extremely low residence times as reported previously [4,5].
The monoliths were also compared fwith respect to prereduction showing that in
situ_prereduction (H; at 600 °C f&r' 1.5h) is an important step in obtaining an
.active catalyst. B

The experiments demonstrated that equilibrium compositions of synthesis gas
can be pr()duced at very high space velocities indicating that the use of monolithic
catalysts could drastically reduce the necessary catalysi volume. However, the
measured temperature profiles show that one of the main problems with these
systems are the large temperature gradients which exist in the monolithic reactor.
The gradients depend on the temperature and the pressure. The use of monoliths
in an autothermal process [1] with a scparate burner and a catalyst bed for

equilibrating the gas is also discussed.
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SJIOYHDBIA KATAJTM3ATOP COTOBOM CTPYKTYPBI JUIA BTOPOM
CTYNEHYA OKUCJIEHHNA AMMHAKA

B.Y. Banguvpud, E.A. Bpyurreits, .M. Cemenos, JIu Iisencu,

Poccuiickii xumuro-mexnonroeuveckuti yHueepcumem um. .U, Mendeneesa,

e.Mocksa

MONOLITH CATALYST OF HONEYCOMB STRUCTURE FOR THE
SECOND STAGE OF AMMONIA OXIDATION ’

V.1. Vanchurin, E.A. Brushtein, G.M. Semenov, Li Zengxi,
D. Mendeleyev University of Chemical Technology of Russia, Moscow

3aMeHa CJIOf 3€PHUCTOrO KaTaTM3aTopa Ha PEryIPHYIO CTPYKIYPY B BHIE
CHCTEMBI IIAPa/UIENbHBIX XaHATOB JOJDKHA MPHBECTH K  CYIUEETBEHHOMY
yIAyuYnIeHUI0 Tiokasareneldl mpoliecca. B uyacTHocTH, BhIpaBHHBAaeTCA IIOJe
CKOpPOCTEI TI0 CEYCHWIO amniiapaTa, CTaOWNMM3MPYeTCs TEMIIEpaTYPHBIA PeXiM,
CHMIKAETCs THAPaRINYecKOe CONPOTHRIICHHE.

O06pasubl XaTaaus3aTopa COTOBOH CIPYKTYPH! TOTOBWIM HyTeM cMcmeHnﬂ
HPOMBILUICHHOrO KaTalM3aTOPHOTo TOpOLKa Ha OCHOBe OKcHMa Xenesa (3) ¢
OpTAHHYECKMM ILIACTHOHUKATOPOM C TIOCTICAYIOIMM (OPMOBaHUEM MacChi B
COTHI, OTTOHKOM IDTacTHOHKATOpa M CIIEKAaHHEM.

CretpanbHas = ocHacTKa, HCIonb3yeMast Iid (POpMOBaHMS, TIO3BOJISIET
NMOAYYHTh, OIOKM COTOBOM CTPYKTYPHI B BHAE KBaApATHBIX apajlIesIenuAicioB
pasMepcM B ocHoBaHuM 100X100 Mm u. BeIcoToit no 150 mm. - Hexkoropwie

FEOMECTPHUYCCKHUC XapaKTEPUCTUKNA 610K0B cBelicHBI B Tabymiie.
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Tabauua
I'eoMeTpudecKUe XapaKTEPHCTHKY OJIOKOB COTOBOH CTPYKTYPhI
Pasmep srueiixn, TomuwHa OtxpeiTas - Vnenvnaa
‘N KaHaIa, MM CTEHKH, MM | TOBepx., % | moBepx., M2/m3
1 i 0,3 59 2360
2 1,5 0,4 02 1650
3 2 0,4 69 1380
4 0,4 77 1020
5 4 0,4 83 830

Jst yayyieHUs racTHYecKuX U MEXaHHYECKHX CBOMCTB B psijic C/IyYaes B
coctap GopMyeMoit IEXThI BBoAWIH Ko 10% Mac. KopamepuTa.

PexuM OTIOHKH IUIACTHOHKATOpA W CIICKAHUS M3ICTHU BRIOPaH Ha OCHOBE
Pe3yNIBTATOB NepHMBaTorpadMyecKoro, AMIATOMETPHYECKOTO ¥ PeHITeHo(hAa30BOro
AHATM30B. YAaleHWe OpraHUYecKoW YacTé IUMXTHI NPOUCXOMUT B HHTEpBaie
temreparyp 330-600 °C. He6ombuioit sxsorepmmueckuii addexr npu 510 °C
CBSI3aH C YaCTWYHBIM BOCCTAHOBJIGHMEM IeMaTUTa [0 MarHeTuTa 3a cHeT
Kpeknposatua Iuactudukartopa. [locmenyioniee HarpeBaHuEe IPHBOXUT K
BOCCTAHOBR/ICHMIO (ha3skl TreMaTuTa B  pe3yibrare OKUCACHUS  MarHeTMra
(aK303ddexT mpu 870 °C).

PeHTreHOrpaMMBbI 0obpasioB COTOBOIO u POMBIHIDICHHOrO
TabMeTHPOBaHHOTO KaTaTu3aTOPOB OKa3alinch MACHTHYHBIMU. Bo Bcex o6pasuax
wieHTROHUIMpYOTCS a3kl reMaTHTa ¥ TBEPABIA pacTBop Ha ocHoBe o-Fe,0; m
a-AlO;. JononHutensHo, B obpasiax ¢ [0O0OaBKOH KOpAMEPHTa IIpeACTaBJIcH
TaKKe W TOCJIECTHUIA.

B cooTBeTCTBMU ¢ AMJIATOMETPUYECKOM KPUBOW NP CIICKaHMM COTOBOM
CTPYKTYphl Habmogatorcst nBa abdexta cxarusi: pu 600 °C u 800 °C. Ob6a
a¢dekTa  BBI3BaHB  CTICKAHWEM  INMXTBI  OPOMBINUICHHONO  OKCHIHOTO
KaTajy3aropa.

HwuskoreMriepaTypHbiil 3GdheEKT COOTBETCTBYET OOBIMHO HaOMIORacMoOMY TpH
MpoKaTHBaHUK TalNEeTUPOBAHHOrO XaTtalu3aropa MW [UId  IIOCAEOHEre OH

OKa3bIBacTCAd Tropasao 3HAYHUTCIIbHCC, YCM IS COTOBOIC 06pa3Ha. Usmenenne
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BKiana 3toro sddexra cxarus B obllee cxarne CBA33aHO C HNCHONb30BAaHHMEM
OpraHHYecKoro IiacTidHkaropa 1pH (GOPMOBAHMHM COTOBOTO KaTaju3aropa. B
3TOM  CJ/lydyae TIOBBIIIAETCSI PONb  BRICOKOTEMIIEPATyPHOTO crieKaumsi  ©
TepmoobpaboTka Ho/IKHa ObITh MpOBeicHa NpH Gojiee BHICOKOH TEMIIEpaType, YeM
B cyyac TaGJIeTHPOBAHHOTO KaTamM3aropa.

JnnarorpaMma TNporpeBa  HPOK@IEHHOIO  COTOBOrO  KaTaAM3aropa
MPaKTHYECKH HE OTIMYAeTCsl OT AWIATOrpaMME Ui MPOMBINUICHHBIX TaGlIeTok,
TepMooGpaboTanHsix fo 900-930 °C. A

3HaueHNsA TepMHYecKoro xo3ddHuneHTa MHHeHHOro pacinpens obpasua
COTOBOTO Karaimsaropa, cnedeHHoro npu 900-950 °C, com?xmyer TAKOBBIM,
OOBIMHO OTIpefe/IIEMBIM U NPOMLIIIUICHHOrO KaTaJlM3aTopa H cocTarmsior 1-1.1

X10-5 rpag -1, k

bnaromaps 3HauMTENbHOK TCOMETPHUYECKOH MNOBEPXHOCTH xaMmmp
COTOBOH CTDYKTYPbl HOMIKCH MpOSIBNIATL BBICOKYI0 AKTHBHOCTh B IIpoLiecce
OKHCJICHHsS] aMMMaKa, TPOTEKAIOLIEro BO BHeMHeAMPOYIHOHHOM ;;exmae.
JHeiicrBuTeNIbHO, MCNBHITAHMA Ha aKTHBHOCTH KaTanﬁsaTopa’cmé)ﬁoﬁ CTPYKTYPH
TOKa3aM, 4To OH B 2,2 pa3sa TPOM3BOOMTENBHEEC T1IO CPAaBHEHHIO C

NPOMBINLUICHHBIM TaGJI_CTHPOBaHHBIM KaTaimHu3aTopoM.
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PA3PABOTKA BJJOYHOIO COPBEHTA JJIA YJIABJIMBAHHSA
IUNIATUHOMJOB

B.H. BanuypuH, JIu I{3encu, I'M. Cemenos, E.A. bpymrreiin, B.C. beckos

Poccuiickuli xumurxo-mexuonoaureckuti ynusepcumem um. . H. Mendeneesa,

e.Mockea

MONOLITHIC SORBENT FOR PLATINUM CAPTURE

V.I. Vanchurin, Li Zengxi, G.M. Semenov, E.A. Brushtein, V.S. Beskov

D. Mendeleyev university of chemical technology of Russia, Moscow

DonplIMHCTBO M3BECTHBIX COPOCHTOB [T YAABIUBAaHUSA I[UIAaTHHOMIOB
MMEIOT  36pHHUCTYI0  (opMy, o007analoT  BBICOKMM  a3pOJVHAMHBYECKHM
CONpPOTHBIIEHHEM M rUrpockoruyHocteio. Co  BpeMEHeM Takas  Macca
VIUIOTHSIETCS, YCW/IMBAeTC HEOQHOPOAHOCTb cJOsi copOeHTa, YXYOLUAeTCst
rasopacrpelelicHIE, YBCIIUUNBAIOTCS HOTEpH THATHHOWAOB Y CHICKAETCS CTENEHDb
KOHBEpCUM amMuaka. [IpH ucmoab30BaHHH COPOEHTA COTOBOM CTPYKTYDBI MOXHO
OXMOaTh CYLIECTBCHHOrO VIIVYLIICHWS HoKasaredel mpouecca. OaHUM U3
coco6oB MOIMGUIIMPOBAHUST KOPANEPUTHOIO HOCUTEINS ¢ LIEJIBIO TIPUAGHUS eMy
COPOLIMOHHOM CITOCOGHOCTU K IUIATMHOMIAM SIBISIETCSl BBEIEHHE B €r0 COCTaB
OKCHAa KajbH{A U APYrUX KOMIIOHEHTOB, aKTUBHHIX B JaHHOM IIpoliccce.

IIpuroropneHNe COTOBBIX COPOEHTOB Ha OCHOBE OKCHAA KalblUsi M €ro
COCOMHCHWI TIPOBOOWIH IIyTeM CMEIICHHsI KapboHaTa Kadpuusi ¢ (opmMyeMoin
HIMXTOM, JIMO0 HPOMWTKON HMCXOXHOTO KOPAMEPUTHOTO HOCHTENST TUIABOM WIIU
PACTBOPOM HHUTpaTa KajbliMsd. B mepBOM ciyuyae LIMXTY TOTOBWIM M3 TOPOLIKOB
KOpAMepHuTa, KapOoHaTa Kambisi M IDlacTidukaropa B cooTHomeHuu 3:1:1.
bnouHylo COTOBYIO CTpPYKTYpYy ¢OpMOBaIM Ha THIpaBIMYECKOM MIpecce ¢
KHCIIONIB30BAHHWEM  crienuanbHOl  npeccdopMpl,  NO3BOJASIOIIEH  MOAYYMTh

KpyrHoGopMaTHbIe 06pa3iibl, IPOHN3aHHbIC PSAIOM OTHOHANPABICHHBIX KAHAIOB,
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Otrouky miactudukaropa NpoBoaWIM B My(DenbHOH TeuM, NPH IIOCTENEHHOM
noBeiilleHUy Temirepatypbt 10 300-400 °C 4 BBIIEPXKE B TEYEHUH 3-4 |,

HenmonpzosaHde MeToa HMPOHNUTKY HOCHUTENS PacTBOPOM MM DAacIUIaBOM
HUATpaATa Kalblins MO3BOJIMIIO BBeCTH B €ro cocrap Ao 8,7-9,8% wmac. okcuaa
KanblI¥s.

TeMmneparypa  crekaHusi BbIOpaHa Ha  OCHOBAaHMM  PE3yJIBTATOB
TEPMHYECKOTO U AWIATOMETPHYECKOIO aHAIH3OB.

B  COOTBeTCTBHM ¢ JWIATOMCTPUYECKOM KPHUBOH CIIEKaHHE - COTOBOM
CTPYKTYpbl Haumuaetcs -nipu 700 °C, a MaxcHMalbHasd CKOpPOCTb M3MCHCHHs
JHHEHHBIX pa3MepoB nocturaercsl npu  Temmeparype 850 °C. 3Jroil xke
TeMIIEpPaType COOTBETCTBYET MaKCHUMAIbHAasi CKOPOCTh pazioXeHus KapGoHara
xanbius. [lo okoHuYaHWMM pa3zmoXeHus XKapOoHaTa CKOPOCTh HM3MEHEHUd
JIMHEHHBIX pa3MepoB OpUOmKaeTcs K Hymo. JaipHeHuuil rogseM TeMIepaTyph
NPUBOIMT K OOpa3soBaHMIO B COCTAaBE GII0YHOTO copbeHTa ¢a3bl MOHOANIOMHHATA
KaJdbllMd U CKOpPOCTb M3MEHEHHS JIMHEHHBIX pPasMEpOB HAYMHAET CHOBa
BospacTtath. 11pm Temnepatype 950 °C oHa TOCTHraeT MakKCHMAJIbHOTO 3HAYEHMS.

Jing oueHkM TepMOCTaGWIBHOCTH IIOMYYEeHHOTO0 COTOBOro copbeHTa
ONPEAEIISUIM 3HAYCHHSI TEMIIEPATYPHOTO K03GhGhHUIMCHTa JTMHEHHOTO paciiMpeHust
(TKJIP) B 3aBHCHMOCTH OT TeMIleparyphl. B M3yueHHOM WHTepBane TEMIIEPATYp
(200-900 °C) TKIJIP coctaBun (4-4,5)x10-6 rpan -1. JIna cpaBHeHMA B TeX Xe
VCTIOBMSIX MICITBITaBMA 00pasely KopaMepHTa mokasan 2,5x10-6 rpax -1

JI711 IpOMBIHUIEHHBIX MCTIBITAHHI{ COTOBOTO copbeHTa OBUTM NPHUFOTOBICHHI
4 .xpynHodopmaTHbIx ©Onoka 75X75 MM, BeicoTOM 20 MM, ¢ Kadauamu
KB&IPATHOTS ceyeHMs! 3X3 MM M TOHMIMHOM CTeHKN Mexay HuMHu 0,7 MM.

TIpomeitiieHHBIe UCTIEITaHMS O10YHOro copOeHTa ObLTH OCYIISCTBICHbI Ha
A/O *Bockpecenckue MunynoGpenns” B Iiexe IpoM3BOACTBa ¢naboil a3oTHOM
xucioThl. [locnme nBYX MecsueR oKomlyaranuM o0pasiibl aHaJaM3MpOBaid Ha
cofepXaHWe B HHUX  HparMetannoB. VI3MepeHHMs [IpOBONMIM  METOHOM
PEHITCHOBCKOM d)qroanempomioﬁ CIIEKTPOCKONIKM =~ B COUSTAHUM c
MMKPOPEHTTEHOCICKTPATBHBIM aHAIH30M.

YcpenHeHHbie JaHHBIE aHAN20B Npo0, CKAHWPOBAHHBIX BHOJb KaHAIOB

CcOTOBOTO copGeHTa, CBEACHB! B TaG/MIIy:
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o6pasen COIEePXAHHUE KOMIIOHEHTOB, % Macc.
Si02 A1203 CaO : CoC Pt
HCXOOHBIHN 66,0 27,0 5,6 14 -
TIOCTE WCTbITAHAS 66,0 27,0 5,3 0,8 0,8

Takum o6pa3oM, pe3ynbTaThl TPOMBIIDIEHHBIX WCHHITAHMI TTOKA3a1y
BO3MOXHOCTE IIOJIVYCHHS Ha OCHOBE KODHMEPHTOBOM KepaMuKM CopOeHTa

IUIaTHUEBI COTOBOM CTPYKTYDHI.
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[IPUMEHEHHE YIJIEPOJAHEIX BJIOKOB B DJIIEKTPOXUMUYECKUX
IMPOIECCAX
O.H.Baknauosa,B.K Qynnaxun, B.B.10umM,B.10.Jdassrtosa, . B. [lnakcus, B.K.Bapc}{uon*
. Qunnan MHCTUTYTa KaTanmusa CO PAH, r. Omck, Poccus
MHCTHTYT XMMHH TBEPIOTO Tella M MHHEpANbHOro cripes CO PAH, r.Hosocubupck,
Poccus

CARBON MONOLITHS FOR ELECTROCHEMICAL PROCESS
O.N.Bakiangva, V.K.Davydova, V.V.Shim, G.V.Plaksin, V.K.Varentsov *
Omsk Branch of the Boreskov Institute of Catalysis SB RAS, Omsk, Russia
*Institute of Chemistry of Solids, Novosibirsk, Russia

TIpoGnema 3JIEKTPORHBIX MaTepyajIoB SABISCTCS OFHOM W3 KIIIOYEBBIX B
OPHKIAAHON DACKTPOXHMIM, B CBS3H € UCM B IOCIEAHUE FOObLI IPH CO3TAHUH
a¢exTHUBHBIX u BBICOKONIPOAYKTHBHEIX BNCKTPOIA3EPOB IVPOKOE
pacTIpOCTpaHeHNE TIOYIWIHN TPEXMEPHBIC TPOTOYHLIC SIIEKTPOMBI,
M3rOTABIIMBACMEIS 13 VIJIEPOXHBIX BOJIOKOH, TKAHH WM BOIUIOKa.

Yuuteipad BRIICHU3NOXCHHOE, ObUIM INPOBeNEHBl HCCHEAOBaHHS TIO
CO3JAHMI0O HPUHIMNNAIPHO HOBBIX  3JIEKTPOXMMHYECKAX  TEXHONOTHHA ¢
HCITONB30BAaHMEM B Ka4ecTBE TPEXMCDHOrO 3JICKTPOAA VYIJICPOAHBIX OJIOKOB.
Bricokas smektporpoBogHocTs (3-5 Cm x cm! )} marepmana w passurad
peryaapHas TeoMeTpHYecKasd IIOBEPXHOCTh maaeiust (64 seiixu mHa 1 oM2)
obycnapmuBaioT 3¢b@exTUBHYI0O paboTy 5JEKTPOXMMMYCCKMX PpEakTOpPOB IIpH
WUCIIONB30BaHKH B Ka4eCTSe NMPOTOYHOro 2IEKTpoJa GJI0KOB COTOBOH CTIPYKTYDHIL.

TlomyuerHble pe3yibTaTH IIOKa3aly, YTO peaKLMOHHAad IIOBCPXHOCTH
GJIOKOB, T.€. OBEPXHOCTD, NOCTYIHAA I SJCKTPOXUMHYECKHX MPOLeccoB, B 20-
50 pa3 Gonpuie rabapuTHOM.

Bru  npoBeneHBl MCIBITaHHS Ho usBaeueHHMI0O Pi2t n Cu?t wus
pa3GaBleHHBIX PacTBOPOB M TIOKA3aHO, YTO CONCPXKAHHE METAIUIOB B DACTBOPS
fiocyIe JBYKPATHOTO TIPOXOXICHUA Yepe3 KaToh CHupKaercd B 2-3 pasa.

CpaBHEHHE 3ICKTPOXMMHMYECKUX INPOLECCOB M3BJICUCHNSI METAUIOB M3
pa3baBieHHBIX PACTBOPOB MPH MCIONB30OBAHMM B KauecTBE KaTofa YIJICPOIHOIO
6/I0Ka ¢ aHAJOTMYHBIMM TIPOLIECCAMHU H3BJICUCHHA Ha IUIOCKOM KaToe IoKasa-
510, YTO 6JI04YHBIE YIVICPOAHBIE KATONBl OOECIICYMBAIOT MHTCHCHOHKALMIO 37EK-
TpOXHMUYECKoro mpoiecca B 20-50 pa3, a 7akke ocaXJeHHe 3HAYMTENIBHOro
KOJMYECTBA MeTaUla Ha emuHMuy Beca snexrpoga (5-10 xvr Cu Ha 1 xr

MaTepUana). 9
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YIJAEPOAHBIE COPBEHTBI U3 BYPOI'O YIJIA U JIMTHUHA )5
OYHCTKU BBIBPOCOR

Hipnxo M.JI., Kysuenos B.H., Baxrasosa O.H.*, Jymnsxuu B.K.*
UHCTHTYT XHMHH IPHPOIHOTO Opraaudeckoro cuipbs CO PAH, 1. KpacHoapck
*Omckuit drwman MHctuTyTa Katamsa CO PAH, r. Omck

CARBONECEOUS SORBENTS FROM LIGNITE AND LIGNIN FOR
POLLUTION CONTROL

Shchipko M.L., Kuznetsov B.N., Baklanova O.N.* and Duplyakin V.K.*
Institute of Chemistry of Natural Organic Materials Siberian Division of Russian Aca-
-demy of Sciences, Krasnoyarsk, Russia
* *Branch of the Institute of Catalysis Siberian Division of Russian Academy of Scien-

ces, Omsk, Russia

Hcomenosanach BOSMOKHOCTE NOTy4eHus POPMOBAHHBIX YITICPONHbBIX COPOEHTOB Ha
GCHOBE KAaHCKO-8YHMHCKOro Oyporo yrid M THAPOMU3HOTO JIHTHHHA. DTO ChIphE B
H3MEITB4YEHHOM BIAE NOKBEPTATOCE TEPMUYECKOM 06paboTke B CEBAOOKMKEHHOM CIIOE
MapTEHOBCKOTO 1wTaka. [IoMy4eHHEIC BEICOKONOPHCTHIE NOPOMKY (DOPMOBAIMCD B BUIE
4yepeHKOB, TabmeTok H TpyOok. B  KayecTBe CBA3YIOLETO HCHONBL3OBATHCH:
KOKCYIOUIuiics yronbk ¥ HeTAHOH neK. PopMoBaHHbie NOLyHabpHKaThi IOABEPraIHCh
NONONHHUTILHON TepMooOpaboTKe M @KTMBALMK BONAHBIM HapoM. OCHOBHBIE
XapaKTEPHCTHKH OOpasioB A0 U NOCHe TePMUIeCcKOl 06paloTKH B NCeBAOOKHIKEHHOM
crioe IpH 790-850°C u BpeMeHH KOHTakTa okono 0,1 ¢ npexcrasnens! B Tabmune 1.

Tabnuna 1.
X apaxTepHCTHKH Byprlii yromns Uunponusueti auramy
‘ HCXOMHBLIR | MONYKOKC | MCXOHNHBIH | nmomykoke

BIramHOCTE, % - - 14,6 0,5 73,4 1L
Conepxanve 30mbl, %o 6,3 13,6 2,7 6,6
CopepiKanye TeTyqnx BELLECTB, % 40,8 9,3 48,7 13,4
{61mas MOPHCTOCTD, CM /T 0,21 0,42 . 0,36 1,84
¥ enbHas TOBEPXHOCTE, M2/ 6,7 188 2.2 365
CopbunonHas  8KTHBHOCTE 110 9 34 16 59
wony, %
CopbunoHHas 4KTHBHOCTH [0 Me- 4 98 18 142
TUaeHoBOMY ronyGomy, Mr/r

Hp}{ OHEPONH3E H3MEIbYEHHOTO ChIPpbi B KHMIIIEM CJIOS KAaTAaIHUTHYECCKH AKTHBHOTrO
HIFAKE CKOPOCTE BBIACICHUA JICTYUHX BEINCCTB M3 YaCTHI ChIPbA HPCELIIAST CKOPOCTHL

us guddysun ns oOréMa 4aCTHIY K HOBEPXHOCTH. BHyTpu wacTun cosmaéres uabhiTou-
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HOE [JGBICHHE, KOTOPOE CIoco0CTBYET (POPMHPOBAHMUIO TOPUCTOR CTPYKTYPBI IONYKOK-
ca, Nojay4aeMoro 13 Syporo yriii HilH JUTHUHA. ’

ITonykoke Oyporo yrii CMeHIHBANM € KOKCYIOMIUMCA YIJIEM HpH COXepXKaHHU
noceadero - 10, 15 u 20%. Cmeck usmensyanu B 6apaGannoi Menbuule 30 MUHYT #
3aTEM 3arpyx<aﬁn B nipeccopmy. Hpéccquprl warpesanu 1o 830 °C B Teuenue 30-35
MHHYT € BBIAEPXKKOH npu KoHeuHOH TemuepaTtype 30 mMuuyT. M3-3a paciiipenus yrois-
HO# cMecH JaBieHue B npeccpopme npu TepmooSpaborke cocrasisuio 10-18 Mlla (8
3aBHCHMOCTH OT COJEPIKaHMA KOKCyIouterocs yru). Ilocite oxnaxkaeHis 40 KOMHATHOH
TeMIIepATYPbI M3MSIIMs M3BICKANH U3 IPecchOpPMHl M 3aTEM aKTHBHDPOBAIH BOJAHLIM
MapoM NPH BapbHPYEMOM BPEMEHH 00paboTKy. YCTGHOBIICHO, YTO ONITHMAIIBHOE BPEMS
akTuBaiuu cocrabmieT 20 muHyT. IlomyueHHBIE B 3TOM pPEeXEME COPOSHTH HUMEIOT
YASIBHYIO HDOBEPXHOCTH 460 M2/r, o6yl nopucrocts - 0,44 eM3/r u npouHoctb 32
kr/cm2, Bonee AnuTenbHas aKTHBAlldS NIPK HE3HAYMTENLHOM yBEAHHEHHM MOKa3aTeleH
10 YAEMLHOH NOBEPXHOCTH M MOPHCTOCTH MPUBOKUT K PE3KOMY CHIDKEHHIO TPOYHOCTH
o0pasnos. ' ) ‘

TTonyKOKC K3 T'HIPOSIM3HOTO JIMTHUHA ¥ He(TAHON NEK U3MENbYaIMCh IO Pas-
Mepa yactHn mMexee 0,25 mm. ComepxaHHe Neka B CMECH BapbHPOBANOCh OT 5 mo 30%.
W3 nonydyeHHBIX CMecelt ObUIM NMPHIOTOBIEHB!  IDIACTHYCCKHME HacTel. B kauecTee
TEXHOJOTHYECKOrO CBSA3YIOIErO MCHONb30BANNCH BONHBIE PAacTBOPH NOJNHMEPOB ¢
noGapierueM MOBEPXHOCTHOAKTHBHBIX BEWECTB. [OTOBas macTa SKCTPYAMpPOBANACH
yepes Puibepsl AMaMeTpOM 3-5 MM Ha INTyHXKCPHOM INPecce NPH CKOPOCTH ABHKEHMS
nyancoHa He MeHee 5 mm/c. ITonmydeHHBIC YSPEHKH CYLIMTUCH. 3aTEM HX KapOOHU-
30Bany BO Bpamamomemcs Gapabane npu Temneparype 800 °C B Tewenne 30 mumyrT.
Cxopocts nobéMa Temnepatyphl 7-8 OC/vun.

Tlokasano, 4TO yBeIMUCHHE COACPXKAHMA IeKa B cMecd ¢ 5 mo 20% nosbiunaer
MEXaHHYECKYIO IPOYHOCTH KOHSYHOTO npoAykTa Gonee uem B 2 pasa. Ilpu manbheitmem
YBETHYCHHH COACPIKAHMA CBA3YIOMIETO HAOMIONAJoCh PacCHOCHHE NACTH B IPOHECCe
SKCTPY3UM ¥ MHTPAIMS XHUIKOH JUCIEPCHOH Cpellbl K CTEHKAM (uibepbl. YBemuueHHE
cofepxaHHs CBA3YIOIIETO CONPOBOXIACTCA CHHKECHHEM YIENbHOH NOBEPXHOCTH 06pas-
1os or 317 0o 245 M2/r u copBuuoHHOM émxoCTH 11O METUREHOBOMY roaybomy ot 65 ao
20 mr/r.

AKTHBAIMA BOJAHBIM IIAPOM [0 METOJHUKE, ONMCAaHHON BBILIE, nosaq:ﬁe’r yBENH-
YHUTh COPOLMOHHYIO aKTHBHOCTD IIONYYSHHbIX YEPEHKOB [HO METHICHOBOMY roayGomy
npuMepHO B 3 pasa. BmecTe ¢ TeM, OHa NPUBOJMT K CYINECTBEHHOMY CHMDKSHHIO IIPOY-
HocTH 00pasuoB. BeiGop KOHKPETHBIX peHenTyp u ycaosuii oGpaboTku 06pasios 3aBu-

cuT OT TpebOBaHUHA K KOHCHHOMY TIPOIYKTY.
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OB OJTHOM CIIOCOBE HCCJIETOBAHKA B3AMMOAERCTBUA
JAHUOKCHUIA CEPbI C MATEPUAJIOM BJIOYHO-COTOBOI'O
KATAJIN3ATOPA
Bursrukuit A.U., I0Opuenko 3.H., Kyspkuna M.B.
Poccniickwit Hayausiii nentp "lpuxnampas xumus”,
Cankr-1lerepbypr

A STUDY OF SO, INTERACTION WITH MONOLITH HONEYCOMB
CATALYST
A.1. Vitvitskii, E.N. Yurchenko, M.V.Kuzkina
RSC “Applied Chemistry”, St.Petersburg, Russia

BrouHo-COTOBHE KaranusarTopd (BCK) NpUMEHSKTCA AJS OUMCTKU
BHXJOMHHX I'a30B KOTeJbHHX ¥ TSL. 3T0 onpefeldeT YCIOBHA UX
SKCTLIyaTaMyu - npu 350-450°C B OKMCIMTEJBHOM Cpefie, YacTo NpH
HANMUMK JUOKCHZA Ceph. [IOCKONbKY 3IKCIePMMEHTAILHHX JAHHHK MO
copbuuu SOz B yCﬂOBHﬂxynpﬂﬁﬂHKeHHHX K Karammsy, B HacTOfliee
BpeMs HeT, NOIyuYeHUe MX ¥ CTANO 3afayell MCCIeLCBaHHA C TIpuMe-
HEeHueM ODUT'MHEANHHOrO [IPOTOUHOIO MeTOZA.

B KauecTBe OOBEKTa UCCHEJOBAHMA HCHOJP30BANU NOPOMKU Ka-
TanmsaTopa BCK ¢ nIOmAZb VASJbHON NOBEPXHOCTU 40 Mz/r, IUOK-
cuga THPaHa (107 M2/T), GEHTOHWTOBOH TJMHH (43 M%/T) n nponu-
TaHHHN CylbfopaHaguiIoM (V0SO4) NOPOMOK AMOKCHAA THTaHa (40
Mz/P). Paadep YacTHI HCNOJb30BAHHHX NOPOMKOB MeHee 50 MKM, BCe
oSpasip Nepel UCTHTAHWAME NPOKANSHH 6 4acos npu 450°C.

CxeMa NPOTOYHOA YCTAHOBKU, COSJAHHON HA 6ase xpoMaTorpatda
JXM ¥ UCIIOJNHBOBAHHOW JJid WCCIELOBAHUSA DABHOBECHOW copbuuu SOg,
NIOKa3aHa Ha pHUC.1.

B KayeCTBe rasa-HOCHTElf HUCNOJB3YIT BOSAYX C TOUKOH DOCH
MuEYC 50°C, CKOpOCTD HONAaYK rasa 24 CM®/MMH, U3CHTOYHOE JABJIE-
HMe rasa Ha BXoge MeHee 100 MM BOE.CT.; TOK JeTeKTopa 50 MA.
Ta3-HOCUTEIDb MOCAe MaHOCTATA M DeoMeTpa uepes KpaH (1) monapa-
€T B CPABHUTEJbHYK KaMepy feTexTopa (3), sarTeM uepes KpaH (4)
B agcopbep (5) ¢ HccaenyeMuM OO0paslioM, HOCJAe HEro uepes
Kpau-zgosarop (7) B paSouyic KaMepy ReTekrtopa (3) U B armochepy.
Tas-cop6ar, B KAYeCTBE KOTODOrG MCIOJNbB3OBAIN CMECh HRHOKCHAA
CepH C ‘BOSJYXOM npH cofepxanuu SO 4,4 Z MOJ., HENPEepPHBHO Npo-
myckawT yepes Kpad (). Kpasd (1) # (2) nRO3BOJST NPOMYCKATH
yepes CHCTeMy OOIpmyKX HO3y rasa-copfara, o6beM KOTOpoR onpexe-
J9eTCH NAMHOM KOMMYHMKALMM Mexmy xpaHamy (1) 4 (2) ¥ B Hamux
OmHTAaX cocraBiseT 19,7 cM°. Kpan (4) [O3BOASET IDONYCKATH

ras-HoCHTe b (& ¢ HUM M COJBOYW JO3y copbara), MHHYA afcopbep
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{B) ¢ uccheAyemHM oCpasuoM. KpaH-To2arop (7) NOBBOARET HOAA-
BaThb B pafouyn Kamepy JeTeKTopa (3) M3BECTHHI o5bBeM ¢rronpo-
LEHTHOTO Ia3a-Cop6aTa Alf KAlMODOBKH XDOMATOTPAfUUECKMX MTUKOB.

IIp¥ NPOXOMIEHWM JOBH Tas0BOM.  cMecu SOo+BOSAYX OODEMOM
19,7 cM® uepes CpABHMTEJIBHY® M DAGOUYH KaMeDy AETEKTODa, MUHYS
ancopGep (5) Ha OyMare NOTEHUMOMeTpPa BHIUCHBANTCA LBA BHTAHY-
THX NOUTH NPAMOYTOJbHHX XPOMATOrpapMuecKUX NHUKA (CHOPOCTD JEH-
T 120 MM/MME) B Da3HHe CTODOHH OT HYJEBOM JuHMM (DHC.2). Ipu
NPOXOXZCHUM TOH Xe JIO3H Yepes HCcIeflyeMmuli obpasel, (Macca ofpas-
IIOB OKOJO 50 MI') IOrJomaeMyl® 4YacTb HO3H (3amlTpuXoBaHHas o6JacThb
Ha DHC.2) HSMepAKNT CpaBHEeHMeM ILIOmAZe# COOTBETCTBYOIMX IIMKOB,
IpHUEM XeMocopOLMs 3aBepmalach MeHee, ueM 3a 25 cek. Temmepary-
py copSuuu (20-450°C) ofeciieunBalT 3JeKTponeublo (6,puc.1).

Ma00aph, NOIyUeHHHe INpPH HCCACZOBAHMM DPABHOBECHOM COPOLMHU
SOz, naad TiOz ¥ PIMHH NPOXOAAT UYepPes MaKCHMYM COOTBETCTBEHHO
npu 200 ¥ 300°C, gmaad TiOg, mpomuraHHoro VOSOz, - uepes MUHMMYM
(noraomenre SO B uuTepBale 100-300°C  mpakTHYeCKH OTCYTCTBY-
er), Jlaa BCK BexMu¥Ha paBHOBECHOW COPOLMH SOg NpH NOBHMEHHU
TeMIepaTypH oT 20 o 200°C sospacraer, npu 200-400°C npakTu-
QeCKH OCTaeTCd NOCTONHHOM, Npu 450°C NpeBHmAST MOHOCJONHOe 2a-
TICIHEHHeE,

IIpy uHTepnpeTauMK us00ap, NOJYYaEeMHX H& BaKyyMHHX YCTa-
HOBKAX, BOCXOAAMy®> BETBb KPUBHX (NOBHEEHME KOMUUECTBA cop6ara
C noBumeHHeM Tcops) OOHUHO OOBACHANT AKTUBHPOBAHHOK XEMOCOps-
uuel. SKCHepHMEeETANbHAA NDOBEpKA KHMHETHKM XeMocopbuuM S0z Ha
BCK He HNOATBEPAUIE TPAAMIMCHHYID TUIOTE3Y.

BOBMOKHOCTb KUHETHYECKUX HCCICIOBAHMZ BHEHA y#e IO DHC.2,
U650 3amTPUXOBAHHAA UACTH KDPUBOHW NMO3BOJAET NOCTPOUTh UHTErpalb-
ayvie ¥ puddepeHIMANLHYI0O KDUBYIO NOTJONEHUE, & Takke HaeT uHGop-
MAlMI0 O CpelHeM AaBieHWM SO B KaxHM MOMEHT copOuuu. JHna 60—
Jee TOUHHX KMHETHUECKMX H3MEDeHMH NDOBOLUIOCH CpPABHEHUE IIOmA-
fe¥ JBYX SOIbMHX AO8 copdaTa, NOCASAOBATENbHO NPONYCKASMHX ue-
pe3 HCcleryeMuk odpasel. IIpoBefeHHHMH SKCIIEDHMEHTAMU YCTAHOB-
JeHO, YTO HA BCK M HA ero KOMIOHEHTaX CKOPOCTh UBOTEPMUUYECKOH
copbuuy SOz (dasdT’~ MOab/T.C) OMMCHBACTCA YDABHEHWEM THUIA

da/dT = K.p. (ap-a),
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rae K - KOHCTaHTa CKOPCCTH NPH Teops, (c.la)™t; p - cpegnee
napipaibHoe jaBleHue SOz, IIa; 8p M a - PABHOBECHOE U TeKyllee
KOIMYECTBO Ccop6upoBaHioro SOz, MOJB/T.

Iasa BCK oOKasanoch, UTO BelnudHa K OCTAeTCH IOPAKTHUSCKU
HOCTOSIHHON B MHTepBale 20-400°C, TO 6€CTb SHEprus AaKTUBALMN
npoHecca xemocopbimy SO2 pasHa HyJw. [[0BOOHOe BO3MOKHO, €CIK B
aKre XeMocopSuuK TerioBoi o¢deKT o6GpazoBaHUS HOBHX CBA3CH KOM-
[eHCUPYeT pasphBaemue. [pu TemmepaType BCK 450°C uaMmeHngercs
BUZ KMHETHUECKNUI'O YDABHEHHHA, & KOIWYEeCTBO MNOrIomaeMoro SOg Mo-
*eT 3HAYUTEIbHO NPERHWATL MOHOCIOWHOE MNOKPHTHE BIIOTH AO o6pa-
S0BAHHMA OODBEMHHX XUMUUECKUX COEJMHEHHE. PeSylJpTaTH CHEKTpAlb-
HOT'O aHanusa o6pal3ynmyXcd CTPYKTYD NOSBOJAKT NpeAnoJaraTh npo-
TekaHde NP 4509C XMMHUECKUX Deawii THIa

2 (V02.503) + SO2 + 0g —> V20s5.3S503
3apMKCHpOBaHHOe NOBHIEHUE BANSHTHOCTH BaHANUA npu copbumu  SOg
B OKMCIKTEJbHOH CDeZe MOMET INDMBECTH K MOBHICHMIO KaTaIUTUJeC-
Kol akTHBHOCTH BCK B HpOLECCAX OKUCIEHHS.

TIOCKOIbKY XeMocopSims SOz H& MeTALIAX DeAINsYeTCs uepes
IPOMEXYTOYHHE ATOMH KMCAOPOHa, TO NOABMXHOCTE OOpasywIerocs ar-
IOMEPATa KUCAODOL-SOz MOKET ONpefielaTh BeAUYUHY DABHOBECHOH
XeMocopSiuy SO2. C noBHNEHNeM TeMIIePaTypH KOHUEHTpauus clabo
CBABAHHOIO C NOBEPXHOCTBI COPOSHTA KUCIODOEA YMEHBUAETCS, UTO
'IpMBOZMT K BO3PACTAHWMN DABHOBECHON BeJWUMHH copbuuy SOgz. B Ba-
KYYMHBX YCTAHOBKAX 3TOT 3QPeKT npu yMeHbmEHUM Tcops HeEOOpaTHAM,
TAK KAK B CHCTEéMe HeT KUCIOPOZA.

TaKkuM 00pasoM, Da3paSOTAHHHY METOH NOSBOJAET KOIWUYECTBEH-
HO HCCJEJOBATHh KAK PABHOBECHYI copbuwimo SOz Ha pasJuyHBX MaTe-
pHaJIaX, TaK K ee KUHeTUKY.

Puc. 2
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Wccnenosanue COpﬁHHH MHKPOOPIraHuIMoOB # 6eIKoB HA COTOBBIX

MOHOJHITAX U BX KOMTIO3HIHOHHONR OCHOBE

Anppeesa M1.C., 3akabynnn A.H., bapannux I'.B.*, Cumakos A.B.*, Kupuanos A.A.*

Tocyoapcmeennblii nayynsiii yenmp eupyconozuu u buomexnonozuu "Bexmop”,
Hoesocubupck, Poccus
* Focyoapcmeennvlii nayuneuti yenmp Poccuiickoil @edepayun "Hucmumym xamanusa

um. Bopecxosa Cubupcrozo omoenenus Poccutickoii Axademuu Hayk”, . Hosocubupck

Microorganisms and enzymes immobilization on honeycomb composite

monoliths

Andreeva 1.S., Zakabunin A.l., Barannik G.B.*, Simakov A.V.*, Kirchanov A.A.*

State Research Center of Virusology and Biotechnology “‘Vector’, Novosibirsk, Russia
“State Research Centre of Russia "Boreskov Institute of Cazalysis of the Siberian Branch

of the Russian Academy of Sciences", Novosibirsk ks

IIpuMeHeHne MOHOJMTOB COTOBOH CIPYKTYPEl B OHOXMMHMYECKHX PEaKOHUAX,
TakuX Kak HMMOOWIM3amus W crenmduyeckas ajcopOmus, B MHOCIenHEe BpéMﬂ
ApUBJIEKaeT BHUMAHBHE MHOTHX HCCIIEOBATENEeH.

B sacrosaweti pabore HCCTIeIOBAHA copbuus xnerok E.coli MeTamroxemaTaeiM
METOAOM HA COTOBBIX MOHONHMTAX, IOJNYYEHHBIX HA OCHOBC [HMOKCHOA THTaHA. B
KA4eCcTBE MOJENH COTOBOTO MOHOIHTA HCIIOAB30BATH IUTAHIPHYECKUil MOHOIMMNT,
mw3roTosneHnbId 3 TiO2 (S=16M%/r) METOXOM 3KCTPY3UOHHOTO OPMOBAHHSA, HHAMETP
mMouonHuTa 12 MM, pasMep kanana 0.8x0.8 mM, TommuHa ctenkd 0.3 MM. [y cpaBHeHHs
fakTepUalibHBIC KICTKH cOpOHpoOBany Ha .rmorcr;ym THTAaHa B BUJE HOPOIIKa ¥ TPaHyIl.
[Tokasaso, YTO ONTHYECKads MJIOTHOCTh cycnensumu kiuerok (10°km/mi) mocwe
SKCRO3HUMU ¢ cOpOeHTaMu B IONHOH, MAHHMAaTbHOW MUTATENbHOW Ccpelleé MIH B
(U3MOTIOrUYECKOM PacTBOpPe B TedeHue 2 4 yMeHpHHWIack npuMepHo mo /2 or
HUCXOMHON, YTO CBUIETENBCTBOBAJIO O CBA3LIBAHMH KIETOK BCEMH THIIAMH COPOEHTOB

Ha ocHoge TiOa.
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HMccnenoBaHa TOKCHYHOCTE M3Y9aeMbiX COPGEHTOB [0 OTHOIUEHMIO K KIETKAaM
E.coli. ITokasano, 4T0o BOKPYT aNIJHEIHPOBaHHBIX COPOEHTOB HA IMOBEPXHOCTH
TBEPJOU MHTATEABLHOM CPE/IbI, 3aCeIHHON KHIIEYHOH IANOYKOi, He oOHAapyKeHO 30H
JIH3ACA. CyimecTBeHHOE H3MeHEHHME MOP(ONOIME KIeTOK TakXke OTCYTCTBYET.
AHaNOTHYHEIC Ppe3yIbTaTBl HONYYEHBI HPH HHKYOHPOBAHHH KIIETOK COBMECTHO C
cOpOeHTaMM B JKHAAKHX IIOMHOR ¥ MMHUMANBPHON NHTATeNBHBIX  CPElax M B
dmnonornyeckom pacteope (37°C, 20 4).

Ha mnpumepe copbmum aHOKCHAOM THTaHa nauxpearnmdeckoil PHKazwr u
NaHapHa IOKasaHa  BO3MOJKHOCTh H3MEHeHHs cHel(uIHOCTH B3aUMOIEHCTBUA
copbenTa ¢ OenkoBpIMH JUraHgaMd. Moaudukamma nopepxdoctd TiO: coexmHeHuem
mexu(ll) ymenpimana cBsseBamme  diepmenros.  Ilo-Bumumomy, Cu(ll) moxer
KOOPAWHHPOBATH NPEMMYIIECTBEHHO CO CPABHATENBHO PEKAMM OCTATKAMM THCTHIHHA,
LHCTEMHA ¥ TPUNTO(aHa U B MEHbIIEH CTENeHH THPO3MHA ¥ JNH3HHA, B TO BpeMs Kax
Ti(IV) koopaumpupyer cO CBOGONHBIMEH TIHMOPOKCHIBHBIMM IPYNIaMH CEPHHA H
TPCOHHHa, (EHONBHBIM TCHAPOKCHIOM THPO3UMHA, CBOGOJHBIMH KapOOCKHUIBHBLIMI
PYANaM#d  KHCIBIX aMHHOKHCIOT,  CBOOOXHBIME CYIb(QTHAPHEAMHA LMCTEHHA |
€-aMHHOTPYNITOi TH3HHA.

O6cyxpaercs BO3MOXKHOCTb MCTIONB3OBAHMA IMOMY4EHHBIX PE3yNbTaTOB N3
CO3MAHMS HOBBEIX PpEaKTOPOB JUIT OMOTEXHOJNOTMYECKMX IPOIECCOB Ha OCHOBE

MOHOJHTOB COTOBOM CTPYKTYPAI.

199



OP-58

Kepamugeckue MOHOJNATE: ¢ nokpbiTHeM TiO, mus
$OTOKATATHTHIECKOH OIHCTKH ra30B

Bapamnuk I.b., CHerypenko Q.4., Casunos E.H., Boponnos B.A.,
H.A. Pymia

Tocydapcmeennsiii  nayunwiti  yewmp Poccutickoti  Pedepayiu  "Hucmumym
xamaausa um. I.K Bopeckosa Cubupckoeco omoenenus Poccuiickoii Axademuu
nayk", e.Hosocubupcx

The TiO,-ceramic monoliths for photocatalytic purification of
v gases
G.B.Barannik, O.1.Snegurenko, E.N.Savinov, A.V.Vorontsov, N.A.Rudina

State Research Center of Russia "Boreskov Institute of Catalysis of the Siberian
Branch of the Russian Academy of Sciences”, Novosibirsk

T'ny6okoe rereporeHHoe (OTOKATATMTHYECKOE OKHUCIICHUE IapoB
OpraHMYCCKHUX PacTBOPHUTENEIl - HOBOE IIEPCIICKTMBHOE HaIpaBICHUE it
PeLICHMA SKOJIOTHYECKMX 3afad. DTOT IpoliecC MPONCXOAWT Ha AHMOKCHUIE
THTaHa ¢pH KOMHAaTHOH TeMIepaType H arMocdepHoM maBiacHum[l1].
Haubonee momxomsueil dopMmolt g ¢oToKaraimsaropa MOXET CIYXHTh
COTOBast CTPYKTYPa, WIS KOTOPOH XapaKTe¢pHEI BBICOKA IE€OMETpHYECKAs
MOBEPXHOCT CHUHHIIM 00BEMa MW MaTO¢ CONPOTURICHME BO3IYLIHOMY
nmbxy. Lensio HacrofAmei paboTsl SBHAOCH IPHIOTOBICHHUE COTOBOIO
doTokaTaM3aTOpa Ha OCHOBE MOWOKCHAA THTaHA C OIpeAcNIcHHBIMH
CBOMCTBAMM I TpakTHYeCKOro  OCYLIECTBACHHMSA  IIpoLecca
(OTOKATANIMTUYECKOTO  OKMCICHHA  BO3NYXOM  IapoB opra}ﬁamecmx
BemecTs[2].

KaranusaTtop TOTOBWIN HaHECEHMEM IIOpONIKA NHOKCHIA THTaHa Ha
3apaHee MOATOTORICHHYIO KepaMuvecKylo Marpuairy. Crioco6 MpHroToBICHHS
npeacragisier coboit MomubUKAIMIO METOXOB IPUTOTORIICHIS MOHOJIMITOB CO
BTODHYHBEIM AOMOOKCHIHBIM HOCcHTeNeM[3] M HaHECCeHHBIX ICPOBCKUTHBIX .
sSlyeHCTHIX  KaTaymsaropoB[4]. B pabore  wucnompsoBamm  OJI0KH U3
KOPIMCPHUTOBOM KEPaMUKM CO CNEHYIOIMMH XapPakKTEPHMCTHKAMH: Pa3MEPH
6rnoka- 50 x 90 x 15 mMM; KaHaNkl KBaApaTHOro cedeHus 1 x 1 MM; TommumHa
creaku 0,25 MM. Bbul B3gT mOpomioK JHOKCHAa TWraHa mapk# 'Hombikat
UV 100"(100% anartas, mnpomsBoAcTB0 ¢upMbl “Sachtleben Chemie
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GmbH",®OPI' ). KepamuruecKkHii HOCHTEIIb MPEABAPUTENBHO BBILIEAAYHBATU
2% somHbIM pactBopoM HF 3anaHHoe Bpems, 3aTeM NMPOMBIBAJIM BOAOH M
BoicymiBami. [Jlajiee roroBwid cycmesHio nopomka TiO;, KoTopyio ¢
TIOMOLHUBIO  CBSI3YIOIUMX HAHOCWIM Ha KepaMMYecKyl Marpuay. B
aaipHeHmeM ofpasen seicynmsand noa HMK-jamnoit v mpokaamsanm Ha
Bosgyxe mpu 450°C mpm MeaeHHOM moxbeMe Temmeparyphl. [loBropss
NMPOLICAYDY HECKONBKO pa3, MOXHO peryiMpoBaTb TOJIUUHY  CNOS
HAHOCHMOrO AMOKCHIa TUTaHa. B pe3dynpTarte Ha oOpa3slax KepaMHYECKHX
6/1I0KOB COTOBOII CTPYKTYpbl OBLIO IIOMYYEHO JOCTATOYHO OXHOPOTHOE
MEXaHHYECKH TIPOYHOE IMOKPHITME M3 AUOKCHAA THTaHa. TomuuHa cios
coctapmwna 100 - 125 MkM. Ciemyer OTMETHTb, YTO YCIAOBHS HaHECEHUS M
TepMOOOpabOTKM cJlosi He BHOCHIIM 3aMETHBIX H3MEHEHUH B CBoOMCTBa
HCXOAHOTO (hOTOKATATMTHYCCKH aKTHBHOTO mopoiuka TiO,.
DoTOKATAINTHYECKOE  OKHCJICHWE MapoB aleTOHa, 3TaHoja M
RUSTWIIOBOTO 3¢hHpa BO3XYXOM MNPOBOAWIN B CHELMIBHOM peakTope|2].
Bosmyx ¢ mapaMu  pacTBOpHMTEieil  HpOAYBAIM  4epe3  COTOBBIM
dorokaranu3aTop, OCBELUEHHBIH yIbTPAdHONETOBBIM CBETOM  PTYTHOI
namribl. BeUTo moxasaHo, 4TO NONYy4YeHHBIH COTOBBIH (OTOKATANU3ATOD B
COCTaBe CIEUMATIBHOTO YCTPOMCTBA TMO3BOJISIET NPOBOAMTL TOJHOE U
moctatoyo  3hdekTnBHOE  (HOTOKATAIIMTHUCCKOS  OKHCIICHHE  MAaJIbIX
KOHITEHTpallMifi TOKCHYHBIX OpPraHHYECKMX COEAMHEHHI W MOXeT ObiTh

HCNIOJIH30BaH Ha MNPaKTHKS UTS OYHMCTKH BO3Ayxa.

JIureparypa

1. K.I.Zamaraev, M.[.Khramov, V.N.Parmon//Catal.Rev.-
Sci.Eng.,1994,v.36,p.617

2. A.V.Vorontsov, G.B.Barannik, O.1.Snegurenko, E.N.Savinov,
V.N.Parmon// in press

3. C.D.Keith et al.,U.S. 3,565,830 (1971)

4, O.Podyacheva, A.Ketov, Z.Ismagilov, V.Ushakov, A.Bos, H.Veringa, Proc.
1 World Congress Env.Cat.,Pisa, Italy, 1995, p.599-602.
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Porous alumina. ceramics as a support of catalysts and membranes.

Z.R.Ismagilov, R. A. Shkrabm A.A Kirchanov. N A. Koryabkma
- H. Vennga* P.Pex*.’

Boreskov Institute of Catalysis, Novoszbzrsk Russia.
* ECN Petten The Nether[ands

Hopuc*rasl KepaMuKa Ha OCHOBe OKCHJIA AIOMHHHSA KAK HOCHTEIb
KATAJH3ATOPOB-H MEMOpaH
3.P. I/Icmarunos P.A.IlTkpa6una, A.A.Kupuanos, H.A.Kops6kuua,
: X.Bepunra*, [1.ITexc*.

I/IMcmuniym Kamanuza um. EKEopequea CO PAH, Hosocubupck, Poccus - »
* Netherlands Energy Research Foundation ECN, Petten, The Netherlands

Alumina is widely used as a material for the preparation of granulated catalyst
support. Also for many years aluminas are applied as supports for membranes .

The pore structure of membrane support materials used as ‘catalysts is one of
the most important characteristics, and the preparation of ceramics with requrred
properties is the most important problem to be solved. .

The known route for obtaining the pore structure - burning out organic addit‘ives‘-'
does not allow modification of the pore structure over a wide range and, for instance,
to produce ceramics (calcinated at high temperatuyre) with the pore diameters of’
150+1000A . '

The goal of this work.is the development of a. preparation technlque of alumma
ceramics as single tubes and multihole structure with the requrred pore structure.
Studies are carried out in the followmg directions: ’

e study of the .oxide /hydroxrde aluminium materials with the drﬂ"erent physical-
chemical properties (precursors)

» preparation of.masses (from precursors) with rheological propemes su1table for
extrusion;

s study of the influence of the extrusion mass compositions (ratio between initial
components in these masses) and thermal conditions on the pore structure of
alumina ceramics; : :

« preparation of porous alumina as single tubes (ST) and multihole structure
(MHS) and their characterization .

It is shown, that for the preparation of the extrusion masses, it is possrble to use
(instead of burning out organic compounds) aluminium hydroxide as a binder agent

It is also established, that by variation of the ratio between the binder
(aluminium hvdroxide} and the main alumina component (a-AIQOj) ‘in. the

extrusion masses and thermal conditions, a well vdeﬁned' pore structure can be
prepared. )
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The results. obtamed extend the possnbllmcs of pore structure control compared
to the chemiical method of burning out of organics. -

The properties of the samples prepared as single tubes and multihole structure
(with monomodal distribution of pore size) are given in the Table. The photograph
of these samples is presented in the Flgure

- Table. Properties of ceramic samples (single tubes and- multihole structure). *

Ne - SpET D, Viw Py, Porosity, Size and shape of
of samples m2/g mkm em¥gz  _kg/em? - % _+ samples, mm
L 2.9 018 013 - 35 single tubes
‘ . Aoy = 4.3
iy = 2.0:
o L = 100150,
5,3 012 . 0417 7.5 .40 R
) 10 0,09 02 12 51
4. 2,5 0,12 0,16 210 40 MHS
- Qo =
iy = 1.0;
L = 50-100.
5. 6.8 0,07 o2 - - . -3}

*) Thermal treatment conditions of samples were the same (final temperature 1200°C).

The work is carried out by the cooperation beiween BIC and ECN and
supported by a grant of NWO in the Netherlarids.
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MOBHIMEHHWE TEPMOCTABHJIBHOCTH AJIIOMOOKCHAHOA KEPAMHKH
MOIH®HITUPOBAHHEM HOHAMH JAHTAHA NJd IPUTOTOBJEHHS
BJIOYHBIX HOCHTEJEN

B.A.Ymaxog, H.A . Kopadkuua, P.A lllxpa6una, 3.P.Acmarnios

Tocydapcmeennutii Hayunwvtit yewmp Poccuiickoit Pedepayuu
"Hucmumym xamaauaa un. I'.K.Bopeckosa CO PAH" Hosocubupcx, Poccusn

MODIFICATION OF ALUMINA CERAMICS BY La IONS
V.A.USHAKOV, N.A.KORYABKINA, R.A.SHKRABINA, Z.R.ISMAGILOV
State research center of Russia

"Boreskov Institute of Catalysis SB RAS",
Novosibirsk, Russia

Tepmuueckas cTaGUIBHOCTb, COXPaHeHUe YAENBLHON HOBeDXHOCTH M KaTadH-
THYeCKOHl aKTHBHOCTH SIBJISIOTCA BAXKHBIMH IIOKA3ATENAMH -JIA KepaMHUUecKUX
GJIOCUHBIX KaTaJlU3aTOPOB, paboTalomIUX B YCHOBUAX BRICOKHUX TEeMIEparyp.

Kepamuueckue 6104YHEIe HOCUTENH 06JafalOT HU3KOH yHelbHOH NoOBepXHO-
CTHI0, IOCKOJBKY KX IOJIydeHHe CBH338HO C TepMooGpaGoTKoll IpM BHICOKHX
TeMieparypax. [1s pasBUTHA IOBEPXHOCTH KCIIONB3YIOT METOJ HAHECeHUS BTO-
PHYHOrO MOKPLITHA, Haubojlee PacHPOCTPAHEHHBIM MAaTEPUAJIOM IJA IPUIOTOB-
JIeHUA KOTOPOTO ABJfAETCA OKCHUJ AJIOMHHHA, OOBIYHO ramMMa MOXMGbUKAINU.
Ins NOBBHIIIEHHS TepMHUYECKOH cTaGMILHOCTH TaKOTO NOKPHITUS, OIpeNelsio-
I1[er0 TePMUUECKYI0 CTAGMILHOCTH GIOYHOTO HOCHTEJS B IeJOM, HCIIOAB3yeTes
npueM XHMHUYecKOTo MOJUOMUUUPOBAHUA IIyTeM BBeLeHHSA BJEeMEHTOB - ¢Tabuau-
3aTOpOB, TOPMOBHIMX (asoBble NPEBPAIlleHH:A, H, COOTBETCTBEHHO, COXDPAHSIIO-
XX YAeAbHYIO TIOBEPXHOCTh BTOPHYHOTO HOKPHITHSA.

Lennio HacTofule#l paGoThl ABJAIOCH HU3YUeHHe (POPMUPOBAHUS (PasoBOTO
cocTaBa OKCHZAa aJIOMMHKSI IIPY MORUGUUUPOBAHMY ero MOHAMY JaHTaHa B 06-
nactu Temneparyp o 1573K. Brllo pacecMoTpeHO BAMSHHe IPMPOIALI HCXOLHOTO
aTIOMOOKCHAHOTO Marepuasia (y WA y+y), KoHIeHTpamuu (ot 2 o 12% Bec.
Lay03 ) u crocoba BBefleHus JaHTaHA.

ITokasaHo, uTo mpm TeMIepaTypax Hwke 1273K nHabiiojaercs ImociefoBa-
TeJbHOE (OPMHpOBaHUe NepPeXORHEIX ¢opM oKcuja adiomMuEusa. IIpu aToM c
yBeJIWUeHNEeM KOHIIEHTDaIMH BBeJeHHOTO JaHTaHa YyCHJIUBaercsd CTaCHIN3alusd
Gojlee HU3KOTEMIEPATYPHON (POPMEL. 9T1oT a¢dpeKT cBA3LIBaETCA HaAMHU ¢ 06pa3o-
BaHWeM BBICOKOJMCHEePCHOTO U PadyNopAfouYeHHOIo TBePJAOro pacTBOPa JIaHTaHAa
¢ cooTBeTcTBYIOIUel dopMoil okcuza anloMuHHUA. IloxasaHo TakyKe, 4To obpa-
3ylomuiica aJIOMHHAT JaHTaHa He OKasbiBaeT CTAOHMIMBUDPYIOIEro HelicTBUSA.
IIpu rTemmneparypax Boilte 1273K dopmupyercs rexkcaaiioMHHAT JaHTaHAa
Lay03:11Al;03. HcTouHNKOM €ro QopMUpOBAHUSA sSBJseTcs KaK HHU3KOTeMIlepa- -
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TYPHHIA TBepABI# pacTBop, Tak ¥ ajgOMuUHar JaHTasa. Korma dopmuposanue
reKcaaJIIOMUHATA 3aBePIIeHo (BCe BBeJeHHLIE MOHBI JaHTaHA HAXONATCS B 3TOM
coefuHeHHUH), crabunusupyoomui sddexrT OpexpalijaeTcst U Bech OcTaBIIMiicsa
OKeHJ AJIIOMUHUS CYIHeCTBYeT TOJXBKO B opMe (-OKCHUIA.
Crabunusanus NepPexoAHBIX (PopM OKCUZA aNIOMUHUS 00ecmeYMBaeT COOT-
BETCTBEHHO M cTaGHIM3aNMUIo IoBepxHocTH. B Tabiume mpelcTaBieHBbI HEKOTO-
pble XapaKTePHUCTHKY H3YYeHHEIX 06Pas3oB.

N o6p. % Bec. LagOg DazoBeIi cocTan Syx M2/r

1273K

1 0 (a+@) 80

2 5 (y+8)* + LaAlOg 105

3 12 (y+8)* + LaAlOg 85
1473K

4 0 () 9

5 5 (0+@)* + LaAlOg + Lay03-11A1,04 25

6 12 (a+@)* + LaAlO3 + Lay03-11A1,04 25
1573K

0 (o)
8 5 (o) + LaAlO;z + Lay03-11A1,04
9 12 (o) + LaAlOg + Lay05-11A1,05 10

*}) - TBepPABI pacTBOP JIAHTaHA C COOTBETCTBYIONIEH GopMOll OKCULa AMIOMUHNIA.,

TaxumM 06pasoM, IpejcTaBICHHEBIE Pe3yJAbLTATHl YKA3LIBAIOT, YTO MOIWQUILH-
POBAHHBIN COeAMHEHUIMH JIAHTAHA OKCHUJ AJIOMAHHSI MOXHO HCIONb30BATH KAaK
B KayecTBE BTOPHUUYHOTO HOKPBLITUS A4 TPUTOTOBIEHWS TEPMUUECKH CTabUib-
HBIX GJIOYHBIX KaTalH3aTOpPOB, TaK ¥ B KadecTBe OCHOBHOTO MaTepHasa jis Ua-

TOTOBJIEENA KepaMUUecKUX OJOYHBIX HOCHTEJieH.
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TeXHOJ0rH KaTAIHTHYECKOH O‘lHCTKﬁ CEpOBOAOPOACOAECPRALIHX I"a30B
Ha 0JIOYHBIX KATANH3ATOPAX COTOBOH éprmypbl
@.P.Hemazunos”,C.P. Xaiipynun 3. P. Hemazunoe, I B. Bapannuk, I1.1". Haeanuxun™,

FO. M. Maxcumenxo” T D. [Jobpernun ***
'HII “Uncturyr karanusa uM. I . K.Bopeckopa”, r. HoocuBupck

"YbumMckuil TEXHONMOTHYECKHH HHCTUTYT CEPBHUCA, T. Yda
“*AO “Hoso-Y¢pumcxuit HI13”
***A0 “Onus”, r. Ilepmb

The technology of catalytic purification of hydrogen sulfide

containing gases over honeycomb monolith catalysts

F.R.Ismagilov* S.R. Khairulin.Z. R.Ismagilov,G. B. Barannik,
P.G.Navalikhin** Yu. M. Maksimenko™", G.F.Dobrynin***.
SRC “Boreskov Institute of Catalysis”, Novosibirsk

“Technological Institute of Service, Ufa
“Join-stock company “Novo Ufimskii Refinery”
*“Join-stock company “Eliz”, Perm

BLICOKME TOKCHYHBIE ¥ KOPPO3HOHHBIE CBOHCTBA CEPOBOZOPOAA ONPENENTIOT
HEOBGXOMMMOCTE CO3NaHUA HOBHIX H YCOBEPIIEHCTBOBAHHSA CYLECTBYIOLIMX NPOLECCOB
nepepaGOTKH Ia3oB  COMEPXKALIMX CepoBOZOpOA. Haubomee pacHpOCTPAHEHHBIM
BapHAHTOM NepepabOTKH SBIAETC COPOLHMOHHOE BhIIEICHHE CEPOBOMOPOAA M3 ra3a ¢
TOCTENyIOWAM TPEBPAIIEHHEM CEPOBONOPOAA B 3ITEMEHTapHYyIO cepy. B mocmemiue
TOfIbl BO3PACTAET NOJI IPOMBILLIEHHO OCBOSHHBIX METONOB, OCHOBAHHBIX Ha TPIMOM
FETEPOreHHO - KATATMTHYECKOM OKHCIIEHHH CepOBONOPO/IA HEMOCPENCTBEHHO B COCTaBe
TeXHONOTHYECKX Ta30B (IIPUPONHBIE, IONyTHble HeQTSHbIE Tasbl, Ta30Bble [TOTOKH,
OTXOMIALIHE NOCHE PA3INYHBIX TEXHOMOTHHECKHX MPOLECCOB). -

B poxmapme coolluaercs o6 ONbITe M OCOBEHHOCTAX NPOEKTHPOBAHHA U
IKCIAIyaTalMH YCTAHOBOK [1epepalOTKH CepOBOJOPOACOLEPKAIMX TAa30B MNyTeM
OKHC/IEHUsl 1O CEpbl ¢ NPHMEHEHHEM OIIOYHLIX KaTaniM3aTOPOB COTOBOH CTPYKTYDHL.
Hcnonb3oBanue GIOUHBIX KAT&IW3aTOPOB COTOBOH CIPYKTYPbI B 3TOM npouecce
OBOCHOBAHO DE3yNbTATAMH MHOTOUHCIIEHHBIX TMHIIOTHbIX HCHBITAHME HA PasaNyYHLIX
ofnexTax. VICHbITAHHA NOKA3aNH, YTO NPHMEHEHHe KAT&IHTHYECKMX CHCTEM HMEHHO

T2KCH reoMmeTpryeckoll (OPMBI MO3BONAIOT B MaKCHMATBLHOW CTENeHH COXPAHHTH
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Xa8pAKTEPUCTHKH OUYMINEEMbIX ra3oB (u30bITOUHOE [ABISHHE 1N INPHPOAHLIX H
He(dTAHBIX Ta30B) M OTKA3aTbCAd OT IPHMEHEHHS CHEUUANBHBIX  HAaIHETATENbHBLIX
YCTPOHCTB NPH OYHCTKE XBOCTOBbLIX Ia30BbIX TIOTOKOB.

B ocHOBY mif NpOEKTHPOBAHMS [OJIOXEHB! HAYYHO-TEXHHYECKHE PpeELICHHUS
paspaGotanasie B IHCTHTYTe Katanu3a um. . K.Bopeckosa CO PAH.

OGLeKTEl Ul MPOEKTHPOBAHHS GLUTH BHIGDAHBI MCXONd u3 NoTpeSHOCTEd
MPOMBIIUIEHHBIX NPEANPHATHI U NPaKTHYECKH OXBATHLIBAIOT OCHOBHBIE HAIPABICHHUSA
nobblun H nepepaboTKy CEPHACTHIX HedTEd U ra3oB.

IIpoext mma Yxtunckoro I'TI3 BiimodaeT CTaaMIO 3TaHONAMHHOBOM OUUCTKH
MIONYTHOTO Ta3a ¢ lojiydeHuem “kucnoro” rasa 7-8% H:S (pacxom mo 1000 um3) u
NOCTEAYIOIMM KAaTalIUTHYECKHM OKHMCIEHHeM ero B JApe CryneHu. IIpoekrom
[IPEATIONAraeTCs HCHONB3OBAHUE B COCTABE YCTAHOBKH OJIOYHOTO JKENE30OKCHIHOTO
katanusaropa Mapku MK-44.

IIpoexrs! ms Openbyprekoro, Maxcumoscekoro (Yumekuii paiion) HedTaHbX
MECTOPOXIEHHH MPEACTaBILIIOT CO0OH KOMIIIEKC, COCTOAIHN M3 ONIOKa OTHeIcHHs
XHAKOH pakuuy HedTH ¥ KaTANUTHYECKOH OUHCTKH Ia30B CeNapaluky. Y4IHTbIBas, 4TO
KOHLUEHTpAIIMsA CEpOBOIOPOAa B rasax He npesbiumiaet 3% 00., 3apOeKTHPOBaHa OIHa
CTyNeHb KaTAJMTHYECKOIO OKHMCIEHHA CEPOBOLOPOZAE HA GIOYHOM IKENE300KCHIHOM
KaTaIH3aTOPE B 3JIEMEHTAPHYIO Cepy.

W HakoHel BaKHBIM HAMpPaBICHHEM IPOEKTHPOBAHHS SBIETCS OYMCTKA
xBocTOBBIX rasoB Kiayca. Ilpoext mis AO “Hoso-VYéumckuit HII3” ngosenen no
HPOMBILIIIEHHOTO UCHONb30BaHHUA.

B npoxnane npMBOAATCS pPe3yNbTaThl ONBITHO-TIPOMBILIIEHHOrO mnpobera M
obCcyXIMarTCd acrneKThl TPOSKTHPOBAHMS, Kacalolyecs HaJeXHOCTH U 6esonacHocTH

NPOCKTUPYEMBIX YCTAHOBOK.
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