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B cBA3M ¢ 3TMM 13natenbCTBo Kansuc npennaraet CBOMM YUTaTENSM
HoByto knury B.[J. KanbHepa mn B.A. lNlono3osa

“dkonornyeckuii uMnepaTue BbDKMBaAHUS”

B.[4. KanbHep, B.A. lNon10308B.
Jkonornyecknin umnepaTtue BbbkuBaHus. KH. 1.

M.: Kansuc, 2012. 324 c. (Cep. XXI BEK CKBO3b MPU3MYy 3KOSIOrN)

HacTosuwee nsgaHne — nepeas KHUra B 3agymMaHHom cepum "XXI Bek ckBO3b Npr3My aKosorum™ no npobnemam
B3aMMOLENCTBMS 06LLECTBA 1 OKPYXKAIOLLEN cpeipbl U NPakTUYECKMM BOMPOCAaM €€ OXPaHbl.

AHanusupyeTcs NCTopmns BOSHUKHOBEHUSA TEPMMHA "3KONormsa™ 1 ero TpaHcopmauus B LUMPOKOE CoLmanbHoe
MOHATUE; Nepexo, OT eANHNYHBIX MCCNed0BaHUN eCTECTBOUCTbITATENEN NPOLLUbIX BEKOB K 9KO0rMYeCcKom
napagurmMe umsmnusauum B XXI B. PaccmMoTpeHa BO3MOXHOCTb BbKMBAHUSA YeNoBeKa Kak B1aa B YCIOBUSIX
YCUIMBAIOLLLEr0CS aHTPOMOreHHOro AaeneHns Ha Guocdepy, pocTa Yncna nokasbHbIX U rnodanbHbIX PUCKOB 1
kaTacTpod. O6CYyXaaloTCs HEKOTOPbLIE MOAX0AbI K BO3MOXHOMY paspeLleHunto HapacTaloLen BEPOSTHOCTU
KOHGANKTA UMBMAN3ALMN C OKPYXKalOLLLEN Cpenon.

KHura paccumMtaHa Ha LWMPOKKUIA KPyr YntaTtenen, 06ecnokOeHHbIX KaTacTPOPUIECKUM 3arpa3HEHNEM U
oerpagauyen okpyxarlulen cpegbl. byaeTt nonesHa cTyoeHTam 1 npenogaBaTensam pas3anyHbiX YPOBHEN
0bpa3oBaHVs U CNeLMaNbHOCTEN, MHXEHepaM U TEXHOIOraM, NPeacTaBUTeNsIM BNacT n Ou3Heca — BCEM, KTO
3ayMasiCs O Ka4ecTBe XMN3HU CBOEN, COBPEMEHHUKOB 1 BGMKaNLINX MOTOMKOB.
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Copepxanue

KATAJIU3 B XUMWUYECKON
W HEGTEXUMUYECKOW MPOMBILUINEHHOCTU

BnankeHwwun C., Pasw P., Cyn M., Ypbancuu M., 3ongak P.
Katanutnueckas TexHonormsa o4ncTkn onedrHOB OT aue-
TUNneHoB, NO,, N KUCIIOPOAA .......ouvvvnrvriiiinnnnnieiiinnnnnne, 7

IbdeKTMBHOE U3BNEYEHWE LEHHBIX YIIEBOJOPOAOB U3 NOTOKOB OT-
XOASALMX ra30B KaTaIMTUYECKOTO KPEKMHTA B 3HAYNUTENbHOI cTene-
HU 3aBUCUT OT KOHUENUUM, NPUMEHAEMOI HA CTafUN CENEKTUBHOTO
ruppupoBanus. Komnanus «Clariant» npegnaraet gna 3toii uenu
[Ba TMNa Katanu3atopoB. HuKenesblit CynbOUANPOBAHHbINA KaTanm-
3aTop, NPUMEHAEMbIi B NPOMBbILWNEHHOM MacluTabe, pekoMeHayeTcs
npu HopManbHbix KoHueHTpauuax CO. [Ins noTOKOB, Copepxalinx
BbICOKWE KOHUeHTpauuu (Heckonbko npoueHtos) CO, npu manbix
KONIMYECTBAX Cepbl UM ee OTCYTCTBUM pa3paboTaH KaTtanu3atop Ha
0CHOBe AparoleHHoro metanna. OTxopawwme rasbl («odd»-rasbl) ¢
yCTaHOBOK KaTanutuyeckoro kpekuura (Fluid Catalytic Cracking -
KK®) 1 yctaHOBOK rny60oKOro KatanuTMyeckoro KpekuHra obblyHo
MCNONb3YIOTCA KaK TOMIMBHbIE, HECMOTPSA HA TO, YTO HeKOTopble
cofepxallmecs B HUX KOMMOHEHTbI, TakKMe KaK BOJOPOA, 3TUIEH
W NponuneH, uMetoT Gonee BbLICOKYIO LEHHOCTb. [lo CpaBHUTENb-
HO HefaBHEro BPeMEHW 3aTpaThbl HAa UX U3BNEYEHUE U3 OTXOAALMUX
rasoB C WCMONb30BAHUEM TPAAMULMOHHBIX TEXHONOTUIA OYUCTKW OT
npuMeceil aueTuneHa, MeTUnaLeTUIeHa U auoneduHOB Npesbila-
NN KOMMEpPYECKYIO BbITOAY M3-3a NPoGieMbl OTPaBNEHUA KaTanu3a-
TOPOB NMPUCYTCTBYIOWMMU NPUMECAMU CEPbI U TAXKENbIX MeTassoB.
B cratbe ob6cyxpaloTca nocnefHue pa3paboTku B 06/MacTu TEXHO-
NIOTUN CENEKTUBHOTO MMAPUPOBAHUSA, KAacaloWMecs Kak HOBbIX, TaK
U CyWeCTBYIOLWMX KaTasM3aTOPOB, KOTOPbIE B TEYEHWE MOCIEAHUX
HECKO/IbKMX NIET NO3BOIMIN PELUTL YKa3aHHble NpobieMsl U B 3Ha-
YUTENbHOI CTENEHM YCOBEPLEHCTBOBATH NPOLLECC U3BNEYEHUS LieH-
HbIX KOMMOHEHTOB.

KnioueBble cnoBa: otxogsawue rasbl FCC, ounctka oneduHoB, cynb-
(hMAMPOBAHHbLIA HUKENEBbI KaTanu3aTop, KaTaanu3atop Ha OCHoBe
Aparmetanna.

Kymap H., Maku-Apsena [1., Mycakka H., Kybukka L.,
Kanrac M., Tuutta M., Octepxonbm X., JlenHo A.-P., Kopaac K.,
Xevikkuna T., Canmu T., Myp3uH [.10.

PackpbiTUe LUKNIOB B fleKaNuHe C UCNOJIb30BaHMEM Upu-
AUIICOAEPIKALLMX TMOPUAHBIX LLEOJIUTHBIX ME30MOPMCTbIX
MATEPUAJIOB ..cuvniniiniinienininrtnreneneenrenranenssnsesacensensans 11

B paHHOI paboTe ObiNM NPUroTOBNEHbI TMGPUAHBIE MUKPO-ME30MO-
pucTble matepuansl Ha ocHoBe MCM-41 coBMeCTHO CO CTPYKTypamu
BEA or TON, koTopble ObliM 0OXapaKTepu3oBaHbl (QU3INKO-XUMU-
yeckumu metopamu (POIC, TyHHenbHas M CKaHUpylOWas 3/eKT-
poHHas Mukpockonus, WK cnekTpockonus apcopbuuu 3oHAaa —
NUPUAKMHA) M NPOTECTUPOBAHbBI B PEAKLMN PACKPLITUS LIMKNOB B fleKa-
nuHe npu 523-623 K. 06e tha3sbl, COOTBETCTBYIOWME MUKPONOPUCTHIM
¥ Me30MOpUCTbIM MaTepuanam NpuUCyTCTBOBaAW B MPUrOTOBAEHHbBIX
rMOpUAHLIX MaTepuanax. BeegeHue upuaus He meHsano ¢asosyio
YMCTOTY, M3MEHAA OfHAKO KUCNOTHOCTb W3-3a B3aWMOAENCTBUA
meTann—Hocutens. [etanbHbll aHanu3 2D/3D u3omepoB mokasan,
YTO OCHOBHbIE NPOAYKTbI PACKPbITUA LMUKIOB Ha FTMOPUAHBIX UPUAK-

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Blankenship S., Rajesh R., Sun M., Urbancic M., Zoldak R.
Catalyst technology for the removal of acetylenes, NO,,
and oxygen from olefin streams ..............ccccoevvvvnnnne. 7

Efficient extraction of valuable hydrocarbons from waste gas flows
FCC largely depends on the concept, used under selective hydroge-
nation. The company «Clariant» offers for this purpose two types of
catalysts. Sulfided nickel catalyst used on an industrial scale, it is
recommended under normal CO levels. For streams containing high
concentrations (a few percent) of CO, with small amounts of sulfur
or lack developed catalyst precious metal. The off-gases («off»-ga-
ses) from catalytic cracking (Fluid Catalytic Cracking - FCC) and
deep catalytic cracking units are typically used as fuel, despite the
fact that some compounds they contain, such as hydrogen, ethyl-
ene, and propylene, have greater value. Until relatively recently, the
cost of removal from flue gas using conventional treatment tech-
nologies from admixtures of acetylene, methylacetylene and diole-
fins exceeded commercialized because of the problem of poisoning
catalyst impurities present sulfur and heavy metals. This paper dis-
cusses the latest developments in technology selective hydrogena-
tion on both new and existing catalysts, which in recent years have
allowed to solve these problems and greatly improve the extraction
of valuable components.

Keywords: off-gas FCC, cleaning olefin sulfided nickel catalyst, a ca-
talyst based on precious metals.

Kumar N., Maki-Arvela P., Musakka N., Kubicka D., Kangas M.,
Tiitta M., Osterholm H., Leino A.-R., Kordas K., Heikkila T.,
Salmi T., Murzin D.Yu.

On the way to improve cetane number in diesel fuels: ring
opening of decalin over Ir-modified embedded mesopo-
rous Materials ..........uueerriiiiiineenrieiiiiee et 11

Embedded materials prepared from MCM-41 together with BE or TON
were synthesized, characterized and tested in the ring opening of
decalin in a temperature range of 523-623 K. The characterization
results revealed that both microporous and mesoporous phases
were present in the catalyst. Ir-modification did not change
the phase purity, affecting, however, the acidity due to metal-
support interactions. The parameters studied in ring opening of
decalin were support structure, presence of Ir and temperature.
The detailed analysis of 2D/3D isomers and ring opening products
showed that the main ring opening products contained ethyl side
chain. The Ir-modified embedded mesoporous catalysts were
active and relatively selective in the ring opening of decalin, giving
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Copepxanue

eBblX KaTannu3atopax COfepxar B 60KOBOW Lienu 3TUALHYIO rpynny.
Pe3ynbTaThl Nokasanu, 4To MOAMMULMPOBAHHbI UPUANEM ME30MO0-
puctbiit MCM-41 co BcTpoeHHoI# cTpyKTypoit eonuta BEA akTuBeH B
PacKpbITUX LUMKNOB B AeKkanuHe npu 573 K u 6 MMa. MakcumanbHas
CeNeKTUBHOCTb MO NMPOAYKTaM PacKpbITUS LMKIOB B 3TOM Cilyyae Co-
crasuna 31 % npwu koHsepcuu 98 %.

KnioueBble cnoBa: BcTpoeHHble Me3onopucTbie matepuansi, H-HK-
MM-BEA, H-HK-MM-TON, Ir-moanduLMpOBaHHbIA ME30NOPUCTbIE Ma-
Tepuansl, KOAbLO OTKPLITUSA feKanuHe.

lepacumos [1.H., ®apees B.B., Jlornnosa A.H., NlbiceHko C.B.

Karanusaropsbl Ha ocHOBe Leonuta ZSM-23 B npouecce
n3oaenapacuHU3ALUN MACSIAHOTO ChIPbA .......cevneennnen. 26

C uenbto pa3paboTku 3dEKTUBHBIX KaTasM3aToOPoOB npoLecca U3o-
aenapaduHM3aumMmM, HanpaBAeHHOTO HA CHUXEHWe TemnepaTtypsl
TeKy4YeCTU Macen U AW3eNbHbIX TOMAUB, CUHTE3UPOBAHbI FPaHyNU-
poBaHHble KaTanusatopsl Pt/(ZSM-23-y-Al,03) ¢ pasnuyHbiM CO-
AepxaHueMm nnatuHel M ueonuta. Metogamu POA, TNJ ammuaka,
HU3KOTEMNepaTypHOil aacopbumuu-fgecopbumnmu asota McciefoBaHsl
ux GU3MKO-XxMMUYeckue ceoiicTBa. Ha nabopartopHoil ycTaHOBKe C
MPOTOYHLIM PEAKTOPOM WUCCe0BaHO BAUAHUE COCTAaBa KaTaiu3aro-
poB 1 ycnoBuii npoBefeHus npouecca (1,0-3,0 MMa, 220-400 °C) Ha
nokasatenu usogenapaduHusaumn macnaHon dpakuumn 280 °C-KK,
BbIAENEHHOW W3 NPOAYKTOB TMAPOKPEKMHra BAaKyyMHOrO rasoiins.
HaunGonee BbiCOKME BbIXOAI NPU OJMHAKOBLIX 3HAYEHUAX TeMnepa-
Typbl TEKYYECTU NPOAYKTOB MOJYYEHbl HA KaTanus3atope, CoAepa-
wem 0,30 mMac.% nnatuHbl, HAHECEHHOW Ha HOCUTENb, COAEepXKalui
20 mac.% ueonuta ZSM-23 1 80 mac.% y-Al,05. AHann3 0CHOBHbIX No-
Kasarteneii paboTbl KaTanu3aTopoB U3ofenapaduHNU3aLMM Ha OCHOBE
ueonuta ZSM-23 u penapaduHuzaumMm Ha ocHoBe Leonuta ZSM-5
noKasaJ, YTo Karanu3atopbl Ha ocHose ZSM-23 obecneyuBatoT nony-
yeHue fenapadMHUPOBAHHbLIX NPOLYKTOB C HONLLIMM BbIXOLOM, YEM
NabopaTopHbIE U NPOMbILIEHHbIE KaTaAn3aTopsl HAa 0cHoBe ZSM-5.

KnioueBble cnoBa: n3ofenapatuHu3aums, KatanuTuyeckas fena-
pacduHusauus, ZSM-23, ZSM-5, 6asoBoe macno (catalytic dewaxing,
isodewaxing, base stocks).

WHXEHEPHDIE MPOBJIEMbI.
JKCNAYATALMA U NPOU3BOACTBO

Actanosckuin [1.J1., Actanosckuit J1.3., Kyctos. M1.B
Katanutuyeckoe okucneHue NpMpoAHOro rasa c npumeHe-
HueM 6ecnnamMeHHbIX ropesioK HOBOM KOHCTPYKLUUM ...... 34

PaccmMoTpeHbl pa3nuyHble acnekTbl paboTbl TPAAULMOHHO UCMONb3Ye-
MbIX FOPENOK A1 OKUCNEHUs ra3006pasHbIX YreBOLOPOAOB, TEMO-
0OMEHHbIX annapaToB, NPUMeHAEMbIX ANA pekynepauuu Tenna. [laHo
onucaHue paspa6otaHHoro B 000 «PACT UHXWUHUPUHI» cnocoba
3 deKTUBHOrO CKMUraHUA TONIMBA C MYOOKON peKkynepauumei Tenna
OTXOfALWMX AbIMOBbIX a30B W NOAAEPXKaHWEM 3afiaHHOW apuabatu-
YecKOii TeMnepaTypbl FOPEHUs Ha OCHOBE UCMOJb30BaHMA GecnnameH-
HO¥l TOPEeNKKU W TenNoo6MEHHbIX annapaToB HOBOW KOHCTpyKuuU. Ha
3KCNEepUMEHTANIbHOM CTEH/E NPOBeAEHbl UCTIbITAaHUS PAabOThI FOPeNKu:
onpefeneHbl 3aBUCMMOCTY a3POLMHAMUYECKOrO CONPOTUBNEHNS 3ep-
HUCTOrO CNOA W coflepxaHuns HecropesLunx yrnesopoponos, CO n NO, B
NPOAYKTax CropaHWs OT Pacxofa TOMANBHO-BO3AYLWHONM CMecH U aam-

35 % selectivity to the ring opening products at 98 % conversion
at 573 Kand 6 MPa.

Keywords: embedded mesoporous materials, H-NK-MM-BEA, H-NK-
MM-TON, Ir-modified mesoporous materials, ring opening of de-
calin.

Gerasimov D.N., Fadeev V.V., Loginova A.N., Lysenko S.V.

Catalysts based on ZSM-23 zeolite in the process of oil
feedstock iso-dewaxing..........cccceevevvieiiinieienninnnennnnn. 26

The goal is to develop effective catalysts for iso-dewaxing process
to reduce the pour point of oils and diesel fuels. Granular catalysts
Pt/(ZSM-23—y-Al,05) with different contents of platinum and zeo-
lite are synthesized. Physico-chemical properties of the catalysts
are studied by XRD, TPD of ammonia, low-temperature nitrogen
adsorption-desorption. Influence of catalysts composition and
process conditions (1,0-3,0 MPa, 220-400 °C) on the performance
iso-dewaxing of 280 °C-KK oil fraction, which is isolated from the
products of hydrocracking of vacuum gas oil, was studied in a labo-
ratory setting with a flow reactor. The highest yield, with the same
values of fluidity temperature of products was obtained on the
catalyst containing 0,30 wt.% platinum on support containing 20
wt.% zeolite ZSM-23 and 80 wt.% v-Al,03. Analysis of key perfor-
mance indicators of iso-dewaxing catalysts based on zeolite ZSM-
23 and dewaxing catalysts based on zeolite ZSM-5 showed that the
catalysts based on ZSM-23 provide for the reception of dewaxed pro-
ducts with higher yield than laboratory and industrial catalysts
based on ZSM-5.

Keywords: iso-dewaxing, catalytic dewaxing, ZSM-23, ZSM-5, the ba-
se stocks.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Astanovsky D.L., Astanovsky L.Z., Kustov P.V.
Catalytic oxidation of natural gas using a new design
flameless burners ...........ccooeeeeeiiiiiiiiiiiiieneeceeeenn. 34

Various aspects of the traditionally used torches for oxidation of
gaseous hydrocarbons, heat exchangers used for heat recovery
were considered. There is a description of the method, developed
by «FAST ENGINEERING» company for efficient combustion with
deep heat recovery of flue gases and maintenance of the desired
adiabatic combustion temperature using flameless burners and
heat exchangers of a new design. The tests were carried out on the
burner experimental stand: dependency drag the granular layer and
the content of unburned hydrocarbons, CO and NO, in the flue gas
flow rate of the fuel-air mixture and the adiabatic combustion tem-
perature were determined. This method of burning fuel can provide
the required temperature of the products combustion to the con-
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Copepxanue

abatuyeckoit Temnepartypsl ropeHus Tonauea. MokasaHo, YTO AaHHbIA
Cnocob CMraHus TonaMBa No3BonseT obecneynts Tpebyemyto Temne-
paTypy NpoJAyKTOB CropaHus nepep notpeGuTenem TENI0BON 3HEPriu
W COKpaTUTb noTpebneHue Tonauea Ha 5-20 %. CxuraHue Tonnuea
npu aguabatuyeckon Temnepatype ropeHus He soiwe 1200 °C npak-
TUYECKW UCKIIOYaeT cofepxaHue B npoayktax cropadus CO u NO,.
PazpaboTaHHble GecniameHHas ropenka u Tennoo6MeHHble annapatbl
HOBOrO MOKOMEHNSA, a TaKKe TeXHONorns 3MEKTUBHOrO CXHUraHus
TONAWBA MOTYT UCMO/L30BATLCA 1A NAPOBbIX U BOAOTrPEIHbLIX KOTNOB,
ra3oBbiX TYPOMH, B KaTalUTUYECKUX PEAKTOPAX MONYYEHUS CUHTE3-
rasa U3 NpUpoOJHOro rasa Aif ero nepepaboTKM B BOAOPOA, aMMUAK,
MeTaHOJ, CUHTETUYECKME XUAKWNE YINeBOA0POb! 1 Ap.

KnioueBble cnoBa: okucieHue razoobpasHblx YreBO4OPOLOB, Ka-
TaNUTUYECKUIl peakTop, GecnnaMeHHas ropenka, agvabdatuyeckas
Temnepatypa ropeHus, TennoobMeHHbI annapar pajuanbHo-Chu-
panbHOrO TUMa, peKynepauus Tenna, 3HeprocOepexeHue, 3almuTa
OKpYXatolei cpepsl.

I OTEYECTBEHHbIE KATAIU3ATOPbI

TapaH 0.11., flekom K., Monsxckas E.M., Alowees A.b.,

beccon M., MapmoH B.H.

Karanusartopbl Ha 0CHOBe yriepoAHOro marepuana
«CUbYHUT» AnA rny60Koro oOKMCNeHUa opraHMYecKux
3KOTOKCMKAHTOB B BOAHbIX pacTBopax. A3pobHoe oKucne-
Hue (heHo01a B NPUCYTCTBUU OKMCIIEHHBIX YINepOAHbIX

M RU/C KaTaNM3aTOPOB.......uuiirrererrieeeeriieeennneeennnannns 40

BrepBble npoBefeHbl cUCTEMATUYECKUE UCCTIEA0BAHUSA BIUSHUA YCII0-
BUI1 OKUCNNUTENbHOW 06PaBOTKM NepPCneKTUBHOTO C TOYKM 3PEHUS CO-
3[aHNUA NPOLECCOB OKUCIUTENbHOM OYUCTKU NPOMBILNIEHHBIX CTOKOB
yrmepogHoro matepuana cepum «CubyHUT» (S4) Ha XMMUYECKHii co-
CTaB ero NOBEPXHOCTU M KaTaNUTUYeCKMe CBOMCTBA B peakuuax mybo-
KOT0 OKMCNEHMA OpPraHUYeCcKMX IKOTOKCUKAHTOB B BOAHbIX PACTBOPAX.
WccnenoBaHo BAUAHME XMMUYECKOTO COCTaBa NOBEPXHOCTU OKUCNEH-
HOTO B Pa3/IMYHbIX YCOBUAX YINEPOAHOro MaTepuana S4 Ha ero Kara-
JUTUYECKMUe CBOMCTBA B XKUAKO(HA3HOM a3pobHOM OKMUCIEHUN heHo-
N3, a TaKKe KaTaiuTuyeckue CBOICTBA PYTEHUEBbIX KaTanu3atopos (3
Mac.% Ru), npuroToBneHHbIX Ha 06pa3sLax OKUCAEHHOTO YINePOAHOMO
HocuTens S4. 06HapyKeHa aKTUBHOCTb YIIEPOAHbIX 06Pa3L0B B OKUC-
neHun GeHona, KoTopas pacTeT C yBelMYeHUEM YUCNA KAaPOOHUIbHBIX
1 PeHONBHBIX FPYNN Ha NOBEPXHOCTM Yreposa U YMEeHbIIAETCS C yBe-
JINYEHMEM KONMYECTBA KapOOKCUAIbHBIX U NaKTOHHbIX rpynn. OfHaKo
Nno aKTUBHOCTM yrnepoaHble 06pasLibl 3aMeTHo ycTynatoT Ru-cogepska-
wum Katanusaropam. Mogo6paH onTUManbHbIi MeTog NpesobpaboTku
VIIEPOAHOT0 HOCUTENS, NO3BONAKLWMIA NoAyYaTh Hambonee cTabunb-
HbI U aKTUBHBbIN KaTanuzatop Ru/CubyHWT fns xupkodasHoro okuc-
NIEHUS KNCTIOPOAOM BO3JyXa COEAUHEHNI Knacca heHoN0B.

KnioueBble cnoBa: ymepopHbie Marepuans, CubYHUT, aspobHoe
OKMUCNEeHWe, KUCNOPOLCOAEPIKALLME TPYNNbI.

Nanos C.M., Cynumos A.B., Osyapos A.A., OBuaposa A.B.

WUccnepoBaHue npouecca ¢popMoBaHMA TUTAHCOAEPIKa-
T o W TT=YeY; | - E N 51

C uenbto paspaboTku 3heKTUBHOTO reTeporeHHOro Katanusaropa
XUAKO(A3HOro 3NOKCUMAMPOBAHUA 0N1eUHOB NEPOKCUAOM BOLOPO-

sumer of thermal energy and reduce the fuel consumption by 5-
20 %. Burning of a fuel at the adiabatic combustion temperature is
not higher than 1200 °C, virtually eliminating the content of CO and
NO, in the flue gas. Designed flameless burner and heat exchangers
of a new generation, as well as efficient combustion technology can
be used for steam and hot water boilers, gas turbines, catalytic reac-
tors for production of synthesis gas from natural gas for processing
into hydrogen, ammonia, methanol, synthetic liquid hydrocarbons
and etc.

Keywords: oxidation of gaseous hydrocarbons, catalytic reactor fla-
meless burner, the adiabatic combustion temperature, heat exchan-
ger radial spiral type heat recovery, energy conservation, and envi-
ronmental protection.

DOMESTIC CATALYSTS

Taran 0.P., Descorme C., Polyanskaya E.M., Ayusheyev A.B.,
Besson M., Parmon V.N.

Catalysts based on carbon material «Sibunit» for the
deep oxidation of organic toxicants in water solutions.
Aerobic oxidation of phenol in the presence of oxidized
carbon and Ru/C catalysts.........cccoeuueiiiiiiiiniiinnnnnnnne. 40

The authors conducted a systematic study of carbon material series
«Sibunit» (S4) prospective for the processes of oxidative treatment
of industrial waste. The effect of the conditions of oxidative treat-
ment of «Sibunit» (S4) on the chemical composition of its surface
and catalytic properties in the deep oxidation of organic toxicants
in aqueous solutions was investigated. The influence of the chemi-
cal composition of the surface of oxidized under different condi-
tions of the carbon material S4 on its catalytic properties in the
liquid-phase aerobic oxidation of phenol, and the catalytic prop-
erties of ruthenium catalysts (3 wt.% Ru), prepared on samples of
oxidized carbon support S4. Active carbon samples in the oxidation
of phenol was detected and it increases with the number of carbonyl
and phenolic groups on the carbon surface and decreases with the
number of carboxyl and lactone groups. However, the activity of
carbon samples noticeably inferior Ru-containing catalysts. The op-
timal method of pretreatment carbon support to produce the most
stable and active Ru/Sibunit catalyst for liquid-phase oxidation of
oxygen compounds of the class of phenols is chosen.

Keywords: carbon materials, Sibunit, aerobic oxidation, oxygen-con-
taining groups.

Danov S.M., Sulimov A.V., Ovcharov A.A., Ovcharova A.V.
Researching of the process of a titanium-containing
zeolite forming..........cooveiiiiiiiiiiiiii i, 51

The aim is to develop an efficient heterogeneous catalyst for liquid-
phase epoxidation of olefins by hydrogen peroxide, for this a study

4
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Copepxanue

Aa NpoBefieHO UCCNefoBaHNe cnocobos (hOPMOBAHUA TUTAHCOAEP-
Xallero LeonnTa, OCHOBAHHbIX HAa TPaHYNMPOBAaHWUM W HAHECEHUM
aKTUBHOTO KOMMOHEHTa Ha TBepAble HocuTenu. MpeanoyTUTENbHbIM
OKa3ancs MeTof 3IKCTPY3MOHHOrO rpaHyNMpoBaHWUA TUTAHCOAEpXKa-
Liero LeoaunTa co caasylwmnm. B KauecTse cBA3yIOLIETO KOMNOHEHTA
onpo6oBaHbl Kak OpraHUYecKue, Tak U HeOpraHUYeCKue COeUHEHUS,
obnagalolne BXKYWMMKM CBOMCTBAMU (anlOMOCUAMKATDI, OKCUAbI
aNOMUHUSA, KPEMHUSA WU ApYrue NPUPOAHbIE U CUHTETUYECKME MaTe-
puansl). KayecTBo rpaHynMpoBaHHbIX KaTann3aTopoB OLeHMBaNu no
MexaHMYeCcKOM NPOYHOCTMU U KaTaNUTUYECKO aKTUBHOCTU — BBIXOAY
OKCMAa NPONMAEHa M 3NUXNOPrMApPUHA B NpoLiecce 3NOKCMANPOBa-
HUA CooTBeTCTBYlOWMX onedunHoB. ONTMManbHOe coyeTaHue mexa-
HUYeckom npoyHoctyn (54-68 KI’C/CMZ) 1 KaTaNUTUYECKON aKTUBHOC-
TW (BbICOKME BbIXOAblI MPOLYKTOB) MONYYEHO HA TPaHYNMPOBAHHOM
TUTAHCOAEPKALLEM LieOSIMTHOM KaTanu3aTope, NPUroTOBAEHHOM Npu
MCNONb30BaHNKN B KayecTBe CBA3yloWero 5,6-0KCMHWUTPaTa antomu-
HuA B Konndecte 10-15 % (B nepecyete Ha Al,03). [laHHble POA
¥ MH(PaKPacHOW CNEKTPOCKOMUM CBUAETENbCTBYIOT O COXpPaHEHUM
CTPYKTYpbl TUTAHCOAEPXKaLUero LeonuTa B npolecce ero ¢hopmoBsa-
HUs NpeaioXKeHHbIM B paboTe cnocobom.

KnioueBble cnoBa: d)OpMOBaHVIe, TVITaHCOﬂ,ep)KaLLI,VIVI LL€eoNInT, 3N0K-
cnpuposaHue, OKCuUp nponuneHa, anuXnoprnapuH.

| BUOKATANIN3

BaHr 0., BaHr X., Lxkux [x.
Fe-rymuHoBble KUCNOTbI B KauecTBe KaTaau3aropa
BNA CHUMEHMUA YA ceeneeinneinerenneenreenreneeeenrenneennnne 60

NccnepoBaHa BO3MOXHOCTb NOBbILWEH WA aKTUBHOCTM KaTan3aTopos
Ha OCHOBe XeJie3a MyTeM YMeHblUIEeHNUs pa3Mmepa YacTul, yBennuneas
ANCNEepPCHOCTb KaTanu3aTopa. XenaTHoe coefiuHeHNe xenesa Cc rymu-
HoBOM kucnotoit (HA), makpoMoneKynbl KOTOPOrO UMEKT paguyc B
aunanasoHe 6-50 HM, ABNAETCA AEACTBUTENBHO BbICOKOANCNEPCHBIM.
Fe2* unu Fe3* ToHKo aucnepruposatsl B matpuiy HA nyTem noHHoro
o6meHa ¢ —COOH rpynnamu unu xenata ¢ KapOOHWIbHOI rpynnoi
B Makpomonekynax HA. Yactuubl xenesa fo 1 nocne xenatuposa-
HUA C TYMUHOBOW KUCIOTOW OxapakTepu3oBaHbl meTogamu POA u
NK-typbe-cnektpockonuu. YctaHosneHo, 4to B HA-Fe npucytcteyioT
o-Fe00H, beppuruaput u amopcHoe xeneso. JlabopatopHbie UCMbI-
TaHWA nokasanu, 4to katanusarop HA-Fe npossaseT BbICOKYIO KaTa-
JINTUYECKYI0 aKTUBHOCTb B CXKVMIKEHWUM YrNeil, KOHBEPCUS YA W Bbl-
X0, 6€H3MHa CYLEeCTBEHHO YNyYLIEHbI.

KnioueBble cnoBa: rT'YMUHOBAA KWUCNOTa, KaTanauM3artop rymuHoBas
kucnota-Fe, KaTanun3atopbl, CXUXKXeHue yrnel7|.

Edpemenko E.H., Crenanos H.A., lyakos [I.A., Cenbko 0.B.,
JlosuHckuit B.W., Bapdonomees C.[.

UmMo6unmsoBaHHble rpubHbIe GMOKaTanu3aTopbl AN no-
Ny4eHMA KOMNJIEKCA Liesi1ioa3, rMApPoNU3yioLLero Bo3o6-
HOBJIAEMOE PACTUTENIBHOE ChIPbe.....ccuurenrenerenrenennnenns 68

B cTatbe obcyxpaloTCs xapaKTepuUCTUKM NPOLLECCOB HanpaBieHHO-
ro opMuUpoBaHus 00pa3LOB reTeporeHHbIX 6UOKaTaNU3aTopoB Ha
OCHOBE MMMOBUIN30BAHHLIX KNETOK Pas3fnyHbIX MUKPOCKOMUYEC-
KX TPUBOB, XapaKTePU3YIOWNXCA BbICOKOM MPOAYKTUBHOCTBIO MO

of molding processes of titanium zeolite is conducted. Methods are
based on granulation and application of the active ingredient to a
solid supports. The extrusion granulation of titanium zeolite with
binder was preferred. Organic and inorganic compounds, astringent
(silica-alumina, aluminum, silicon, and other natural and synthetic
materials) have been tested as a binder. Quality of the granular cata-
lysts was evaluated by mechanical strength and catalytic activi-
ty - vield of propylene oxide and epichlorohydrin in the epoxidation
of corresponding olefins. Optimal combination of mechanical
strength (54-68 kg/cm?) and catalytic activity (high yield) was ob-
tained on a titanium zeolite catalyst, prepared prepared c 5,6 oxy-
aluminum nitrate of 10-15 % (based on Al,0;) as a binder. These
XRD and infrared spectroscopy reflect continuing titanium zeolite
structure during its formation in the proposed method.

Keywords: mold, titanium-containing zeolite, epoxidation, propy-
lene oxide, epichlorohydrin.

BIOCATALYSIS

Wang Q., Wang H., Jin J.
Humic acid-Fe as catalyst for coal liquefaction ........... 60

Research to increase the activity of iron based catalysts focuses
on decreasing the particle size, increasing catalyst dispersion.
The chelate compound of iron with humic acid (HA), which
macromolecules radii can range from 6 to 50 nm, is truly in a highly
dispersed state. Fe?* or Fe** were dispersed finely into the HA matrix
through the ion exchange with —COOH groups or chelate with
carbonyl group in humic acid macromolecules. X-ray diffraction
(XRD) and FT-IR spectrophotometer were used to characterize
iron species before or after chelating with humic acid. The results
indicate that there exist a-FeOOH, ferrihydrite and amorphous iron
in HA-Fe. Most of the work has been conducted on a laboratory
scale, and the results show that HA-Fe catalyst was approved for its
excellent catalytic activity in coal liquefaction, and the conversion
and oil yield of coal have been greatly improved.

Keywords: humic acid, humic acid-Fe catalyst, catalysis, coal
liquefaction.

Efremenko E.N., Stepanov N.A., Gudkov D.A., Senko 0.V.,
Lozinski V.I., Varfolomeev S.D.

Immobilized fungal biocatalysts to process a cellulose
complex, which hydrolysed a renewable vegetal

FOA ..ot 68

There is discussion of the characteristics of directional formation of
samples of heterogeneous biocatalysts based on immobilized cells
in different micromyces, which are characterized by high cellulases
productivity having different substrate specificity (endoglucanase,
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Copepxanue

Lennionasam, MMEILWMM pasnnyHylo cybcTpaTHYO cneunduyHoCTb
(3HpOMIOKaHa3b!, 3K30MTI0KaHa3bl U Geta-mioko3ugassl). Ha ocHo-
BE UCCIE[0BAHMUS KAaTaIUTUYECKUX U ONEPALIMOHHBIX XapaKTEPUCTUK
pa3paboTaHHbIX GUOKaTanM3aTopoB 0To6paHbl 06pa3sLbl UMMOBUNU-
30BaHHbIX KNETOK, XapaKTepu3yloWwmuecs MaKCMManbHON NpoayKTUB-
HOCTbIO MO (bepMeHTaM LenioNa3Horo KoMmmniekca. YCTaHoB/EHO,
YTO NIYYWWM CPeau HUX sBaseTcs Guokatanusatop, paspaboTtaH-
Hblii Ha ocHoBe crnop rpuba Aspergillus terreus, tMMOBUAN30BAH-
HbIX B KpUOrenb NOJAMBMHUIOBOTO CiupTa. Bnepsble nokasaHo, 4o
pa3paboTaHHbIl 6UOKATaNM3aTOP CTABUNBLHO COXPAHAET BbICOKMIA
ypOBeHb NPOAYKTUBHOCTW MO NOJHOMY KOMMMEKCY Lennonas npu
MCNONb30BAHUN Pa3NUYHbIX CYOCTPaTOB—MHAYKTOPOB 6GUOCMHTE3a
tepmeHTOB: Gepe30BbIX U JyOGOBbIX ONUIIOK, PUCOBOI U NIWEHUYHOI
conombl. [lokazaHa BO3MOXHOCTb 3()(EKTUBHOIO WUCMNONb30BaAHUA
LeNI0NAa3HbIX KOMMNIEKCOB, NOYYEHHbIX KaK Pe3ybTaT YHKLUOHU-
pOBaHMs MMMOBUNN30BAHHLIX KJIETOK, B MPOLEccax 0CaxapuBaHus
PasfNYHbIX LEN0030CoAePHALINX OTXO0B CENbCKOTo X03AMCTBa
M KOHBEPCUM MOJTy4aeMbIX CaxapoB B OpraHMyeckue pactBopuTENy
(sTaHon, 6yTaHon), paccMaTpuBaemble KaK MepCcrekTUBHble BUAbI
aNbTePHATMBHOrO TONAMBA. [MosyyeHHble MpU 3TOM KOHUEHTpauuu
OpraHW4YecKkux pacTBopuTeneil B cpegax C UMMOOMAM30BAHHbIMU
KNETKaM CyLLeCTBEHHO BbIle TeX, YTO YCTAHOBNEHbI NS CBOOOLHBIX
KNETOK TeX K& MUKPOOPraHWU3MOB.

KnioueBble cnoBa: Guokaranu3arop, Lensonassl, MMMOGUIN30BaH-
Hble KNETKHW, MULLeNnanbHble rpubsl, 6Mo3TaHon, 6uobytaHo.

I WHOOPMALIMOHHDBIE COOBLLIEHNA

V MexXayHapoAHbIi NPOMBbILLIIEHHO-3KOHOMUYECKUI (ho-
pym «Ctparterus o6befMHEHUA: peLieHue aKTyanbHbIX
3aAay He(hTera3oBoro U Hed)TeXUMUUYECKOrO KOMMJIEKCOB

exoglucanase and beta-glucosidase). Samples of immobilized cells,
characterized by maximum productivity on enzymes cellulase com-
plex, selected on the basis of the study of catalytic and operational
characteristics designed biocatalysts. Biocatalyst, developed on the
basis of spores Aspergillus terreus, immobilized in cryogel of polyvinyl
alcohol, is the best. First time we show that the developed biocatalyst
steadily maintains a high level of productivity for the full range of
cellulases using different substrates, inducers biosynthetic enzymes:
birch and oak sawdust, rice and wheat straw. It is possible to effec-
tively use the cellulase complex in saccharification of cellulose of vari-
ous agricultural residues and conversion of sugars produced in organic
solvents (ethanol, butanol), which are promising types of alternative
fuel. Concentrations of organic solvents in the media with immobi-
lized cells produce a substantial higher than the concentration of free
cells of the same microorganisms.

Keywords: biocatalyst, cellulase, immobilized cells, filamentous
fungi, bioethanol, biobutanol.

INFORMATION

V International Industrial and Economic Forum
«Strategy of association: Decision of topical problems
of oil and gas and petrochemical complex at the present
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Ha3HayeHue npouecca

OCHOBHOM 3amadeii IIpoliecca SIBISCTCS HM3BJICUe-
HME U3 MMOTOKOB OTXOASIIMX ra30B LIEHHBIX 0JIe(DUHOB
IUTST TIOCJIeAYIOIIEeH TpOoaaky UJIM UCIIOJb30BaHU S IS
TMOJIYICHU S APYTUX IPOAYKTOB. DTH MOTOKH COAEPKAT
3arps3HSONIMe MPUMECH, TaKKhe KaK TSXeable MeTas-
JIBl ¥ cepa, KOTOPhbIe HE MOJIKHBI MOIagaTh Ha CIemy-
foIIee Mo Xoay oO0OpyIdoBaHWE WJIM IPHUCYTCTBOBATh B
KOHeyHOM npoaykTe. CienoBaTeabHO, MpU 00pabOTKe
OTXOISIIUX ra30B HEOOXOAMMO YIAJUTh 3arps3HsIIO-
e ux mpuMmecu. B «odd»-razax trakxke mIpUCyTCTBY-
IOT TaKHWe YIJIeBOIOPOAbI, KaK METUIALIETUIECH, IIpoIa-
IUeH, OyTaaueH, KOTOpble MOTYT IMOJIMMEPU30BaThCS B
CICOYIONINX IO XOMy peaKTopax, a TaKXKe 3arps3HSITh
oJie(pMHOBbIE MPOAYKTHI. ZKeJlaTeIbHO MO BO3MOXHOC-
TH TIOJIHO ITPOBECTU CEJIEKTUBHOE TUAPUPOBAHUE ITUX
COeIMHEHUN.

O6uiee npeacTaBsieHue o npouecce

Kaxk nmoka3ano Ha puc. 1 u 2, pa3JTMYHBIC TOTOKH C
yctaHOBKM KK® pasgensiorcsa gajiee mo xomy, Toraa
Kak «o(d»-ra3 HampaBIsIeTCA OJISI OTACIBHON OYNCTKHI
B aIlmapar CeJISKTUBHOTO TUIPHPOBAHUS C TTOCIEAYIO-
IIMM M3BJIeYCHUEM U3 Hero ojiecMHOB U BOIOPOA.

Karanmzarop, UCIIONB3yeMBIi IS yOAJICHHUS alle-
TUJIEHAa W YaCTUYHOIrO yAaJieHUsT MeTHJIaleTUJIcHa,
nponanveHa U OyraaueHa, peacTaBiisieT cOO0M Cysib-
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GUIMPOBAHHEIN CIIEIMAJLHBIM 00pa30M HUKEJICBBHIN
KaTtaauzaTop IpousBoAcTBa koMmnaHuu «Clariant»,
IUITMTEIbHOE BPEMS MIPUMEHSIBIIMIICS B paHee UCIIONb-
3yeMBbIX CCcTeMaX (pOHTAIBHON OYNCTKY STHJICHA, KO-
TOPBIIA MOXET KOHBepTHUpOBaTh Takxke NO, u O,. bosee
TOTO, 61arogaps BBICOKOM yCTOMUYMBOCTHU KaTajanu3aTopa
K s11aM, OH CIIOCOO€EH yansiTh apcuH (AsH;) 13 razoBbix
MTOTOKOB 0€3 3HAYUTETbHOU ITOTEPU AKTUBHOCTH.

IMoce ouncTKM ra3 HampaBiaseTcs IS pa3nesieHus
Ha 3THJICH, IPOIMJICH, CXKUXECHHBI He(PTSIHON Ta3 u
npyrue MponyKThl. Cynb@UINMPOBAaHHBI HUKEIEBBIM
KaTaJu3aTop MOXET TaKXKe yIassTh alleTUJICH 10 per-
JIAaMEHTHPOBAHHOTO YPOBHSI, TO3TOMY HUKAKMX IOTOJI-
HUTEJIbHBIX KaTaJIu3aTOPOB IS TOCENYIOIIUX TTOTO-
KOB OOBIYHO He TpeOyeTcsl.

CynbchnanpoBaHHbIN
HUKeNneBbl KaTanusaTtop

Komnanus «Clariant» umeeT cepuio cCyabGUANPO-
BaHHBIX HUKEJEBbIX KaTaJu3aTOPOB IJsI 00pabOTKU
MOoTOKOB «o(pd»-raza KK®. Haunnas ¢ 1950-x rr. atu
KaTajau3aTopbl UCMOJb30BAJUCh B celeKTUBHOM C2-
TUAPUPOBAHUY (DPOHTATBbHBIX ITOTOKOB JIJISI KOHBEPCUU
areTuJeHa, MeTHJIAICTHIICHA, ITpoIagreHa U OyTague-
Ha. Celiuac cynbbuaupoBaHHbIE HUKEJEBbIE KaTaau3a-
TOPBI MCTIOJB3YIOTCS B TE€X XK€ IMpoleccax, HO ¢ IMOToKa-
MU IPYyroro THIIA.

DTH KaTajJlu3aTOphl CIHOCOOHBI KOHBEPTUPOBATh
kucyopon U NO, 1151 TOro, 4ToObl YMEHBLIUTb BO3MOX-
HOe 00pa30oBaHME HEKOTOPHIX OIMMACHBIX HECTAOMIBHBIX
XUMUYECKUX COCANHECHUI B XOJOMHOM OJioKe. JIeHBI
CEJIEKTUBHO KOHBEPTUPYIOTCSI B COOTBETCTBYIOIIME
one(MHBI, KOTOPHIE 3aTeM MOTYT OBITH BBIACICHBI ITPU
dpaknnonmpoBaHuu. [TOCKOIBKY 3TU KaTaJn3aTOPhI
SIBJSIIOTCSA CYJIb(PUAMPOBAHHBIMM M BOCCTaHaBJIMBa-
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Katanus B xumuyeckoi U HehTeXMMUYECKON MPOMBILNEHHOCTH

CraHaapTHas ycTaHOBKa
pereHepaumn KK®

«O0d»-ras KKO

[ononHutenbHole
CUMKEHHbIe rasbl

N
L4 —
] : . Cnautrep C,
Abcopbep
Crpunnep AmuH. | Len.
— Hadra | “Inpombis| npombie.| |
KK®
—>| Jlerkuit razoitnb |

Y e

—>|Tm+<em>|m ra3ow1b| KK® C, Ha yCTaHOBKY
, OcTaTok | [JlebyTaHusatop T, anKuaMpoBaHus
— Cnautrep nan MTE3
OpakumoHHas CKMKEHHbIX ra30B
KOJIOHHa

Puc. 1. TunnyHas cxema n3BNeyeHns NpoayKToB Ha ycTaHoBKe KKO,

noKa3blBaloWwasn UCTOYHUK 06pa3oBaHus «oth»-rasos

YpaneHue
KUCAbIX Ta30B

«O0dd»-razsl KKO

OleMax | Peaktop
100 OYNCTKM

Series | «<odhd»-rasa

Ocywutens

Cxema ¢ KUCnbIM CbipbeM

Bopopog

TonnuBHbIN ras

3Tunex

il

Cnnutrep C,

COLD
BOX

JITaH

T T CHI

Jemetanusatop  [eataHusatop

Puc. 2. bnok-cxema npouecca ¢ ycoBepLleHCTBOBaHHbIM U3BieYeHnemM onedMHOB 1 BOJOPOAA

[OTCs TIepell HayaloM 3KCIIyaTalluu, IIpUCyTCTBUE Ce-
DBl B IOMYCTUMBIX IIpeleax He BIUsET Ha UX paboTy,
u, 0oJiee TOTO, HEKOTOPOE KOJMUECTBO CEPHI TpedOyeT-
cs AN 00ecreYeHUsT UX CeJIeKTUBHOCTU. Kpome Toro,
Onarogapsl YHMKaJbHBIM CBOWMCTBaM, 3THU KarTajiuM3a-

TOpPBI CITOCOOHBI aICOPOMPOBATH TSIXKEIbIe METaJJIbI
U apCUH, COXpaHss CEJIEKTUBHOCTh B TUIPHPOBAHUU
JMEHOB.

B tabu. 1 npuBeaeH cocTaB ABYX BUJOB ChIPbsI, UC-
IOJIb3yEMOTO IJISI MCIbITAHMUS KaTaJM3aToOpoOB, pa3-
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Katanus B xuMm4eckom 1 HedTeXMMUYECKO NPOMbILLIEHHOCTM

Tabnuua 1

CocTaB cbipbA ANA UCNBITAHUA
Cynb(PUAUPOBAHHLIX KAaTaIN3aTOPOB

Tabnuua 3
Pe3synbTaTbl UCNbITAHUA KaTanusaTtopa A
Ha cbipbe TMna B

KomnoHeHT Coippe Tna A | Coipbe TNa B

€0, 06.ppm 10000 5300
3TuneH, mon.% 30 30
MponuneH, mon.% 5 5

AueTtunex, 06.ppm 174 1000
MeTunauetuneH, 06.ppm 115 350
MponagueH, 06.ppm 100 250

1,3-6yTaaneH, 06.ppm 1500 8500

Tabnuua 2

CpaBHUTENbHbIE pe3ynbTaThl UCNbITAHUN
ABYX TUNOB HUKeNEeBbIX CyNb(PUANPOBAHHBIX
KaTann3aTopoB Ha cbipbe TMna A

Katanusatop A | Katanusatop B
(OleMax 101) | (OleMax 104)
MNoka3zarens
(cpepHee (BblCOKOE
copepxaHrue Ni)|cogepxaHue Ni)
[NlaBnenune, MMa 0,97 0,97
Bxopa: Hy, mon.% 8 8
Bxoa: H,S, ppm 25 25
Cpep,H;im Temnepatypa ., 215 203 214
cnosg, °C
Boixoa: C,H,, ppm 004 006 004 002
KonBepcus, %:
MeTunaueTuneH 89 96 99 99
nponaaueH 44 61 73 83
1,3-6yTagueH 39 55 67 76
Motepu C,H,, % 0,00 0,07 0,17 0,25

Juyatomerocs cogepxaHvuemM CO U IMEHOB: B ChIpbe
Tuma A 6oJiee BeICOKMiT ypoBeHb CO, a B chIpbe THUIIA
B Goiee BricOKUIT YpOBEHb NUEHOB. [Js1 ChIpbs TUIIA
A pe3yJibTaThl OUMCTKM OT alleTUJIeHa MokKa3aiv, 4To
Ha KaTaJu3aTope CO CPEIHUM COIepKaHUEM HUKE S
(xatanu3atop A, 2 % Ni) CeleKTUBHOCTb BBILIE, YeM
Ha KaTaJiuzatope ¢ 60Jiee BBICOKMM COJep>KaHUEM HU-
kelnst (kataiausaTop B, 3,2 % Ni), omHaKo MOCIeTHU I
obecIieanBaeT JYYIIyI0 KOHBEPCHIO JUCHOB (Ta0I. 2).
TecTupoBaHue Katajiu3aTopa A CO CPEIHUM cCoaep-
KaHWEeM HUKeJS Ha Chipbe TUMa B ObIJI0 CKOHLIEHTPU-
POBaHO Ha YyBCTBUTEJIBHOCTH pabOTHI KaTaam3aTopa
K colepxXaHulo cepbl. Pe3ynbraThl, NpuBeAcHHbIE B
TabJ. 3, MOKa3bIBaIOT, UTO C MOBBLIIICHUEM COAEpXKa-

[laBnenue, MMa 0,97
Bxoa: Hy, mon.% 8
Bxoa: H,S, mon.% 10 25 50
CpepHss Temnepatypa cnos, °C | 204 231 230
Konsepcusa C,H,, % 100,0 1000 99,7
KonBepcus, %:
MeTunaLeTuneH 100,0 93,8 90,3
nponaguneH 87,8 534 46,9
1,3-6yTaguneH 824 42,8 37,5
Motepu C,H,, % 0,02 -0,24 -0,28

HHUS Cephl CEJICKTUBHOCTh B OTHOIICHUU OYUCTKU
OT alleTUJICHA YBEJIWUYHMBAETCS, a KOHBEPCUS TUECHOB
YMEHbIIIAeTCSI.

Ha puc. 3 moka3zaHO COOTHOIIEHHE MEXIYy KOHBED-
cHell OyTagWeHa W KOHBEPCHSMM aleTUJICHA, METHII-
alleTUJIEHA M IIPOIaiueHa, a Ha pUC. 4 — MexX 1y KOHBEP-
cueit OyTammeHa W MOTepsAMU 3THjeHa. [1pn 3amaHHOM
3HaUYCHW U KOHBEPCUU OyTaareHa 3Ha9eHU I KOHBEPCH U
alleTUJIEHa, MeTUJIalleTUJIeHAa M MpolaaueHa He3aBU-
CHMO OT COCTaBa ChIPbSI OCTAIOTCSI IPAKTUYECKU HEU3-
MeHHBIMH. OITHAaKO MOTepU 3TUJIEHA, KaK CJeAyeT W3
puc. 4, 3aBUCST OT COCTaBa CHIPbhS: YeM OOJIbIlIe COIep-
KaHWe TUECHOB, TeM OOJIbIIe CEISKTUBHOCTh KaTaIn3a-
TOpa IIPH 3aJJaHHOM 3HaYeHN U KOHBEPCUH OyTagneHa.

Kousepcus C,H,, MA, PD, %
100 -

801

60

40

20

40 60
KoHBepcus BD, %

100

Puc. 3. Koppenauusa mexay KOHBEPCUAMM aLleTUNEHA, MeTUN-
auetuneHa (MA), nponagueHa (PD) n koHBepcueit byTague-
Ha (BD)

CBeTnble CMMBOJbI — pe3ynbrathl C CbipbeM A,

TEMHbI€ CUMBO/bI — PE€3YyNbTaThbl C CbIpbEM B
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Motepu 3Tunexa, %

1,0
A OM 101. Coipbe TMNa A
08 @ OM 104. Cbipbe TMNa A
/97 A OM 101. Ceipbe Tvna B
< OM 104. Coipbe Tuna B
0,6
0,4-
0,2 -
04 Coipbe TUNA A
-0.24 Ceblpbe TvNa B
_0,4 T T T T
0 20 40 60 80 100

KoHBepcus bytagueHa, %
Puc. 4. Koppenauusa mexay notepsamu 3TUNEHa U KOHBepcuei

6ytapueHa. OM 101 - kaTtanusaTop OleMax 101;
OM 104 - katanuszaTop OleMax 104

Kap6oHun Hukensa

Hexoropnie motokn «odd»-razop KK® cogepxar
sHauuTenbHBle KonnyecTBa CO. IIpucyrerene CO maiio
BJIMISIET Ha pabOTy HUKEJIEBBIX KaTaJal3aTOPOB, HO MPO-
O7eMa 3aKJo4aeTcsl B BO3MOXXHOM OOpa30BaHUM Kap-
OoHMJIa HUKeds. YBelndeHue pabodeil TemIepaTyphl
MOXET MWHHMH3UPOBATh BO3MOXHOCTH OOpa3OBaHUS
KapOOHMJIa HUKENSI, KOTOPBIN SIBJISIETCS BBICOKOTOK-
CHYHBIM BEIIECTBOM, obOpasywoniumcsa npu peakun CO
C BOCCTaHOBJIEHHBIM HMKeJieM. Ero obpa3zoBaHuio 0Jia-
TONPUSITCTBYIOT HU3Kas TEMIIepaTypa 1 BRICOKOE aBJie-
Hue. Paznmaabie popMEI CyIbbnmIa HUKEIS TAaKKe MOTYT
pearnpoBaTh ¢ 00pa3oBaHMEM KapOOHWJIa HUKEISI, HO
KOHCTaHTBI paBHOBECHUS AJIs OTUX peaKU Ml Ha 5—7 T10-
PSIIKOB MEHBIIIE, YeM IJISI BOCCTAHOBJICHHOTO HUKEIIS.

Taxkum obpa3oM, ObLJI0 HEOOXOAMMO pa3padoTaTh Ka-
TaJIu3aToOp IJISI MPOILIECCOB C BBICOKUM COIEpXKaHUEM
CO, KOTOpHIii He TpeOyeT IMpeaBapUTEILHOTO CYIb(pUI-
pOBaHUS WJIU ITOJaYH CEPhbl BO BpeM ST 3KCILJTyaTalllH.

I{aTanu3aTop Ha OCHOBE AparoueHHoro
mMeTajna

HenmaBHo pa3paboTaHHBIN KaTaJiM3aTop Ha OCHOBE
JIiparolieHHOro MeTajajia (Karajiuzatop D) celleKTMBHO
TUAPUPYET alleTUJIEH U JMEHBI, a TaKXKe KHUCIOpOd W
NO,. YcnoBusi mapamMeTpuyecKux WCIIBITAHWUN Kara-
Ju3atopa naHel B Tads. 4. [MpucyrctBue CO yaydinaeT
CEJIEKTUBHOCTH KaTajan3aTopa.

Karanmsarop Ha OCHOBE AparoleHHOTro MeTajia
TPOSIBIISICT YCTOMUYMBOCTD K HEOOJIBITUM KOJTNISCTBAM
cepbl, COXpaHgs IPU 3TOM CBOM paboure XxapaKTepuc-

TUKW, U He TpeOyeT KaKuUX-1ubo J00aBOK cCepbl IJIs
coxpaHeHus celeKTuBHOCTU. [locienyioliee ucmbiTa-
HUe KaTajusatopa mpu Ooisblieit KoHueHTpanuu CO
(Tab:1. 4) MOKa3bIBaET, UTO MPH BHICOKMX KOHIIEHTPALIMSIX
CO ceneKTUBHOCTD KaTaJln3aTopa yBeJIMUYMBaETCs, IPH-

Tabnuua 4
CocTaB CbIpbA U YCIOBMA UCNbITAHUA
Katanu3atopa D Ha ocHOBe fparoueHHOro MeTanna

TUNUYHbINA cocTaB Cbipbs Ycnosusa ncnbiTaHus
€O, % 0,5-2,0
NO, ppm 14 p, Mla 1,4
0,, % 0,3 06bemHasn
CKOpocTh, 4™t 1500-3500
Hy, % 5-15 | Temnepartypa, °C  190-250
CoHy % 27 H,S, ppm 0-20
C3Hg, % 5 C,H,, ppm 650
MponaawueH, % 0,03 - -
Metunauetunen, % 0,05 - -
bytaaueH, % 0,2-0,5 - -
npu BolCOKOW KoHueHTpauumn CO B coipbe
€O, % 4,0
NO, ppbv 60-100 p, MPa 1,9
0,, % 0,29 06bemMHas
CKOpPOCTb, 4™ * 2500
H,, % 9-10 |Temnepatypa, °C  190-250
CoHy % 33 H,S, ppm 0-20
C3Hg, % 4 C,H,, ppm 700
MponagueH, % 0,03 C,Hg, C5Hg Cneppl
MetunauetuneH, % 0,06 - -
bytaaueH, % 0,2 - -
Tabnauua 5
Pe3ynbTaThbl UCNbITaHUI KaTanu3aTtopa D
npu BbICOKOM KoHLeHTpauuu CO (4 %)
Temneparypa, °C | 176 | 188 | 201
NO, ppbv <10 <10 <10
0,, ppmv 1,2 <05 <05
C,H,, BbIX., ppmv <3 <3 <3
KoHeepcus, %:
MeTunaueTuneH 60,7 97,6 100,0
nponagunex 39,9 39,5 48,7
OyTagneH 20,8 24,2 23,6
Motepu C,H,, % 0,48 0,65 1,09

10

Katanu3 B npomblwneHHoctu, N2 1, 2013




Katanus B xuMm4eckom 1 HedTeXMMUYECKO NPOMbILLIEHHOCTM

YeM COXPaHSIIOTCSl 3HaUEeHUsT KOHBepcuu Kuciopona, NO,
M alleTUJICHA ITPY YMEPEHHBIX TeMIleparypax (Taoir. 5).

3aKnyeHue

Komnanug «Clariant» uMeeT aBa TUIIA KaTaJIU3aTO-
POB IIJISl OYUCTKU OTXOASIINX ra30B KaTaJIUTUYECKOTO
KpeKUHTa.

1. HukeneBwii cynb(puIMpoBaHHBIM KaTaam3aTop,
MPUMEHSEMBI B IIPOMBIIIJICHHOM MaciiTabe, peKo-
MEHAYyeTCs TIPU HOpManbHbIX KoHLeHTpauuax CO.

UDK 665.753.4:549.67

2. Karanusarop Ha OCHOBe JApParolieHHOro MeTajja
MPEANOYTUTEIBHO MCIIOJIb30BaTh IJIs IIOTOKOB C HU3-
KUM CcoIepXKaHHEeM MM OTCYTCTBHUEM CEpHI JIMOO MpHU
coJiep>KaHUM HeCKOIbKUX MTpoueHToB CO.

Bri6op KaTaaMTHUYECKOM CUCTEMbI C TpagUIIMOH-
HBIM HUKEJIEBBIM CYyIbMUINPOBAHHBIM KaTaJIN3aTOPOM
WJIY ¢ KaTaJIM3aTOPOM Ha OCHOBE IPAarolieHHOTr O MeTaJl-
JIa B 3aBUCUMOCTH OT COCTaBa ChIPhsI 1a€T BO3MOXHOCTD
yIaJIUTh IPUMECH U3 MOTOKOB OTXOASIIMX Ta30B U Ta-
KMM 00pa3oM YBEJIWYUTH IPUOBIIBHOCTh YCTaAHOBKU
KpeKMHTa.

ON THE WAY TO IMPROVE CETANE NUMBER

IN DIESEL FUELS: RING OPENING
OF DECALIN OVER IR-MODIFIED EMBEDDED
MESOPOROUS MATERIALS
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1. Introduction

Microporous acidic zeolite catalysts have been applied
in several industrial processes of oil refining, fine chemi-
cals and environmental catalysis. However, due to the size
of micropores, there are diffusion limitations for processing
large molecules. Hence, there is need for the development
of large pore size, active and selective mesoporous material
catalysts, possessing strong acidity and high hydrothermal
stability. The development of M41S mesoporous materials
in 1992 by Mobil Corporation [1] was a breakthrough in the
direction of preparing mesoporous materials which can be
applied in the reactions involving large size reactants and
reaction products. These mesoporous materials with large
pore size and minor diffusion limitations, exhibited only
mild acidity. They were hydrothermally less stable than
zeolites and deactivated rapidly in oil refining processes.

Synthesis of embedded micro-mesoporous materials
has been an important research area in order to combine
the benefits of the mesoporous materials and the high acid
site concentration in zeolites [2, 3]. A recent review de-
scribes different techniques to synthesize micro-mesopo-
rous materials [2]. One method is to synthesize mesoporous
materials embedded with zeolite via sequential synthesis of
colloids of for example zeolite beta and adding viscous gel
of tetracetyl ammonium bromide forming MCM-41 [4].
Zeolite seeds were also added in the gel solution of the
mesoporous phase MCM-41 [5]. The embedded meso-
porous materials have high hydrothermal stability, exhibit
strong Bronsted and Lewis acidity and are coke resistant for
processing of large size molecules [2]. Furthermore, it is
possible to design and vary the amounts of Brgnsted and
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Lewis sites in these mesoporous ma-
terials.

Production of high quality en-
vironmental friendly diesel fuel is
important from the viewpoint of
economy, environment and human
health. One of the targets for the fuel
producing companies is to decrease
the sulphur and aromatics contents
in the middle distillates or some other
streams to produce high quality die-
sel fuel with improved cetane number.
For example Light Cycle Oil does not
meet current diesel specifications,
containg high amounts of polyaro-
matics (ca. 48—69 %) and pocessing
low cetane number (ca. 18—25). The
latter should be increased to at least 51.
Hydrotreating of aromactics improves
cetane index, although this increase
is not sufficient, and a ring opening of naphthenic com-
pounds is needed. During this process the cetane number
increases when compounds with two naphthenic rings
undergo transformations into linear or mono-branched
paraffins. One of the most challenging and catalytically
viable pathways is to perform ring opening of such com-
pounds selectively.

Ring opening of decalin has been discussed in seve-
ral papers [6—21] over different types of catalysts, for exam-
ple over Pt- and Ir-modified zeolite and aluminum oxi-
de catalysts [3—7], recently also Ir- and Pt-supported on

Decalin

10 carbon atoms
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Fig. 1. Reaction scheme for ring opening of decalin
I -isomers, ROP - ring opening products, CP — cracking products containing less than

La-X zeolite [11] and Rh/H—BE [12] have been applied
as catalysts in gas-phase ring opening of decalin. Bi-me-
tallic Pt-Ir-modified MCM-41, mesoporous material,
was investigated for selective ring opening of decalin [13],
ring opening and hydrogenation of tetralin was studied
over Ni- and NiMo-supported over alumina-pillared zir-
conium phosphate catalysts [15]. Furthermore, Ir-Pt and
NiMo carbide catalyst supported on zeolites were studied
in ring opening of decalin [14].

The following mechanism for ring opening of decalin
has been proposed over Pt-modified zeolites as follows:
the reaction starts with dehydrogenation and protonation
followed by protolytic dehydrogenation and cracking.
Thereafter the reaction proceeds via skeletal isomeriza-
tion, hydride transfer, olefin adsorption-desorption and
hydrogenation. Ring opening proceeds further via B-scis-
sion followed by consecutive hydrogenation and opening
of the ring finally via hydrogenolysis. Large molecules
can still be alkylated and thus coke can be formed [4].
The products formed in the ring opening of decalin were
classified in [4] in four groups being trans-decalin, other
isomerization products (I), ring opening products (ROP)
and cracking products (CP). The isomers denote C10 bicy-
clic compounds, whereas ring opening products were C10
containing monocyclic compounds, such as tetrameth-
ylcyclohexanes, methyl-propylcyclohexanes, butylcyclo-
hexanes, diethyl-cyclohexanes and ethyl-trimethylcyclo-
pentanes [7]. Cracking products were defined as products
with a lower molecular weight compared to that of decalin
[7] (Fig. 1). The selectivity to ring opening products in-
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creased with increasing conversion and the intermediate
isomer compounds showed a maximum in their product
distribution [7]. Furthermore, it has been suggested that
ring opening of C10 napthenes occurs over acid sites via
carbocations and via hydrogenolysis over noble metals si-
multaneously [8]. The maximum selectivity of ring open-
ing products over 2 wt.% Pt-H-BE has been 30 % at an op-
timum temperature of 523 K at 2 MPa [7]. More recently
a detailed analysis of the isomer structures has been provi-
ded [12] in which the ring opening of decalin was studied
over Pt-H-BE zeolite. The results showed that both planar
2-D and non-planar 3-D can be formed (Fig. 1). Further-
more, it was concluded that 2-D isomers, such as methyl-
bicyclo (4.3.0) nonane and dimethylbicyclo (3.3.0) octane,
are more important in the decalin ring opening than the
3-D isomers. Interestingly, an increase in concentration
with increasing temperature was only observed for 3-D
isomers, e. g. methylbicyclo (3.3.1) nonane, dimethylbicy-
clo (3.2.1) octane and trimethylbicyclo (2.2.1) heptane.

Selective ring opening of decalin has been recently
studied over Pt/La-X and Ir/La-X in gas phase at 528 K
under 5.2 MPatotal pressure [11]. Due to the use of 2D-GC
analysis method and by synthesizing model compounds,
such as iso-decanes it was possible to identify and quantify
so called open chained decanes with the molecular formula
of CioHyy, (M,, = 142 g/mol) in the product mixture from
the ring-opening of decalin [11]. Ring opening products in
the work of Rabl et al. [11] were defined as C;yH,, with the
molecular mass of 140 g/mol. The selectivity to ring open-
ing products was about 30 % at 92 % conversion over Pt/
La-X at 523 K. Furthermore, the existence of spiro (4.5)
decane, bicycle (4.3.1) decane and bicycle (5.3.0) decane
was confirmed using gas chromatography-mass spectro-
metry (GC-MS) together with GC and nuclear magnetic
resonance spectroscopy (NMR). It was proposed in [11]
that spiro (4.5) decane can be formed from carbenium ions
in decalin, whereas 1, 2-alkyl shift could start from tertiary
or secondary carbenium ion forming bicycle (4.3.1) decane
or bicycle (5.3.0) decane, respectively.

In this paper, Ir-modified MCM-41 embedded either
with BE or TON zeolites were synthesized and characte-
rized using such methods as X-ray powder diffractometry
(XRD), scanning electron microscopy (SEM), wavelength
dispersive X-ray fluorescence spectroscopy (XRF), high
resolution transmission electron microscopy (HR-TEM),
nitrogen adsorption and infrared spectroscopy of pyri-
dine (Py-FTIR). The performance of these catalysts was
studied in ring opening of a model compound — decalin.
The main parameters in the catalytic tests were tempera-
ture and pressure. Furthermore, the roles of iridium and

Brensted acid sites on the conversion of decalin and se-
lectivity to ring opening products were explained together
with the influence of zeolite structure of the embedded
mesoporous material. Results from the physico-chemical
characterization of proton and iridium modified embed-
ded mesoporous material catalysts have been correlated
with catalytic data for the ring opening of decalin.

2. Experimental

2.1. Synthesis and characterization of Ir-modified
H-NK-MM-BE and H-NK-MM-TON
embedded mesoporous materials

Na-NK-MM-BE and Na-NK-MM-TON parent
forms of embedded mesoporous materials were synthe-
sized by preparing BE and TON zeolite structure nuclei
and introducing it in a gel solution of mesoporous mate-
rial. The mesoporous material gel solution containing BE
and TON nuclei was introduced in two separate Teflon
cups, which were then introduced in 300 ml autoclaves
(Parr). After completion of synthesis the autoclaves were
quenched in a water bath, crystalline products filtered
and washed thoroughly in a flow of distilled water. The
embedded mesoporous materials were recovered from
the filter paper and dried in ceramic plates at 373 K, fol-
lowed by calcination in a muffle oven using step calcina-
tion procedure. Na-NK-MM-BE and Na-NK-MM-TON
mesoporous materials were transferred to H-NK-MM-BE
and H-NK-MM-TON by ion-exchange method using IM
ammonium nitrate aqueous solution for 24 h at ambient
temperature. After ion-exchange NH,-NK-MM-BE and
NH,4-NK-MM-TON mesoporous materials were washed
free of chloride ions using distilled water, followed by dry-
ing at 373 K and calcination in a muffle oven using step
calcination procedure to obtain H-NK-MM-BE and H-
NK-MM-TON catalysts.

2 wt.% Ir-H-NK-MM-BE and 2 wt.% Ir-H-NK-
MM-TON embedded mesoporous material catalysts were
prepared by evaporation impregnation method using an
aqueous solution of iridium chloride in a Buchi rotator
evaporator. Ir modified mesoporous material catalysts
were dried at 373 K and in situ pretreatment with hydrogen
or oxygen was carried out in an autoclave 300 ml (Parr)
reactor while testing the catalysts in ring opening reaction
of decalin. The detailed procedure is reported in [5].

Na-NK-MM-BE, Na-NK-MM-TON, H-NK-MM-BE,
H-NK-MM-TON, 2 wt.% Ir-H-NK-MM-BE and 2 wt.%
Ir-H-NK-MM-TON mesoporous material catalysts were
characterized by using different methods. The XRD ana-
lyses were made by X’Pert High Score Software (Phi-
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lips, 2001) and the powder diffraction data base (PDF-2,
1996 release ICDD) was used to identify crystalline com-
pounds. Furthermore, the unit cell dimension (q,) for
MCM-41 was estimated by the equation a; = 2d[100]/\/3
[1]. The a for BE was estimated from the [302] reflection
at 22° 26 with a modified ASTM D 3942-97 method using
TiO, as an internal standard.

SEM (Leo 360) was applied for determination of
morphology (shape, size and distribution of crystals), the
specific surface area of the catalysts were measured with
nitrogen adsorption using Sorptometer 1900 (Carlo Erba
Instruments). Prior to the measurements the samples were
evacuated at 423 K for 3 h.

The quantitative measurements of the Brensted and
Lewis acid sites in the proton and Ir-modified A and B
embedded mesoporous materials were performed using
FTIR (ATI Mattson Infinity Spectrometer) and pyridine
(99.5 %) as a probe molecule. A self supported wafer (10—
12 mg/cm?) was prepared and pyridine was adsorbed at
373 K for 30 min, followed by desorption at 523 K, 623 K
and 723 K. The Brensted and Lewis acid sites were cal-
culated from the peaks at the spectral bands at 1545 cm™!
and 1450 cm™!, respectively. The quantification of the ad-
sorbed pyridine was performed using the molar extinction
coefficient from [22].

The quantitative analysis of Si and Al was made by
wave length dispersive X-ray fluorescence spectrometry
(XRF), with Bruker S4 instrument. The samples were first
dried at 393 K for 2 h, then humidified for at least 16 h
over water saturated with CaCl,"H,O. The humidification
minimized variations in moisture content and allowed a
careful sample weighing. The XRF samples were prepared
from 500 mg sample, mixed with Li-tetraborate to 10 g
total weight. Fused glass beads were made under mixing
at 1623 K and thereafter cooled in special molds under
controlled conditions. The solid solutions with a perfect
sample surface were found to be the most reliable quanti-
tative method for this type of materials.

TEM was used for investigation of the phase purity, long
range ordering and periodicity. The mean Ir-particle sizes
were calculated based on the frequency of particles from
images obtained by a LEO 912 OMEGA energy-filtered
transmission electron microscopy (TEM) operating with
acceleration voltage of 120 kV. At least 100 particles were
counted for obtaining average particle diameter of Ir.

2.2. Experimental procedure for ring opening
of decalin

Ring opening of decalin was carried out in a 300 ml
stainless steel autoclave (Parr Industries), which was con-

nected to a temperature controller and a pressure regu-
lator. The Ir-modified embedded mesoporous catalysts
were pre-treated in sifu in presence of hydrogen prior to
the catalyst testings via reducing the catalyst with the fol-
lowing temperature program: 3 K/min — 623 K (10 min).
The catalysts were crushed and sieved; and fraction below
63 um was used in the catalyst testing which along with
efficient stirring (1500 r/min) prevented internal and ex-
ternal mass transfer limitations. The reaction temperature
and pressure were varied in the range of 523—623 K and
2—6 MPa, respectively. The reactant used for the testing
of embedded mesoporous catalysts consisted of a mixture
of decalin (bicycle (4.4.0) decane) isomers (Fluka, 98 %)
with a cis to trans ratio of 0.66. In a typical experiment
50 g deoxygenated reactant was injected into the reactor
containing about 1 g of catalyst. Thereafter the reactor was
pressurized with hydrogen (99.999 %), temperature and
pressure were increased to the desired level. Due to the
small changes in the catalyst and reactant amounts in dif-
ferent experiments the results depicting the comparisons
of different experiments are shown by plotting as x-axis
instead of reaction time, a normalized time, being time
multiplied by mass of decalin divided by mass of cata-
lysts.

The product analysis was carried out by using a gas
chromatograph (Agilent 6890N) equipped with a capil-
lary column (DB-Petro, 50 mm x 0.2 mm x 0.5 pm) and
a FI detector. Initial product identifications were carried
out by a GC/MS (HP 6890-5973) instrument. The de-
tails of analysis can be found in reference [9]. It should be
pointed out here that the grouping of different products
(isomers, ROP, CP) was made according to the definition
of the yields of isomers, ROP and CP products according
to [7] without taking into account any open chain de-
canes, which have been recently identified in [11].

3. Results and discussions

3.1. Catalyst characterization results

The X-ray powder diffraction patterns of Na-NK-M M-
BE and Na-NK-MM-TON embedded mesoporous mate-
rials exhibited two phases: mesoporous material phases at
low angle peaks of 20 values of 0.2° to 8° followed by zeolitic
phases. The zeolitic phases obtained for Na-NK-MM-BE
and Na-BE embedded mesoporous materials were typical
of those found for the BE and TON type zeolite structures.
X-ray powder diffraction patterns of Na-NK-MM-BE and
2wt.% Ir-NK-MM-TON embedded mesoporous material
are given in Fig. 2 and Fig. 3, respectively. The hexago-
nal structure of MCM-41 was clearly visible in the Miller
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Fig. 2. X-ray powder diffraction pattern
of Na-NK-MM-BE embedded mesoporous material
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Fig 3. X-ray powder diffraction pattern
of 2 wt.% Ir-H-NK-MM-TON embedded mesoporous material

80 26,deg

indexes (100), (110), (200) and (220) which exhibited the
20 values of 2, 3.8, 4.2 ad 5.8, respectively according to
[23], whereas the most intense peaks for Na—BE in the
diffractogram are visible at 20 of 22.4° and 7.6°, respec-
tively analogously to [3, 4, 24]. It is noteworthy to mention
here that there were no other zeolitic phases, than BE and
TON, clearly indicating the high phase purity of the em-
bedded mesoporous materials. The unit cell dimension a,
for MCM-41 and for BE in Na-NK-MM-BE embedded
micro-mesoporous material were according 4.0 nm and
1.428 nm, respectively, whereas for the pure MCM-41 it
was 2.5—3.0 nm [5].

Ir-modified H-NK-MM-BE and H-NK-MM-TON
mesoporous materials were also characterized with X-ray
powder diffraction method. The X-ray powder diffraction
patterns of 2 wt.% Ir-NK-MM-BE and 2 wt.% Ir-NK-
MM-TON were similar to those of parent Na-NK-MM-
BE and Na-NK-MM-TON mesoporous materials with
extra peaks at 20 values of 28, 34.8 and 40°, which were at-
tributed due to presence of IrO,. It was inferred from this
analysis result that the introduction of Ir to the embedded
mesoporous materials did not influence the parent struc-
tures of MM-BE and MM-TON. It was further concluded
from this result that the method and synthesis conditions
applied for the preparation of Ir-modified catalysts were
appropriate.

Scanning electron micrographs of Na-NK-MM-BE
exhibited crystals of BE zeolite structure phase (separate
circular shaped crystals and agglomerates), mesoporous
material (bead shape) and mixed phases of BE zeolite and
mesoporous materials. Scanning electron micrographs of
Na-NK-MM-BE confirms the embedding of BE zeolite
structure to the mesoporous material. Scanning electron
micrographs of Na-NK-MM-BE and Na-NK-MM-TON
embedded mesoporous materials are given in Fig. 4 and
Fig. 5, respectively. Scanning electron micrographs of Na-
NK-MM-TON embedded mesoporous material showed
TON zeolite structure (separate needle shape crystals and
agglomerates), mesoporous material (bead shape) and also
mixed phases of TON zeolite structure and mesoporous
material. Further indication for synthesis of a mesoporous
material embedded with a TON type zeolite structure and
mesoporous material (picture not depicted here).

The H-NK-MM-TON embedded mesoporous mate-
rial catalyst exhibited about the same concentration of
weak Brensted (temperature — 523 K) and Lewis acid
sites as being present in the 2 wt.% Ir-modified H-NK-

Fig. 4. Scanning electron micrograph of Na-NK-MM-BE
embedded mesoporous material

Fig 5. Scanning electron micrograph of Na-NK-MM-TON
embedded mesoporous material
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Table 1

Determination of Bronsted and Lewis acid sites in Ir- and H-forms NK-MM-BE and NK-MM-TON embedded

mesoporous materials using FTIR of pyridine

Brensted acid sites, pmol/g, Lewis acid sites, pmol/g,
Catalyst A(lé]‘}’if)k at desorption temperature, K at desorption temperature, K
523 623 723 523 623 723
2 wt.% Ir-H-NK-MM-BE 1 (40.4) 95 32 8 58 5 3
2 Wt.% Ir-H-NK-MM-TON 2 (20.8) 102 32 0 59 1 0
H-NK-MM-TON 2 (20.8) 89 65 22 50 25
50 Frequency, %
c
40
30+
201
101
0 1 2 3 4 5 6
Particle size, nm

Fig. 6. TEM images of 2 wt.% Ir-H-NK-MM-TON embedded mesoporous material (g, b) and the Ir-particle size distribution (c)

MM-TON catalyst (Table 1). However, the amounts of
medium and strong Bregnsted (corresponding to pyridine
desorption at 623 and 723 K) and Lewis acid sites were
higher in H-NK-MM-TON than those in 2 wt.% Ir-H-
NK-MM-TON catalyst. A slight increase in the Bregnsted
and Lewis acid sites of 2 wt.% Ir-modified H-NK-MM-
TON catalyst may be attributed to the interaction of sup-
port (embedded mesoporous material) and iridium metal
particles or influence by IrCl; during impregnation. A
higher amount of total Brensted acid sites was present in
the 2 wt.% Ir-H-NK-MM-TON embedded mesoporous
catalyst than in 2 wt.% Ir-H-NK-MM-BE. This result is
expected due to higher amount of Al present in the frame-
work of the Ir-H-NK-MM-TON compared to Ir-H-NK-
MM-BE. However, the amount of strong Brensted acid
sites (723 K) in 2 wt.% Ir-H-NK-MM-BE was higher than
that of 2wt.% Ir-H-NK-MM-TON catalyst, being still
much less than for non-modified catalyst. Metal-support
interactions and their influence on the physico-chemical
and catalytic properties is a well known phenomenon in
catalysis. Observations of alterations of the strength of acid
sites have been also reported previously in the literature
for other metal modified zeolites. For example influence
of Pt-particles on the acidic properties of BE and MOR

zeolites previously reported in [7], based on the acidity
measurements, catalytic data and various physico-chemi-
cal methods, showing that introduction of metal signifi-
cantly diminished the presence of strong sites, which in
turn decreased cracking abilities of platinum catalysts
supported on zeolites in the same reaction of decalin ring
opening. These observations are in line with the data in
the current work.

TEM images and Ir-particle size distributions for Ir-
H-NK-MM-TON and Ir-H-NKK-MM-BE are depicted
in Fig. 6 and 7. The average Ir-particle diameter in H-NK-
MM-TON was 1.3 nm, which is lower than that of Ir in
H-NK-MM-BE embedded mesoporous material being
2.1 nm (Table 2, Fig. 6, ¢ and 7, b). The Ir-particle size
(Fig. 7, b) distribution 2 wt.% Ir-H-NK-MM-BE was also
broader than that of 2 wt.% Ir-H-NK-MM-TON. The
one-dimensional structure of zeolite ZSM-22 with TON
topology, has the pore size of 0.57 nm x 0.46 nm [25] and
thus the narrow Ir-particle size distribution can be expec-
ted, whereas there are more possibilities to obtain large Ir-
particles in the three-dimensional H-BE structure. The
TEM images showed that pore structure of H-NK-MM-
BE and H-BE embedded mesoporous materials is well
defined and uniform (Fig. 7, a). The transmission elec-
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Fig. 7. TEM image of Ir-H-NK-MM-BE embedded mesoporous
material (a) and the Ir-particle size distribution (b)

Table 2

Determination of Ir dispersion and Ir particle
diameter in 2 wt.% Ir-H-NK-MM-BE

and 2 wt.% Ir-H-NK-MM-TON catalysts

using CO pulse chemisorption

Ir dispersion, Average Ir
Catalyst % diameter, nm
2 wt.% Ir-H-NK-MM-BE 30 3.7
2 wt.% Ir-H-NK-MM-TON 29 3.9

tron micrograph of 2 wt.% Ir-H-NK-MM-TON exhibits
also an ordered mesoporous structure (Fig. 6, a). The high
surface area (734 m?/g) obtained for the embedded meso-
porous material confirms the presence of ordered meso-
porous structure. However, there may occur some disor-
dering in the embedded mesoporous material structure
during the modification with aqueous solution of IrCls.
The surface areas of H-NK-MM-BE, H-NK-MM-
TON, 2 wt.% Ir-H-NK-MM-BE and 2 wt.% Ir-H-NK-
MM-TON catalysts were measured by nitrogen adsorp-
tion, and calculated with the BET method. The surface
areas were determined to be 1013, 731, 1145 and 734 mz/g,
respectively. Furthermore the mesopore diameter was in
arange of 2.4 to 2.7 nm in H-NK-MM-BE [5]. Enhance-

ment in surface area is due to the formation of micropores
during calcination. In addition, impregnation can also in-
fluence the surface area.

3.2. Ring opening of decalin over

2 wt.% Ir-H-NK-MM-BE, 2 wt.% Ir-NK-MM-TON
and H-NK-MM-TON embedded mesoporous mate-
rials

3.2.1. Overall kinetics in decalin transformation. Ring
opening of decalin has a complex reaction network, in
which three kinds of products, namely isomers of decalin,
ring opening products (ROP), cracking products (CP) as
well as heavy compounds are formed. The CPs contain less
than 10 carbon atoms, whereas heavy products have more
than 10 carbon atoms. Typical isomers are different methyl-
bicyclononanes, dimethylbicyclooctanes, trimethylbicyclo-
heptanes etc. ROPs consist of cyclohexyl or cyclopentyl-
derivatives containing methyl-, propyl- and butyl-side
chains. Over Pt-modified zeolites, the first reaction step is
the formation of isomers followed by generation of ROPs
and CPs in the second and third steps, respectively [7]. In
the current case of Ir-supported on hybrid materials con-
sisting of mesoporous MCM-41 and BE zeolite structures,
namely in 2 wt.% Ir-H-NK-MM-BE, the decalin transfor-
mation was relatively fast, i. e. above 70 % of decalin was
transformed within 180 min. The ratio between the initial
rates for the formation of isomers, ROPs and CPs after
30 min was 66 : 2.5 : 1 and thus the main primary products
were isomers. The formation rate of ring opening products
was enhanced by factor 1.6 after 90 min of reaction time
compared to their initial formation rate, indicating that
ROPs were mainly formed in the consecutive step. Further-
more, at the end of the reaction also some heavy products
were observed, being maximally about 2.7 mol.% of the re-
action mixture at 98 % conversion. The selectivity to ROP
at this conversion level was about 35 % maximum.

3.2.2. Effect of structure of H-NK-MM-BE and
H-NK-MM-TON embedded mesoporous materials on con-
version of decalin and selectivity to ring opening products.
A comparison of two support structures on the ring ope-
ning of decalin has been performed with 2 wt.% Ir-H-
NK-MM-BE and 2 wt.% Ir-H-NK-MM-TON embedded
mesoporous materials at 6 MPa and 573 K (Fig. 8, Tab-
le 3, entries 2 and 6). The initial rate of 2 wt.% Ir-H-NK-
MM-BE was 32 fold compared to that of 2 wt.% Ir-H-
NK-MM-TON. The ratio of the initial formation rates
of the isomers, ROP and CP products after 30 min was
94 :22:1 over 2 wt.% Ir-H-NK-MM-TON indicating
that the formation of isomers was much slower compared to
the case using 2 wt.% Ir-H-NK-MM-BE as a catalyst (see
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Table 3

Experimental data in decalin transformation over 2 wt.% Ir-H-NK-MM-BE, 2 wt.% Ir-H-NK-MM-TON and

H-NK-MM-TON embedded mesoporous materials

. Selectivity, %, to
- Conversion -
Tempe-| Pres- Initial . cracking
. after 20 min . ROP
Entry Catalyst rature, | sure, | reaction rate, . ROP at 30 % |isomers at 30 %| products
. normalized . i at 90 %
K MPa |mmol/min/gcae | L. conversion | conversion at 30 % X
time, % . conversion
conversion
1 Ir-H-NK-MM-BE 523 6 0.08 28 7 96 2 16
2 Ir-H-NK-MM-BE 573 6 2.3 91 4 99 3 28
3 Ir-H-NK-MM-BE 623 6 5.6 98 = 86 8" -
4 Ir-H-NK-MM-BE 573 2 2.0 80 7 10 5 17
5 Ir-H-NK-MM-BE 573 4 2.0 91 4 10 5 13
6 Ir-H-NK-MM-TON 573 6 0.07 22.5 28 58 6 =
7 H-NK-MM-TON 573 6 0.05 15 4" 84" 8" =7
" The lowest conversion measured was 42 %.
" Not 90 % conversion reached.
" Conversion level of 17 %.
Conversion, % Molar ratio 2D/3D
100 a 4 b
80+
3_
60 -
404
2 -
204
L" T T T T 1 1 ) T 1
0 10 20 30 40 50 0 20 40 60 80 100
Normalized time-mg,. /m.,,, min Conversion, mol.%
Concentration, mol.% Selectivity to ROP, %
¢ d
124 30
9-
20
6 -
34 10 A
0 20 40 i 80 100 0 20 40 60 80 100

Conversion, mol.%

Conversion, %

Fig. 8. Effect of structure on conversion of decalin (a), molar ratio of 2D to 3D isomers (b), concentration of ROP (c) and
selectivity to ring opening products as a function of conversion (d) in decalin ring opening reaction at 573 K and 6 MPa

Symbols (a, b, d): © — 2 wt.% Ir-H-NK-MM-BE, B — 2 wt.% Ir-H

-NK-MM-TON

Symbols (c): © — methyl ROP, OO0 — ethyl ROP, A — propyl ROP; open symbol — Ir-H-NK-MM-BE, solid symbol - Ir-H-NK-MM-TON
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Section 3.2.1). In addition, the conversion of decalin over
2 wt.% Ir-H-NK-MM-BE catalyst was about 93 % with
the normalized time of 34 min, whereas the correspond-
ing conversion with 2 wt.% Ir-H-NK-MM-TON was only
32 % (Fig. 8, a). The conversion increased continuously
over both catalysts and thus the catalysts were active af-
ter prolonged reaction times. The higher reaction rates
achieved by 2 wt.% Ir-H-NK-MM-BE compared to
2 wt.% Ir-H-NK-MM-TON, which contain embedded
BE and TON zeolites, respectively, can be explained by
the fact that there are large differences in the their pore
sizes. In the catalyst 2 wt.% Ir-H-NK-MM-BE the zeo-
lite phase is BE, which has three dimensional channel
systems with one 12-membered ring channels in C-direc-
tion having pores with 0.67x0.66 nm, another two chan-
nels in a direction perpendicular to C-direction with pores
0.67x0.66 nm and 0.56x0.56 nm. In 2wt.% Ir-H-NK-
MM-TON catalyst the zeolite phase is ZSM-22, which
has TON topology and narrow pore structure (see Section
3.1) [27]. On the other hand, the particle size of 2 wt.%
Ir-H-NK-MM-BE was even larger than that for 2 wt% Ir-
H-NK-MM-TON thus indicating that the metal particle
size did not affect very much the reaction rate.

Comparing performance of 0.98 wt.% Ir-H-MCM-41
mesoporous material and 2 wt.% Ir-H-NK-MM-BE em-
bedded mesoporous material, it can be observed that the
hybrid material was more active in the decalin conversion
at 623 K. The Ir-MCM-41 mesoporous catalyst converted
about 60 % of decalin in 360 min [20], whereas 2 wt.%
Ir-H-NK-MM-BE embedded mesoporous material was
able to transform about 96 % of decalin within 360 min
at 623 K and 6 MPa. It should be pointed out that the
pressure has only a minor effect on decalin conversion
(see Section 3.2.5). The acidity of the parent H-MCM-41
mesoporous material was very low [7], which mainly ex-
plains the lower conversion obtained with 0.98 wt.% Ir-
H-MCM-41 compared to the 2 wt.% Ir-H-NK-MM-BE
embedded mesoporous material.

The product distributions using 2 wt.% Ir-H-NK-MM-
BE or2 wt.% Ir-H-NK-MM-TON embedded mesoporous
materials differed for extended reaction times. For 2 wt.%
Ir-H-NK-MM-BE isomers formation was rapid and their
amount exhibited a maximum level about 58.5 mol.% at
5 min normalized time, whereas only about 26 % isomers
were maximally formed with 2 wt.% Ir-H-NK-MM-TON
catalyst after 1440 min. The ring opening of decalin has
been stated to occur via its isomerization followed by the
ring opening per se [7]. The isomers formed can either be
two dimensional or three dimensional [16]. Thus the ratio
between 2D and 3D isomers was plotted as a function of

decalin conversion (Fig. 8, ) and the results showed that
this ratio was much lower over 2 wt.% Ir-H-NK-MM-
TON than over 2 wt.% Ir-H-NK-MM-BE. Furthermore,
the 2D to 3D ratio decreased with increasing conversion.
This result can be explained by the fact that 2D isomers
are formed via a dehydrogenation route. Initially, forma-
tion rate of 2D isomers was about 2.5 fold compared to
the formation rate of the 3D isomers over 2 wt.% Ir-H-
NK-MM-BE. In addition, their concentrations reached a
maximum value at the same time and thus it cannot be di-
rectly concluded from kinetic data that 3D isomers would
be formed from 2D isomers. On the other hand, the dif-
ference in the formation rates of 2D and 3D isomers over
H-NK-MM-TON catalyst was not as large as in case of
H-NK-MM-BE and maximum concentrations of isomers
were not reached in the studied time period. Since the 2D
to 3D ratio decreased with increasing concentration, it
can be assumed that 2D isomers reacted relatively rapid-
ly to ring opening products, whereas 3D isomers react to
heavy compounds.

ROP products are mainly formed from 2D decalin
isomers and their amount was also about 9.6 mol.% after
1440 min over 2 wt.% Ir-H-NK-MM-TON. This amount
was only about 28 % of the formed amount of ROP ob-
tained over 2 wt.% Ir-H-NK-MM-BE embedded meso-
porous material. The detailed distribution of ring opening
products is shown in Fig. 8, c¢. The results showed that the
main products over embedded mesoporous catalysts were
ring opening products containing an ethyl side chain, for
example diethyl cyclohexanes, ethyl-trimethyl cyclopen-
tanes and diethyl methyl cyclopentanes. This result devi-
ates from the one achieved in decalin ring opening over
microporous Pt-H-BE catalysts, over which the main
ring opening products were composed of methyl chain
ring opening products, such as tetramethyl cyclohexanes
and pentamethyl cyclopentanes [17]. This difference can
originate either from the different metal used or different
pore structures. The difference in 2 wt.% Ir-H-NK-MM-
TON and 2 wt.% Ir-H-NK-MM-BE embedded mesopo-
rous material was minor in the distribution of ring open-
ing products. The second most prominent product group
was methyl containing ring opening products followed
by ring opening products containing propyl groups, such
as methyl isopropyl cyclohexane and dimethyl isopropyl
cyclopentane.

The selectivities to the desired ROP at the same con-
version level of 26 % (Fig. 8, d) were for 2 wt.% Ir-H-
NK-MM-BE or 2 wt.% Ir-H-NK-MM-TON embedded
mesoporous materials about 3 mol.% and 26 mol.%, re-
spectively. This result can be explained by the fact that,
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since the reaction rate over the latter catalyst was slower
due to the steric limitations, also the extent of the forma-
tion of CP was suppressed over 2 wt.% Ir-H-NK-MM-
TON compared to the 2 wt.% Ir-H-NK-MM-BE catalyst.
It can thus be concluded that due to the smaller pore sizes
the selectivity to ROP was 8.7 fold higher for 2 wt.% Ir-H-
NK-MM-TON than for 2 wt.% Ir-H-NK-MM-BE em-
bedded material at the conversion level of 26 mol.%. The
final selectivity after 1440 min reaction to ROP over the
2 wt. % Ir-H-NK-MM-BE catalyst was, however, about
33 % at the conversion level of 98 %.

High amounts of CP and heavy products were formed
after prolonged reaction times (1440 min) over 2 wt.%
Ir-H-NK-MM-BE catalyst corresponding to the conver-
sion level of 98 %. The corresponding amounts of CP and
heavy products over 2 wt.% Ir-H-NK-MM-TON catalyst
after 1440 min were only 3.9 mol.% and below 1 mol.%,
respectively, however, the conversion was only 42 %. Ad-
ditionally the higher yields of ROPs over Ir-H-NK-MM-
TON compared to Ir-H-NK-MM-BE can be seen when
plotting the ratio between the yields of ROP and the sum

Conversion, %
a

30+

204

104

1 1 T
0 10 20 30
Normalized time-m,,./m
Concentration, mol.%
6

c

min

cat.”

20 30

Conversion, mol.%

10 40

of the yields of ROP and CP as a function of conversion
(not depicted here). The main difference between 2 wt.%
Ir-H-NK-MM-BE embedded mesoporous material and
2 wt.% Ir-H-NK-MM-TON catalyst is, as already been
mentioned, the slower reaction rates over the latter cata-
lysts. The formation of CP and heavy products was cata-
lyzed by the presence of strong Brgnsted acid sites, medium
and strong Lewis acid sites in 2 wt.% Ir-H-NK-MM-TON
embedded mesoporous material (Table 1).

3.2.3. Effect of Ir-modification embedded mesopo-
rous material on conversion of decalin and selectivity to
ring opening products. The effect of Ir was studied using
2 wt.% Ir-H-NK-MM-TON and H-NK-MM-TON as
catalysts (Fig. 9). The decalin conversion over 2 wt.% Ir-
H-NK-MM-TON embedded mesoporous material was
1.5 fold higher than that achieved over H-NK-MM-TON
embedded mesoporous catalyst at the normalized time of
20 min, as expected (Fig. 9, a). The reason for this result
is the isomerization, which is the first reaction step and
occurs predominantly over metal sites [7]. The conversion
at prolonged reaction time of 1440 min was only about

Molar ratio 2D/3D
3.5 b

O T T T
10 20 30 40
Conversion, mol.%
Selectivity to ROP, %
304 d
204
104
0 b l T Ll T
10 20 30 40

Conversion, %

Fig. 9. Effect of Ir on conversion of decalin (a), molar ratios of 2D to 3D isomers (b), concentration of ROP (c)

and selectivity to ring opening products as a function of conversion (d) in decalin ring opening at 573 Kand 6 MPa
Symbols (a, b, d): ® - 2 wt.% Ir-H-NK-MM-TON, O — H-NK-MM-TON catalysts

Symbols (c): © - methyl ROP, O- ethyl ROP, A - propyl ROP; open symbol — without Ir, solid symbol — with Ir
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Fig. 10. Effect of temperature on conversion of decalin (a), molar ratio of 2D to 3D isomers (b), concentration of ROP (c)
and selectivity to ring opening products as a function of conversion (d) during ring opening reaction of decalin

over 2 wt.% Ir-H-NK-MM-BE catalyst at 6 MPa
Symbols (a, b, d): A — 623K, B -573 K, O -523K

Symbols (c): O — methyl ROP, O - ethyl ROP, A — propyl ROP; open symbol — 523 K, half-filled — 573 K, solid - 623 K

16 % for H-NK-MM-TON embedded mesoporous mate-
rial, whereas the corresponding conversion level over the
Ir-modified catalyst was 34 % (Fig. 10, a). On the other
hand, both catalysts were active for a long time and the
decalin conversions were continuously increasing over
these catalysts with increasing reaction time.

The main products in decalin transformation over the
H-NK-MM-TON catalyst were isomers with selectivity
increasing from 76 mol.% to 84 mol.% in the conversion
range of 1 % to 18 %. The formation rate of isomers was
about twice as high over 2 wt.% Ir-H-NK-MM-TON than
over H-NK-MM-TON catalyst. Contrary to the results
for the H-NK-MM-TON embedded mesoporous mate-
rial, the isomer selectivity for 2 wt.% Ir-H-NK-MM-TON
decreased from 84 to 55 mol.% with increasing decalin
conversion from 2 % to 37 %, respectively. The decrease
in isomer selectivity is a result of the faster further reac-

tions of isomers over this catalyst than in the isomeriza-
tion reactions. Similarly to the formation rate of isomers,
also the formation rate of ROP was 6.2 fold higher for
2wt.% Ir-H-NK-MM-TON catalyst than for the metal
free catalyst H-NK-MM-TON. The ratio between 2D
to 3D isomers in the absence of Ir was maximally about
3.2, whereas this ratio was only about 1.6 in case of 2 wt.%
Ir-H-NK-MM-TON embedded mesoporous material
(Fig. 9, b). After prolonged reaction times the 2D/3D ratio
decreased with increasing conversion. Since also in this
case the formation of ring opening products was more ex-
tensive over Ir-modified catalyst than over the one with-
out Ir (see below), it can be stated that 2D isomers reacted
faster further to ring opening products. Both in the ab-
sence and presence of Ir the maximum concentrations of
2D and 3D isomers were not reached within the studied
reaction time showing that the consecutive reaction path-
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way for formation of ring opening products was not very
fast.

The formation of different ring opening products over
2 wt.% Ir-H-NK-MM-TON and H-NK-MM-TON em-
bedded mesoporous materials is shown in Fig. 9, c. These
results are analogous to those presented in the Section
3.2.2 showing that the main products were ethyl ring
opening products being maximally two fold the concen-
tration of methyl ROP.

The selectivity to ring opening products over 2 wt.%
Ir-H-NK-MM-TON catalyst increased with increasing
conversion from 15 mol.% to about 33 mol.% (Fig. 9, d).
Additionally the benefit of Ir-modification was clearly vi-
sible in Fig. 8 showing the ratio between the yield of ROP
and the sum of the yields of ROP and COP as a function
of conversion. Higher amount of weak acid sites in 2 wt.%
Ir-H-NK-MM-TON compared to H-NK-MM-TON
catalyst enhanced the formation of ROP. In the third step
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also the formation rate of CP was 1.8 fold higher with Ir-
modified catalyst than with H-NK-MM-TON catalyst.
As a consequence of the lower reaction rates over H-NK-
MM-TON, the selectivity to ROP remained approximate-
ly constant with an increasing conversion, being about
8 mol.% (Fig. 9, d). Higher amounts of strong Brensted
and Lewis acid sites in H-NK-MM-TON catalyst com-
pared to 2 wt.% Ir-H-NK-MM-TON embedded meso-
porous material, however, increased the final selectivity
of CP after 1440 min up to 9 % (Table 3). Thus it can be
concluded that due to the slower reaction rates over H-BE
catalyst compared to the 2 wt.% Ir-H-NK-MM-TON em-
bedded mesoporous material, a higher selectivity to ROP
was achieved over 2 wt.% Ir-H-NK-MM-TON catalyst.
3.2.4. Effect of temperature on conversion of decalin
and selectivity to ring opening products over Ir-modified
embedded mesoporous material. Higher temperature en-
hanced the initial decalin transformation rate, as expected

Molar ratio 2D/3D
4Tb

1 T T T T
0 20 40 60 80 100
Conversion, mol.%
Selectivity to ROP, %
d
304
201
10 1
0 20 40 60 8 100

Conversion, %

Fig. 11. Effect of pressure on conversion of decalin (a), molar ratio of 2D to 3D isomers (b), concentration of ROP (c)
and selectivity to ring opening products as a function of conversion (d) during ring opening reaction of decalin

over 2 wt.% Ir-H-NK-MM-BE catalyst at 573 K
Symbols (a, b, d): ® — 6 MPa, O — 4 MPa, A — 2 MPa

Symbols (c): © — methyl ROP, OO0 - ethyl ROP, A — propyl ROP; solid symbol — 6 MPa, open symbol — 4 MPa, half-filled symbol — 2 MPa
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(Fig. 10, a and Table 3). It should, however, be pointed
out that the final conversions achieved at 573 K and 623 K
were quite similar, whereas at 523 K the reaction was much
slower, thus only about 28 % conversion was achieved after
20 min normalized time and after 1440 min the conver-
sion was 52 %.

The product distribution was clearly affected by re-
action temperature. The formation of isomers was lower
at 673 K than at 573 K and 623 K, respectively at 50 %
conversion level. However, at high conversions the isomer
selectivities were the same at 573 K and at 623 K. On the
other hand, the ratio between 2D to 3D isomers was not
altered by changing the reaction temperature (Fig. 10, b),
which might indicate that there are no differences in the
activation energies of their formation.

The distribution of different ring opening (namely
methyl-, ethyl and propyl-substituted) products is not af-
fected by variation of temperature (Fig. 10, ¢). The main
products were ethyl ring opening products, followed by
methyl and propyl containing products.

The highest selectivities to ROP were achieved at high
conversion levels at 573 K (Fig. 10, d). Furthermore,
higher ratio between the yield of ROP towards the sum of
ROP and CP as a function of conversion were achieved at
a lower temperature, 523 K compared to 623 K. These re-
sults are in accordance with the trend of obtaining higher
amounts of cracking products with an increasing tempera-
ture. At 623 K, the formation of heavy products was also
enhanced; at 623 K being about 2.4 fold of that achieved at
573 K after 1440 min.

3.2.5. Effect of pressure on conversion of decalin and
selectivity to ring opening products over proton form and
Ir-modified embedded mesoporous materials. The effect of
pressure was investigated by carrying out decalin transfor-
mations over 2 wt.% Ir-H-NK-MM-BE catalyst at 573 K
and 2, 4, 6 MPa. Slightly higher initial rates were achieved
at 6 MPa compared to 2 and 4 MPa (Table 3). The con-
version after 20 min at 2 MPa was lower than achieved at
4 MPa and 6 MPabeing 80 %, 91 % and 91 %, respectively
(Fig. 11, @). Thus it can be concluded that decalin trans-
formation proceeded faster at elevated pressures, e. g. at
4 and 6 MPa.

The ratio between the 2D to 3D isomers was not af-
fected by pressure change as can be seen from Fig. 11, b.
Among ROP products the highest concentration of ethyl
ROP products was achieved at 6 MPa (Fig. 11, ¢). The
highest selectivity to ROP was achieved at 6 MPa and at
573 K (Fig. 11, d). On the other hand, the selectivities to
isomers and cracking products were only slightly affected
by pressure (Table 3, entries 5—7). At high conversion

level, however, the formation of cracking products was
somewhat favored at lower pressure, since 38 mol.% of CP
were formed at 98 % conversion under 4 MPa, whereas
the corresponding value under 6 MPa was 31 %. The for-
mation rates of heavy compounds were also slower under
higher pressures compared to lower pressures, since 1.7
fold amounts of heavy compounds were obtained at 4 MPa
at 573 K than at 6 MPa, when the conversion level was
98 mol.%. Thus the main conclusions from the effect of
pressure are that slightly higher selectivities to ROP were
achieved at 6 MPa compared to lower pressures.

4. Conclusions

In this work novel types of Ir-modified embedded me-
soporous materials containing MCM-41 structure toge-
ther with BE and TON zeolites were synthesized and cha-
racterized by XRD, SEM, Py-FTIR and TEM. The results
revealed that pure BE and TON phases were found in em-
bedded materials together with the mesoporous structure.
Furthermore, the structure of the embedded materials re-
mained intact after Ir-introduction. The acidity measure-
ments revealed that there are metal-support interactions
affecting the acidities of the studied materials. A narrow
Ir-particle size distribution was achieved in mesoporous
MCM-41 material embedded with TON zeolite.

In the ring opening of decalin (as a model compound
in middle distillates) the effects of support structure, metal
and temperature were studied. This process if utilized in-
dustrially in a selective manner will improve substantially
the cetane number by transforming molecules with two
naphthenic rings into linear or mono-branched paraffins.

The results revealed that Ir-modified embedded
MCM-41 material containing BE zeolite was very active
in this reaction at 573 K under 6 MPa. The maximum
selectivity to ring opening products was 31 % at 98 %
conversion level. On the other hand, only 37 % conver-
sion was achieved over Ir-modified MCM-41 containing
zeolite TON showing clearly the effect of structure on the
catalytic performance. The metal modification was be-
neficial for the decalin conversion when comparing the
performances of Ir-modifed embedded MCM-41 materi-
al containing TON with the corresponding catalyst with-
out Ir. Furthermore, the selectivity towards ring opening
products was more than 2-fold in the presence of Ir than
in the absence of it. The main ring opening products ob-
served over Ir-modified embedded mesoporous materials
were ethyl-substituted ones. This is to be expected since
the mesoporous structures facilitate the formation of lar-
ger molecules. To achieve high selectivity to ring opening
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products, the optimum temperature was observed at 573 K
giving 35 % selectivity at 98 % conversion. On the other
hand, lower selectivities to ring opening products were ob-
tained at 623 K due to enhanced formation of isomers, as
well as cracked and heavy products. The highest amount
of cracking products was obtained at 623 K being 8 % at
30 % conversion. These results demonstrated the benefit
of using embedded mesoporous materials in ring opening
of decalin.

This work is a part of the activities at Abo Akademi Process

Chemistry Centre within Finnish Centre of Excellence
Programme (2005—2011) by Academy of Finland.
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PACKPbITUE LIUKNOB B JEKAJIUHE
C UCNONb30BAHUEM UPUAUNCOAEPKALLUX
TMBPUAHbLIX LLEOIUTHbIX ME3OMOPUCTbIX MATEPUAJIOB

© 2013 r. H. Kymap, M. Maku-ApBena, H. Mycakka, [I. Ky6ukka, M. Kanrac, M. Tuurra,
X. Octepxonbm, A.-P. Jleuro, K. Kopaac, T. Xeitkkuna, T. Canmu, 1.10. Myp3ux

[Tpon3BOACTBO NM3ETHHOTO TOILIMBA C HAMMEHBITUM
HEeraTUBHBIM BJIMSHHUEM Ha OKPYXKAIOIIYIO CPeay SIBIsI-
eTCS OJHOI M3 BaXXHEHIIMX 3a7ady COBpeMEeHHOI Hed-
TenepepaboTku. HedTenepepadaTsiBaloline Komia-
HUUY 3aMHTEPECOBAaHbI B CHUKEHUU COACPXKAHUS CEPhI
W apOMaTHKM B CPETHUX TUCTHIIATaX. HemocTtaTouHO
BBICOKO€ II€TAHOBOE YMCIIO MOXKET OBITH YBEJIMUYEHO 3a
CUYEeT TUAPUPOBAHUS U PACKPHITUS LIMKJIOB COMPSKEH-
HBIX Ha(TCHOBBIX KOJCII B JIMHCWHBIC MM MOHOpAa3-
BETBJICHHBIE TIPOAYKTHI. [Ip1 3TOM eciiv TUApPUpPOBaHUE
apoMaTHUKM OCYIIECTBUTH JOBOJBHO MPOCTO, TO CeieK-
THUBHOE PACKPHITHEC LIMKJIOB 0e3 3HAUMTEIBHOTO Kpe-
KUWHTa MpeacTaBisieT coO0i CIOXHYIO 3a1ayy.

B nmanHoit paboTe OBIIM MTPUTOTOBJICHBI TUOPUJI-
HBIE MHKPO-ME30IIOPUCThIC MaTepuajbl Ha OCHOBE
MCM-41 coBmecTHO co cTpykTypamu BE nau TON.
O0Opa3ubl OXapakTepU30BaHBI pPa3JIUYHBIMU  (DU3U-
KO-XMMHWUYECKUMU MeTomaMu (pPeHTTeHOBCKas (OTO-
3JIEKTPOHHAS CIIEKTPOCKOIN U, TYHHEIbHAasI U CKaHU-
pylomiass 3J1eKTpoHHass MuKpockonus, MK-cmekr-
POCKOTINS aACcOpPOLMU C MCIOJIb30BAaHUEM MHHPHUIM-
Ha B Ka4yecTBe 30HIa) U MPOTECTUPOBAHBI B peaKIINN
pacKpbITHS LUKJIOB B geKaguHe rmpu 523—623 K. OGe
(a3el, COOTBETCTBYIOIINE MUKPO-ME30IIOPUCTHIM Ma-
TepuajiaM, IPUCYTCTBOBAJIM B IPUTOTOBJIEHHBIX THO-
PMOHBIX MaTepuajax. BBemeHue Upumuss He BJIMSIIO
Ha (a30BYI0 YMCTOTY, U3MEHSISI, OAHAKO, KUCJIOTHOCTD
W3-3a B3aUMOACUCTBUS METaJI—HOCUTENb. Y3KO0e€
pacrpenesieHrue 4yacTull MpUIAMS MO pa3MepaM OBLIO

MOJIy4YeHO B ciayyae BcTpauBaHus B MCM-41 nieonuTta
cTpyktypsl TON.

Pesynpratel mokasanu, 4TO MOXU(UIIMPOBAHHEIMN
upunueM weszonopucteii MCM-41 co BCTpoeHHOM
cTpyKTypoii ieosuTa BE akTHBEH B pacCKpBITUY LIUKJIOB
B nekannHe npu 573 K u 6 MIla. MakcumanbHas ce-
JIEKTUBHOCTB I10 ITPOAYKTaM PACKPBITHS IIUKJIOB B 3TOM
cinyyae coctaBuia 31 % npu kKouBepcuu 98 %. AHalo-
TUYHOTO THUIIA MaTepuaj, HO CO BCTPOCHHOM CTPYK-
Typoit ueonuta TON, mpoaeMOHCTpUPOBAT CYIIECT-
BEHHO MEHBIIIYI0 aKTUBHOCTh, YTO CBUIAETEILCTBYET O
BIIUSTHUM CTPYKTYPHI HOCHUTENS Ha KaTaJWUTHUYCCKUE
cBoiicTBa. Monudukalus UpUAUEM TaKxKe YIydIIuia
KOHBEPCHUIO TI0 CPAaBHEHUIO ¢ aHAJOTUYHBIMU KaTaau-
3aTopaMH, He comepxkaliquMu Metajlia. KpoMme toro, B
MIPUCYTCTBUY UPUIUS U CEJIEKTUBHOCTD IO ITPOIYKTaM
pacKpbITHS LIMKJOB OoKa3ajach B IBa pa3a Bhile. Jle-
TajapHBI aHanm3 2D/3D m3oMepoB mokKasaj, 4TO OC-
HOBHBIE TIPOAYKTHI PACKPBITUS IIMKJIOB Ha TUOPUITHBIX
WPUIMEBBIX KaTaJM3aTopax coaepxkar B OOKOBO Ienu
STUJIBHYIO TPYIIITY.

INoBeIIeHWe TeMIlepaTyphbl MPUBOAUT K YBEIWYE-
HUIO BBIXOMA MPOAYKTOB KPEKMHTa, a TaKXe TIXKEJIbIX
YIJIEBOAOPOIOB.

IlonydyeHHBIE pe3yabTaThl IOKa3bIBAalOT MEPCeK-
TUBHOCTb MCIIOJIb30BaHUSI THOPUIHBIX MUKPO-ME30-
MMOPUCTHIX MaTepUajioB, COACPXKAIINX WPUIUAN, IS
MPOBENEHUS peaKIIuu PacKPbITUS IIUKJIOB B IeKaJIMHE,
MOJIEIbHOM COEAUHEHUHU CPEAHUX TUCTUILIISITOB.
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KATAJIU3ATOPDI

HA OCHOBE LLEOJIUTA ZSM-23
B MPOLLECCE U3O0AENAPA®UHU3ALIUU
MACNAHOIO CbIPbA

© 2013 r. I.H. lepacumos,
B.B. ®apees, A.H. JloruHosa,
C.B. JlbiceHKO

BeBepeHue

Karanutuueckas aenapaduHu3alus U U3oaenapa-
(brHM3AIM — IPOMBIIILICHHbIE TUAPOKATATUTHYECKIE
MpPOIIECCHl, HaNpaBJCHHBIC HA IOHMKEHUE TeMIIepa-
TYpBhl TEKYUYECTH Macesl U OM3eJbHbIX ToruiuB. Kara-
JUTUYecKas nenapacdMHU3aLMs TO3BOJISIET YIydIlaTh
HHU3KOTEeMIIEpaTyPHBIC CBOMCTBA 3a CUCT CEJICKTHBHOTO
TUIPOKPEKWHTa H-TlapauHOB chIpbsi. HemocTaTkom
Ipoliecca sIBJIsSIeTCS] OTHOCUTEbHO HEBBICOKHMI BBIXOI
IeJIEBOr0 MPOAYKTa BCICACTBHE TOT'O, UTO H-TIapapUHBI
KPEKUPYIOTCS OO0 JerKUX yrieBoaoponoB. OCHOBHBIM
KOMIIOHEHTOM KaTaJIn3aTOpPOoB AenapadruHu3alnm, Kak
paBUJIO, ABIsgeTCs neonut ZSM-5 [1].

OcHoBoOIf mpolecca uzonenapacbuHU3aUUA SBIS-
I0TCS peaklMu TUIPOU30OMEepHU3alUuU H-TlapadUuHOB.
[Momydaemble TIpy 3TOM wu30-TlapadWHBI OCTAIOTCS B
COCTaBe 11eJIeBOr0 MPOAYKTa, YTO 0OEeCeynBaeT Mmojy-
yeHue AenapadMHUPOBAHHBIX Maces 1 TOIJIUB ¢ 0oJjiee
BBICOKMMU BBIXOIaMM II0 CPaBHEHUIO C IIPOIIECCOM Ka-
TaauTudeckoit nemapaduHusanuu. CoriacHo JuTepa-
TYPHBIM NaHHBIM, HaumboJjiee BBICOKYIO aKTHMBHOCTH B
mnpolieccax THAPOM3OMEPH3alli TJIMHHOIEIIOUYCYHBIX
naparHOB HOPMAaJbHOI'O CTPOEHUS TMPOSBISIOT OU-
(byHKIIMOHAJbHBIE KaTaJIN3aTOPhl HA OCHOBE 1I€0JIUTOB
cren@UIHON CTPYKTYphl. Takne IeOIUTH 00IagaroT
OTHOMEPHOM CUCTEMO1 KaHAJIOB U IECITUYICHHBIMU —
SAPO-41 [2—4], SAPO-11 [1-3, 5—8], ZSM-22 |2, 3,
8—10], ZSM-23 [2, 3, 8, 11] — nam MaJILIMU TBEeHaAIa-
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TUWIeHHbIMU KodbllamMu — SAPO-31 [3, 12]. Pazmepnl
YCThE€B KaHAJIOB, COCTABJICHHBIX M3 ACCATU- UM JBE-
Ha[LATHYICHHBIX KOJEL, Bapbupylorest oT 4 mo 7 A.
B cocraB KarajmzaTopoB TMAPOU30MEpPU3aIIMU Ha OC-
HOBE 3TUX LIEOJIMTOB BBOASIT TAKME METaJLIbI, KakK IljIa-
THHA, TaJUTagUi, HUKEIb U 1Ip.

K HactosiiieMy BpeMeHU OIMyOJMKOBAHO OOJbIIOE
KOJIUYECTBO PadOT, MOCBSIIEHHBIX U3YYEHUIO THUIPO-
W30MEPU3aN C WCIOJIb30BAaHHEM KaTaJIn3aTOpPOB,
MPEICTaBISIONMNX COO0 aKTUBHBIM MeTaJlJl, HAHECEH-
HBI Ha MTOPOIIOK IeoauTa. [Ip1 3TOM B KayecTBe ChI-
pbsI, KaK TPaBUJIO, WCITOJIB3YIOTCS WHIWBHUIYaJIbHBIC
napaduHbl UM UX cMecu. OTHOCUTEILHO HEOOIbIIOe
KOJIMYECTBO MCCIECIOBAaHUN IIOCBAILIEHO W3YUYCHUIO
Impoliecca n3oaenapapuHNU3aINN peaJTbHOI0 MaCISHO-
To ChIpbSl Ha (POPMOBAHHBIX KaTajau3aTopax, OJM3KUX
10 CBOMM XapakKTepuUcCTUKaMm (IOpucTasi CTPYKTypa,
pa3Mep 1 hopMa TpaHyJl, IIPOYHOCTH U MIP.) K IPOMBIIII-
JIeHHBIM oOpa3suam [7, 10].

B Hacrosieit paboTe ucciaegoBaHBlI IOKa3aTeau
TPaHYJIMPOBAHHBIX KaTaJIM3aTOPOB Ha OCHOBE IICOJINTA
ZSM-23 (Pt/(ZSM-23—y-Al,05)) B mpoLiecce u3onena-
padunuzauuu dpakuum 280 °C-KK, BeigeneHHON U3
IIPOIYKTOB TUAPOKPEKUHTAa BAKYYMHOI'O Ta30MJIsI.

B cocraB rcciienoBaHHBIX KaTaJlM3aTOPOB BXOIMIIN:
KUCJIOTHBIA KOMITIOHEHT — 1eoaut ZSM-23, meTaiu-
4yecKM Il KOMIIOHEHT — IJ1aTUHA, cBasyolee — Y-Al,O;.
CornacHo gaHHbIM [2, 3, 11], ZSM-23 gaBasieTcsl OTHUM
13 HauoboJiee 3(PpPEeKTUBHBIX LICOJTUTOB B IIpolecce T~
pousoMepu3anuy H-riapadmnHOB. Mcorb3oBaHUE TLIA-
TUHBI TIO3BOJISIET TIOJTyYaTh 0oJiee aKTUBHBIE OM(pYHK-
LIMOHAJIbHBIE KaTaJanu3aTophl MO CPABHEHUIO C TAKUMU
MeTaJUIaMU, KaK Iajjlafuii 1 HuKeJb. Mcnomb3oBaHue
B KayecTBe cBa3ylouero y-Al,O; o0yclIoBIeHO €ro 1o-
CTYIIHOCTBIO, Pa3BUTOM CUCTEMOM MOP, BLICOKMMM 3HA-
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YEHUSIMU YIEJTbHOW IJIONIAAN MOBEPXHOCTH, BBICOKOM
MIPOYHOCTHIO, TEPMUYECKOI CTAOMIBHOCTBIO IO TEMIIEe-
patyp 550—600 °C.

B pabore n3yuyeHo BIMSTHHE COCTaBa KaTaJM3aTOPOB
Pt/(ZSM-23—v-Al,05) 1 yc10BU# TPpOBEAEHU S IPOLIEC-
ca Ha OCHOBHEIC TTOKa3aTeIn n3oaenapachnHU3alNN pe-
aJIBHOTO MacCJISTHOTO CHIPbS: Ha TeMITepaTypy TeKy4eCTH
M BBIXOIBI MPOAYKTOB. KpoMe TOro mosydeHbl JaHHBIE,
TO3BOJISIIONINE CPAaBHUTH ITOKA3aTeNIM pabOTHI KaTaJIu-
3aTOpOB M3onenapadMHMU3AMM Ha OCHOBE IIe0JIMTa
ZSM-23 u nenapadrHM3aLMU Ha OCHOBE 1ieonuTa ZSM-5.

JKCcnepuMMeHTaNIbHAA YacTb
ﬂpuaomosneHue Kamanu3samopos

sl IpUrOTOBJIEHUSI KaTaJIu3aTOPOB MCIOJIb30BaIN
neosutsl ZSM-23 u ZSM-5. MoibHO€ COOTHOIIEHUE
Si0,/Al,05 15 3TUX LEoaUTOB cocTassiiao 45,9 u 50,0
COOTBETCTBEHHO. B mpoiiecce mMpuroToBiieHUs KaTaiu-
3aTOPOB pacUeTHOE KOJMYECTBO MOPOIIIKA LIEOIUTa CME-
IIWBAJIK C HEOOXOMMMBIM KOJMYECTBOM IICEBIOOEMMTA
M pacTUpaji B CTYNKe 10 omHOpoaHocTu. [Tocite aToro
K TIOJTYYEHHOW CMeCH HEOOJIBIIMMU TTOPLUUSIMU TPUIH-
BaJI PacTBOpP, COCTOSIINN M3 TUCTHLIMPOBAHHOU BO-
IIBI, a30THOM KUCIOTHI (1—5 00.%) 1 TPUITUIICHTITUKOJIST
(5—10 06.%). ITony4yeHHYI0 MacCy IepeMeLMBaIu 10 CO-
CTOSTHUSI OMHOPOIHOM MacThI ¥ (DOPMOBAIU C TIOMOIIIBIO
JIabopaTOPHOTO MOPIIHEBOI'0 AKCTpyaAepa (AuameTp ¢hu-
nbephl 1,5 mM). TTonydeHHBIE 3KCTpyAaThl CYIIUIA MPU
CTyIeH4YaToM moabeme temmeparypsl (60, 80, 110 °C) u
BBIIEPKKE ITPU KaXK 10 TeMIiepaType B TedeHue 2 4, a 3a-
TeM IpOoOUIU 10 TpaHya AnuHoit 1,5—2,5 mm. TTonyueH-
HBIC TPaHYJBI IpOKaJInBaan pu temiepatype 550 °C B
teyeHue 10 4 B Toke Bo3nyxa. [IpokajeHHbIe HOCUTENHU
nponutbiBaau pactsopom H,PtClg nna BHeceHusd pac-
YETHOTO KOJIMYeCTBa IJIaTUHBEL. COCTaB CHMHTE3MPOBaH-
HBIX 00pa31I0B KaTaJI1u3aTOPOB MpeACTaBiIeH B Ta0. 1.

Tabnuua 1
CocTaB KaTanu3aTopos
Homep Coepxanne Cocras HOEVITeMI,
obpasua Pt Mac.% mac.%
karanu3aropa Z5M-23 | Z5M-5 | y-AL,0,
1 0,30 40 - 60
2 0,30 20 - 80
3 0,30 10 - 90
4 0,45 20 - 80
5 0,15 20 - 80
6 0,30 - 40 60

Memoosi! uccnedosanuli

OO0pa3s1bl KaTaJau3aTopoB U LIEOJTUTOB OBIIN HUCCIIe-
JIOBaHBI MeTOlaMU peHTTeHodhaszoBoro aHanuza (PDA),
TepMonporpammupyemoit necopoumu (TI11) ammuaxa,
HU3KOTEMIIEpaTypPHOI aAcopOIMKU-AeCcOpOLIM a30Ta.

PenTtrenoda3oBblii aHAJIM3 MOPOIIKOOOPAa3HBIX 00-
pa31oB BHINOJH AU Ha mpubope X’ Pert PRO MPD c uc-
noab3oBaHueM usnydeHus CuKo.

OmnpeneneHue MOPUCTON CTPYKTYPHI 00pasIoB Me-
TOIOM HM3KOTEMIIepaTypHOIl ancopOIuu-aecopOnmu
aszorta npoBonuau Ha npuodope ASAP 2020. Jo Haya-
JIa aHaJIU3a MPU OCTAaTOYHOM JaBJIeHWH 50 MKM PT. CT.
Oblla MpoBedeHa jaerasalivsi: obpasell HarpeBajJu CO
ckopocthio 10 °C/Mun mo 300 °C u BeLACpXUBAIU MPU
9TOI TeMIlepaType B TedeHue 2,5 4. [Ipn 006paboTKe pe-
3yJbTaTOB aHaJiM3a M pacyeTe mapaMeTpOB MOPUCTOM
CTPYKTYPBI 00pa3IioB MOJIEKYJIY a30Ta MPUHUMAIH 3a
TBepaylo cdhepy auamerpom 3,86 A, KOTOpast 3aHUMaeT
momansb 0,162 HMZ.,

OmnpenenaeHnue KUCIOTHBIX CBOMCTB KaTaJIu3aTOPOB
IIPOBOAMIA METOIOM TEPMOIIPOT PaMMUPYEMOil Iecop-
Oumu amMmMuaka Ha JabopatopHoil ycraHoBke TII npu
MOCTOSTHHOM TOKe Tenus. HaBecky mnopolmkooopas-
HOTO 0oOpa3slia IToMeIIaJi Ha ITOAJI0XKY M3 ITOPHUCTOTO
KBapleBOro Marepuaja B SYEHKY, MPencTaBsIONIYIO
co00i1 MoJy1o KBaplieByIo Tpyoky. ObOpa3sel HarpeBaiu
110 550 °C m BBIIEpKUBAJIM ITPU 3TOU TeMIIepaType B Te-
yeHue 1,5 4. 3atem Temneparypy cHuxanu a0 100 °C u
oOpabaTsIBaiu 0Opa3el] cMechio renus 1 amMmuaka. Ot-
IyB (pU3MIECKN COPOMPOBAHHOI'O aMMMAaKa IIPOBOIMIIHN
IIPY TOM Xe TeMIepaType U yBEIMYCHHOM TOKeE TeJIus
B TeueHMe 1 4. 3arem TeMmIepaTypy obOpasla CHUXKa-
1o koMHaTHOI. CheMKy cnektpa TII nmpoBomuian
IIPY YBEJIMYEHUU TeMITepaTypbl 00pasiia Co CKOPOCThIO
5 °C/muH go 550 °C. CurHai puKCcHMpoBaau, UCTIOIb3YS
JIIETEKTOP IO TEeTJIOIIPOBOTHOCTH.

MexaHMYeCKyI0 TPOYHOCTh TpaHyJ KaTau3aTo-
POB Ha pa3naBIMBaHME MEXIY NByMS MapajjieJbHbIMU
IJIACTUHAMM OIIPEIEIISUIN C UCITOJIb30BaHNEM YHUBEP-
CaJIbHOW HaCTOJIbHOM UCITBITATEIbHOI MAIIIMHBI IJ151 OTT-
peneaeHrsI MeXaHMYeCKMX U (PM3NYECKUX CBOMCTB Ma-
tepuasioB H5K-S ¢pupmer «<Hounsfield Test Equipment».

TemriepaTypy T€Ky4eCTHU ChIPbs M IMIPOAYKTOB OTIpe-
nensiiu B cootBeTcTBUM ¢ ASTM D 97. Pactipenenenue
VIJIEBOAOPOMOB MO KOJIUIECTBY aTOMOB YIJIEpPOIa U CO-
JIepxXaHue H-TlapauHOB OMpenessiiv, UCXOMsl U3 TaH-
HBIX ra30-KMJIKOCTHOI xpoMaTorpaduu (Wax-aHanus).
Meton Wax-aHanu3a pas3paboTaH B aHAJUTUYECKOM
naboparopun OO0 «OObeAIUHEHHBIN LIEHTP UCCIEN0-
BaHUM U pa3pabOTOK» M MpeaHa3HAuCH IJIs1 OMpeaeie-
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HUSI HOPMAaJbHBIX, u30-MapadMHOBBIX YIJIEBOIOPOIOB
¥ oneduHoB B cMecu. CieayeT OTMETUTh, UTO B CBSI3U
CO CJIOXHBIM YTJIEBOJOPOAHBIM COCTAaBOM CHIPHEBOIA
bpakuu 1 MmojayyaeMbIX MPOIYKTOB KOJMYSCTBEHHOE
oIpenesieHue colaepkaHMs u30o-napacrMHOB MCXOAS U3
IaHHBIX Wax-aHajanu3a, He IIPEICTaBISIOCh BO3MOX-
HbIM. KOCBEeHHBIM TIOKa3aTesleM, YKa3blBaloIIMM Ha
MPEeUMYIIECTBEHHOE IMPOTEKaHUE peaKIIUil TUIPOU30-
MepHM3allii 10 CPaBHEHUIO C peaKIMUsSIMU THIPOKpEe-
KMHTa, SIBJIIeTCS 3HAYUTEIbHOE CHUKEHHUE TeMITepaTy-
DBl TEKYyYeCTH IenapacdMHUPOBAHHBIX MPOAYKTOB P
BBICOKMX 3HAUEHU SIX BbIXoAa. Mcxomst u3 aToro u Ha oc-
HOBaHUM JUTEPAaTYPHBIX AaHHBIX [3, 8, 11] kaTanuzaro-
pbI Ha OCHOBE 1ieoanTa ZSM-23 MOT'yT OBITH OTHECEHBI K
KJIaCCy KaTaJan3aTOpPOB u3omenapadnHU3AINN.

Memoduka kamanumuyeckux ucneImaHut

HcnpiTaHUST KaTam3aToOpoB MPOBOOMIN Ha J1adbopa-
TOPHOI YCTaHOBKE C IIPOTOYHBIM PEaKTOPOM. BHYTpeH-
HUI auamerp peakropa — 16 MM, 06bemM — 80 cm>. OG-
pasel| KaTaam3aTopa 065eMoM 10 CM> TTOMELIATH B LIEHTP
peakTopa MeXIy ABYMs CJIOSIMH KBaplLeBEIX IIapoB. B xo-
JI€ UCIIBITAHUI PEaKTOP HAXOAMJICS BHYTPU TPEX3OHHOU
3JICKTPOOOOrpeBacMOI TICUH, YTO 00ECIIEINBAIO H30TEP-
MUWYECKMI peXXnM paboThI Katajuzaropa. TeMmIiepaTypy
Mpoliecca KOHTPOJIMPOBAIU C TTIOMOIIIBIO TEMOIIaphl, MO-
MEIIIEHHOU B CJIO¥ Karaim3aropa. [laBieHue B CHCTEME
TOoAAEePKMBaIV C TOMOIIBIO PETyJISITOpa JaBJICHUSI MApKU
«Tescom», a HEOOXOIMMBII pacxo BOIOpoaa — C UCIIOJIb-
30BaHUEM DPETYISITOPOB pacxoma rasa ¢pupMbl «Brooks».
Pacxon CHIpbSI KOHTPOJHMPOBAJIM C TIOMOIIBIO aHAJTUTH-
yeckux BecoB pupmbl «Mettler Toledo».

[lepen mpoBemeHMEM HMCIIBITAHWNA 3arpyXXKeHHBIN B
peakTop KaTajJu3aTop BOCCTaHABJIMBAaJKM B TOKE BOMIO-
pola MpU CTYNEHYATOM IoabeMe TeMIiepaTyphl 10 250
n 450 °C ¢ BBIIEPXKKOI Ha KaXOIOM CTYIIEHW B TeUEHUE
1 1 3 4 cooTBeTcTBeHHO. [locne cTaauu BOCCTaHOBJIE-
HUS peakTop OXJaxXKJaju 10 MepBoii paboueit Temnepa-
TYpPHl ¥ HaUWMHAJIU IIPOBEACHNE MCHBITAHUI, IMOHABas
CBIpbE ¥ BOAOPOJ C 3aJaHHBIMHU pacxogaMmu. IIpu Kax-
JIoii paboueii TeMIiepaType yepe3 1 4 mocjie mogadyu Chl-
pbsl OTOMpaNM IPOMEXYTOUHYIO (HeaHAIU3UPYEMYIO)
mpo0Oy, Mocje Yero MpOBOAMJIM HaKOIUICHHWE IIeJIeBOI
MpoOkI B TeueHue 3 4.

BiustaMe cocTaBa KaTtanam3aropa Ha IToKa3aTelIn IIpo-
1ecca u3yvaju Ipy CJIeAyIONIUX YCIOBUSIX: TaBJIeHUE —
3,0 MIla, oO0beMHasi CKOPOCTh MOAA4YU CHIpbST (V) —
1,5 4!, cooTHomeHue Bogopon/ceipbe — 500/1 mi/m,
TeMmIepaTypHbiil nuana3odH — 220—400 °C. I1pu usyue-
HUU BIUSHUS YCIOBUI ITPOBEIEHM S peaKIlMy Ha IMoKa-

3aTesIu Ipollecca JaBJieHrue U3MeHIJIM B Tipeaenax 1,0—
3,0 MIla, 3naueHue v — 0,5—3,0 u~!. B KkauecTBe ChIPbs
ucnosbzoBanu dpakuuio 280 °*C-KK, BbigeneHHyo u3
MMPOAYKTOB THAPOKPEKMNHTa BAKYyMHOTO Ta30iJs.

Bce mosnydeHHbIe B XOlde KaTaJMTUYECKUX MCIIbI-
TaHWI HPOAYKThI M3oAenapaduMHU3aLUU TOABEPraiu
CTaOMJIM3ALIMK C LIEJbI0 OTIAEICHUS JIETKUX YTIEBOMIO-
ponoB. Ctabunm3auunio NPOBOAMUIAU Ha POTOPHOM Ba-
KYYMHOM HUCIIapUTejie B TedeHue 1 4 mpu TeMIiiepaType
95 °C 1 ocTaTouHOM AaBjieHuu 1 mbap.

Karanutuueckue cBoiicTBa 00pa3liOB XapaKTepU-
30BaJi BHIXOJAOM JAernapaduHUPOBAHHBIX IPOAYKTOB U
3HAYEHUEM JIEeNPEeCCUM TeMIlepaTypbl TEKYy4eCTU IpO-
IYKTOB (manee — menpeccun). I[log nenpeccueit moapa-
3yMeBaJIM pa3HUIY MEXIY TeMIlepaTypaMK TeKY4YECTU
CBIpbS M MPOMAYKTa Tpollecca u3onernapaduHU3alNMN.
Beixon nenapadbvHUpoOBaHHBIX MPoaAYyKToB (B, Mac.%)
paccuuThIBaau 110 hopMyJie

B =M, /M, 100 %,

rae M, — macca cTabuJIbHOTO POAYKTa, T; My, . — Mac-
ca [OJaHHOTO ChIPb, I.

Pe3ynbTatbl M Ux 06CyXKAEHUE
AHanus ceipba

IMlo manueiM Wax-aHalm3a, B CBIPhEBOM (ppaKIIMm
280 °C-KK mpucyTcTBOBaJU YIJAEBOAOPOABI C YUCIOM
aToMoB yriepoaa 15—33; comepxxaHue H-lapacdMHOB B
ceipbe cocTaBisuio okono 30 mac.%. Hexortopwie ¢u-
3UKO-XMMUUECKUE XapaKTePUCTUKN MCXOTHOTO ChIPbs
MpeAcTaBJIeHBI B Ta0J. 2.

Oxapakmepu3o8aHue Kamaau3amopos

dudpakTorpaMmel LEOJUTOB, CBA3y10LLErO (Y-Al,03)
¥ TUIATUHOBBIX KaTaJan3aTOPOB Ha MX OCHOBE IIPUBEIE-
HbI Ha puc. 1. Pe3ynbraTel aHanu3a (C UCMOJb30BaHUEM
6a3bl JaHHBIX pdf-2) moka3anau, 4To 0Opa3ibl LICOJTUTOB
ZSM-5 nu ZSM-23 He copepxXaT IPUMECHBIX KpUCTAJIINA-
yecKUX (pa3, a KaTaJIn3aTophl PEeICTaBIISIOT CO00it cMech
IBYX KpUCTaJlInyecKux ga3 — ueonuta u y-Al,05 .

W3 panneix TIIJl amMmuaka nist o0pa3LoB LEoau-
TOB, ¥-Al,03, ¥ KaTanu3aTopos (puc. 2, 3) caenyeT, 4TO
Bce 00pasIibl COAePXKaT 1Ba TUMA KUCIOTHBIX LIEHTPOB:
clrabbie — ¢ MAKCUMYMOM JIe€COPOILIMY IIPU TeMIIepaTy-
pe okojio 200 °C u cujbHBIE — C MAKCUMYMOM OKOJIO
400 °C. Heonutsl ZSM-5u ZSM-23 0J113KH1 KaK 110 KO-
JIMYECTBY, TaK M IO CUJIE KUCIOTHBIX LIECHTPOB, TOTIa
KaK y-Al,O3 oTaM4aeTca MEHBIIUM KOJIMYECTBOM KaK
cJIa0bIX, TaK M CUJIBHBIX KUCJIOTHBIX LIEHTPOB. 115 Ka-
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MIHTEHCMBHOCTbL CUTHANA, OTH. eg.

0

Z5M-23
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1004
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Yron 26, rpagyc

Puc. 1. iudppaktorpammsl 06pasuoB Leonutos, ceasyiowero (Y-Al,05) 1 KaTann3aTopoB Ha UX OCHOBE

Llecop6uus ammuaka, y.e.
10

0 100 200 300 400 500 t °C

Puc. 2. CnekTpsl TN aMmuaka ans 06pasyoB LEeosMTOB
(ZSM-5 1 ZSM-23) 1 y-Al,05

[lecopbuus ammuaka, y.e.
6

400 500

100 200 300 t oC

Puc. 3. CnekTpel TN[, ammuaka gisi 06pasLoB KaTanu3aTopos:

1 -katanu3atopNe1; 2 - N2 2;3-N23;4-N26

TaJIN3aTOPOB Ha OCHOBe LieoauTa ZSM-23 obiiee Ko-
JINYECTBO KHUCJIOTHBIX IICHTPOB YMEHBIIACTCS B POy
kaTtanau3aTopoB Ne 1 > Ne 2 > Ne 3. B 570l XXe mociie-
JMIOBAaTEJIbHOCTU CHUXKAETCS U COIepXXKaHME 1Ie0JInuTa B
katanusatopax. Criextpsl TI1/] nast 06pa31ioB KaTain-
3aTopoB Ne 1 (Ha ocHoBe ZSM-23) u Ne 6 (Ha ocHOBe
ZSM-5) 6au3ku.

INoka3zaTenu MOPUCTOCTU CTPYKTYPHI 00pa3IIoB Ka-
TaJau3aTOPOB, LIEOJUTOB U CBS3YIOIIETrO, a TaKKe 3Haye-
HUS MEXaHMYECKOU MPOYHOCTHU IPaHyJ KaTaJu3aToOpOB
npeacraBieHbl B Tadu. 3. Lleonut ZSM-5 o cpaBHEHUIO
¢ ZSM-23 xapakTepusyeTcsl B HECKOJIbKO pa3 0oJiblleit
VIEJbHOM IUIOLIAAbI0 MOBEPXHOCTH M OOJBIIMM KO-
nuuecTBoM MuKponop. O6pasen y-Al,O; uMeeT oueHb
Majioe KOJMYEeCTBO MUKPOMOp M OOJIBIIYIO TUIOIAlb
MOBEPXHOCTHU, UYTO YKa3bIBaeT Ha Pa3BUTYIO CHUCTEMY
Me3onop. O0pa3mbl KaTaJIu3aToOpoOB, IIPEICTABIISIONINE
c000ii cMech OJHOTO U3 LEe0IUTOB U Y-Al,O5, obnana-
IOT pa3BUTOM IMOBEPXHOCTHIO Y BHICOKOM MEXaHMUYECKOM
IIPOYHOCTHIO.

Pe3yﬂbmambl Kamanaumuyeckux ucnsimanui

BnusaHue codepxxaHua yeonuma ZSM-23 u nnamuHel
8 06pa3yax KAMAAU3aMoOpPos Ha noKazamenu
npoyecca uzodenapaguruzayuu

Binsnue comepxanua meoantra ZSM-23. Yeenuue-
HUe cofiepXaHus 1ieonuta ZSM-23 B oOpasiax Kkataau-
3aTOPOB C OMMHAKOBBIM coaepxaHuem Pt (0,30 mac.%)
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Tabnuua 2
®dusuko-xummyeckue ceonctea ppakuum 280 °C-KK
Nokasarens Pe3ynbrar MeTop
W3MepeHUs |M3MepeHus
BA3KoCTb KMHEeMaTMyeckas,
MMZ/c npu Temnepatype: ASTM 445
20 °C 16,5
40 °C 8,4
50 °C 6,4
ﬁr?()ol-TIHHoaelqmﬂaoc,na 0,008 rOCT 5985
ﬁ‘;ﬂigj‘i”ﬂg:ﬁfg&’aampmb'x Orcyrersyior  TOCT 6307
Cop,epmal:moe MexaHWU4YecKux Oreyrersyior TOCT 6370
npumecen, %
Temneparypa Tekyyecty, °C 12 ASTM D 97
CopepxaHue a3oTa, ppM OtcytcTByer ASTM 5823
CopepxaHue cepsbl, ppMm OtcytcrByer ASTM 3120
I
MnoTHOCTS, Kr/M3 841,2 roCT 3900
®pakumoHHbIi cocTas, °C:
HK (Hayano kunexus) 236
5 % 268
10 % 282
20 % 301
30 % 314
40 % 329 ASTM D 2887
50 % 344
60 % 355
70 % 369
80 % 383
90 % 398
95 % 411
Uet <0,5 ASTM 1500

MIPUBOAUT K CHUXEHUIO BEIXOIOB JenapaMHUPOBAH-
HBIX MPOAYKTOB (pUC. 4, @) U POCTY aKTUBHOCTHU 00pa3-
1I0B, O UeM CBUIETEJbCTBYET TOT (haKT, YTO AJISI IOTyUe-
HUS OMHUX U TeX Xe 3HAYCHU I OeTpecCur TPeOOBaINCh
0oJiee HU3KKE TeMIlepaTyphl Ipouecca (puc. 4, 6).

Jns olleHKM MoKa3aTejei npolecca uzonenapapu-
HM3aIIUY Ha CPaBHUBAeMBIX KaTaJIU3aTOPaX UCIIOJIb30-
BaJIM Takoil Kputepuit 3¢GHeKTUBHOCTU, KaK COOTHO-
IIeHUe AENPEeCCUM U BbIXoaa IenapaduHUPOBAHHOIO

Boixop npopykTta, mac.%
00

50
260

Denpeccus, °C

80

300 340 380 t,°C

60 -

40 1

20~

0 T L] L
260 300 340 380 ¢t °C
Jenpeccus, °C

80

60

40

204

70 80 90
Bbixon nponykTa, mac.%

0 T

50 60
Puc. 4. 3aBucuMOCTb BbIXofa NPOAYKTOB (a) v fenpeccun (6)
OT TEeMNEepaTypbl U COOTHOLEHUE AeNpPeccHs/BbiIXon NPOaYK-
Ta (8) B peakuuu uzogenapaduHnusaymm ans KataamsaTopos
c cogepxaHuem ZSM-23, mac.%: 40 — N2 1 (A); 20 - N2 2 (@);
10 — N2 3 (W). Ycnosus peakumu: 3,0 MMa, v =157},
H,/cbipbe = 500/1 Hn/n

npoaykta. Kak BuaHo u3 rpacduKoB, MpeacTaBACHHBIX
Ha puc. 4, g, TpU TIOTYYEHU U MTPOJYKTOB CO 3HAYEHU ST~
Mu aernpeccuu mMeHee 48 °C, 3¢hGheKTUBHOCTh CpaBHU-
BaeMbIX KaTaJu3aTOPOB MPAKTUYECKH OMHAKOBA.

[Mpu moy4eHU M TPOAYKTOB C O0JIee HU3KOM TeMTIe-
patypoii TekydecTu (c aenpeccueii 6osee 48 °C) Haubo-
Jiee BBICOKME BBIXOJIbI TTOTYUYEHBI Ha KaTajuzaTope Ne 2
(20 mac.% ZSM-23), HauMeHbIlINe — Ha KaTaJu3aTope
Ne 1 (40 mac.% ZSM-23).

Bausinue conmepxkanusa miaatuHbl. [Ipy onrmHaKOBOM
comepxanuu ueoiaura ZSM-23 (20 mac.%) yBenuue-
HUE colepXaHUs MIaTUHBI B Kataiau3aTopax ot 0,15 1o
0,30 Mac.% mpakTHYeCKU He CKa3aJIoCh Ha BBIXOJE Jie-
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Tabnuua 3

MNoKkasaTenu NOPUCTOCTN CTPYKTYPbI U 3HAUYEHNA MEXAHMYECKON NPOYHOCTH LLeOSIUTOB,

ceasywouwero (y-Al,03) U nNaTUHOBbIX KaTann3aTopoB

Mnowapb 06bem nop Mnowapb 06bem MexaHuyeckas NpoYyHOCTb
Ob6paszeL NOBEPXHOCTU 3, MOBEPXHOCTH MUKpOMNOp, | rpaHyn Ha pa3faBiuBaHue,
no b3T, m2/r cm/r MuKponop, m2/r em®/r Krc/rpaHyna

ZSM-23 107,6 0,19 58,0 0,03 -
Z5M-5 380,8 0,22 285,2 0,13 -
v-Al,04 231,7 0,43 5,0 0,00 -
Katanusatop N° 1 197,7 0,37 30,4 0,01 54
Karanusarop Ne 2 200,0 0,39 14,6 0,01 5,2
Katanuzatop N2 3 2241 0,39 54 0,01 4,8
Karanusatop N° 6 2784 0,37 100,0 0,05 5,0

napaMHUPOBAHHBIX MPOAYKTOB, HO 00ECHEYUIO TTO-
JIydeHHe MPOAYKTOB ¢ 0ojice HM3KOI TeMIepaTypoil Te-
Kydectu (puc. 5, a, 6). [loBBIIICHNE COmepKaHUS TIJIa-
tuHbl oT 0,30 mo 0,45 mac.% npuBesio K HEKOTOPOMY
CHMXXEHUIO BbIXOJAa MPOAYKTOB, IIPU 3TOM 3HAYCHU S
IeTIpecCuy IMIPaKTHYeCKH He n3MeHMIMCh. [1o apdex-
THUBHOCTH B Ipoliecce n3oaenapapuHu3aluu, oueHu-
BaeMOii 110 COOTHOLUEHUIO IENPECCUUN U BbIXOAA MPO-
IYKTOB, KaTanu3aTopsl Ne 2, 4, 5 pa3In4yananch Malo.

Bbixop npopykTa, mac.%
1007—=< a

90+

80+

70+

60

50
260

Nenpeccus, °C
80

300 340

60

401

20+

0 T T T
260 300 340 380 t,°C

Puc. 5. 3aBucumocTb BbIxopa NpofyKToB (a) v genpeccun (6)
OT TEMNepaTypbl B peakumu usogenapaduHusauum ans kata-
nn3aTopoB c cogepxanuem Pt, mac.%: 0,30 — N: 2 (#);

0,45 - N2 4 (A); 0,15 — Ne 5 (). Ycnosus peakuum: 3,0 MMa,
v=1,547%, H,/cbipbe = 500/1 H/n

M3 Bcex cpaBHUBaeMbIX 00pa310B, pa3invaBIINXCS
colepxaHueM ueonuta ZSM-23 u niaaTUHBI, HAUOOIb-
1y 3(pGeKTUBHOCTD B Mpollecce u3onenapaduHusa-
LMK TToKa3aJi Kataiau3aTop Ne 2. DTOT pe3yabTaT MOXHO
OOBICHUTH T€M, YTO comepkaHue riatuHbl 0,30 mac.%
npu comepxanuu 20 mac.% neonunra ZSM-23 obecrie-
YMBaeT ONTUMAJBbHBIN OalaHC KUCIOTHBIX U MeTaJlJIv-
YeCKMX LICHTPOB KaTajanu3aropa.

BnusHue ycnosuii nposedexus npoyecca
Ha nokaszamenu uzodenapaguHuzayuu

CHUXeHHMe IOaBJIeHUS IIpU H3omenapacdbMHU3AINN
ot 3,0 no 1,0 MIla npuBeno K yBeJIWYEHUIO BbIXOAa
MpoaykToB (puc. 6, a). Kpome Toro, mpu TeMmepary-
pax Beiie 330 °C cHUXeHMe JaBJIeHN s CITOCOOCTBOBAJIO
MTOJIYYEHUIO TIPOTYKTOB ¢ 00JIee HU3KOM TeMIIepaTypoii
TeKkydectH (puc. 6, 6). Takum o6pa3oM, Oojiee HU3KOE
IaBIICHWE TIO3BOJISICT MOJIYyYaTh IPOXYKTH C OMMHAKO-
BBIMM 3HAUYCHUSMU TEeMIIepaTyphbl TEKYYECTH C OOJIb-
IIMM BBIXOJOM, T.€. COIJIACHO BHIOpaHHOMY KPHUTEPUIO
3 OEKTUBHOCTHY OJIAaTONIPUATHO CKa3bIBaeTCS Ha ITOKa-
3aTesIsIX mpolecca usonenapaduHusanuu (puc. 6, 6).

Cyutaercs, 4TO NEPBOM CTagueil THUIAPOU3OMEPHU-
3aUU H-TIapadUHOB SIBIISIECTCS UX OeTUIPUPOBAHUE IO
0J1e(pMHOB Ha METAJIJIMYECKUX IEHTpax KaTajJu3aTopa.
Janee oOpasyromuecs: oaeUHBI MPOTOHUPYIOTCS OO
KapOOKaTHOHOB 1 M30MEPU3YIOTCS Ha KUCIOTHBIX IIeH-
Tpax Katahausaropa [8]. Mcxonst u3 3TUX TMOJOXEHUIA,
MOJIy4YeHHbIE 3aBUCUMOCTH MOXHO OOBSICHUTH TEM, UTO
CHIKEHUE HaBJICHUS 00JieTdyacT IpOTeKaHWe peaKIInid
IEeTUAPUPOBAHUS H-TIapa(PUHOB CBHIPbS IO OJC(UHOB,
yBEeINYMBasi TaKUM 0Opa3oM CKOPOCTh MPOTEKaHUS
IIpollecca TUAPON30MEPU3AII M.

VYBenumueHMe 3HaUeHU ST L TIPUBEJIO K CHUXKEHHIO TITY-
OMHBI IPOTEKaHM S IIpoliecca, UTO BhIpaxkaaoch B 0oJjiee
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Puc. 6. 3aBucMMOCTb BbIXOAA NPOAYKTOB (a) u genpeccuu (6)
OT TeMNepaTypbl M COOTHOLEHME Aenpeccus/BbiXon NPOaYK-
Ta (8) B peakuuu nsopenapaduH13aLm ,ns katanmsatopa
Ne 2 npu pasnenusx, MMa: 1,0 (A); 2,0 (M); 3,0 (#). Ycno-
BUA peakumn: v = 1,5 4%, H,/ceipbe = 500/1 Hn/n

BBICOKOM BBIXOMIE ITPOAYKTOB M MCHBIIMX 3HAYCHUSIX
nenpeccuu (puc. 7, a, 0).

HMcxonst U3 3aBUCMMOCTEM, MpeACTaBJICHHBIX Ha
puc. 7, 6, MOXHO KOHCTaTUPOBATh, YTO YBEIMUCHHE V C
1,5003,0u"!, xots1 CIBUHYJIO Mpoliecc uzoaenapagpu-
HU3alLMU B 00JIaCTh 00Jiee BHICOKMX TeMIIepaTyp, MpakK-
THUYECK! HE CKa3aJIoCh Ha COOTHOIICHUH ACTIPECCUU U
BbIXoJa AenapadUMHUPOBAHHOIO MPOAYKTA. YMEHbIIe-
Hue v ¢ 1,5 10 0,5 u~! mpuBeno K SIBHOMY YXYALICHUIO
3TOTO COOTHOIICHMSI M CHUXEHHUIO 3(P(PeKTUBHOCTU
npolecca uzomenapapuHuUzaluu. DTO MOXET OBITb
CBSI3aHO C T€M, UTO 0oJiee HU3KHE 3HAYEHU S LV SKBUBa-

Bbixop npopykTa, mac.%
100

90 -

80 4

704

60 -

50
260

Jenpeccus, °C
6

300 340

80+

60+

404
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Puc. 7. 3aBucumocTb BbIXoAa NPOAYKTOB (a) v aenpeccum (6)
OT TEMNEepaTypbl U COOTHOLEHME Aenpeccus/Bbixos NPoayK-
Ta (8) B peakuuu nsofenapaduH13aLum ons Kataamsatopa
N2 2 npu 06bEMHOM CKOPOCTM NOAAYMN CbipbS, 4105 (A);
1,5 (#); 3,0 (W). Ycnosus peakyum: 3,0 MMa,

H,/cbipbe = 500/1 Hn/n

JIEHTHBI 00Jic€ BBICOKMM 3HAYEHUSIM BPEMEHM KOHTaK-
Ta CBIPhS C KaTaJn3aTOPOM, KOTOPEIE MOTJIV IIPUBECTU K
OoJIblIeH J0J1e TIOOOUHBIX peaKnii TUIPOKPEKHUHTA.

CpasHeHue nokazamesnel Kamaau3amopos
Ha ocHose yeonumos ZSM-23 u ZSM-5

Kak BugHO 13 DaHHBIX, IIPEACTABICHHBIX B Ta0I. 4,
OAMHAKOBbBIE 3HAUEHUSI TeMIEpaTypbl TEKY4yeCTH Obl-
JIM DOCTUTHYTHI Ha KaTajm3zaTope No 6, comepxaliem
neonut ZSM-5, mpu 3HaYUTENbHO 6OJiee HU3KUX TEM-
repatypax mpolecca, YeM Ha KarajuzaTopax Ne 1—3,
cojepxaiux neoaut ZSM-23. Ilpu 3Tom, o TaHHBIM
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Tabnuua 4
MNokasarenu paboTbl KaTann3aTopos
Ha ocHoBe LeonutoB ZSM-23 (N2 1-3) u ZSM-5 (N2 6)

Temne- [lenapaduHupoBaHHbIi NPOAYKT
Karanu- | patypa Temnepatypa| [lenpeccus
3atop | OnkITa, Bb|x00p,, TeKy4yecTy, | Temnepatypsl
°C Mac.% °C Tekydectu, °C
300 90,5 24 36
Ne 1 340 69,2 -42 54
350 62,1 —42 54
300 94,1 -24 36
Ne 2 340 75,2 -45 57
350 715 -54 66
320 89,8 -24 36
Ne 3 360 72,9 —42 54
370 71,1 -48 60
230 79,1 =27 39
Ne 6 240 71,8 -42 54
245 69,1 -57 69

TIIO amMuaka, cujaa U KOJIUYECTBO KUCAOTHBIX LIEHT-
POB Ha MOBEPXHOCTU ATUX LICOJIUTOB pa3Inyainch Ma-
J10. MOXHO TIPEANOIOKNTh, YTO CTOJbh 3HAUYUTEIIHLHOE
pasjauuue TeMmIlepaTypHBIX IMana3oHOB pabOTHI Kara-
JIN3aTOPOB HAa OCHOBE LIEOJUTOB ZSM-5 u ZSM-23 cBs-
3aHO C pa3HUIIEH B X CTPYKTYpe.

Crnenyer OTMETUTh, YTO ITPOMBIIIJIEHHBIM KaTalu-
3arop nemnapaduHuzanuu CI'K-5 Ha ocHoBe I1ieouTa
LIBM, sBastomerocss CTpyKTYpHBIM aHaJioroM ZSM-5,
obecrieyrBaeT IOJy4YeHHUE IMPOAYKTOB C TeMIlepaTy-
poii rekyyectu —45 °C ¢ Bbixogom okoiio 70 mac.%, 4to
OJIM3KO K ITOKa3aTellsIM, TOJIydeHHBIM Ha J1abopatop-
HOM KaTaym3atope Ne 6.

DKcIepuMeHTalbHbIe JaHHbIE CBUACTEILCTBYIOT O
TOM, 9TO KaTajJW3aToOphl M3omenapapmHU3AIINNA Ha OC-
HoBe 1ieonuTa ZSM-23 no3BoSIOT MoyJyaTh Aenapadu-
HUPOBAaHHBIE MPOLYKTHI ¢ 00JIe€ BBICOKMM BBIXOIOM, YEM
KaTaJanu3aTophl AerapacMHU3AlMY Ha OCHOBE IICOJIMTA
ZSM-5 o 3HaYeHUW i TeMIlepaTypbl TEKYYeCTU MPOMYK-
TOB oKoyio —42 °C. Ilpu nonyyeHuun 00Jiee HU3KO3aCThI-
BAIOIIMX IIPOAYKTOB 3HAYCHMS BBIXOA IIJIST KaTaIN3aTo-
POB Ha OCHOBe 1iIe0IUTOB ZSM-23 u ZSM-5 61u3Ku.

ITonoOHasa 3aBUCHUMOCTh MOXET OBITH OOYCJIOBJIEHA
TeM, 9TO IJISI TTOTyYCHU ST HU3K03aCThIBAIOIINX ITPOMYK-
TOB TpeOyeTcsl BBICOKAS CTeNeHb KOHBEPCUU H-TIapadu-
HOB CBIPbsI, TOCTUTaeMasl MOBBIIIICHUEM TeMIIepaTyphl
B peaKIIMOHHOI 30He. [1py MOBEIIIEHNH TeMIIePaTyPhI
CEJICKTUBHOCTb KaTaJIM3aTOpoB Ha ocHoBe ZSM-23 1o
OTHOIIIEHHUIO K PeaklMsIM THAPOM30MEpU3alINU PE3KO

CHUXKaeTcs M HaYMHAlOT MpeodaaaaTh peakKiuy Tuapo-
KPEKMHTa, IPUBOASIIME K CYILIECTBEHHOMY yMEHBIIIE-
HUIO BEIXOMA II€JIEBOTO IIPOAYKTa.

BbiBOAbI

1. U3ydyeHO BIMSHME COCTaBa T'PaHYJIMPOBAHHBIX
kataiausatopos Pt/(ZSM-23—y-Al,0;) Ha noka3arenu
Impolecca m3omenapadMHU3AINN MaCASIHON (DpaKIuu
280 °C-KK, BbIIEIEHHOW M3 MNPOAYKTOB THAPOKpE-
KWHTa BaKyyMHoro rasoiins. [TokazaHo, 4To Hauboee
BBICOKUI BBIXOH IIPOAYKTOB C OMMHAKOBBIMU 3HAYCHM-
MU TEeMIEepaTyp TEKYy4YeCTH TOJIydyeH Ha KaTajau3aTo-
pe, comepxartueM 0,30 mac.% miaTuHbl, HAHECEHHOI Ha
HOCUTEND, cocTodammii n3 20 mac.% ueonura ZSM-23 u
80 mac.% v-Al,0s5.

2. KaranuzaTopbl nsoaenapacduHU3alid Ha OCHOBE
meosmta ZSM-23 TO3BOJISIOT ITOJY4YaTh 00JIee BEICOKHIA
BBIXOJI JAenapadMHUPOBAHHBIX MPOIYKTOB IO CpaBHE-
HUIO ¢ TaOOPaTOPHBIMU U ITPOMBIIIJICHHBIMU 00pa3liaMu
KaTaJmn3aTopoB Aenapad®HU3aKU Ha OCHOBE 1IE0TUTA
ZSM-5 10 3HauyeHU#l TeMIlepaTypbl TEKYYeCTH OKOJIO
—42°C. Takue TemIepaTypbl TEKy4YeCTU XapaKTEepPHBI
JUJTsT 0A30BBIX MACEN, U3 YEeTO CIEeAYET, YTO KaTaTu3aToOPhl
Pt/(ZSM-23—v-Al,03) MoryT 6bITb 3¢bdEKTUBHBI MPU
MOJY4YEeHU U UMEHHO 3TOT'0 TUIIA TPOAYKTOB.
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BeepeHue

Bonbinoe pasHooOpa3ue MOTpeOUTENEH TEIIOBOM
SHEPIUM U BUIOB CKMTaeMOTrO TOILIMBA, a TaKXe pas-
JIMYHBbIE TPEOOBAHUS K TEMIIEpaType TEIJIOHOCUTENEN,
TEXHOJIOTUU CXKUTaHMUS TOIIMBA, YHEProcOEepeKeHUIO
¥ 3aIllUTe OKPYXKaoIleil Cpeabl BHI3BIBAIOT HEOOXOMM-
MOCTh WHIWBHUAYAJbHOIO ITOAXOAAa K BEIOOPY Kamep
CropaHus TOMJnBa (ropesyiok).

TpagunnoHHO IpUMEHSIEMbIe TOPEJIKH IS CXKUTa-
HUSI TOTUTABA U TEIIJIO0OMEHHBIE alllapaThl I YTHIH-
3allM1 TEIJIOBOM HEPryuu MO PSINy MPUUUH HE MOTYT B
3HAYUTEIBHOI Mepe PEIINTh BOIIPOCH SHEProcoepexe-
HUS Y 3aIUTHI OKPYXKAOIIEH CPebl.

Kaxk mpaBujio, OTXOASIIIMI IBIMOBOI Ta3 OT pa3HbIX
MOTPeOUTEICH TEIIJIOBOM SHEPTUHN UMEET TeMIIEpaTypy
140—200 °C u BbiwE [1, 2]. OrpoMHOE KOJIMYECTBO cOpa-
ChIBAEMOTO B OKPY>KaIOIIYyI0 Cpeay TbIMOBOTO ra3a npu-
BOIUT K OOJIBIINM IOTEPSM TEILIOBOM SHEPTUH.

CxuraHue TormjuBa B (hakeJIbHBIX U APYTOro TUIIA
ropejikax Ipu TeMmIepaTrype, mnpesblmaromeit 1100—
1200 °C, BeI3BIBAaeT 00Opa3oBaHUE 3HAYUTEITHHOTO KOJM-
yectBa CO, NO, 1, KpoMe Toro, He 06eCIeYnBaET IIOJTHOTO
CXXMTaHMs TOIJIMBA; B pe3yjbTare 00JIbIlI0e KOJIUYECTBO

Acmanosckuii J.J1. - kaHo. mexH. Hayk, npe3udesm 000 «PACT UHXXNHN-
PUHI». Ten.: (495) 718-81-96. E-mail: da2707 @mail.ru

Acmanosckuii J1.3. — suye-npe3udeHm moli xe opeaHusayuu. Tea. mom xe.
E-mail: femoscow@mail.ru

Kycmos 1.B. — Hay. kKoHcmpykm. omd. moli xe opaaHusayuu. Tea. mom xe.
E-mail: femoscow@mail.ru

000 «PACT MHXWUHWUPUHI», r. Mocksa

BPEIHBIX KOMIIOHEHTOB BHIOPAChIBACTCS C OTXOMSIIMMU
JIBIMOBBIMHY TFa3aMU B OKpyKalolyio cpeny [1—3].

Jns uenoro psija MoTpeduTesel Tenaa, TaKUX Kak
ra3oBble TYpPOMHBI, TpyOUaThie MEeYM, KaTaJUTUUYECKHUE
peakTophl, IoJoTrpeBaTeid HE(PTEIPOAYKTOB W Ip.,
MMEEeT MECTO OrpaHMYCHHWE TeMIepaTyphl IHIMOBOTO
raza (MPOAYKTOB CropaHMs), MOCTYIAIOIIEr0 Ha TeIll-
JIONCITOJIB30BaHME. DTO OrpaHWYeHUE OOYCIIOBIICHO,
IJIABHBIM 00pa30M, KapOMpPOYHOCTBIO IPUMEHSIEMBIX
MaTeprajaoB U 0COOCHHOCTSIMHU TEXHOJOTNUECKUX TPO-
IIECCOB, KaK HallpuMep KOKCOOOpa3oBaHUE IIPU ITOIOT -
peBe HeTENPOAYKTOB U AP.

Kak mpaBuio, moHUXeHUE TeMIlepaTypbl MPOAYK-
TOB CTOpaHU S, UCIIOJB3YEeMBIX B KaUeCTBE TEIIJIOHOCH-
TeJIsI, OCYIIECTBJISIOT TyTeM ITogaY1 U30BEITOYHOTO BO3-
nyxa Ha ropeHue [2]. B mpoluecce cxuraHus TornjianBa
HEe3aBUCHMO OT K03¢HIIMeHTa N30BITKA BO3ayXa IJIS
OKMWCJICHUST TTOTPEOIISIETCS TOTBKO CTEXMOMETPUIECKOE
KOJMYECTBO MOIaBaeMOIo BO3MyXa, a OCTajJbHas €ro
YacTh UIET Ha pa30aBlIeHHE IPOAYKTOB cropaHus. [1pu
9TOM ammabaTudecKas TeMIlepaTrypa TopeHus B (paxeie
ropeyiku (1o pa30aBlIeHUSI) OCTAETCSI BHICOKOW U CO-
craBisteT 1800—2100 °C B 3aBHCMMOCTH OT BHA CXKH-
raemMoro TOMnJimBa, YTo MPUBOAUT K 00pa30BaHUIO OOIb-
LIOr0 KOJMYeCTBa BpeAHBIX KoMIOHeHTOB (CO u NO,)
B poaykTax cropanus [3]. Yem 6obire Ko3hPUIIUEHT
U30bITKA BO3AyXa, TEM O0JIbIlIe KOJTMYECTBO cOpachiBa-
€MOr0 B OKPYKaIOIIYI0 Cpely ropsiuero 15IMOBOro rasa,
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¥ 3TO IIPUBOINT K YBEJINUCHU IO TOTPEOICHU S TOIIJINBA,
TETIOBBIX MoTepb U cHUXeHu1o KIT/I yctaHoBKM.
®dakenpHbIE TOPEJIKHU, KaK IIPaBUJIO, UMEIOT Orpa-
HUYEHUS 110 TeMIlepaType TOCTYTIaloIero Ha HUX BO3-
Iyxa, 4TO B psIJie CIydaeB He MO3BOJISIET B ITOJHOI Mepe
YTUJIN3UPOBATh TEILIO OTXOASIINX JBIMOBBIX Ta30B.

PazpaboTaHHbIe B HACTOsIIIee BpeMs KaTaJluTu4ec-
KHe TOpeJIKY UMEIOT OTpaHUUYEHUS 10 TeMIIepaType Mo-
nydaemoro TeryioHocutens (He 6onee 1000 °C) [3—5].

TpagunmoHHO A KaTaJIUTUYECKOTO CKUTaHUS
TOILJIMBA MEPE IMoaavyeii ra3oBO3AYIIHOM CMECH Ha Ka-
TaJIU3aTOP BO3MYX U TOILJIMBO CMEIIMBAIOT B CMECUTEIISIX
[4, 5]. I1pu aTOM 0Opa3yeTcs B3pbIBOONAcHas CMECh, KO-
TOpasi MOXKET BOCIIJIAMEHUTBCS 10 OCTYIJICHNUS B CJIOM
KaTallm3aTopa.

Hcnonp3yeMble B HacTOsIIIee BpeMs TIaCTUHYATBIE,
KOXYXOTpPYOHBIE M APYrUe BUIbI PEKYTNIEPATOPOB TEIIA
OTXOASIIET0 IBIMOBOTO Ia3a, B TOM YKCJIE IJISI TONOTpeBa
BO31yXa, TeII0(UKAIITMOHHOMN BOAKI U . [2, 6], r(poMO3-
IKY Y1 HEJOCTAaTOYHO HAIEXKXHBI MMPHU dKCILIyaTanuu. Mx
MpUMEHEHNE OTPaHNUYECHO PACXOIOM ra30BEIX IIOTOKOB B
OIIHOM arlapaTe 1 TeMIIepaTy poil UCITOIb30BaHMUSI.

B K0xXyXOTpyOHBIX M IIJIACTUHYATHIX TETLIOOOMEHHBIX
amraparax UMeeT MECTO HepaBHOMEpPHOE pacIipeieiie-
HUE TEeIJIOOOMEHHBIX CpeJl 10 TeIIOOOMEHHBIM TOBEp-
XHOCTSIM. B pe3ynbrare 00pa3yroTcs 3aCTOMHBIE 30HBI U
TeMITIepaTy pHBIE IIEPEKOCHI, BBI3BIBAIOIINC ITOBRIIICHHBIC
MeXaHWUYeCKMe HAIIPSIKEHUST B CBapHBIX IIIBaX M OCHOB-
HOM MeTaJljIe 3JIEMEHTOB KOHCTPYKIIMHU TeTIJI00OMEHHBIX
amIapaToB, YTO IPUBOIUT K UX pa3pyllIeHUI0. Bricokue
MeXaHMYeCKUe HaIpSKeHMWST YCKOPSIIOT pas3pyliaroliee
JneiicTBue Koppo3uu. Bo3HukaeT He0OXOAUMOCTD IIPU-
MEHSTh KOXYXOTPYOHBIE aIlllapaThl ¢ KOMIIEHCATOPOM
Ha kopmyce, ¢ U-006pa3HbIMU TEIJIOOOMEHHBIMU TPYO-
KaMH, C «IJIaBalolIMMU» TPYOHBIMU JocKaMU U T.1. Kak
TpaBUJIO, TAKWE AIlIapaThl METAJJIOEMKH W MMEIOT I10-
BBIIIIEHHOE TUAPABINYECKOE COITPOTUBIICHUE.

Takum 00pa3oM, OCHOBHBIE TTOTEPU TEIlJIa CBSI3aHbI
¢ OOJBIIMM M30BITKOM BO3IyXa, ITOJAaBAeMOTO Ha TO-
peHHe, BEICOKOW TeMIEepaTypoil OTXOMSIIIINX JEIMOBBIX
ra3oB 1 HEIOOKHMCICHUEM YacTHy II01aBaeMOro TOILJIMBA.
[MoBeimenne 3 GEeKTUBHOCTH CXKUTAaHUS TOILINBA IIpe-
KJIe BCETO CBSI3aHO C PEIICHUEM 3TUX ITPOOJIEM.

HoBble TexHUyeckue peweHua

000 «®PACT UHXWMHUPHUHT» coznanbl 6ecria-
MEHHBIe TopelkKu [7, 8] u TenmooOMeHHBIe anmmnapaThl
NPUHLIUIIMATBLHO HOBOU KOHCTpyKIMH [9, 10], Ha ocHO-
Be KOTOpBIX pa3paboTaHa TeXHOJOTUsI d3P(PEeKTUBHOTO

CXKUTaHMUS TOILIMBA ¢ TIyOOKOHN pekymnepauueil Tera
OTXOISIIMX IBIMOBBIX Ta30B M IMOAAEpXKaHUEM 3aJdaH-
HOI1 agnadbaTUIecKoit TeMmepaTyphl ropenus [7, 8, 11].

CxeMa OecmylaMEHHOUW TOpPEAKM KOHCTPYKIIMU
«®ACT UHXUWHWPUHT»® npencrasiena Ha puc. 1.

B BepxHEiT YacTU TOpeIKY KOHIICHTPUIHO YCTAHOB-
JIEHBI JiBe TTepdOoprpoOBaHHBIE 00eUaiiKu, KOJIblle00pas-
HOE IIPOCTPAHCTBO MEXIY KOTOPHIMH 3aIIOJIHEHO 3ep-
HUCTBIM MaTepuajioM (KaTaJam3aTopom). B 3epHHCTOM
CJI0O€ YCTAaHOBJIEHBI CITMpaJiecoOpa3Hble IEePEeropoaKU,
obecrneynBalolne paBHOMEPHOE paclpeaeeHue OK1c-
JINTENIS W TOILJIMBA ITO CIMpajico0pa3HbIM KaHajlaM OT
nepudepun K LeHTpy. B Hauvane Kaxaoro crupale-
o0Opa3HOro KaHaja pasMelleHbl Iep¢GopupoBaHHbBIE
TpyOKH, 4Yepe3 KOTOpHIE B 3¢PHUCTBIN CJIOM ITOHAeTCs
TorunBo. CMellleHre TOIUIMBA C OKUCIUTEJIEM U ero
OKMCJICHUE OCYIIIECTBIISIIOTCS B 36PHUCTOM CJIO€.

B otninume oT TpafUIIMOHHO IPUMEH IEMbIX KaTaJI-
TUYECKUX TOPEJIOK, B KOTOPHIX BO3YX U TOIIJIUBO ITepe
nogayeil ra3oBO3AYIIHOM CMECH Ha KaTajau3aTop CMe-
IIMBAIOT B CMECUTEISIX, B TOPEJIKEe HOBOI KOHCTPYKIIUH
CMeIlleHUE TOIJIMBA Y OKUCIUTENS OCYLIECTBISICTCS B
3€PHUCTOM CJIoe KaTajiu3aTopa. Takoe TeXHM4YeCKoe pe-
IIeHWe 00ecIeunBaeT MOJIHYIO 0€30IacCHOCTD IIPU BKC-

Puc. 1. Cxema 6ecnnamMeHHON ropesiku HOBOM KOHCTPYKLUK
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TyaTallid M VICKJTIOUaeT BO3MOXHOCTHb 00pa30BaHM S
B3PBIBOOIIACHOM ra30BO31YIIIHOMU CMECH.

KoHcTpyKIus OecriaMeHHOI ropeIKy IIpeaycMar-
pUBacT MPeIBapUTEIbHBIN pa30rpeB 36 PHUCTOTO MaTe-
puana (Katanuzaropa) ¢pakeJbHOI ropesikoit 10 TeMIie-
patypbl 500—600 °C. [ 3TOM 1eJv B HUXKHEH YacTH
TOpesIKY pa3MelleHa hakeIbHast TopesiKa ¢ 3arabHbIM
YCTPONCTBOM 1JIsA po3xura. TormauBo (IMpUPOIHBINA ra3
WIN Jpyroe) TomaeTcsl uepe3 OOKOBbIE MaTpyOKu pas-
JIeJIbHO AJs1 (paKeJbHONH M KaTaJUTUUYECKOW TOpesoK.
IIponyKTHl cropaHus IIpU po3Xure pakeabHOM ropen-
KU TIPOXOAAT Yepe3 3epHUCTHIN CJI0i, HarpeBasi ero Ipu
3TOM JI0 TeMIIepaTyphl Hadyajla OKUCJICHUS TOTIJINBA.

ITocne pa3orpeBa 3epHUCTOro MaTepuraga OTKJIOYa-
eTCsI IMoIaya TOIIMBA Ha (haKeTbHYIO TOPENIKY M OTKPhI-
BaeTcsl Tojadya TOIJIMBAa Ha KaTaJUTHYECKYIO Tope-
Ky. OKHCIUTENb IMOCTYIIaeT Yepe3 HUXKHUM MmaTpyooK
M, IIPOMIS MO KOJIBIIEBOMY 3a30py, Uyepe3 HapyXKHYIO
nepGopupoBaHHYIO0 00eualiky MoJaeTcsl B 3epHUCTHIN
cioit. TormnmBo momaeTcsa 4depe3 OOKOBOM MaTpyOoOK,
pPaBHOMEPHO paclipenesieTcss mo mep@oprupoBaHHBIM
TpyOKaM W TIOCTYHaeT B CHHMpajiecoOpa3HbIe KaHaJbl,
3al0JTHEHHBIE KaTaauzaTopoM. [1pu aToM B 3epHUCTOM
clIoe Karajam3aTopa IIPOMCXOAST CMEIIeHNE TOILIMBA C
OKWCJIUTEJIEM U TTporiecc okuciieHns. [IpoayKThI cropa-
HUS BBIXOASIT Yepe3 BHYTPEHHIOW Mep(oprpoBaHHYIO
00eYaiiky M 4epe3 BEepXHMU IMaTpyOOK HAIpaBIISIOTCS
MOTPEOUTENIO LTSI UCTTOTb30BAaHM S TETlIa.

Takass KOHCTPYKIIMS KaTaJUTUYECKOH KaMephl
cropaHus obecrneurBaeT OecIlTaMEHHOE TOpeHHUE Ia-
Xe OCIHBIX TOIJIMBHBIX cMeceid. [1pr 3TOM MpOXyKTHI
CropaHUs UMEIOT OJMHAKOBYIO TEMIIepaTypy IO BCEMY
006bemy. KonnyecTBo Bo3myxa, ITogaBaeMoOro B TOPEJIKY,
COOTBETCTBYET CTEXHMOMETPUIECKOMY MJIN OJIM3KOMY K
HEMY KOJIMYECTBY, HEOOXOOMMOMY [IJisl IIOJHOIO CrO-
panus torinBa. KosddunneHt n36pITKa BO3ayxa npu
aToM paseH 1,00—1,05.

Puc. 2. Katanusatop oKucneHus yrnesogopoLos

B ropenky Obl1 3arpyxeH paspadbotaHHbiii OO0
«DACT UHXMWHUPHUHI» skcTpyaupoBaHHBINA KaTa-
JIN3aTOP OKUCJIEHUS yTJEBOMAOPONOB IIMINHIPUUIECKON
¢ opMbl, MpeAcTaBASIOIINNA cOO0I1 HOCUTENb, U3TOTOB-
JICHHBIM M3 IJIMHO3eMa, ¢ HAaHECEeHHBIM Ha HETO OKCH-
oM Hukens NiO (puc. 2).

IIpu pa3paboTke KaTajnau3aTopa OKHCIEHMS YIJje-
BOJOPOIOB 3a OCHOBY OBLJI B3SIT IPOMBIIIJICHHBIN Ka-
Taauzarop (cM. TabJuIly) MapoOBO3AYIIHONW KOHBEPCUU
MPUPOIHOTO Tra3a, KOTOPbIA B T€YEHUE MJIUTEIbHOIO
BpeMeHU (4—5 1eT) HeImpepbIBHO paboOTaeT IIPU TeMIIe-
patype 1000—1300 °C (B 1060BOM cJi0€) B yCTaHOBKaXx
MPOMU3BOJACTBA aMMUaKa [2].

Coszgannbie 000 «PACT UHXMWHUWPUHI» Ten-
JIOOOMEHHBIE alllapaThl paguaaIbHO-CITMPAILHOTO THIIA
(puc. 3) ycremHo 3KcryatTupyworcs B Poccuu u 3a py-
0EXOM B DHEpPreTuKe, XMMUUYECKO, HedTerepepadbaThi-
BalOIIel W APYTUX OTPACISIX IMPOMBIIIJIEHHOCTH B Ka-

XapaKTepuCcTUKa KaTanu3aTopa OKMCNeHUs
yrnesoopoaos

HavmeHoBaHue 3HayeHue
[nameTtp rpanyn, Mm 13
BbicoTa rpaHyn, Mmm 2,0-6,0
MexaHuyeckas NpoYHOCTb, Kr/MM2 2,8
HacbinHas naoTHOCTS, F/CM3 1,46
[lons okcupa Hukens, mac.% 9,0
YnenbHas NOBEPXHOCTb rpaHysbl, CMZ/CM3 31,8

Puc. 3. Tennoo6MeHHbIN annapaT paauanbHO-CNMPabHOro
TMNa KOHCTPYKLUK «DACT UHXUHUPUHI: I n IT - nepBblii
¥ BTOPOM TENNOHOCUTENN COOTBETCTBEHHO
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YeCTBe MOA0rpeBaTeIeii, OXJIanuTeNei, KOHIEHCAaTOPOB,
amnrapaToB BO3OAYIITHOIO OXJaXIECHUs, PeKyIllepaTopoB
TeIJjia IBIMOBEIX Ia30B IJISI IOAOTPeBa BO3MyXa, ITogaBa-
€MOT0 B TOpeNKU, KOTJOB-YTUIU3aTOPOB U T.1. |7, 8].

TennooOMeHHBIN amnmapaT HOBOM KOHCTPYKLIUU
MpeAcTaBisieT cO00M MUINHAPUUIESCKUN KOPITYC, B KO-
TOPOM BJIIOJIb OCH YCTaHOBJIEHBI TEIJIOOOMEHHBIE OJIOKU
C TEeIJIOOOMEHHBIMU MOBEPXHOCTAMU, CHOPMUPOBAH-
HBIMHA U3 TEIJIOOOMEHHBIX 3JIEMEHTOB, 00pa3yIOLIM-
MU IIeJIeBble KaHaJbl [JISI TTOTOKOB TEIIOOOMEHHBIX
cpel — paaMalibHO-CIUpaJibHBIE U aKCHaJbHbIe. B ce-
YeHUH, MEePIECHANKYISIPHOM OCH alllapara, TeIIo00-
MEHHBIE 3JIEMEHTHI, (DOPMUPYIOIINE TEIJI000OMEHHYIO
MOBEPXHOCTh, UMEIOT (POPMY CITMpasid ApXumeaa.

TenmooOMeHHBIE 2JIEMEHTHI aIlllapaToOB KOHCTPYKITUH
«@ACT UHXMUHUPUHT>® MONTHOCTBIO MCKITIOYAIOT
npobeMbl, CBI3aHHBIE C TEPMMUUYECKUMU pPaCIIMPEHU-
SIMM, HE UMEIOT MECTHBIX KOHIICHTpAlMi HampsiKeHU i
HU B OCHOBHOM MeTaJljle, HI B CBapHBIX IIIBaX W MOTYT
OBITH YCITEIITHO MCIOJIb30BaHbI IIPU TPeOyeMoM Tiepernaie
IABJICHUI 1 TEMIIepaTyp TCIJIOOOMEHHBIX Cpel, IIPH TITy-
OGOKOM BaKyyMe M BEICOKOM JABJICHUH, B IMMPOKOM JTHa-
na3oHe TeMneparyp. TemmepaTypa IpruMeHEHHU S 3aBUCUT
TOJBKO OT MaTepHaJiOB, UCITOIL30BAHHBIX IJISI M3TOTOB-
JIEHUSI TETNIOOOMEHHBIX 3JIEMEHTOB M KOpITyca arapara.

TernmnooOMeHHBIE armmapaTbl HOBOM KOHCTPYKIIMU
KOMIAKTHBI, UMEIOT MaKCUMAJIBbHYIO YACIbHYIO MOBEP-
XHOCTb TeIJIOOOMeHa B eAMHUIIE 00beMa IIMJIMHApUYIeC-
KOTO afnrmapara 1 IMo3BOJIS 0T IPOBOAUTH IPOLECC TETLIO-
00MeHa Ta30BBIX M KUIKOCTHBIX ITOTOKOB ITPAKTUIECKHI
J11000i TpedyemMoii TPOU3BOAUTEIBHOCTU B OHOM arIia-
paTe B IIIMPOKOM Irana3oHe MepernaaoB 1aBACHUM U TeM-
neparyp Tenjaoo0MeHHbIX cpell. [1o cpaBHEHUIO ¢ Tpaau-
LAOHHO TIPVMMEHSIEeMBIMU ammaparaMy 3TH aIlapaTrhl
MMEIOT TIPaKTUYECKU UAcaJbHOE PABHOMEPHOE pacIipe-
IeJICHNE TETUIOOOMEHHBIX Ccpel IT0 IMEeJICBEIM KaHaJlaM.
Bnaromapst aToMy, KaK moKa3all JJIUTEIBHBIA OMBIT MX
aKcIuTyatainuu (boJjee 5 eT), UCKIoYaeTcsl 00pa3oBaHue
3aCTOMHBIX 30H, a TaKXKE BBHIMTAJCHUE COJICH XKEeCTKOCTH
(HaKuMMK1) Ha TeMJI00OMEHHOM IMTOBEPXHOCTH.

Ha puc. 4 npuBeneH BapuaHT MPUHLIATIMATBHOM CXe-
MBI 3¢ (GEKTUBHOTO CKUTAHUS TOIJINBA C YTUIIN3AlINCH
TeIia OTXOASIINX JHIMOBEIX Ta30B U MOIIePKaHUEM 3a-
MIAHHOM aTrMadbaTUyeCKou TeMmnepaTypbl TOPEHUSI.

[MpupomHelii Ta3 (MK IPYTroe TOIUTMBO) M BO3AYX C I0-
0aBJIEHHOI K HEMY YacCTbIO OTXOMSIIETO ABIMOBOIO Ia3a,
MpeaBapuTeIbHO HArpeThie ABIMOBBIM Ta30M, BBIXOISI-
IIUM 13 IIpHMEeMHHNKA TeIljIa, IOCTYIIAIOT Ha TOPEJIKY, Tae
TMPOMCXOAUT rOpeHre TOILIMBA. 3aJaHHas aauadaTuyec-
Kas Temmeparypa ropeHus toruimBa (He 6osee 1200 °C)

550 °C
500 °C
Harpesaemas MpuemHuk
cpena Tenna
- |
950 °C
Thowoc
Bo3pyx
lopenka .
P 500 °C 20 °C
MpupopHbIf ras
200 °C 5
Tennoo6MeHHUKM | AbimoBoid ras

o

140
[lbimococ

Puc. 4. BapuaHT npuHLMNNANBHOI CXeMbl 3P PeKTUBHOIO
CKMraHua TonnunBea

MMOAAEPKUBACTCSI KOJIWUYECTBOM PEUMPKYIUPYIOIIETO
JIBIMOBOTO Ta3a. JIbIMOBOI ra3 MocJie TOpeIKy HaIlpaBJIsi-
eTcsl B MIPUEMHUK TeIlJIa, T OXJIaXKIaeTCs, OTIaBast TeIl-
JIO IOTPEOUTEITIO, TIOCJIE YeT0 IIPOXOINT IIOCIICAOBATEIFHO
MOAOTpeBaTeIN OKMCINUTEINST U TorinBa. OXIaxkaeHHBIN
JIBIMOBO T'a3 YaCTUYHO ITOAMEITNBAETCS K BO3IYXY, U OC-
TaBIIAsICS €TO YaCTh COpachIBaeTCsI B aTMOChepy.

B pazpaboTaHHO# TeXHOJIOTUU 3(PHEKTUBHOIO CXU-
raHus TOmJiMBa TpeOyemas anradbaruyeckasi Temmnepary-
pa TopeHUsI 00ecIeunBaeTCsI JO3MPOBAHUEM ITBIMOBEIX
ra3oB B BO3/YX, MofaBaeMblii Ha Tropeiky. becriameH-
Hast ropenka kKoHerpykumu «PACT UHXKUHUPUHT®
MOXeT 3¢ (HEeKTUBHO padoTaTh IIPH HU3KOM COIEPKAHNU
YIJIEBOJOPOIOB B TOIUTMBHO-BO3AYIITHEIX CMECIX U TIPU
rnogayve MpakTUYECKHU CTEXMOMETPUUYECKOI0 KOJIMYeCTBa
BO31yXa, HECOOXOOMMOTIO IJISI TIOJTHOTO CXKMTAaHUS TOII-
JnmBa. PazbaBiieHre BO3MyXa JBIMOBBIM I'a30M ITIPUBOIHUT
K CHUXEHUIO KOHIICHTPALIMM KUCJI0POaa B OKUCIUTEIIE
(cMech Bo3ayXa ¢ IBIMOBBIM T'a30M), YTO B CBOIO OUepeab
CHIXKaeT agnabaTUIeCcKylo TeMIepaTypy TOPeHUS TOM-
nuBa. YeM HMKe KOHLEHTpAIMs KUCI0POoaa B OKUCIIU-
TeJle, TeM HUXe amrabdaTrndecKasi TeMIlepaTypa TOpeHU s
TorinBa. TakM 00pa3oM, peryaupyst KOJIu4ecTBO MOA-
MEIIIMBAaeMOro B BO3IYX IBIMOBOI'O T'a3a, MOXXHO PeryJu-
pOBaTh U IMOAACPXKUBATh TPEOYEMYIO aaInadaTHIeCKYIO
TeMIIepaTypy CropaHus TOIJINBA.

CxxuraHue TOIJIMBA MPU agnrabaTUuecKoi TeMmepa-
Type ropeHus He Bbime 1200 °C mpaKTU4eCcKU UCKITIO-
yaeT B oTXoAA1MX AbIMOBBIX razax CO u NO, [8].

IIpu aTOM II1yOOKasl peKyIepaius Terjia OTXOaS IIUX
IBIMOBBIX Ta30B 0OccCIIeYMBaeT YMEHBIICHHE pacxoma
TOIUTMBA, KOJWYECTBA OTXONSIIMX IBIMOBBIX Ta30B U
BpenHbIX BbIOpocoB (CO, NO,) B oKpy2KaloL1y1o Cpeay.
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3KCﬂepMMEHTaJ'IbeIe unccnepoBaHunA

HcrpITaHUSA TOPEJIKA HOBOM KOHCTPYKIIMU IIPOBO-
JIWJIY Ha 3KCIEPUMEHTaJIbHOM cTeHae (puc. 5).

Pacxonm TtomnuBa (IpUpPOOHOro rasa) M3MEpPSIIU
pacxomomepom tomsnuBa NPM-G4, pacxonm okuciu-
Teast (cMecu Bo3ayxa ¢ a3oToM) — porameTpom PC 7.
KonuyecTBO HecropeBIINX YIIEBOAOPOIOB, KOHIIEHT-
pauuu O,, CO u NO, B mpoayKTax CrOpaHusl, a TaKxKe
TeMIIepaTypy IIMOBEIX T'a30B O peAeIsiJIv Ha BBIXOIE U3
TrOpeJIKU MOPTaTUBHBIM aHAJIU3aTOPOM JbIMOBBIX T'a30B
Testo 350X L. AsponnHAMHYECKOE COITPOTUBJICHUE 3¢P-
HUCTOTO cjiost u3Mepsiyin U-o0pa3HbIM MAaHOMETPOM.

PesynbTaThl UICTIBITAHWMI TTOKA3aIU, YTO KOHCTPYKIIMS
TOPEJIKY 00eCIIeYnBacT YCTOMINBOE OeCcITyMHOE, OecIIia-
MEHHOE ropeHNe TOTLIMBA B 3¢PHUCTOM CJIOE KaTaJIn3aTo-
pa B IMaria3oHe aguabdaTUYeCKUX TeMIIepaTyp rOpeHus
toruba 600—1200 °C. ITpoyHOCTh I'paHyJI KaTaau3aTopa
ocJ1e MTPOBENEHHBIX UCITBITAHMI HE U3BMEHUJIACh U COCTa-
BuJIa 2,8 KF/MM2. CXuraHue TOIJIMBa MTPOBOAUIIY ITPU KO-
s dpuneHTe N30bITKA Bo3ayxa, paBHoM 1,00—1,05.

TIpu TTOBEITIICHNY aanabaTUIECKOM TeMITepaTyphl TO-
penus Toransa ot 600 1o 1200 °C conep:kaHue HECTOPEB-
IINX YIJIEBOOOPOIOB CHUXKAJOCh. BimsHme o6beMHOI
CKOPOCTH Ha cofiep>KaHue HECTOPEBIINX YIJIEBOIOPOIOB

Puc. 5. Cxema skcnepumer-
TanbHOro CTeHja:

1 —ropenka; 2 — pacxogomep
oKucauTens; 3 — pacxogomep
TONNWBA; 4 — BO3AYXOAYBKaA;
5,6 — perynupoBOYHble BEHTUAN

Copepxanune CH,, ppm
75

50- /
254 t=600 °C J
t=700 °C
0 T T .
5000 15000 25000 35000

06bemHas CKOpPOCTb, 4

Puc. 6. 3aBMCMMOCTb OCTATOYHOrO copepxaHunsa
yrnesonoponoB B NpOAYKTax CropaHusa ot 06bEMHO CKOpoCTHu
nTemnepaTtypbl ropeHna Tonanea

Copepxatue CO n NO,, ppm

40

304 o

20-

104 NO,
0 . . -—/
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Anvabatuyeckas Temnepartypa ropeus, °C

Puc. 7. 3aBucumocts cogepwanusa CO u NO, B npogyKTax
CropaHus oT aanabaTuyecKoii TeMnepaTypbl ropeHus TonuBa

B MPOAYKTaX CropaHus MokaszaHo Ha puc. 6. [Ipu Temrie-
parypax Bbimie 800 °C B nmama3oHe 0ObEMHBIX CKOPO-
creit 5000—40 000 u~! HecropeBiMe YrieBOXOPOIBI B
MMPOAYKTAaX CrOpaHUs MPAaKTUIECKH OTCYTCTBOBAJIH.

Ha puc. 7 nokazaHa 3aBucumocTh conepxanust CO u
NO, B mponyKTax cropaHus oT aiuabaTUYecKoi TeMIe-
patypsl ropeHus TorinBa. [Ipn agadbaTmyecKux TeMIie-
parypax ropeHus 800—900 °C u meHee conepxaHue CO u
NO, B npoayKTax cropaHusi IpaKTUYECKU PABHO HYJIIO.
ITpu remmniepatype 1100 °C u 6osee HabI0OMATOCH YBETU-
YeHME X KOHLICHTPAllM1, HO AaKe IPU STUX TeMIIepaTy-
pax cogepxanue CO u NO, B npoaykTax cropaHus 6ojee
YyeM Ha MOpsIIOK HUXKe, YeM B (haKeJIbHbIX ropenakax [1].

3aBUCUMOCTb a3POIMHAMUYECKOTO COITPOTUBIICHUS
3€PHUCTOTO CJIOSI TOPEJIKH OT pacxoda TOILIMBHO-BO3-
JIYITHON CMecH M aanadaTuuyeckoi TeMIepaTypbl Cro-
paHus TOIJIMBA ITIOKa3aHa Ha puc. 8.

Pesynpratel mcciieqoBaHUS MMOATBEPAVIIA BO3MOX-
HOCTh MOIJEpKaHUSI aguadaTUIeCKON TeMIlepaTyphl
ropeHus ToruinBa B auanasone 600—1200 °C mytem pas-
0aBJICHUS BO3IyXa, II0OABAEMOTO B TOPEIIKY, THEPTHBIM
razom. Haubosee a(ppekTuBHO ropejika HOBO KOHC-
TPYKIIMU MOXET OBITh IPMMEHEHAa B TEXHOJOTMYECKUX
IIpoleccax Ipy UCIIOIb30BAHNHU B Ka4eCTBE MHEPTHOTO
raza MpoayKTOB CTOpaHUs U TIOJOTPEBE OKUCIUTES 1
TOIJIMBA OTXOMSIIIIUM IBIMOBBIM I'a30M.
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ABDOJJ,I/IHaMI/NeCKOG conpoTuBneHune, Mm BoA. CT.
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Pacxop TONNMBHO-BO3AYLWHOM CMECH, HM /4

Puc. 8. 3aBUcUMOCTb a3poMHAMMYECKOro CONPOTUBEHMA
CNOs KaTanusatopa ropesiku oT pacxofa TOMIUBHO-BO3AYyLU-
HOIi CMecu 1 afimabaTnyecKoi TemnepaTypsl ropeHus Tonnuea

B xaxgom KOHKpETHOM ciydae Ipu pa3paboTkKe
MIPOMBIIIJIEHHBIX O€CITJIAMEHHBIX TOPEIOK HOBOM KOHC-
TPYKIIMU XapaKTEPUCTUKY TOPETKY OYAYT ONpeaeasITh-
Cs1 TUIIOM, pa3MepaMu U (hOpMOii MPUMEHSIEMOro KaTa-
JM3aTopa, BUJOM TOILIMBA, TpeOyeMOil TeMIIepaTypoi
MPONYKTOB CrOpaHUs (TEIJIOHOCHUTENS), JTOIMMYCTUMBIM
adpOAMHAMUYECKUM COIPOTUBICHUEM U JIP.

BbiBoAbI

IIpnMeHeHMe OeclIaMEHHBIX TOPEJIOK IS OKMC-
JICHUSI YTJIEBOOOPOJOB M TEIJIOOOMEHHEBIX amlapaToB
HOBOTO MOKOJICHUS IJisl peKylepaluy Tera OTXOIs-
IIUX JBIMOBBIX Ta30B, a TaKxXe NMpHMMeEHeHUe cIiocoba
s pextrBHOrO cxkuranus TorumBa «OACT MHXKU-
HUPUHI»®, nossonsiomero noaAepXuBaThb 3anaH-
HYIO aqnabaTUYECKyIo TeMIepaTypy TOpeHUsI TOTINBA,
obecrneunBaeT TpebyemMylo TeMIlepaTypy IpPOIYKTOB
CropaHus nepea noTpeduTesieM TEII0BO SHEPIUH.

3a cyeT yTUIM3alUuM HU3KOITOTEHIIMAIbHOTO TeIja
OTXOASIINX AHIMOBBIX Ta30B M MPAKTUYECKU ITOJTHOTO
WCKJTIOUEHU S TIOAAYU B TOPENIKY U30bITOYHOTO BO3ayXa
obecrieunBaeTCcs 3HAUMTEIbHOE COKpallleHHe IToTpediie-
Hug ToriMBa. CxXUraHue TOIIMBa NpU aAruadaTuueckoi
Temneparype ropeHus He Boiie 1200 °C mpakTU4ecKu
HCKJIIOYAET B OTXOASIMUX ABIMOBBIX razax CO u NO,.

CospaHHble OecriiaMeHHas ropejika U TEImaI000MeH-
HbI€ aIapaThl HOBOTI'O IOKOJICHUSI, a TaKXe TeXHOJIO-
i 3P GHEKTUBHOTO CKUTAHUS TOIJIMBA TTO3BOJSIIOT B
3HAYUTETBHON Mepe PEIINTh BOIIPOCH HEpPTrocoepexke-
HUS U 3alIATHI OKPYKAIOIIEH Cpeabl.
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* HoBocn6MpCKNit rocyfapCTBEHHbI YHUBEPCUTET

9KOJIOTUYECKHU YUCTOTO OKHCIUTENsI, HE TPEeOYIOIIEero
IIPUMEHEHUS TOIOJHUTEIBHBIX Mep 0e30IMacCHOCTH U
3aTpaT Ha TPAHCIIOPTUPOBKY, a TAKXKe OTCYTCTBUE Cpe-
W TPOAYKTOB OKMCJICHHUS OMACHBIX BEIIECTB, TaKUX
kak NO,, SO,, HCI, auokcunst u ¢ypansl. B Poccuu
MIPOMBIIIJICHHBIX TEXHOJIOTUI IJIST 00e3BpeKUBAHUS
CTOYHBIX BOA JaHHBIM METOIOM IIOKa HET, MOITOMY
aKTyaJbHOCTD M MEePCIEKTUBHOCTD UX Pa3pabOTKH He-
COMHEHHBI.

Hcrnionbp3oBaHMe KaTaJanu3aTOPOB MO3BOJISET CYILEC-
TBEHHO CHU3UTH TeMIIepaTypy U JaBJICHHE adpOOHOTO
OKMWCJICHUST U JOOUTHCS BBICOKOW CTEIIEHW MHUHEpaJM-
3allMM OpraHMYeCKUX 3KOTOKCUKAHTOB. [l obJerue-
HUS a3pOOHOTO OKMCJICHUS Pa3IMIHBIX OPTaHNIECKUX
COCAWHEHUI MCCIeNOBaJIUCh pa3IMUHblE TEeTePOreH-
HbIe KaTaJIM3aTOphl, BKIIOYasl OJaropoaHble MeTaslIbl
(Ru, Rh, Pd, Ir, Pt, Au) m oKCHIBI HEKOTOPHIX IEPEXOI-
Hbix MetajuioB (Fe, Mn, Cu, Cr, Co, Ni, Mo, Ce). Ha-
nboJsiee aKTUBHBIMU 1 YCTOMYMBBIMU KaTajau3aTopaMu
00CyKITaeMBIX IIPOIIECCOB 0Ka3aIUCh BRICOKOIMCIIEPC-
Hble 01aroponHbie metajuibl (Pt, Pd, Ru, Au), 3akpen-
JICHHBIE HAa YCTOMYMBBIX B arpE€CCUBHOM BOOHOM Cpemde
Hocurensix (TiO,, ZrO,, CeO,, noauMepsl, yriaeponHble
Matepuanbl) [3—7]. Katanuzatopsl Ha OCHOBE pyTe-
HUS [0 CPAaBHEHUIO ¢ KaTaJu3aToOpaMu, COAepXalluMuU
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WHbIe 0JarOpOAHbBIE METAJJIbl, HE TOJBKO IPEIIOYTH-
TeJIbHEeE C TOUKU 3PEHU ST aKTUBHOCTHU U CEJICKTUBHOCTH
B OTHOIIEHUU TJTYOOKOTO OKHMCJICHUS Pa3JIMIHBIX Opra-
HUYECKUX CyOCTpaTOB, HO U IIPUBJIEKaTeJIbHEE C 9KOHO-
MUYECKOI TOYKM 3pEHMS BBUAY OTHOCUTEIBHO HU3KOM
CTOMMOCTHU pyTeHUs. [1ydbokoe okuciaeHue (heHOI0B B
MPUCYTCTBUU PYTCHUEBBIX KaTaJIM3aTOPOB TOCTUTAETCS
npu ymepeHHbIx TemmiepaTtypax (140—180 °C). ITpu aTom
HaHEeCEeHHBIC PYTeHNEBBIC KaTaJIN3aTOPhl IEMOHCTPHPY-
0T BBICOKYIO YCTOMYMBOCTH K BBIMBIBAHWIO aKTMBHOTO
KOMIIOHEHTa Y OTPAaBJICHUIO MPOAYKTAaMU HEIOJHOIO
OKUCJIEHU S (3ayTJIEPOKUBAHUIO).

B nutepatype, Kacarouieiicsi a3poOHOro OKHCJe-
HUSI, UMeeTCs OOJIbIIIOE KOJIMYECTBO IPUMEPOB, CBH-
JIETEeIbCTBYIONINX O 00Jiee BRICOKOM aKTMBHOCTH KaTa-
JIN3aTOPOB Ha YTJIEPOIHBIX HOCUTESX 10 CPaBHEHUIO
C OKCMIHBIMU. B KayecTBe BO3MOXHBIX IIPUUUH OoJjice
BBICOKO# aKTMBHOCTH HA3BIBAIOT BEICOKYIO aACcOpOIIM-
OHHYIO CIIOCOOHOCTH YIJIEPOMHBIX MaTepuasioB (YM)
0 OTHOIIEHUIO K CyOCcTpaTy, ClocooHocTh YM B3au-
MOIEHMCTBOBATh C aKTUBHBIM KOMITOHEHTOM, BBICOKYIO
JTUCIIEPCHOCTh HAaHECEHHOTo Ha YM KaTaJluTU4YeCKU
aKTUBHOTO MeTaJjlja 1 paBHOMEPHOE pacipeaeeHue 1o
pa3Mepam ero yactuil [§—10].

KaTtanuTuueckue cBoiicTBa 3aKpemnjieHHbIX HA YM
HaHOAMCIEPCHBIX METAJJIOB CYIIECTBEHHO 3aBUCST
OoT Mmeroaa mnpenodbpadboTku Hocutensd. Hampumep,
MpeaBapuTebHOE OKUCICHUE YIJIEPOMHOTO HOCHTENS
30 %-noit HNOs, cmecbio HNO; u H,SO,4, pactBopom
Na,CO; no-pa3sHOMY BIUSIJIO Ha KaTaJIUTAUYECKYIO aK-
TuBHOCTH Pt-, Ru- u Cu-06pa31oB B a3poOHOM OKHUCIIE-
Huu aHuiauHa [11]. AkTuBHOCTH Katanau3atopa Ru/C B
a3pOOHOM OKHCJICHUY OCH3MIIOBOTO CITMPTA B O€H3a b~
JETU] yMEHbIIaach C YBETMUEHUEM TeMIIepaTyphl Tep-
MOOOpPabOTKY MpeABapUTEIbHO OKHUCIEHHOIO CMECHIO
HNO; u H,SO, yrinepogHoro Hocutess, T.€. C yMEHb-
IIEHWEeM KOHILIEHTpalluu KapOOKCUIbHBIX rpym [12].

HmeroTcst cooblieHnss o ToM, 4yTo YM 06e3 HaHe-
CEHHOTO aKTHMBHOIO KOMIIOHEHTA TaK:Ke ITPOSIBIISIOT
KaTaJuTUUYECKYl0 aKTUBHOCTb, CPABHUMYIO C aKTHUB-
HOCTBIO HAHECEHHBIX MEeTaJJINUECKUX KaTaJIu3aTOPOB B
OKWCJICHUM BO3IYXOM OpPraHMYECKHX CyOCcTpaToB: ¢e-
HoOJIa, 3aMellleHHBIX (DeHOJIOB, aHUJIMHA U KpacuTesei
[13—18]. BTy aKTUBHOCTB CBSI3BIBAIOT JIMOO C HAJTUYHUEM
Ha IMOBEepXHOCTU Y M XeMOCOOMPOBAaHHOTO KMCIIOPOa,
JIM00 ¢ TPUCYTCTBUEM OCHOBHBIX 1IEeHTPOB. Hampumep,
€co0011a10Ch, YTO TIpeABapUTENIbHOE OKHuciaeHue YM
cunbHbiMU okucautensiMu HNO; u H,O, npuBonut K
3HAUYUTEJIbHOMY YBEJIMUYEHUIO KOHBepcuu (peHoma [13]
1 aHUIKMHA [14], 4TO O3BOJUIIO clieJaTh BBIBOI 00 aK-

TUBHOCTU KHUCJIOpoacoaepxkamux rpynn. Hampotus,
Mo JaHHBIM [18], KaTanuTUYecKasi aKTUBHOCTL YM B
OKHCJICHUM (peHoJIa TI0C/Ie OKHUCICHUS MOBEPXHOCTU
06pa3uos ¢ nomoiusio H,O,, (NHy),S,04 1 HNO; 1160
He U3MeHsIJIach, MO0 HEMHOI'0 yMeHbIlIaaack. B cBs3u ¢
STUM aBTOPHI NPEAOJOXIIIN, UTO IIPUINHA CHUKCHU ST
AKTUBHOCTH CBsI3aHa C YMEHBIIIEHUEM KOHIIEHTpaluu
OCHOBHBIX LIEHTPOB Ha MOBEPXHOCTU, OTBETCTBEHHBIX
3a TeHepUpPOBaHUE CBOOOMHBIX pPaIUKaJIOB U3 MOJIEKY-
JIIPHOTO KMCJIOpo/a.

B Hamux npenpinymux padoTtax ObLIO HMCCIEIOBa-
HO BIMSHAE MOP(OJIOTUH YIICPOIHBIX KaTaJInu3aTOPOB
U KOHIEHTPAIlMU KHUCIOTHBIX KHMCJIOPOICOAEpPKAIINX
TPy HAa UX ITOBEPXHOCTH, U3MEPEHHOM METOIaMU KHC-
JIOTHO-OCHOBHOTO TUTpoBaHus 1 POOC, Ha KaTaIUTHU-
YeCcKyl0 aKTHBHOCTbh OOpas3lioB B peakllMu TJTyOOKOro
OKMCJICHUSI OPTaHUYECKUX CYOCTPaTOB IIEPOKCUIOM BO-
nopopa [19, 20]. [TokazaHo, 9YTO «4UCTBIE» YTIEPOMTHbBIE
KaTaJm3aTopbl, He colepXKallne MpUMecei ITepexXoTHbIX
METaJIJIOB, XOTS M He 00JIaJaroT 3HaYUTEIbHOI KaTaau-
TUUYECKOM aKTUBHOCTBIO B IIEPOKCHUIHOM OKMCJICHUMU,
HO YCKOPSIIOT OKUCJIEHHE, KaTaJIM3UPyeMOe MOHAMH Ke-
Jie3a, HaXOOSIIMMMCS B pacTBope. [Ipu 3ToM ckopocTh
peakIny YBEININBACTCSI C YMEHBIICHHEM KOJMYECTBA
KapOOKCHUJIBHBIX M JAKTOHHBIX T'PYIII Ha IMTOBEPXHOCTH
YIJIEPOIHOTO MaTepualia.

Lenrplo maHHOII pabOTHI SIBISCTCS HCCIACIOBAaHUE
BJIMSIHU ST IIPUPOJIBI M KOJIMYECTBEHHOTO COCTaBa ITOBEP-
XHOCTHBIX KMCJIOPOACOAEPKAIIMX IPYIII Ha KaTaJIUTH-
YecKHre CBoMcTBa yriiepogHbIX 1 Ru/C KaTaim3aTopoB B
r1y00KOM XMAKO(Pa3HOM adpoOHOM okuciaeHuu. B ka-
YecTBE MOIEIBHOIO CyOcTpaTra B JAaHHOW paboTe BbI-
O6paH (heHOT — YCTOMINBOE K OKHUCIICHUIO COeINHEHNE,
SBIISTIOIICECST OMHUM M3 HanboJiee paclipoCTpaHEHHBIX
9KOTOKCHMKAHTOB. B KauecTBe MCXOMHOIO YIJIEPOIHOTO
KaTtajam3zaTopa M HocuTelsl I Ru-comepXammx Ka-
TaJIM3aTOPOB B3ST ME3OMOPUCTHIN T'PpadUTONOMOOHBII
VM «CubyHut-4» (S4). MeToauKu nmojJydyeHus Ha Oc-
HoBe S4 00pa3loB ¢ pa3IMYHBIMU MOBEPXHOCTHBIMU
KMCJIOPOACOACPKAIIMMHU TPYIIIaMu U Pe3yJIbTaThl Je-
TaJbHOTO (PUIUKO-XMMUIECKOTO MCCICIOBAHUS TOIY-
YEHHBIX YTJIIEPOAHBIX 00pa310B OMmucaHsl B [21].

JKcnepuMMeHTaNbHasA YacTb

B HacTtosiieit pabote 6e3 mpeaBapuUTeIbHON OUunC-
TKM ucnosnb3oBaiuch peaktusbl YAA: CcH;OH («Pe-
axum»), CoH;OH («Peaxum»), NaHCO; («Peaxumy),
Na,CO; («Peaxum»), NaOH («Peaxum»), HNO; («Pea-
xum»); CoHsONa («Acros»), Ru(NO)(NOs); («Alfa Aesar»);
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razoBele cMecu 20 06.% O, B N, («<MCKYCCTBEHHBIH BO3-
oyx») u 1 06.% O, B Ar. 11 IpUroToBJIeHUSI BCEX pac-
TBOPOB IIPUMEHSIIA BONLY, OYMIINEHHYIO Ha YCTaHOBKE
Milli-Q («Millipore», ®paHius).

OKUCJIeHHBbIE YTJepOoaHble 00pa3libl TOTOBUJIN W3
KOMMEPYECKOTO ME30IIOPHUCTOr0 YIJIEPOTHOTO MaTepH-
ana «CubyHut-4» (S4), oKuCIsIs ero KUCJIOPOAOM CMe-
cu 1 06.% O, B Ar B oTcyTcTBHE TapoB Boasl ipu 400 °C
(S4-0O1) u cmecu 20 06.% O, B N, B IpUCyTCTBUY ITapoB
Boabl npu 450 °C B TeueHue 4 4 (S4-020); nepokcuaom
Bogopona B TeyeHue 0,5 4 1 2 cyT 0 MOJHOTO pa3yio-
XKeHus mepokcnaa Bogopona (S4-HO,5 u S4-H); rumox-
JjopuToMm HaTpus B TedeHue 20 muH u 3,5 4 (S4-Cl10,3 u
S4-Cl13,5); azorHoit kucaoroi mpu 90 u 110 °C (S4-N90
u S4-N110) [21].

PyTeHueBbie KaTaan3aTopbl HA OCHOBE MCXOIHOTO U
OoKHUCJIeHHbIX 00pa3ioB S4 (3 % Ru/C) mony4danu MeTo-
JIOM MPOIUTKH IO BJIATOEMKOCTU BOITHBIM PAaCTBOPOM
Ru(NO)(NO3); (84,8 r Ru/n) ¢ nocienyouieil cymkon
IMpY KOMHATHOM TeMIlepaType B TeueHue 2—3 4 U Ipu
60 °C B Teuenue 12 4. BoccTaHOBJIEHME AKTMBHOTO KOM-
IMOHEHTa MMPOBOAMIN B ToKe Bomopoxaa (200 mj/MUH)
npu 300 °C B TeueHue 2 4, TeMIIepaTypy yBeIUUUBaIN
co ckopocThio 1 °C/MUH, TTOCJIe OCTRIBAHMSI 0 KOMHAT-
HOIi TeMIiepaTypbl B aTMocdepe Bogopojia KaTaau3aTop
MaccUMBUPOBaIU ra3oBoit cMecoio 1 % O, B azore [22].

TexcTypHBIC XapaKTepUCTUKHA OOPa3ILOB OIPEaeIs-
J1 11o u3orepMam ancopobuunu N, npu 77 K Ha yctaHOBKe
ASAP-2400 («Micromeritics», CILIA). Pentrenogaso-
BBII aHanu3 Ru-comepkamux o6pa31ioB NpOBOANIN Ha
nudpakromerpe Bruker D5005 («Siemens») ¢ CuK,,-u3-
JIydeHHeM B Auara3oHe yrioB 20 = 3+80° ¢ marom 0,02°.
DIIeKTpOHHBIE MHUKPOGOTOrpadmy BHICOKOTO pas3pe-
IIEHUs] U paclipefe]ieHre YacTUIl PyTeHUs MO pa3Me-
pam 119 Ru/C KaTannu3aTopoB ObIIU ITOJYYEHBI C TOMO-
IIBI0 ITPOCBEUYMBAIONIETO 3JIEKTPOHHOTO MHKPOCKOIIA
JEM-2010 c yckopstouium HanpsikeHuem 200 kB u pa3-
peumieHueM 1,4 A. I'mcTorpamMmebl pacripeneaeH s YaCTUIL
o pa3MepaM OBLIM MOJYYCHBI B Pe3YIbTATe CTATUCTH-
yeckoit (200—500 yacTuir) o6paboTKku MUKpodoTOorpa-
¢uii. 3HaueHUsT CpeTHECTATUCTUYECKOro JIMHEHHOro
(<d,>) " CPEIHEB3BEIIEHHOIO (<ds>) OVaMeTpOB HaHE-
CEHHBIX YaCTULI paCCUUTHIBAIU Mo opmyaam [23]:

<d1> = Xdi /]V,
<d>=3d3/zd?,
rae d; — nMaMeTp HaHeCEHHOH yacTulipl, N — oOuiee
9HCIIO YACTHII.

OkwucieHnue eHosa TOBOIUIN B aBTOKJIaBe, M3T0-
TOBJIEHHOM U3 MaTepuaina Xacrteiuioi C276, 00beMOM

300 ma («Parr Instrument Inc.», CIIIA) npu Temnepaty-
pe 140 °C, o611eM gaBaeHU U «MCKYCCTBEHHOTr0 BO3AyXa»
(cmecb O,/N, = 1/5) 5,0 MIla npu nocTosstHHOM Iepe-
MemrBaHuM (1200 06/MUH) MexaHUYECKOI MellaaKon
IIPOINEJJIEPHOTO TUIIA C MATHUTHBIM NpruBoaoM. B aBTo-
kuaB momentanu 150 M 0,021 M (2 /1) BogHOTO pacTBO-
pa deHomna u 500 Mr KaTaJiM3aTopa, poayBaJIv TPUKIbI
aproHoM IIpu IepeMelInBaHuU U HarpeBaiau. [Ipu mo-
CTHMXKECHWU 3aJaHHOI TeMIlepaTyphl HaUMHAJIHW peak-
1110, TIoJaBasl «MCKYCCTBEHHBIN BO3MYX» U IMOAHUMAsI
naBieHue B peaktope 10 50 atMm. B xome skcriepumeH-
TOB OTOMPAJIH IIPOOKI IJISI OIIPEaeICHN S KOHIICHTpaIlny
¢eHoa u ob1Iero opraHuueckoro yriaepoga (OOY).

KonueHTpanuio ¢eHona U HEKOTOPHIX MPOAYKTOB
ero OKMCJICHUS (TMAPOXMHOH, MMPOKATEXWH) OIpeae-
asaau MetogoM BD2XKX Ha xpomaTtorpade Prominence
20 LC, («Shimadzu», AnoHus) Ha KoJIoHKe Synergi
Hydro-RP 4 mkm, 250 MM X 4,6 mMm («Phenomenex»,
CHIA), amtoeHT — 35 % AcCN, 65 % H,0, YO-netek-
top (A = 210 HM). [TockonbKY MACHTUMUKAIINS U KOJIU-
YeCTBEHHOE OIIPeIeSICHNE BCEX IMPOMEXYTOIHBIX ITPO-
JIIYKTOB OKUCJIeHUs (heHoJIa He BXOAMJIM B 3a1a41 3TON
paboThl, 6anaHC MO yIJIEpOLY CBOAUIIU, UCMIOJb3YS KOH-
LEeHTpaLNIo 00IIero oprannmdeckoro yriepoga (OOY) B
BOJHOM DPAacTBOpE, KOTOPYIO OIpeAesii Ha Tpubope
TOC Analyzer 5050A («Shimadzu», dnonus). KoHueH-
Tpalliio PYTEHUSI B pacTBOpaX OMNPEACIISIN METOIOM
ATOMHO-3MUCCUOHHOM CIIEKTPOCKOITUM C MHIYKTUBHO
CBsI3aHHOM MJa3Moii Ha criekTpoMeTpe Activa, «Horiba
Jobin Yvon SAS», ®panuus).

Pe3ynbTaTthl 1 Ux 06CyKAEHME

HccaenoBanue KaTajau3aTopoB (U3HKO-XHUMHYECKH-
MH MeTOdaMM. TeKCTypHbIE XapaKTepUCTUKU OKUC-
JIEHHBIX YIJIEPOAHBIX 00pa3LoB U KaTaau3atopoB 3 %
Ru/C (tabn. 1) mokaspIBalOT, YTO B pe3yJbraTe OKUC-
JINTEJIbHOI 00pabOoTKU yAeIbHasI ILJIOIIAadb TOBEPXHOC-
™ (Sppy) BCEX YIJIEPOLHBIX 00pa3lloB yMEHbLLIAETCS.
HanOonbive naMeHeHus Sgpr HaOMIOAAIOTCA MPU UC-
MOJIb30BaHUM HauboJjiee CUJIbHBIX OKMCIUTENCH: T'd-
IOXJIOPUTA HATPUS U a30THOM KUCIOTHI. OOLIKiA 00beM
W CPEIHMI AUaMeTp TOp BCeX OKMCIEHHBIX 00pas3lioB,
kpome S4-ClI3,5, MmeHbllIe, UeM y UCXOAHOro obpa3sia S4.
O61ias yaeabHasi KOHUEHTPAaLUs KUCAOTHBIX TPYIIIT Ha
TTOBEPXHOCTU 00pa3lioB, OIpeseieHHass METOJI0M KUC-
JIOTHO-OCHOBHOI'O TUTPOBAaHMUSI, YMEHBIIACTCS B PAAY:
S4-N110 > S4-Cl13,5 > S4-N90 > S4-Cl10,3 > S4-020 >
> S4-H > S4-HO0,5 > S4-01 = S4. bonaee nmoapodHo pe-
3yJIbTaThl (PU3MKO-XMMUUYECKUX HUCCJCIOBAHUN OKUC-
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Tabnuua 1

TeKCTYpHbIE XapaKTePUCTMKM YrNepoAHbIX HOCUTeNel U pyTeHneBbIx KaTanusartopos (3 mac.% Ru)

Ha UX oCHOBEe

YpenbHasa NoBEpXHOCTb 06bem nop CpepHuit guameTp nop
Hocutensb (Sger), m2/r (Voop) cm’/r <d nop > HM
Hocutenb Katanusarop Hocutenb Katanusarop Hocutensb Katanusarop
S4 379 305 0,63 0,47 6,6 6,2
S4-01 327 299 0,42 0,41 5,2 5,5
S4-020 348 314 0,44 0,47 51 6,0
S4-Ho,5 308 286 0,39 0,42 5,0 59
S4-H 358 304 0,51 0,46 58 6,0
S4-Clo,3 268 235 0,37 0,37 5,5 6,3
S4-Cl3,5 224 205 0,43 0,36 7,7 7,0
S4-N90 340 244 0,51 0,32 6,0 5,2
S4-N110 250 207 0,41 0,35 6,6 6,7

JICHHBIX YTJICPOTHBIX 00pa3IloB OIMCAHBI B HAIIIEH Ipe-
IbLayieit crtatoe [21].

Hanecenune pyTeHHSI Ha IOBEPXHOCTh HCXOIHOIO
o6pa3sia (S4) 1 ero OKHCICHHBIX 00pa31IOB TaKXe IIPH-
BOIMT K YMEHBIIICHUIO YACTHLHON IJIONAI1 ITOBEPXHOC-
T 1 00beMa Mmop (cM. Tabi. 1), YTO MOXKHO OOBSICHUTH
OJIOKMPOBAHMEM HEKOTOPBIX ITOP HOCHUTEJICH YacTHIIa-
MU aKTMBHOTO KOMITIOHeHTa. HaubGonee 3amMeTHO 3Tu
napaMeTpbl YMEHBIIAIOTCS B CIydyae KaTaJlMu3aTOPOB Ha
S4 (Sppr — na 20 %, Viop — Ha 25 %) 1 S4-N9O (Sper —
Ha 28 %, Vy, — Ha 37 %). CpenHuii nuaMeTp 1mop Kara-
JIN3aTOPOB B IpelesiaXx OIIMOKM IKCIIEpUMEHTa He OT-
JIM4aeTcs OT CPEOHETO TuaMeTpa Iop HOCUTEIICH.

Ru-conepxaiue KaTaan3aTopbl ObLIM UCCIIETOBAHbI
METOIOM peHTTreHoda3oBoro aHaian3a (PPA), ux peHr-
TeHOTpaMMEI IIpencTaBiIeHBI Ha puc. 1. JIJs cpaBHEHUS
MpuBeIcHa PEHTIEHOrpaMMa HEOKHMCICHHOT'O HOCUTE-
1 S4: Ha Heil uMeloTcs AUPPaKILMOHHBIE MaKCUMY-
MBI OT ILIOCKOCTel rpadmura [(20 = 25,5° (002) u 20 =
= 43,1° (100)]. HezaBucumo OT mpoueaypsl npeaodpa-
OOTKM HOCHUTEJISI Ha pEeHTIeHOorpaMMax KaTtajJu3aTopoB
C HaHECEHHBIM METaJIJIOM He OOHapy:KeHBI pedIIeKCHI
npu 20 = 38,4°,42,2°, 44,0°, COOTBETCTBYIOIIME reKcaro-
HaJILHOM CTPYKType pyTeHus1. OTCyTCTBUE 3TUX JTUHUMA
CBUIETEIHCTBYET O BBICOKOM TMCIIEPCHOCTU aKTUBHOTO
MeTaJljia B cocTaBe 00pasIioB.

Mopdoaorusa KaraauzaTopoB, HPUTOTOBICHHBIX
Ha Hocutensax S4, S4-020, S4-H, S4-N90, S4-N110,
OblyIa McclieloBaHa METOAOM MTPOCBEYMBAIOIIEH DJIEKT-
POHHOI MUKPOCKOITUU. Pe3yabTaThl CTaTUCTUYECKOI 00-

paboTku Mukpodororpacduii mpeacTaBieHbl B Ta0. 2.
B kavecTtBe mpuMepa Ha puc. 2 Moka3aHbl MUKpPOdoO-
Torpaduu U pacrnpenenieHue 4YacTUIl o pa3Mepam AJs
karanuzatopoB Ru/S4, Ru/S4-020 u Ru/S4-H. Bce 06-
pa3siel, Kpome Ru/S4-H, comepkar 4acTHIIBI pyTeHUS
okpyrioit popmbl. Ha moBepxHocTu Ru/S4-H umerorcs
YacTULIBl HenpaBuabHOU dopmbl. Hanbosee mupoxoe
pacripenesieHre YacTUII 1o pasmepaM (ot 0,6 mo 8,7 HM)
HabJionaeTcst IJisl KaTajau3aropa Ha HEOKUCIEHHHOM
S4; aT0 pacrnipeneneHne xapaKTepu3yeTcss MaKCUMallb-
HBIMU KaK CPEJHECTAaTUCTUYECKUM (d)), TaK U CpeiHe-
B3BELUEHHBIM (d;) AuameTpoM yactul. Ha Bcex okuc-
JICHHBIX 00pasiiax o0pa3yloTcs YacTUIIBI MEHBIIETO

VIHTeHCUBHOCTb, OTH. €ef.

3 % Ru/S4-N110
3 % Ru/S4-N9O
3 % Ru/S4-Cl3,5

3 % Ru/S4-Cl0,3
3 9% Ru/S4-H

3 % Ru/S4-HO,5
ZOOO-W
1000+ QL :
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Puc. 1. PeHTreHorpammsl yrnepofHoro HocuTens S4 u pyte-
HMEBbIX KaTanM3aToOpPOB, NPUrOTOBNEHHBIX HA UCXOLHOM (S4)
M OKUCTIEHHBIX B Pa3HbIX yCA0BUAX 00pasuax Hocutens S4
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Tabnuua 2

Pa3mepbl yacTuy n aucnepcHocTb Ru B NpUroToBneHHbIX KatanusaTtopax (pesynbTaTbl CTaTUCTUYECKON

06paboTku paHHbIx M3IM)

Pasmepbl yactuy Ru, HM
Karanu3satop Dgy
dmin dmax <d1> <d5>

3% Ru/S4 0,63 8,65 2,35+1,16 3,01 0,44
3% Ru/S4-020 0,65 2,72 1,51+0,42 1,74 0,76
3% Ru/S4-H 0,47 1,97 1,05+0,28 1,21 1,09
3% Ru/S4-H"™" 0,49 4,09 1,42+0,28 1,76 0,75
3% Ru/S4-N90 0,49 3,51 1,22+0,42 1,56 0,85
3% Ru/S4-N90"™" 059 3,66 1,60+0,51 1,9 0,68
3% Ru/S4-N110 0,88 6,71 1,97+0,82 2,34 0,57

“d i dmax — MUHUMANbHBIA M MaKCUManbHbIA fuameTp yactuu,; <d;> = Xd; /N — cpepHuii pasmep yactuu;

<d,>=3d?/2d;? - cpepHes3BeweHHbIii pa3mep Ha enHULY NOBEPXHOCTH. Dy, — AMCNEPCHOCTb PyTEHMS.
"* Katanu3atop noBTOPHO BOCCTaHOBIEH B TOKE BOAOPOAA npi 400 °C.

pa3Mepa u ¢ 0oJsiee Y3KUM pacrlpeiceaeHUeM Mo pa3Me-
pam. JImaMeTp 4acTHII yMeHbIIaeTcs B psamy: Ru/S4 >
> Ru/S4-N110 > Ru/S4-020 > Ru/S4-N90 > Ru/S4-H.

HucnepcHocTb pyTeHus (Dg,,) B KaTaaM3aTopax pac-
CUMTHIBAJIN 110 (hOpMYyJIe

MRu
Dy =6—mrm,
ag,PNy<d >
rae MoJisipHasi Macca pyteHust My, = 0,101 kr/monb,
MJIOTHOCTh METAJIMYEeCKOro pyTeHus p = 12410 Kr/M3,
cpenHss 3hdeKTHBHAS IJI0IIalh aTOMAa MeTaJlJIa Ha IT0-
BEPXHOCTH ag, = 6,13:102° M2, N) — umcno ABorazpo,
d; — cpenHeB3BEIUEHHbII TMaMeTp yacTUL, pyTeHus [23].

AucrepcHOCTh yBEIMYMBACTCA C YMCEHBIICHHEM
pasMepoB yacTull (cM. Tabj. 2). OTMETUM, 4TO JIJis Ka-
tanu3aTopa Ru/S4-H nucnepcHocTh oka3aiach 00bliie
equHUOBL. C y4eTOM OINMOKMU OIIpEeAe/ICHHMS CPeaHUX
JMaMETPOB YaCTUI] 3TO 3HAYUT, YTO BCE ATOMBI PyTEHU ST
HaXoIdITCsl Ha TTOBEPXHOCTU M JOCTYIHBI JJIsl pearcH-
TOB.

Takum o6pa3oM, MOXKHO IojlaraTh, UTO B Ipoliecce
MPUTOTOBJICHU ST KaTaJuU3aTOPOB Ha OKMCJIEHHOM HOCH-
TeJle IIPONCXOOUT B3aMMOICHCTBHE OTPUIIATEIIHLHO 3a-
PSIKEHHBIX MMOBEPXHOCTHBIX (DYHKIITMOHAIBHEIX TPYIIIT
¥ MOHOB PYTEHUS, UTO NIPEHSITCTBYET CIIEKaHUIO YaCTHUII
PYTEHHUSI B XOIE BOCCTAHOBJICHHS KaTajau3aTropa IpHU
BbICOKOI Temmnepatype [8]. CiaenoBaTeabHO, OKUCIEHUE
HOCHUTEJSI CIIOCOOCTBYET YAYYIIEHUIO IUCIIePIUpOBa-
HHSI aKTUBHOTO KOMITOHEHTA M MOJIYUCHHIO KaTajamn3a-
Topa ¢ 0oJiee paBHOMEPHBIM paclpeie/ieHueM 4acTuIl
10 pa3MepaM.

OTMeTuM, YTO €CJIM B KaTajau3aTopax ¢ MEHbIIeH
IHUCIIEPCHOCTHI0O MeTomnoM [1DM HaOI0gaoTCs TOJIBKO
MeTaJIndecKue YacTUIlbl PYyTEHUS, TO Ha ITOBEPXHOC-
T 06pasios Ru/S4-H u Ru/S4-N90 kpome yactuir Ru’
HabmtoaaloTes Takke yactulibl RuO,, npuyeM KOHLEH-
Tpalus TaKWX YacTHUI] BhIlE B ciydae HaumboJiee auc-
nepcHoro karanusatopa Ru/S4-H. ®a3oBoe cocTosiHue
pyTeHu s (RuO u RuO,) 6b110 UIEHTUDULUPOBAHO TIO
peHTreHorpaMmam vactuil (cMm. puc. 2). [lo-sBuaumomy,
B XOJI¢ MacCMBUPOBAaHUS KaTajlnl3aTOPOB ra30BOI CMe-
chlo, comepxkaiteit 1 % xuciopona, B KaTajau3aTopax C
MEJIKMMU YaCTUIIAMU ITPOUCXOIUT OO0Jiee TOTHBIN Tie-
pexol pyTeHUs U3 METaJUIMYECKOTO COCTOSIHUS B OK-
cua. BeposiTHO, 3TO CBSA3aHO C T€M, YTO XMMUYECCKHUI
MOTEeHIIMAJ MeTajljla B HAaHOYaCTUIIAX TMOBBIIIAETCS C
YMEHBIIIEHHEeM UX pa3Mepa [24] 1 aKTUBHbBII KOMIIOHEHT
B COCTaBe TaKMX YACTUII IIPAKTUUECKU TTOTHOCTBIO JO-
CTYIIeH JJISl peaKIiuy okuciaeHus. [TonpiTKa nepeBecTn
BECh PYTCHUI B COCTaBe BHICOKOAUCIIEPCHOIO KaTalu-
3aTopa B METaJUIMYECKOE COCTOSTHHE ITyTeM MOBTOPHO-
r'0 BOCCTAHOBJICHMsI MIpU 0oJiee BHICOKOM TeMIlepaType
(400 °C) B TOKe Bogopoaa He MpUBeJia K KeJlaeMOMY pe-
3yJbTaTy, a TOJIBKO CIIOCOOCTBOBAJIa YBEIMUYCHUIO pa3-
MEpOB YaCcTUI] METAJJIMUYECKOTO PYyTEHUs BCJIEICTBUE
X CTieKaHUA (CM. Ta0OI. 2).

HccaenoBanue KaTaJquTHiecKux cBOicTB. [l u3y-
YeHUS POJM KHMCJIOPOACOAECPXAIIUX TPYMIT Ha TOBep-
XHOCTU yTjepoia B adpOOHOM OKHUCJIEHUU OO0pasllbl
OKMCJICHHBIX S4-HOCUTEJICH 1 IIPUTOTOBICHHBIC Ha UX
OCHOBE PYTE€HHEBbIe KaTaJu3aTopbl ObLIN UCIIBITAHBI B
OKMCJIEHUU (peHOoJ1a MPU OOMHAKOBBIX (MOAEIBbHBIX) YC-
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Puc. 2. InekTpoHHbIe MUKpOdOTOrpaduu BbICOKOTo pa3pellerus (a, 8, 0) u pacnpefieneHune no paamepam 4acTuli
pyTeHus (6, 2, e) pns katanusatopos 3 % Ru/S4 (g, 6); 3 % Ru/S4-020 (8, 2); 3 % Ru/S4-H (0, e). Crpenkamu noka3saHsl

4

YaCTMUbI PYTEHUSA, ANS KOTOPbIX NPOBEAEH PeHTreHo(ha3oBbiil aHaNU3 U ONpPefeeHbl MeXNNOCKOCTHbIE PACCTOAHMS, COOT-
BeTcTBYyOWMe 6o Ru, nu6o Ru0,. N, — uncno yactuy pyTeHus onpefeneHHoro pasmepa, N, — cyMMapHoe YUCio npoaHanu-

3UPOBAHHbLIX YaCTUL, PYyTEHUA

JIOBUSIX MpoBeAeHUs peakuuu (tadu. 3, 4 u puc. 3, 4). B kayecTBe XapaKTepUCTUK aKTUBHOCTU HUCCIEAY-
XoTst 3TH yciaoBu s He Mo3BOJs 0T noctudb [1JIK 1o he- embIx yTIAepogHBIX KaTaJau3aTOPOB WCIOIb30BAIUCH
Hoay (0,001 mMr/m), OHM YIOOHBI IJIsI CpAaBHEHUSI aKTUB- 3HAYE€HUST HadaJIbHOM CKOPOCTU OKUCIeHUs (eHoa
HOCTH KaTaJInu3aTOPOB. (WpnoH> MMOJIB/(J14)), HAYaJIbHOM CKOPOCTH YMEHbILIE-
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Tabnuua 3

Karanutuueckue cBoncTea yrnepoaHbix 06pa3u03 B peaKuuun oKkucneHua qJEHOJ'Ia Kucnopoaom Bo3ayxa

B BOAHOM pacTBope

HauanbHas ckopocTb HauanbHas ckopocTb
KoHBepcua deHona . KoHBepcua 00Y
0O6paseL, oKucneuus deHona M % okucnexus 00y %
Wenon MMONb/ (n1-4) PhOH Woqy, Mr C/(n-4) Xooy:
bes karanusaropa 0,15 - 7
S4 0,80 26 19,4 24
S4-01 1,26 30 18,5 24
S4-020 1,48 40 18,0 24
S4-HO0.5 2,00 51 18,3 23
S4-H 1,26 34 19,1 27
S4-Clo.3 0,95 35 14,8 18
S4-Cl3.5 0,28 10 6,4 10
S4-N90 0,94 24 11,5 16
S4-N110 0,64 18 4,2 7
Ycnosus nposepeHus peakuuun: 0,02 M CgH50H, 3,3 r/n katanusatopa, t = 140 °C, P = 50 aTm, BpeMa peakunu 8 u.
* 00Y — obwuit opraHuyeckuii yrepoga,.

Tabnuua 4

KaTtanutuyeckue cBoiicTBa KatanusaropoB 3% Ru/C B peakuynu okucneHums peHona KUCNOPOAOM BO3AYXa

B BOAHOM pacTBope

HauanbHas ckopocTb KonBepcus Katanutuyeckas HauanbHas
Karanusatop oKucneHus deHona teHona akTuBHocTb TOF, cropocts KOHBepCMoﬂ 00y
Wopopp MMONS/(1-4) Tovom % 1 okucnenua 00Y ooy %
Wooy mr C/(n-u)
3 % Ru/S4 8,45 89 19636 448 77
3 % Ru/S4-01 8,51 80 - 502 74
3 % Ru/S4-020 9,08 90 12152 430 73
3 % Ru/S4-H0,5 8,28 79 - 347 69
3 % Ru/S4-H 1,41 12 1316 77 18
3 % Ru/S4-Cl0,3 6,06 71 - 327 63
3 % Ru/S4-Cl3,5 7,96 75 - 303 63
3 % Ru/S4-N90 13,18 95 16650 431 78
3 % Ru/S4-N110 8,16 80 14729 306 61
Ycnosus nposepeHus peakuuu: 0,02 M C4H50H, 3,3 r/n katanusatopa, t = 140 °C, P =50 atm,
BpeMA peakuuu: 4 4 - ana okucneHus derHona, 8 4 — ans 00Y.

HUSI KOHLIEHTpalUy OOILEro OpraHM4YecKoro yriepoaa
(O0Y) B BogHOM pactBope (Wq gy, MT C/(114)), KOHBED-
cus deHona (XphoH, %) ¥ KOHBEPCHUS OOLIETO OpraHu-
94eCKOTo yriiepoia B pacTBope (Xooy, %). [locnenHsis
XapaKTEePUCTHKA CBUIETELCTBYET O CTETICHM ITOJTHOM
MUHepaau3aluu cydcTpara, T.e. IIPEeBpallleHUU €ro B
BOJY U YTJIEKUCIIBIN Ta3.

C 11eJTbIO BBISIBJIEHU S BIUSTHUS TUCTIEPCHOCTH Py Te-
Hud Dy, Ha KaTaJuTUYEeCKUE CBOMCTBA A1 0Opa3LOB,

HUCCIIENOBAHHBIX MeTogoM I[IOM, ObIIM paccYyMTaHBI
3HAYEHUs YIEJbHON KaTaJuTUYECKOM aKTUBHOCTU
(TOF, Turnover frequency) — 4acToThl 000OpPOTOB aToO-
MOB ITOBEPXHOCTHOI'O pyTeHM I B KaTaJIMTUYECKOM MPO-
ecce:

TOF = Wppon(Monb/(rc))/(v (MoJbg,,/m)-Dg,)-

Peakuus aspoOHON OKUCIUTENbHOWU AECTPYKIIUU
(beHosa B MPUCYTCTBUM TeTEPOTEHHBIX KAaTaJlM3aTOPOB
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Puc. 3. Kunetuyeckue Kpusble a3pobHOro okucneHus dheHo-
na (a) v yMeHblIEHUS KOHLEHTpaLUK obLero opraHuyeckoro
yrnepoga (6) B BOAHOM pacTBOpe B NPUCYTCTBUU YINEPOA-
Hbix 06pa3uoB: S4 (<), S4-01 (A), S4-020 (A), S4-HO,5 (O),
S4-H (@), S4-Cl0,3 (O), S4-CL3,5 (M), S4-N90 (V),

S4-N110 ('V), 6e3 katanusatopa (). Ycnoeus nposegeHus
npouecca: 0,02 M C4H50H, 3,3 r/n kaTanusatopa, Temnepa-
Typa 140 °C, obuwee gasneHue 5,0 MMa

MIPOUCXOONUT B TpexdasHoit cucreme. OKUCIUTEIb UC-
XOIHO HAXOAMTCS B Ta30BOii ¢hase, cydOCcTpaT HAXOMUTCS
B XXUAKOM (pa3e, a KaTaauzaTop — TBepAblil. [ToaToMy
peaKIsI MOXeT TUMUTHUPOBATHCS: BO-TIEPBBIX, MacCO-
MEepeHOCOM KHCJIOpoaa U3 ra3oBOi (a3bl B XKUIKYIO;
BO-BTOPKBIX, AU by3Meit peareHTOB K MOBEPXHOCTHU Ka-
Tanm3aTopa; B-TpeTbuX, nuddy3ueit BHyTpH 3epHa Ka-
Tajm3aTopa 1, HaKOHell, COOCTBEHHO KaTaJTuTUUYECKOI
peakimueit. 151 BbIICHEHUS BKJaa IMpoIeCcCOB MacCo-
TepeHoca B 00IIYI0 KWHETUKY OOBIYHO IIPOBOMISIT CEPUU
SKCIEPUMEHTOB C pa3IMIHOM YaCTOTOU BpaIIeHUS Me-
IIaJIKY U/UJIHU ¢ pa3JIMYHON 3arpy3Koil KaTajimzaTopa, a
TaKXe ¢ pa3IMIHBIM pa3MepoM 3epHa KaTaJIru3aTropa.
BnussHMe 4acTOTHI BpallleHW s MeIIaJIKi Ha KWHETH -
KY OKMCJICHUS Pa3JIMYHBIX OPraHMYECKUX CyOCTpaToOB
nccienoBaHo B paborax [25, 26], rae moka3aHo, 4TO IpU
BpalllecHUM MeXaHWYeCKOW MeIIajKu THUIIa «ITPOTIe-
Jiep» ¢ yactortoil 6osee 1200 06/MUH B peakTope, aHa-
JIOTUIHOM WCITOJIb30BAHHOMY B Hallleii paboTe, peak-
WS a3pOOHOTO OKUCICHUS pa3INIHBIX OPTaHUIEeCKHUX
CcyOCTpaTOB MPOTEKAaeT B KMHETUYECKOM PEXMME U He

JIMMUTHPYETCS MacCOIepEHOCOM KMCJIopojia U3 ra3a B
XKUAKOCTD. JIsT MCKIIIOUEHU ST BIUSTHU ST BHEITHEH nud-
¢y3un OBLTM TPOBEACHBI SKCIIEPUMEHTHI C Pa3IMIHON
HaBecKkoli karanuzatopa 3 % Ru/S4-020, KoTophiid,
KakK fajee OyaeT IMoKa3aHo, SIBJISIETCS CAMBIM aKTUBHBIM.
VYBemueHUe HaBeCKM KaTaju3aropa B 1Ba pa3a (¢ 1,67 no
3,3 1/71) NpUBOAUT K YBEJIMYCHUIO HAYaJbHOU CKOPOCTHU
peakIMM Takke B ABa pasa (C 2,7 1o 5,4 MMOIb/(719)) (CM.
puc. 5), 9TO CBUACTEIBCTBYET O TOM, UTO IIPOIIeCC KaTaau-
TUYECKOI OKUCIUTETBHOM IeCTPYKIIMHY (heHoJIa He TUMU-
TUPYeTCsI BHELTHe nudy3neil. DKCepuMeHTHI ¢ pa3iny-
HbeIMU dpakiusamu S4 (100—500, 0—250 u 40—63 MKM)
MoKa3aJju, 4To Mpu pa3Mepe rpanya 10 500 MKM BHYTpeH-
Has nuddy3uss He BAUSET 3aMETHO Ha KMHETUKY peak-
mun. B mocrenyommx KaTaaTuTHIeCKUX SKCITepIMEHTaX
u 111 mpurotoByieHust Ru/C karanu3aTropoB HaMu Oblia
ucroyib3oBaHa ppakius 40—63 MKM, HanboJjiee HaIeXKHO
HCKJTIOYaroIIas BIUSTHUE BHYTpeHHEU T Gy3nu.

C(PhOH)/C,(PhOH)-100 %

Pasmep vactuy, HM
C(00Y)/(,(00Y)-100 %

Pa3mep 4acTtuu, HM

Puc. 4. KuHetuyeckue Kpusble a3pobHOro oKMCIEHUA heHo-
na (a) v obuero opraHnyeckoro yrnepopa (6) B BOLHOM pacT-
BOpe B NpucyTCTBUU KaTanu3atopos 3 % Ru Ha Hocutensax:
S4 (<), S4-01 (A), S4-020 (A), S4-HO,5 (O),S4-H (@),
S4-Cl0,3 (1), S4-C13,5 (W), S4-N90 (V'), S4-N110 ('V), 6e3 Ka-
Tanusatopa (@). Ycnoeus nposefeHus npouecca:

0,02 M C4H50H, 3,3 r/n kaTanusatopa, Temnepatypa 140 °C,
obuee gasneHue 5,0 MMa
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C(PhOH)/C,(PhOH)-100, %
100

80 +

60 -

40+

20

0 é 2} é t, 4
Puc. 5. KuHetunueckue Kpueble asapobHoro okucnenus ge-
HO/a B BOLLHOM pacTBOpe B NPUCYTCTBUM KaTanm3aTopa
3 % Ru/S4-020 B konuuectse (i/n): 1,67 (A), 3,3 (®).
Ycnosus nposegeHus npouecca: 0,02 M CgHgOH; Temnepaty-
pa 140 °C, o6wee pasneHue 5,0 MMa

KaranuTnueckue CBOCTBA OKHCJIEHHBIX YIIEPOIHBIX
ooOpasunos. Ha puc. 3 npuBeneHbsl KWHETUYECKUE KPU-
BBIC, TIOJIYUYCHHBIC B pE3YJIbTATe TCCTUPOBAHUS YIJC-
POIHBIX 00pa3loB, a B TabJ1. 3 — HayaJbHbIE CKOPOCTHU
U CTeNeHb KOHBEPCUM IJIs1 (heHoJIa U OOIIero opraHu-
YecKoro yriaepoma. Bce mcciemoBaHHBIC YTJICPOIHBIC
00pas3lbl YCKOPSIIOT a3poOHoe okucaeHue ¢peHosa. Ku-
HETHUKA ero YObIJIU B MPUCYTCTBUM OKMCIEHHBIX YIJe-
POITHBIX OOPa3LOB COOTBETCTBYET HYJICBOMY ITOPSIIKY
M0 KOHIIEHTpalMu (peHoJla BHE 3aBUCUMOCTH OT WC-
MOJb30BAaHHOIO MeToAa IIpenBapuTeNbHON 00paboT-
KU1, a KHUHETUKA YMCHBIIICHNUS KOHICHTPAIIUN OOIIIETO
OPraHU4YeCcKOro yrjiepoaa MOXeT ObITh OIMcCaHa 3KCIO-
HEHIIMAJIbHBIM 3aKOHOM.

st obpasuoB S4-Cl3,5 u S4-N110, moaydeHHBIX
00paboTKOl S4 CUJIBHBIMU OKMCIUTEISIMU B OTHO-
CUTEJIbHO KECTKMX YCIOBUSX M XapaKTepU3YIOIIUXCS
OOJBIIMM KOJIMUYECTBOM ITOBEPXHOCTHBIX KUCJIOTHBIX
rpynn [20], HabGaomaeTcs CylecTBEHHOE CHUKEH e Ka-
TaJIUTUYECKON aKTUBHOCTH IO CPABHEHUIO C UCXOTHBIM
S4 (Wpnon Y Xpnon YMeHbLIAOTCS B 1,5—3 paza). Ha 06-
pasuax S4-Cl0,3 u S4-N90, nony4eHHbIX 00pabOTKOM
S4 6onee markumu oxkucauteaamu (NaOCl u HNO;
COOTBETCTBEHHO), KOHBEPCHsSI M CKOPOCTb yYMEHBIIe-
HUS KoHUeHTpauuu OOY cHUXXAIOTCS, HO KOHBEPCUS U
CKOPOCTh OKMCJIEHUS (DeHOJIa OCTAlOTCd CPaBHUMBIMU
C WX 3HAYCHUSIMHU IS S4 NI HEMHOTO YBEJININBAIOT-
cs1. Takum oO6pa3zoM, aKTUBHOCTb YIJIEPOAHBIX 00pa3-
1oB S4-Cl10,3 u S4-N90 noBbIlIaeTCs, U OHHOBPEMEHHO
YMEHBIIIAeTCS CEJISKTUBHOCTH IT0 OTHOIIECHHIO K TTTy00-
KoMy okucieHuto. Okucnenue S4 kuciaopoaom (oopas3-
1161 S4-01 u S4-020) u nepokcuaoM Bogopoja (0o6pa3iibl

S4-H u S4-HO0,5), B pe3yabraTe 4ero Ha MoBepxXHOCTU S4
00pa3yIoTcs BOCHOBHOM KapOOHMIIbHBIE U (DeHOJIbHEIE,
HO He KapOOKCUJIbHBIE U JJAKTOHHBIE TPYTITbI, HE TIPU-
BOJIMT K CHUXeHMI0 KoHBepcur OOY u gaxe mo3BojseT
YBEJIUYUTH B 1,5—4 pa3a HauaJIbHYIO0 CKOPOCTh OKHCJIIE-
Hus u B 1,2—2 pa3a koHBepcuto ¢peHona. [lonyyeHHbIe
pe3yJbTaThl MO3BOJISIOT CHejaTh BBIBOA, UTO MSTKOE
OKWUCJIEHUE YTJIEPOJHOr0 Marepuasga KHUCIOPOAOM U
TEePOKCUIOM TIOBBITIAET KaTaJIUTUIECKYI0 aKTUBHOCTh
Marepuaja B OTHOIIEHUUW OKUCJIEHUS (heHosla, HO He B
OTHOILIEHUU IIOJIHOM MUHepaau3auuu. TeM He MeHee,
UCTIONIB3YST OKUCIUTENbHYI0 00paboTKy S4, Ham He
yIaJa0Ch MOJYYUTh KaTaJInu3aTop, CPAaBHUMBII MO CBOEH
KaTaJUTUYECKON aKTUBHOCTU U CEJEKTUBHOCTU B OT-
HOIIIEHUW TIYOOKOTO OKWCJIEHUS C JIYUYIIUMU MeTaJlJI-
cojepxXalnuMu o0pa3laMy Ha YTIePOIHBIX HOCUTEISIX
[3—7].

CaoiicTBa pyTeHHiicoAepKANMX KAaTaJIA3aToOpoB. Pe-
3yJBTaThl TECTUPOBAaHUS KaTtairu3aTopos 3 % Ru/C (C —
HUCXOAHBIN U OKUCIEHHbIE 00pa31ibl YIJIEPOAHOTO HOCH-
tenst S4) mpeacTtaBieHsl B Tabn. 4 u Ha puc. 4. B nipu-
CyTCTBUHU KaTainu3atopoB Ru/C HabmomaeTcs mepBblit
MOPSIIOK peaKklUU 1Mo cyOcTpary, a He HYJIeBOM Kak AJis
YTJIEPOMHBIX 00pa3ioB (CM. puc. 4), YTO MOXET CBUJE-
TEJIbCTBOBaTh 00 M3MEHEHUU MeXaHW3Ma OKWCJIEHUS.
ITo cpaBHeHUIO ¢ yIaepogHBIMU 00pa3liaMu KaTaausa-
topsl Ru/C mokazaiu cyiecTBeHHO 00Jiee BRICOKYIO aK-
TUBHOCTB KaK B OKMCJICHU U (heHOJ1a, TaK U B MUHEPaJIU-
3allMM OPraHUYecKoro yrieponaa. Tak, Ha YIJIEpOIHBIX
ob6pasiax kouBepcust ¢heHosa mpu 140 °C coctapisiia oT
10 mo 51 % 3a 8 4 peak1iuu, a Ha Katanu3sarope 3 % Ru/C
ot 71 1o 95 % 3a 4 4. CreneHb MUHEPAIU3ALUN Yepe3
8 4 peak1IMM Ha OKUCIIEHHBIX YTJIEPOMHBIX 00pa3iiax He
npesbiaia 24 %, a B mpucytctBuu Ru/C oHa mocturia
3HaveHuii 61—78 %. VckimodyeHue cocTaBul KaTaan3a-
top 3 % Ru/S4-H, nnst koToporo 3HaYeHUS Yppoy (4 1)
U Xooy (8 1) paBHBI 12 % u 18 %, COOTBETCTBEHHO, 4TO
HUXe, yeM Ha oOpasue S4-H (20 % u 27 %) (cM. Taou. 3
" 4). OOBSICHUTD 3TOT (PaKT MOXKHO MJIA M3MEHECHUEM
3JIEKTPOHHOTO COCTOSIHUSI PYTEHUsI B COCTaBe 3TOrO
KaTaJM3aTopa Ha KaTajluTuiyecku HeakTuBHoe (RuO,)
U/WJIV CIUTIIKOM BBICOKOW nucrepcHocThio. M3BecTHO,
YTO YMEHBIIIEHNE Pa3MePOB YaCTUIl aKTUBHOTO KOMIIO-
HEHTa HUXE OINpeNeJeHHbIX KPUTUUYECKUX 3HAUYECHU I
MOXET TPUBOIUTH K YMEHBIIEHUIO aKTUBHOCTHU KaTa-
nu3aTopoB [27—30].

AKTUBHOCTh KatanuzatopoB 3 % Ru/C Ha ocHoBe
cuiapHO oKucIeHHBIX HocuTeneir (Ru/S4-Cl10,3, Ru/
S4-Cl13,5 m Ru/S4-N110), Tak Ke, KaK ¥ I YIJIEPOI-
HBIX 00pa3lioB, HE colIepXallMX PYTEHUU, oKa3zajach
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HUXe aKTMBHOCTH KaTajJm3aTopa Ha OCHOBE UCXOIHOTO
S4. Tak, B npucytctBuu Ru/S4 x5y cocraBuser 77 %
mocie 8 4 peaknu. [{7st Kataau3aTopoB HA HOCUTENSIX,
okucaeHHbIx HNO; n NaOCl u comepxamux Makcu-
MaJibHble KOHILIEHTpPAllUW MOBEPXHOCTHBIX (YHKIIU-
OHaJNBHBIX Tpynn [21], ¥ooy COCTaBASET TONBKO 61—
63 %. KouBepcus ¢deHosa B IPUCYTCTBUU KaTaanu3aTo-
poB Ru/S4-Cl0,3, Ru/S4-Cl13,5 u Ru/S4-N110 Ha 10—
20 % Huxe, yeM B mpucyTcTBuu Ru/S4.

O6pas3ubl Ru/S4-020 u Ru/S4-N90 ¢ BbICOKUM
colepxXaHueM KapOOHUJIBHBIX TPYII OTHOCUTEIbHO
KapOOKCUIIBHBIX [21] TTOKa3anu cienyoiine KaTaJuTu-
yeckue cBoiicTBa: Ru/S4-020 — anamornued Ru/S4, a
Ru/S4-N90 Gonee akTUBEH B OKUCIEHUU (PeHOJa, YeM
Ru/S4, Ho He B yMeHblieHUn KoHlleHTpauuu OO0Y, T.e.
MUWHepaau3aluy opraHukKu. M3 KWHeTUYeCKMX JaHHBIX
(cM. Tabma. 4) cienyeT, UTO B IMIPUCYTCTBUU KaTaJln3aTo-
pa Ru/S4-020 B Tex xe yCIOBUSX MPOBEACHUS peaKIInu
99 %-Hast KOHBepcHs deHoa OyIeT JOCTUTHYTA Uepes
10 9, a B mpucytctBuu Ru/S4-N90 — mpumepHo yepes
7 4. Takoil KOHBEPCUU JOCTATOYHO JJIsI TOr'0, YTOOBI (pe-
HOJICOIepKAIlMe CTOYHbBIE BOIBI ObIIM OTIIPABJICHBI Ha
OMOJIOTUYECKYIO OUUCTKY.

[Tocne okoHuyaHus peakuuu (8§ 4) peakLMOHHBIE
pacTBOPHl OBLIM MPOAaHAJIM3UPOBAHBI HAa COAEpXaHUE
pYTeHUsI METOAOM aTOMHO-3MUCCUOHHON CIEKTpOC-
konuu. OOHapyXeHOo, YTO M3 KaTaju3aTopa, MPUTO-
TOBJICHHOTO Ha OCHOBE MCXOIHOTO S4, BBIMBIBAeTCS
1,9 % wucxomHOro KOJWYeCcTBa PYTEHUS, BBEICHHOTO
B Kartanuzatop. Karanusatopbl, MpUroToBJIEHHBIE HA
OCHOBE OKMWCJICHHBIX HOCUTEJel, OKasaluch Ooiee
YCTOMYUBBIMU K BBIMBIBAHUIO aKTUBHOTO KOMIIOHEH-
ta (0,8—1,0 %). HanMmeHblllee KOJUYECTBO DPYyTEHUS
(0,8 %) BeIMBIBaeTCs 13 00pasioB Ha S4-020, S4-N90 u
S4-N110. B6ab11y0 yCTOMYMBOCTh K BBIMBIBAHUIO aK-
TUBHOTO KOMIIOHEHTA KaTaJM3aTOPOB, MPUTOTOBJIEH-
HBIX Ha OCHOBe oKucjaeHHoro CubyHuTa, MOXXHO 00b-
SICHUTh 0o0Jiee BBICOKOW IUCIEPCHOCTbIO aKTUBHOTO
KOMTIOHEHTA TaKMX KaTaJIM3aTOPOB U COOTBETCTBEHHO
0oJiee CUJIBHBIM CBSI3bIBAHMEM aKTUBHOTO KOMITOHEH-
Ta C MOBEPXHOCThIO. 3aMETHOU KOpPENSIIIUU MEXIY
KaTaJuTUYeCKUMU CBOMCTBAMU PYTEHUEBBIX 00pa31I0B
M THMCIEPCHOCThIO aKTMBHOTO KOMIIOHEHTa He OOHa-
pyXKUBaeTcs, 0 4YeM CBUIETeNbCTBYIOT 3HaueHUsT TOF
(cM. Tabm. 4).

Takum o0pa3oM, Haubojee BBICOKYIO KaTaaUTH-
YECKYyl0 aKTUBHOCTh U YCTOMUYMBOCTH K BbIMBIBAHUIO
AKTHUBHOTO KOMIIOHEHTA IMOoKa3alu KaTajau3aTopsl 3 %
Ru/S4-020 u 3 % Ru/S4-N90. Katanutndeckue CBoic-
TBa 3TUX 00Pa31I0B CPABHUMBI C aKTUBHOCTBIO JTYUIIIUX

U3 ONIMCAaHHbBIX B IUTEpaType PYTEHUEBBIX KaTaanu3aTo-
POB KakK Ha yriaepogHbIX Hocutensax [31—33], Tak u Ha
OKCUIaX LUepUs U HUPKOHUS. YIUTHIBAS TO, YTO IIPUTO-
ToBJIeHUe Hocuteast S4-020 myTeM OKMCIEHUS BJIaK-
HBIM BO3IYXOM 3HAUYMTEIbHO MEHEe TPYIOEeMKO, YeM
OKMCJIEHUE a30THOM KMUCJIOTON, pyTEeHUCOAEpKALUUI
KaTajJu3aTop Ha OCHOBE ATOr0 HOCUTEJSI MOXET ObITh
IIPEIIOXEH IJISI IPaKTUYECKOM pa3paboOTKH IIPOIIECCOB
r1y00KOro a3poOHOro okucjieHus eHona U ero mpo-
M3BOJHBIX B CTOUHBIX Bogax mpu Temmeparype 140—
160 °C u naBnenuu Bo3ayxa 5,0 MITa. OgHako A1 Kax-
JIOT0 KOHKPETHOTO MPaKTHYECKOTro Claydasl B paMKax
HWOKP nonxHbI ObITH BBITIOJHEHbI JOTIOJTHUTEIbHbIE
HUCCJIeNOBAaHUS KHHETUKM OKMCJICHHUS KOHKPETHBIX
COEIVMHEHUI Kjacca ()eHOJIOB B 3aBUCHUMOCTHU OT ITa-
paMeTpoB Ipolecca (TeMIlepaTypa, KOHLUEHTpalluKu U1
T.1.), @ TAaKXE COCTaBa MPOMEXYTOYHBIX M KOHECYHBIX
IIPOIYKTOB OKUCJICHHSI.

3aKknyeHue

VrneponHsiit Mmatepuan CudbyHut-4 (S4), okucjaeH-
HBII B pa3IUYHBIX YCIOBUSIX, TIPOSIBIISIET KaTaJIUTHUUEC-
KYI0 aKTUBHOCTh B a3pOOHOM XUIKO(DA3HOM OKHCIIE-
HUU deHosa. YBEeIMYEHUI0 aKTUBHOCTHU CITIOCOOCTBYET
MSTKOE OKMCJIEHUE UCXOMHOTO YIJIEPOAHOr0 MaTepraa
(KACIOPOIOM M TIEPOKCHUIOM BOIOPOMIA), IIPUBOISIIICE
K 00pa30BaHWIO Ha ITOBEPXHOCTH IPEUMYIIECTBEHHO
¢eHONBHBIX U KapOOHMJIBHBIX TpyIN. boiiee XecTkue
YCIIOBUSI OKUCIICHU S (TUITOXJIOPUTOM HATPU S UIIN a30T-
HOIf KMCJIOTOI) CO3Jal0T Ha IMOBEPXHOCTU BBICOKYIO
KOHIIEHTPAIMIO KapOOKCUJIBHBIX M JAKTOHHBIX TPYII,
YTO OOYCJIOBIMBAeT CHUXCHHEC KaTaJIMTUUCCKOM aK-
TUBHOCTHU.

AKTHBHOCTb PYTEHMEBBIX KaTaJM3aTOPOB, MPUTO-
TOBJICHHBIX HA OCHOBE MCXOIHOTO M OKWCICHHBIX 00-
pasioB CubyHuTa-4, 3HAUUTEIBHO BBIIIIE aKTUBHOCTHU
YIJIEpOAHBIX 00pa3ioB. Karanutuyeckue cBoiicTBa 00-
pa3IoB Ha HOCUTEISIX, OKUCICHHBIX BJIaXXHBIM BO3IY-
XOM M a30THOM KMCJIOTOM ITPpY YMEPEHHOU TeMIlepaType
U coaepXkaliux OoJiblllee KOJIMYECTBO KapOOHMJIbHBIX
"1 (EeHOIBHBIX TPYIII, YeM KapOOKCHMJIBHBIX M JIAKTOH-
HBIX, 0Ka3aJIMCh HEMHOT'O JIy4llle CBOMCTB KaTanu3aTo-
pa, IpUTrOTOBJIEHHOI'0 HAa HeoKuciaeHHOM CubyHure-4.
AXTHBHOCTB TAKMX KaTaJIM3aTOPOB CpaBHUMA C aKTHUB-
HOCTBIO JIYYIIIMX PYTEHUEBBIX KaTaJInu3aTOPOB HA OCHO-
BE YIJEPOMHBIX HOCUTEJIEH, ONMMMCAHHBIX B IUTEpaType.
OueHb BBICOKAs TUCIIEPCHOCTh aKTUBHOTO KOMITOHCH-
Ta, TOCTUTaeMasi Ha HOCUTeJIe, OKMCICHHOM MEePOKCHU-
JIOM BOIOpOAA, KOrna BCE aTOMBI PYTEHUS JOCTYITHBI
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ISl peareHTOB, IPUBOAUT K YMEHBIICHUIO KaTaJIuTH-
YeCKON aKTUBHOCTHU.

Pyrenuiicomepxaimime KaTaau3aTopbl Ha OCHOBE
okuciaeHHoro CubyHuTta-4 6ojiee yCTOMYMUBHBI K BEIMbI-
BaHUIO AKTUBHOTO KOMITOHEHTA 10 CPAaBHEHMUIO C KaTa-
JIN3aTOPOM Ha MCXOJHOM HOCHUTEJE, YTO OOyCIOBJIEHO
(opMupoBaHMEM Ha OKUCJIEHHOM HOCHUTEJIe YacTUI]
PYTEHUSI MEHBILIET0 CPEHETo 1uaMeTpa ¢ ojee y3KuM
pacrpeneyeHueM 1Mo pa3Mepam.

Karamuzatop 3 % Ru/C Ha ocHoBe CubyHuTa-4,
OKHUCJIEHHOTO BJIaXXHBIM BO3IYXOM, MOXET OBITh Mpe.-
JIOXKEH IJIsI pa3pabOTKM MPOMBIIIJIEHHBIX MPOILIECCOB
OKHCJIUTEIbHON OYMCTKY CTOYHBIX BOJ OT OpraHUYeC-
KMX 9KOTOKCUKAHTOB KJiacca (heHOJIOB METOJOM a3po0-
HOT0 XUAKO(ha3HOTO OKUCIIEHUS.

ABTOpHI 6J1aronapat A.B. UiileHKo 3a aHa/IH3 KaTaJIU3aTOPOB
METOoAO0M MPOCBEYHUBAIOIIEH 2JIEKTPOHHOH MUKPOCKOITHH.
DuHaHCOBAas IMOAAEPXKKA HCCACAOBAHUH OCYINEeCTBIAIACH
Poccuiickum poHa0M (OyHIAMEHTAIbHBIX HCCIEAOBAHUH
(rpaHThr 09-03-93114 u 12-03-93116), mpoekToM MuHOb6pa3o-
BaHHA «lloxgepxka HayYHbIX HCCIICIOBAHHH, TPOBOIHMBIX

KOJIJIEKTUBAMH IO PYKOBOACTBOM IPUIJIAIIEHHBIX HCCIIENO0-
Baresaei» (rpant 8530), UI1 CO PAH-HAH Bbenapycu No 24

u Poccuricko-@paHIy3ckor 1abopaTopyeri 1o KaTaiu3sy.
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BBepeHue

Oxcuabl oeUHOB (OKCUI TIPOMUIeHA U BIUXJIOP-
TUAPUH) SIBJISIOTCS BaXXHBIMU IMTPOIYKTAMU OCHOBHOTI'O
OpraHuYeckKoro u Herexmummuueckoro cuHre3a. O6ma-
Jlasi BHICOKOI peaKIIMOHHOM CITOCOOHOCTbIO, OHU JieXKaT
B OCHOBE MHOTOTOHHAKHBIX IIPOLIECCOB OpTraHUYeC-
KOTO CMHTEe3a TaKMUX MPaAKTUUYECKU Ba’KHBIX BEIIECTB,
KaK TJIWKOJU, KapOWTONHI, TIIMICPUH, IMUKINIECCKUE
KapOOHAThl, THUOIJIMKOJU, HEUOHOTECHHBIE IOBEpPX-
HOCTHO-aKTUBHBIE BellecTBa M Ap. B coBpeMeHHOI
XUMWYECKOU TPOMBIIIJIIEHHOCTH OKCHUIBI OJIE(DUHOB
MOJYyYaloT C UCIOJb30BaHUEM KaTaJUTUUYECKUX OKMUC-
JINTEILHBIX TIPOLIECCOB, MIOJS KOTOPBIX HEYKJIOHHO
pacTeT. AKTUBHBIMH KaTaJIM3aTOpaMM MX CUHTE3a SIB-
JITIOTCS TUTaHcoAep:Kaimue neoauthl. I[lepcrekTuB-
HOCTB X UCITOJIb30BAHU ST O0BSICHIETCS BO3MOXHOCTBIO
B3aMMOCBSI3aHHOTO YIIPaBJIEHUS COCTABOM M MUKPO-
CTPYKTYpO# KaTajau3aTopa Ha MOJEKYJISIPHOM YpPOBHE,
YTO MTO3BOJISICT MOIYYaTh BRLICOKOAKTUBHBIC KOHTAKTHI C
3aJaHHBIMH KaTaJUTHIeCKUMU cBolicTBaMu. [losToMy
pa3paboTka BBICOKO3(M(MEKTUBHBIX IeTEPOreHHBIX Ka-
TaJIU3aTOPOB XKUAKO(PA3HOTO SMOKCUINPOBAHUS SIBJISI-
€TCY aKTyaJbHON 3a/1a4eid, pellIeHUE KOTOPOI IMTO3BOJIUT
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[3ePKUHCKMIT NOAUTEXHUYECKUIA MHCTUTYT HuXKeropoackoro
rocyaapCTBEHHOro TexHuyeckoro yHueepcuteta um. P.E. Anekceesa

Bopopona. IlonyyeHHBbIT HaMU B J1aOOpaTOPHBIX YCIIO-
BUSIX 00pa3el] MOPOILIKOOOPa3HOro TUTAHCOAEPXKAIIETO
LIEOJIMTa NMeJT YICIBHYIO TOBEPXHOCTD 269 M2/T, 00b-
em mop 0,155 cM>/r, xapakTepHbIil JuameTp mop 3,2—
4,5 uM. OOpa3ell 1okKa3ajl BbICOKYIO KaTaJIUTUUECKYIO
aKTUBHOCTH B IIpoOIIecce XUIKOGhA3HOTO SIMOKCUIUPO-
BaHUA [1], OMHAKO €T0 CYIIeCTBEHHBIM HETOCTATKOM SIB-
Jsietcst Masblii pasmep yactuil (200—300 um) [2, 3]. Oto
B 3HAUYUTEIBHOUN CTCIICHW OCIIOXHSIET OpPTaHU3aIHIO
KPYITHOTOHHAXHOTO HEMPEPLIBHOTO IIporecca, IpH-
BOJIMT K HEOOXOAMMOCTH BBENCHMUS PsIa TOTIOJTHUTEb-
HBIX CTaIWii, CBI3aHHBIX C OTAEJICHHEM KaTaJm3aTopa
OT peaKIMOHHOM MAacChl, YTO B KOHEYHOM HMTOTe YXYI-
11aeT TEXHUKO-3KOHOMUUECKHE TTOKa3aTeu Impolecca.
®opMoBaHME MMOPOIIKA B TPAHYJIEI C COXpAaHEHHUEM €TI0
aKTUBHOCTH ITIO3BOJIMT YCTPAaHWUTh YKa3aHHBIE HEIO-
cTaTKU U 3¢ (HEKTUBHO MCMONAb30BaTh TUTAHCOAECPKA-
IIWH IIEOJIUT B IPOMBIIIJICHHBIX MacIITabax s opra-
HU3aIMK HeMPEPBIBHBIX ITPOIIECCOB CO CTAlIMOHAPHBIM
cJIoeM Karajau3aTopa.

K ocHOBHBIM MeTOZaM (pOPMOBAHUSI CIICAYET OTHEC-
TH CIIOCOOBI, OCHOBaHHbBIE Ha T'PaHYJIMPOBAHWU, HaHE-
CEHMHU Ha TBepIble HOCUTEU, a TaKXe (popMUpOBaHUE
BBICOKOIIOPHMCTOTO SYCHCTOTO MaTepHalia U3 CHUJINKa-
JINTa TUTaHa, T0JIy4aeMOTro METOIOM NyOJMpOBaHUSI Ha
OTKPBITOSYEHCTOMN IIOJTUMMEPHON MaTPUIIE.

B paborax [4, 5] mpenyaraeTcs IMOJydaTh TpaHYJIBI
KaTajm3aTopa Ha OCHOBE TMTAaHCOIEPXAaIIero 1eoInuTa
MyTeM CMEIIeHUSI HEaKTUBHOM OCHOBBI (OKCH I aTlIOMHU-
HUS WUJIN CHJINKAresb) U CBI3YIOIIETO BellecTBa (METH-
JITMAPOKCUIIEIITI0N03a, TIOJIUCITUPTHI, (GpyKTO3a, MeH-
TadPUTPUT) C MOCAeayomnUM (GOPMOBAHUEM, CYLIKOM
n ooxurom nipu 500—750 °C. ABTOpHI TTOKa3aau, 4To
MIPUPOIA OCHOBBI B 3HAYNTEJIbHOM CTEIICHN OKa3bIBacT
BAMSIHUE Ha aKTUBHOCTb U CeIEKTUBHOCTD TS-1 B peak-
IIUSTX OKVCIICHHUSI.

ABTOpamu [6] pazpaboTaH cITOCO0 IOJYYeHU S Tpa-
HYJ CUJIMKaldWuTa TUTaHa pasmepoM 1—2 mm. Ucxon-
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HYIO CMeCh, COJepXKallylo CUIMKAJIUT TUTaHa, TeTpa-
METOKCHUCHUJIAH, METUILEIUIION03Y U adudaTudecKuit
cnupT (METaHOJ, 3TAHOJ, H-TIPOTAHOJI) MOABEPraioT
BKCTPY3UU ¢ mociaeayomumu cymkoi npu 120 °C B
TedeHue 16 4 u npokanuBaHueM rmpu 500 °C B TeyeHue
S5y,

OnHako B pabotax [4—6] OTCYTCTBYIOT JaHHBIE O
MEXaHUYECKOW MNPOYHOCTH IOTyYaeMbIX KOHTAKTOB,
YTO HE MO3BOJISIET CYIUTh O BO3MOXHOCTH TPOMBIIII-
JIEHHOT'O MCITOJIb30BaHUSI TAKMX KaTaJIu3aTOPOB.

IToBepxHOCTHOE HaHECEHHE TUTAHCOAEPXKAIIETo
LIEOJINTA Ha pa3IUIHbIe HOCUTEIU OCYIIIEeCTBIISIETCS 3a
CYET B3aMMOJEHCTBUS TUAPOKCUIBHBIX TPYIII LIE0IUTa
¥ MOBEPXHOCTHBIX TUIPOKCUIBHBIX TPYIIIT HOCUTEIS C
obpasoBanueM cBsa3eil Si—O—Si [7—9]. Tak, aBTOpHI
[10] mpeanoXuin MeToA UMMOOUIN3ALIUY CUJTMKaAINUTa
THUTaHa, BKJIIOYAIOIIUii MHOTOKPaTHYO 00paboTKY HO-
CHUTeNIsI, 00JIaJalOIIeTO «COTOBOM» CTPYKTYPOM, CYCIIeH-
3ueit cunmkanura TutaHa (50—90 r TS-1/100 r Boabr) ¢
MOCeNYIOUIMMU CYIIIKOI 1 ITpOKaJMBaHUEM.

MeTton TOTYyYEeHUSI BBICOKOIIOPHCTOIO STYEHCTOTO
maTepuajla M3 TUTAHCOAEpXKalllero IieoauTa, Mpe.-
JIOXKEHHBIN B pabote [11], 3akmiodaeTcss B IPOIMUTKE
OTKPBITOSTICUCTOTO TIOJMMEPHOIO MaTepuaja peak-
IIMOHHOM MaccoM, MOJAYyYEeHHON THMAPOIU3OM TETpas-
TUJOPTOCUIMKATA B BOIHOM pacTBOpE TeTpamnpornu-
JIAMMOHUMTUAPOKCUIA C O0OaBJICHUEM CIIMPTOBOTO
pacTBOpa TeTPaOYTHJIOPTOTUTAHATA M ITOCJEAYIOIIUM
TUAPOTEepMaJIbHBIM CUHTE30M. [locie IpOMBIBKY 1 BbI-
XUTaHUS noimMepHoro marepuana rmpu 550 °C momyyda-
IOT KapKacHbI KaTaJau3aTop.

HecMmoTpss Ha To 4TO B jJuUTepaTrype MHpPeaIoXeHO
JOCTAaTOYHOE KOJIWYECTBO CIIOCOOOB MMMOOMIN3AIINU
TUTAHCOMEPXKAIIETo IIe0JIMTa Ha MHEPTHBIX HOCUTENISX,
Moy4YeHHBIe 00pa31bl UJIM 00JIagal0T HU3KOM KaTalu-
TUYECKOUM aKTUBHOCTBIO M CEJICKTUBHOCTBIO B peaKIIUIX
BMOKCUIMPOBAHMS, MJIM UMEIOT MaJIblii CPOK CITYKOBI
3a CYET BBIMBIBAHMSI aKTMBHOI'O KOMIIOHEHTA C HOCH-
TeJIsT IpM KOHTAKTe ¢ peaKIIMOHHOI Maccoil. B cBs3u
C 3TUM pa3paboTKa TEXHOJOTHHU M CO3IaHUE TIPOMBIIII-
JICHHOTO I'paHyJIMPOBaHHOTO KaTajau3aTopa, aKTUBHOI'O
1 YCTOMUYMBOTO K BBIMBIBAHUIO, SIBJISICTCS aKTyaJbHOM
MPAaKTUYECKOW 3aaueid.

dnsa mpugaHus ITOPOIIKOOOpa3HBIM MaTepuaiaM
HYXHOU (hOpMBI B HacTOS11Iel paboTe TPUMEHEHBI CITO-
cOo0OBI, OCHOBaHHBIE Ha I'PaHYJIMPOBAaHUM U HAHECEHUM
aKTUBHOTO KOMIIOHEHTA Ha TBEPble HOCUTEJHU C LIEJIbIO
pa3paboTKu 3(p(PEeKTUBHOrO TeTEPOreHHOI0 KaTajamn3a-
Topa XUIK0(da3HOTO SIMOKCUIMPOBAHUS 0JIe(DMHOB ITe-
POKCHIOM BOIOPOA.

JKcnepuMMeHTaNbHasA YacTb

KaranmmzaTtop Ha HocuTeJe ITOJy4YaJ Il HaHeCEHUEM
Ha TBEpAbId aTIOMOOKCUIHBIM HOCUTENb (BBHICOKOITO-
PUCTBHIA STYEUCTBHIA MaTepuall, CoIepXKalluii B OCHOB-
HOM 0-Al,O3, TOBEPXHOCTb KOTOPOTO OblJIa pa3BUTa 10
200 m%/r nanecenueM y-Al,O;) aKTUBHOTO KOMTIOHEH-
Ta — TUTAHCOAEPXKAIIETO 1I€0JINTA, ITIOJYYEeHHOTO METO-
JIOM «CMEIICHU S aJIKOKCHIOB».

I'paHynIMpoBaHHBIN KaTajau3aTop MPUTIOTaBIMBAIN
CMEIICHHUEM ITOPOIIKOOOPa3HOTO THUTAHCOAEPKAIIETO
1I€0JINTA, TTOTYYEHHOro 1Mo MeToauke [12], co cBs3ylo-
IIUM, B3SITHIM B KonndecTBe 5—40 mac.% B pacueTe Ha
cyxoi 1eosutT. B xauecTBe CBSI3YIOIIMX KOMIIOHEHTOB
HCITOB30BaI TETPAdTUIOPTOCUINKAT, CHJINKATEINb,
OOpHYIO KHCJIOTY, OKCUI M THAPOKCHI aTIOMUHUS,
AJIIOMOCUJIMKATHBIN KJIEH, a TakKXe CBI3KM Ha OCHO-
Be coieit amoMuHuA Al,(OH);NOs;, Al3(OH)gNO;,
Al14(OH);NO; (npuBeneHHbIe GOPMYJIBI HE OTPAXaloT
MOJIHOTO COCTaBa MOJIEKYJI OCHOBHBIX COJIEH alOMM-
HHUS, TaK KaK HE BKJIIOYAIOT aKBa-, THIPOKCO-, OKCO- 1
JIPYTUX TPYIIH, XapaKTePHBIX UISI 3TUX COCTUHEHUI).
LleonuT co cBSA3yIOLINM TIepeMellInBaIn B TeueHue 15—
20 MUH, TTOCJIe Yero K ITOJTYYEeHHOU CMecH TO0aBIISLIN
BOJY M MJIaCTU(MUKATOP U NlepeMEINBaIN ellle B Teue-
Hue 30—40 MUH [0 MOJyYeHU S MJIACTUYHOMI, XOPOIIO
dopmyeMoit macchl. [TnacTudukaropsl — KapOOKCHMe-
TUJILIEJUTIONO3Y U TOJTMBUHUIIOBBINA CITUPT — BBOIMJIM
B kosnuectBe 0,2—10 % oT cyMMapHOii MaccChl CBSI3Y-
fomero u neonuta. [lomyyeHHyI0 macty (GopMoBaiIn
C MOMOIIbIO 1abopaTOPHOTrO IIMNpHUlia. DKCTPYAaThl —
LUUIUHAPB auamMeTpoMm 1,5—2,3 MM W AJIMHON 3—
5 MM — TOACYIIMBAaAW Ha BO3OyXe IIpWM KOMHATHOI
TeMIlepaType B TeueHue 2—3 4, a 3aTeM IoJBeprajiu
TepMudeckoir oopadborke npu 100—150 °C B TeueHue
2—3 4. [locne ynaneHus 0obleit 9acTy BOAHI (Ha cTa-
MU CYIIKH) TpaHyJbl pokKaauBaniu nmpu 250—350 °C B
TeuyeHue 4—5 u.

Katanmutuueckue WCHBITAHUS 0Opa3llOB THTAaH-
coliepXkalllero 1eoauTa B Mpoleccax XUIAKo(ha3HOTo
3MOKCUINPOBAHUSA 0JIePUHOB (IponuJieHa, aJanIXJI0-
puaa) MepoKCHUIOM BOIOpPOIA B Cpele OPraHMIeCKHX
pacTBopuTesieil (MeTaHoMa, U30MPOIUJIOBOTO CIUPTA)
MMPOBOAMIN Ha JTaOOPAaTOPHOM YCTAaHOBKE MEPUOINYEC-
KOTO JCHCTBUS C IPEeIBApUTEIBHO M3MEIBUCHHBIM IO
45 mxM KataguzatopoM npu 40 °C U MOJIBHOM COOTHO-
LIeHUU oyie(pUH : TIepoKcud Bogoponaa, paBHoM 3. Ilox-
poOHOEe omnMcaHWEe METONMKHU IIPOBEACHUS DKCIICPH-
MEHTOB H3JI0XkeHo B padoTte [13]. B kauecTBe KpuTepusi
aKTUBHOCTHU KaTaJIM3aTOpa MCIOJIb30BaU BbIXOJ LIeJIe-
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BBIX IMTPOAYKTOB — OKCHJIa ITPOMUJIEHA W SIUXJIOPTUI-
pUHa — B pacueTe Ha MepOKCUI BOAOPOa.
KoMIOHeHThl peakIMOHHOW CMECHU aHaIu3upoBa-
nu metonoM I'2KX Ha xpomartorpage Xpomoc I'X-1000,
CHaOXEHHOM [JIaMEHHO-UOHU3aIIMOHHBIM AETEKTOPOM
C METaJIJTNYECKOI KOJTOHKOM (2 M X 3 MM), 3aTIOJTHEHHOM
HocuTteaeM Chromatron-N-AW-DMCS (0,2—2,25 MM) ¢
HaHECEHHOM Ha Hero XUAKOW XpomartorpaduyecKoi
(da3zoit Reoplex-400 B koauuecTBe 15 % OT MacChl HOCU-
tenst. OmnpeneneHue Mepokcuaa BOAOPoaa MPOBOAUIN
MyTeM OAOMETPUYECKOTO TUTPOBAHMUSI.
MexaHU4eCcKyl0 TPOYHOCTh TPAaHYJ TpU pasnaB-
JMBAaHWU C TIPUJIOXKEHUEM YCUJIUU «I10 oOpasyromieii»
omnpenensau Ha ipudope UIII-1 mo MeTonukam MCIbI-
TaHWU, TPUHSITHIM JJ1s1 QOPMOBAHHBIX 11€0JUTOB [14],
OCHOBAaHHBIM Ha OIpeAeIEeHUM MpenebHON CUIIbI, He-
00XOAUMOI 1151 pa3pylIeHUs TpaHyJl IPU OAHOPOJIHOM
CXaTUU MEXIY JBYMSI TTapaJlJIeIbHbIMU TIJIOCKOCTSIMU.
MK-criekTpsl 00pa31ioB KaTaau3aTopa ObIId CHATHI
Ha BO3JyXe MPU KOMHATHOI TeMreparype B TabiaeTKax
KBr B o6actu 400—4000 cm~! Ha UK-dypbe-crexT-
pometpe IRAffinity-1 pupmbl «Shimadzu». PeHTreHor-
paMMBbl MOPOIIKOOOPa3HbIX 00pPa3l0B COENUHEHU N 3a-
MHCHIBAIN ¢ TOMOIIbIo 1udpakTomerpa Shimadzu LAB
XRD-6000 (CuK,-n3nmyueHue, HUKeIEBBI GUIBTP,
CLHMHTUJUISLIMOHHBIN cYeTUnK, HanpsixkeHue 30 kB, Tok
30 MA) B obactu yriroB 20 = 10+80°, cKopocTb CKAHUPO-
BaHU4 2 rpaayc/MuH c marom 0,02°. UaeHTudukanmio
COeNVMHEeHU ocylIecTBsIU o KaproTeke JCPDS.
W3mepeHue ynenbHON MOBEPXHOCTU, CYMMAapHOTO
oO0beMa Mop U pacrpeneseHuss odbeMa mop no pasmMe-
paM TBEpAbIX TUCIEPCHBIX MaTepUAOB MPOBOAUIN HA
ABTOMATUYECKOM Ta30-aJCOPOIIMOHHOM aHaIu3aTope
TriStar 3020 mpousBoacTBa «Micromeritics». Ha ocHo-
BaHUMU MOJYYEHHBIX JaHHBIX B aBTOMAaTUYECKOM PEXU-
M€ PacCUMTHIBAIUCH MAPAMETPHI TIOPUCTON CTPYKTYPhI
00pa3loB KaTaJu3aTopa.

Pesynbrathl M ux 06CyKAEeHUE

JlaGopaTopHbIe UCCIEIOBAHMS II0KA3aJI1, YTO METOI
HaHeCeHUs] aKTUBHOIO BeILECTBA (TUTAHCOAEPKAIIEro
LCOTUTA) Ha TBEPABIA aJTFIOMOOKCHIHBI HOCUTETh MME-
€T Pl CYIIECTBEHHBIX HEIOCTaTKOB. B yacTHOCTH, T10-
JIy4EeHHBI TAKUM 00Pa30M TPErepHblii KOHTAKT UMEET
MaJIBI CPOK CITYKOBI 332 CUET BHIMBIBAHUSI aKTHBHOTO
KOMIIOHEHTA C IIOBEPXHOCTH HOCUTEJISI IIPU KOHTAKTE C
peakiMOHHOM Maccoii. Tak, Mpu poBeJeHUH HECKOIb-
KX TOCJIeAOBATEIbHBIX CUHTE30B Ha OTHOM M TOM Xe
KaTtanauzatope (puc. 1) aKTUBHOCTb IMOCJEAHET0 OBICT-

0
100 Mac.%
1
- 3
2
80 4
| 1
3
60 2
4
i 1
40 3
| 2
4
204
1-1 cuHTE3 2-1 cuHTE3 3-11 cuHTE3

Puc. 1. luHamunKa n3MeHeHUs KOHBEPCUM NepoKCMia BOAO-
poAa B cuHTE3e oKcupa nponunena (1) v anuxnoprugpuna (3),
BbIXOA@ oKcupAa nponuneHa (2) v anuxnopruppuxa (4)

NPy NOBTOPHBIX CUHTE3aX

PO CHUXXAETCsI, 9YTO OOYCJIOBJICHO YMEHBIIEHUEM TOJIN
aKTUBHOTO KOMIIOHEHTa Ha MOBEPXHOCTU HOCHUTENS U
IIOATBEPKIACTCSI TPAaBUMETPHMUCCKUM aHAIN30M 00-
paslioB KaTaJu3aTopa.

AHanu3 pe3yJbTaTOB KaTaJUTUUYECKUX MCITBITAHUMI
MOKAa3bIBAET, YTO METOJ HAHECEHUS] He oOecrieynBaeT
TpeOyeMoil CTaOMJILHOCTM KaTajJu3aTopa M HE MOXET
OBITh IPUMEHEH JJIsI TPUTOTOBJIEHU ST TPOMBILIJIEHHOTO
KaTaJmn3aTopa XUIKo(ha3HOro S3MOKCUINPOBAHUS OJIC-
¢uHOB.

AJBTepHaTUBHBIM HaHECEHUIO CIIOCOOOM SIBIISIET-
CcsI METOH SKCTPY3MOHHOTO TPaHYJIMPOBAHUSI TUTaH-
cozpepxaiero mneosura. OH BKJI0YaeT TPU OCHOBHBIC
cTaguu: 1) CHHTE3 «CKeJeTa», B KaueCTBe KOTOPOIro BbI-
CTyHaeT TUTAHCOAEPXAIINA IICOJIUT; 2) CMEIICHUE MEJI-
KOKPUCTAJUIMYECKOTO KaTaju3aTopa CO CBS3YIOIIUM;
3) cobcTBeHHO (hopMoBaHUe. B KauecTBe CBS3YIOIIETO
BO3MOXHO HCIOJIb30BaHWE KaK OPraHMYCCKUX, TaK U
HEOpraHWYECKMX BEIIECTB, O0JaNaloIInX BSXKYIIMMU
cBolicTBaMM (AJIOMOCHJIMKATBHI, OKCHUJ aJIIOMUHMSI,
OKCHUJ KPEMHUS U JPYyTUe MPUPOIHBIE M CUHTETUYEC-
kue matepuaibl) [15]. MeToa aKCTpy3UU OTHOCUTENb-
HO TIPOCT M MO3BOJISET MOJYYaTh IPaHYJbl pa3INIHBIX
dopM 1 pa3zmMepoB, 00JIaTAIOIINX TOCTATOTYHO BEICOKOM
MEeXaHUYEeCKOU ITPOYHOCTHIO.

CrenyeT OTMETUTb, UYTO HaJW4YUE CBI3YIOIIETO U
ero Mpupoaa B 3HAUYUTECIBHON CTEIICHHW BIMUSIIOT Ha Ka-
TaJIUTUYECKHNE CBOMCTBA TUTAHCOAEPXKAIIEero IeoJu-
ta. C 1enbo co3gaHusi (GOpMOBAHHOI'O TeTEPOTeHHO-
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ro KarajauszaTopa ObLIM TPOBEIEHBI CUCTEeMAaTUUECKUE
WCCAeAOBaHUS, IO3BOJIMBIINE OCYIIECTBUTH BBIOOD
OIITUMAJILHOTO CBS3YIOIIero KoMItoHeHTa. OCHOBHBI-
MU KPUTEPUSIMU, TIO KOTOPBIM OIIEHUBAJINUCh 00pa3IIbl
TpaHyJIUPOBAaHHOIO KaTaJlu3aTopa, MOJAyYeHHbBIE C HC-
MMOJIb30BaHNEM Pa3JIMYHBIX CBSA3YIOIIMX, OBLIM MeXa-
HHUYecKast TPOYHOCTh M KaTaJITUTUIeCKast aKTUBHOCTH B
mpolecce 3MOKCUANPOBAHUS HEHACHIIIEHHOTO COEIM-
HEeHUS TIEPOKCHUIOM BOIOPOIA.

M3 paboT [16, 17] n3BeCTHO O IIMPOKOM IPUMEHEHU N
TUAPO30JIEU MOJUKPEMHUEBOM KUCIOTHI BKAYECTBE CBSI-
3YIOIIMX MaTepPUaIOB, HATIOJHUTEICH B KEpaMUIeCKHIX
WU3IEeTUIX, YHUBEePCaJbHBIX HOCUTEJIEH KaTaJInu3aTopoB
u 1p. C yduTom crieuupuku XKuaKodas3HbIX IIPOLIECCOB
BMOKCUINPOBAHUS 0JI¢(PMHOB 3HAYNTEIbHBIN MHTEPEC
MPENCTaBISIET WCIOJb30BaHUE KPEMHMIUCOACPKAIINX
CBSI3YIOIIMX HAa OCHOBE TETPa3TUJIOPTOCUINKATA U CHU-
JIMKarejs, KOTOpbIe MOCJIe COOTBETCTBYIOMINX 00pabo-
TOK 00pa3yIoT MOJIMKpeMHUeEBYI0 KuciaoTy. OHa, B CBOIO
ouepenb, SBISCTCSI NHEPTHOM B peaKIIU1 STOKCUIUPO-
BaHUs cBs13u C=C nepoKCUIOM BOIOpOIa.

I[lpy  wWcnoNb30BaHUM  TETPA3TUIOPTOCHIMKA-
Ta IJISI TIPUTOTOBJICHUS T'PaHYJIMPOBAHHOTO KaTaJlu-
3aTopa TPOBOAMJM €ro YaCTUYHBIN TUAPOIU3 BOMI-
HO-CITUPTOBBIM PacTBOPOM (MaccoBO€ COOTHOIIEHUE
H,0 : C,H;OH = 4,5) [18]. [TonyyeHHBII pacTBOp CBS-
3yiouiero (B Koaudectnse 5—15 mac.%) 100aBIsiin K pac-
YETHOMY KOJIMYECTBY ITOPOIIKOOOPA3HOTO TUTAHCOIEP-
JKaIero 1eoJMTa U ITIepeMelIBaIu IMOJYYeHHYIO CMECh
JIO TTACTOO0OPA3HOI'0 COCTOSTHU .

st ynydImeHusT MJIacTUIHOCTA MacChl B Hee JIO-
6aBnsu iactTudukarop. Mcrnoab3oBaHue miaacTudu-
KaTopa MO3BOJSICT TOCTUYDb ONITHMAJIBHOTO COYETaHU S
CTPYKTYPHBIX M MEXaHWYECKHX CBONCTB (PopmyeMoit
cucteMbl. OMHAKO B CBSI3M C OTCYTCTBUEM €IMHON TE€O-
PUH B3aMMOIENCTBUS CUCTEM «TBepIas ¢paza—IlIacTh-
¢ukaTop» moadop 1006aBOK IO CHUX IOP BEAETCS IMITU-
puyeckum nytem. Kpome Toro, BEIOOp I1acTudurKaTopa
JUISI KOHKPETHOW CUCTEMBI OJIXXEH COMPOBOXIATHCS
IUTMTEIbHBIMU  MICCJIEIOBAaHUSMU CTPYKTYpPHO-MeXa-
HUYECKUX XapaKTePUCTUK, TAKMX KaK MIaCTUUYHOCTD,
BIIACTUYHOCTD, IIEPUOL petakcaniuy u ap. [TosToMmy mis
MOJTyYeHUsI TPAHYJIMPOBAHHOTO TUTAHCOAEPXKAIIEro
KaTajau3aTopa OBLIM TpUMEHEHBI Haubojiee pacrnpo-
CTpaHEHHBIC TLIACTU(PUKATOPHI, a UMEHHO KapOOKCH-
METUJILIEJLTION03a Y TIOJIMBUHUJIOBBIM CITUPT, KOTOPHIE
BBonuau B KonndectBe 0,2—10 % oT cyMMapHOii Mac-
CHI CBS3yMOIIero M Ieonuta. OKOHYATEIBHBIM BBIOOD
njaactTudukaropa ObLI ONMpeaeseH Mo Hauayuliei gpop-
MYEMOCTH cMeceil ofruHaKoBoro cocraBa. CUCTEMBI, B

KOTOPBIX MCITOJIb30Baach KapOOKCUMETUJILIECITION03a,
obnamanyd JYYIIUMHU PEOJOTUUSCKUMHU CBOMCTBAMM,
TOTJ1a KaK MPU UCTI0JIb30BaHMUU TTOJIMBUHUJIOBOTO CITUP-
Ta BO3HUKAJIU CJIOXHOCTHU IPH IKCTPY3UU (CUCTEMBI C
cojepKaHKWeM IMOJIMBUHUIIOBOTO ciupTa MeHee 2 % He
¢dopmoBanucek). KpoMe Toro, OoTHOoCUTEIbHAST MEXaHU-
yecKas MPOYHOCTh 00pa31ioB, OJIYUYEHHBIX ITPU IMTPOYHX
PaBHBIX YCJIOBUSAX C IMMPUMEHEHHEM IOJIMBUHUIOBOTO
cnupTa, Opl1a HUXe. B xone uccienoBaHuii ObL10 onpe-
JIEJICHO TaKXe KOJMYEeCTBO IIacTuduKaTopa, He0o0Xo-
IUMOE IIJISI CO3IaHU I XOPOoIIo (popMyeMoit MacChl, ¥ IS
JIaJTbHEUIIIETO TTOTyYeHU ST 00pa3IloB TPaHyIMPOBAHHO-
ro KaTaJiu3aTopa B Ka4eCTBe IJIacTu(uKaTopa BBOAUIN
KapOOKCUMETHIILIEITION03Y B KoimuecTBe 2—3 Mac.%.

I'panynbl, TOTyyaemble Ha BBIXOJE W3 BKCTpyaepa,
MOACYIIMBAIM Ha BO3yXe, a 3aTeM B KOHBEKIIMOHHOM
cymuake npu 110 °C. 3atem oOpa3libl MpoKaJIuBaIu
mpu 350 °C 1 mogBeprajav MPOYHOCTHEIM UCITBITAHUSIM.
MexaHnvecKasi TPOYHOCTh I'PaHy/l Ha pa3aaBivBaHUE
IIPU Pa3JMYHBIX COOTHOIICHUSIX TETPa3TUIOPTOCUIH-
Kara 1 MopOoITKooOpa3HOTO TUTAHCOAEPKAIIETO 1IE0T -
Ta cocraBuia 7,8—10,1 krc/cM?. YAUTBIBASI HEBBICOKYIO
MEXaHMYECKYI MPOYHOCTH IOJYYECHHBIX 00pa3loB U
HEBO3MOXHOCTH MX UCIIOJb30BAHUS s paOOTHI B CTa-
IIMOHApHOM CJioe, JaJibHellllee WX MCCIelOBaHHWE He
MTPOBOIUJIH.

Cutukaresib MOXeT MCITOJIb30BaThCs KaK B BUIE HO-
CUTEJISI, TaK U B Ka4eCTBE CBSI3YIOIIEro Marepuasa s
pa3IMYHBIX KaTaauTudeckux cuctem [19—21]. IToaTo-
MY IJISI TpaHYJIUPOBAHUS TUTAHCOAEPKAIIETO IICOINTA
HaMU OBLJT TIPUMEHEH CBEXETNPUTOTOBJIEHHBIN CUJIMKa-
reap ¢ copepxanueMm SiO, 40 mac.%, mony4eHHBI 10
METONMKEe, onmucaHHoil B pabore [22]. CooTHolIeHNE
MEXy KOJMYECTBOM CHUJIMKAreis U IOPOIIKooOpas-
HBIM KaTaJln3aTOpOM U3MEHSJIM B UHTepBaje oT 1 : 1 1o
1: 4. Ins yIydieHusI peoJOTUIeCKIX CBOMCTB K Macce
nobaBasiiv kKapobokcumeTuiuennonosy. Ilocae ¢op-
MOBaHMsI, CYIIKY U IPOKaJIUBaHUS TPaHyIUPOBaHHbBIC
00pa3IIbl MOABEPTraa UCIBITAHUSIM Ha MEXaHUIECKYIO
MpOYHOCTh. ['paHyJIBI MOKA3aI1 HU3KKWE TTPOYHOCTHHIE
Xapaktepuctuku (4,8—3,2 KFC/CMz), YTO MOXET OBITh
00YCJIOBIICHO HEIOCTAaTOYHOM CBS3YIOIMIEH CIIOCOOHOC-
ThIO CUJTUKATes.

Oxcug 6opa MOXET ObITh IMPUMEHEH B KayecTBe
CBSI3YIOIIETO KOMIIOHEHTA KaK B OTACIBHOCTH, TaK U B
pa3JIMYHBIX COYETAaHUSIX C APYTMMHU BeuiecTBaMu [19,
23]. IToaTOoMy OBLIU UCCIEAOBAHBI CUCTEMBI, B KOTOPBIX
CBSI3YIOIIVMM JIJIsSI THTAHCOAE PXKAIIEro IMMOPOIIKOoo0pa3-
HOTO LieonuTa 66111 cMech ByO3 1 CBEXENTPUTOTOBJIEH-
HOTrO CHUJIMKAaress, a TAaK>Xe YMCThI OKCUI Oopa.
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B xavyecTBe MCTOYHMKA OKCHIa GOpa UCITOIb30BaIN
6opHyto kuciaoty (H;BOs), koTopas npu Tepmuyeckoi
obpabotke npu 235 °C gaet B,O3. DkcTpyaarsl, npuro-
TOBJICHHBIE C UCIIOJIb30BaHMEM B KaYECTBE CBI3YIOIIETO
TOJIbKO OOpHOI KucaoThl (cogepxanue H3;BO; Bapbu-
poBanu B uHTepBajie 10—40 mac. % B pacueTe Ha IO-
POIIKOOOpAa3HBI IIEOJIUT), TTOKa3aJIl HEBBICOKYIO Me-
XaHUYECKYI0 IIPOYHOCTH (1o 1,5 KFC/CMz).

O6pa3upl T'PaHYJIMPOBAHHOTO TUTAHCOAEPXKALIErO
Karajm3aTopa, TOJy4YeHHOT0 ¢ MCIOJIb30BaHUEM B Ka-
4yecTBe CBS3YIOLLEro cMecu cuuukarens u B,Os, noka-
3bIBAIOT JOCTATOYHO XOPOLIKE 3HAYEHU ST MEXaHUYECKOM
MPOYHOCTU Ha pasmaBiaMBaHue. Tak, oOpasel c Ha-
MMEHbIIE MeXaHW4YeCcKOW IMpoYHOoCThio (4,4 KFC/CM2)
ObLJI MOJy4YeH IIPU MacCOBOM COOTHOILUEHUM CUJIMKA-
reab/H;BO; pasHom 2:1 (MaccoBas nost cessku S0 %).
VYBenuueHue coaepxKaHusi OOPHOM KMCIOThI B CBSI3KE
MPUBOAUT K POCTY MeXaHUYeCKOoil mpodyHocTtu. [Ipu
PaBHOM COOTHOIIIEHUM KOMIIOHEHTOB 3TOT IOKa3aTellb
yBeauuuiics 1o 9,1 KFC/CMZ, aTIpy COOTHOIIEHUH 1:2 Me-
XaHW4decKas IMPOYHOCTh JocTuria 15,4 KFC/CMZ. Oo6a-
Jlasl HEIJIOXOW MEeXaHMYEeCKOM IMMPOYHOCThIO Ha pa3iaB-
JIMBaHMe, 00pa3Libl UMEJIM Malylo T'UAPOYCTOMYMBOCTD,
YTO SIBJISIETCS MX CYIIECTBEHHBIM HeOOCTAaTKOM. Tak,
rpaHyJIMPOBAaHHBIN KaTajau3aTop, MOrpy>KeHHBI B BO-
Iy, paspyiuaucs yxe uyepe3 1,5—2 4. [lomoOHoe siBIeHue
Ha0JII01aJI0Ch U B CIydae 00pa3ioB, IPUTOTOBIECHHbBIX
C UCITOJIb30BAHMEM B Ka4eCTBE CBSI3KU TOJIBKO OOPHOI
Kuca0Thl. HeBbICOKYIO TMAPOYyCTOMYMBOCTh 00pa3lioB
KaTaJn3aropa, B KOTOPBIX CBSI3yIOINM siBaseTcst B,Os,
MOHO OOBSICHUTB TEM, UYTO OKCUJL 60pa YaCTUYHO UJIN
TMOJHOCTBIO BCTYTAeT BO B3aUMOCICTBUE C BOAOH, YTO
MPUBOIUT K pa3pylIeHNIO paHee 00pa30BaHHBIX CBSI3CH
C YacTUIlaM¥ TUTaHCOAepKallero meosura. Mcrnonb3o-
BaHUE TAKOI'0 KaTaju3aTopa HEBO3MOXHO, TaK KakK Ha-
JIMYKe Jaxe HeOOJIbIIOro KOJMYECTBAa BOAbLI B peaKiii-
OHHOI Macce (Hampumep, IPUXOASIIEH ¢ IEPOKCUIOM
BOJOPO/a) MOXET BBI3BATh €TI0 pa3pylleHUE.

3HAUYUTENBHBIA WHTEPEC TIPEACTABISIOT aJIOMO-
CUJIMKATHBIE CUCTEMBI MJIM aJIOMOCUJMKATHBIC KJIEH,
KOTOpPbIE TOTOBSIT MYTEM CMEIICHUSI PaCTBOPOB CHJIU-
KaTa 4 ajloMuHaTa Hatpus. [J1aBHOE MX JOCTOMHCTBO
B TOM, YTO OHM CBSI3BIBAIOT KOMTIIOHEHTHI, IPUAaBast UM
BBICOKME IPOYHOCTHBIC XapaKTEepUCTUKU. B 3aBucu-
MOCTH OT COCTaBa CBSI3KM U €€ KOJMYECTBA IIPOYHOCTh
npu cxaTtuu o0OpasinoB MoxeT gocturatb 500 MIlla
[19]. Ins mpuroToBJeHUs] TaKOH CBSI3KU HUCIIOJbL3YIOT
OIHO-, IBYX- U TPEXMOIYJIbHOE XUIKO€E CTEKJIO 1 IIEeJIOU-
HOI pacTBOp THAPOKCHUAA aJTIOMUHUS, 00pa3yomuiics
npu pactBopeHnu A1(OH); B 45 %-HoMm pacTBope Lie-

Joun. [Toay4eHHBII TpaHYIMPOBAaHHEINM KaTaJIu3aTop C
ucnojib3oBanueM 10 % Takoii aJIlOMOCUIMKATHOM CBSI3-
KU UMEET IIPOYHOCTh 58,2—60,2 KFC/CMz, OJHAKO KaTa-
JIM3aTOP HACHIIIACTCS CUJILHOOCHOBHBIMU COJISIMH, YTO
MMPUBOAUT K CHUXKECHHIO €r0 KaTaIUTUYSCKUX CBOMCTB B
peaknuu 3rMokcuanpoBaHus. Tak, 3a 3 4 peaKIIMU BbI-
XOJI OKCHUJa TporujieHa coctaBuia 3,1 % B MeTaHoOJe U
1,5 % B u3oIponaHoJjie Ipy CTEINEHU IIpeBpalleHus Tie-
pokcuaa Bogopona 6,3 u 3,8 % cooTBeTCTBEHHO; BBIXOJ
SIUXJIOPTUAPUHA He IpeBhIIIal 2 % Py CTEIEHU TIpe-
BpallleHMsI ITIEPOKCUIa BOIOpoaa okoo 5 %.

OKcua aTiOMUHUS SBJISETCS OOHUM M3 Hamboliee
IIUPOKO MWCIIOJIb3YeMBIX HOCHTENICH OIS pa3IUIHBIX
KaraauzaTopoB. KpoMe Toro, oH MoOXeT HNPUMEHSITh-
¢S M KaK CBSI3YIOIINU KOMIIOHEHT IJIST DOPMHUPOBAHUS
TPaHYJIMPOBAHHBIX KaTaJIN3aTOPOB. JIIs OLIeHKY TaKOW
BO3MOXHOCTHU B KaU€CTBE CBS3YIOIIETO ObLI MCITOJIb30-
BaH 0.-Al,O5 ¢ pasmepom yactuy go 10 Mxm. Jl1s noy-
YeHUs TPaHYJIMPOBAHHOIO TUTAHCOMEPXKAIIIEro 1Ie0InTa
MOPOIIKOOOPAa3HbIN KaTaau3aTOp CMEIIMBAIN C OKCH-
JIOM aJIIOMUHUS, TOOABIISUIN TUIACTUDUKATOP W BOLY B
KOJIMYECTBE, HEOOXOAMMOM JJIsI CO3AaHU S TJIaCTUYHOMN
Maccel. ComepxkaHue OKCHIa aJIlOMUHMS BapbMpOBa-
1u oT 10 1o 40 mac.% B pacueTe Ha IMOPOLIKOOOPA3HbBII
1eoaut. ['paHysbl OCAe 3KCTPY3UU CyIIuu npu 110—
120 °C u npokanusanu npu 550 °C. ITonydyeHHBIE 00-
pa3iBl MCOBITBIBAIA HAa MEXaHUYECKYI0 IMPOYHOCTh U
KaTaJJUTHYECKYI0 aKTHBHOCTb. B Xome MpPOYHOCTHBIX
WUCIBITAHU 006pa310B ObLJIO YCTAHOBJIEHO, YTO C MOBbI-
IICHWEeM KOJIMYEeCTBA OKCUIAa aJTIOMUHUS TPaHYJIBl CTa-
HOBSITCS OoJiee TpouYHbIMU (TabJI. 1).

JaHHble Tabj. 1 MOKa3bIBAIOT, YTO YBEJINYECHUE Me-
XaHUYEeCKOM IIPOYHOCTH 00pa3loB I'paHYINPOBAHHOTO
KaTaJim3aTopa COpoBOXIaeTCs CHUXEHUEM KaTaJluTH-
YECKOM aKTUBHOCTU. DTO 00BICHSIETCS TEM, UTO IPU TTO-
BBIIIICHUY COACPXXKAHMUS OKCHIA aTIOMUHUS B 00pa3max
Karaju3aropa yMEHbIIAeTCs KOJUYEeCTBO aKTUBHOTO
KOMIIOHEHTa (TUTaHconepxauiero eoauta). Kpome to-
ro, YBEJIWICHHNE COMEpPKAHMS OKCHIA aTIOMUHUS TIPH-
BOJIMT K POCTY KOJTMYECTBA KMCIOTHBIX IIEHTPOB, KOTO-
pble HEraTMBHO BIMSIOT Ha CEJIEKTMBHOCTH Ipoliecca,
YCKOpss HeXelaTeJIbHBIC PEaKINKU PACKPBITUSI SIOK-
CUJHOIO IIMKJa, MPUBOASIINE K 00pa30BaHUIO MOOOY-
HBIX TpOAYKTOB. TakuM 00pa3oM, Ijis MPUTOTOBJICHUS
rpaHYJIMPOBAHHOI'O KaTaJiM3aTopa SITOKCUIMPOBAHUS
NpuMeHeHue nopoiuka o-Al,O3 B KauecTBe CBA3YIOLIETO
B OOJIBIIMX KOJIMYECTBAX HelleJeCco00pa3Ho.

YMmenbmuth Konuuectso Al,O3; B rOTOBOM KaTau-
3aTOpPE C COXpPAHEHUEM €TO TIPOYHOCTHBIX CBOMCTB BO3-
MOXHO MpHU YCJIOBUHU, UTO CBsI3yIOlllee OyIeT pa3aaraTh-
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Tabnuua 1

3aBMCUMOCTb MeXaHNYECKOI NPOYHOCTYU U BbIXOAA LieNeBbIX MPOAYKTOB OT COAepKaHua ceasyiowero (Al,0;)

B KaTajiu3atope

ConepxaHue Al,04 MexaHuyeckas Bbixog, %

B Katanusatope, Mac.% NPOYHOCTb, Krc/cM? oKcuaa nponuneHa’ oKcuaa nponunera’ 3NUXNOPruApHHa’
10 131 69,7 48,4 65,9
15 16,3 68,3 46,6 63,4
20 20,4 64,7 43,8 60,1
40 28,2 55,1 358 53,5

1 B cpepe meTaHona npu cTeneHu npespalleHus NepoKcuaa BoAopoaa (Xng) 75 %.

2B cpefie M30MponuaoBoro cnupta npu Xpg = 55 %.

3 Npu Xpg = 70 %.

ca 10 Al,O3 B mpoLiecce CyIIKY U MPOKAJUBAHUSA yXKE
TOTOBBIX I'PaHyJ. DTO IIPUBEIET K 00pa30BaHUIO HOBBIX
XUMHUUYCCKUX CBA3CH OKCHIA aTIOMUHUS C IICOJTUTOM KU
KakK CJIe[ICTBYE K YIIPOYHEHUIO TpaHyJ. B KauecTBe pe-
areHTOB, MOIXOMSIINX IJIS 3TON 1IeJIM, MOTYT BBICTY-
TaTh BEIICCTBA, pa3aralolIrecs 10 OKCHIa aTIOMUIHU S
TIPY OTHOCHUTEJIFHO HEBBICOKOM TeMITepaTrype (He BEIIIIE
550 °C). Haubonee npuBiaeKkaTelbHBIM peareHTOM SIB-
JISIETCSA TUAPOKCHUT aTIOMUHU S, KOTOPHI B 3aBUCUMOC-
TH OT KPUCTAJUTMIECKON MOON(MUKALINY pa3iaracTcs 10
COOTBETCTBYIOIIEIO OKCHIAa B MHTEpBaje TeMIlepaTyp
250—1200 °C. B manHoi1 paboTe GBI NCITOJIb30BAH CBE-
XeTepeocak IeHHBI THAPOKCHI aJTIOMUHHS, TIOJTyJIeH-
HBIH 110 CIEAYIOLIEH CXEME:

2AI(OH); + 3H,50, — Aly(SOy); + 6H,0;

Alz(SO4)3 + 6NH4OH d

[Tpu sTomM oOpaszyercsi TUAPOKCUI ATIOMUHUS CO
CTPYKTYpOIi TaK Ha3bIBaeMoro rcepmodoemuTa [24]. ITo-
JIyJeHHBI mocJjie MpoMbIBKU U duibTpoBanust AIOOH
MpencTaBisieT cobOi TyCcTyIo0 MYJbIY C COAEpXaHUEM
ocHoBHoOro BemectBa 17—19 mac.%. I'mapokcun amio-
MUHUS 111 (GOpMOBaHUS Opaiu B TAKOM KOJIUYECTBE,
4yTOOBI KOHEYHOE conepxaHue Al,O3 B oOpa3Lax kaTa-
nu3aTopa cocTaBisiio oT 5 no 40 mac.%. Mcnonb3oBa-
HUE CBEXENepeoCcaXkJIEHHOT0 TUIPOKCUA aTIOMUHUS
B KauecTBe CBS3YIOIIETo 1J1s1 GOPMOBaHU S TPAHYIUPO-
BaHHOTO KaTaJIM3aTopa AaJio CIenyoiue TPOYHOCTHbIE
xapaktepuctuku: 10,3—31,5 KFC/CM2 MIPU CONEPXKAHUU
Al,05 5—40 mac.%. [1onoOGHBIE OTHOCUTENBHO HEBBICO-
KME Pe3yJbTaThl MOTYT OBITH OOYCJIOBJIEHBI CJIEAYIONIU-
MU (paKTOpaMu: pa3Mep MEPBUYHBIX YACTHUIL MOJTyYae-
MOTO CBEXEIEPEOCAXKACHHOIO TUIPOKCH A ATIOMUHM S,

ero rnopucTas ujau Mopdoaoruueckasi CTpyKTypa He Of-
TUMAJILHBI IJIS1 9KCTPY3UM; OH HE MOJIHOCTBIO pa3Jjara-
etcst 10 Al,O5 npu TeMnepatype npokanusaHust 550 °C;
BpeMs IMpoKaJuBaHUs (5 4) HEAOCTATOYHO A5 PopMU-
pOBaHMUS MPOYHOM CTPYKTYPHI IKCTpyAaTa u ap.

s ynydimieHWsT TIPOYHOCTHBIX XapaKTEPUCTUK
COpOEHTOB 1 KaTaJu3aTOPOB YaCTO UCIIOJIb3YIOT METO
MenTU3aluu, 3aKJII0YaloINiCs B TOM, YTO K THIPOK-
CHOy aJTIOMUHUS TO0aBIISIOT HEOOJBIIOE KOJIMUECTBO
pPacTBOPSIONIETO €ro peareHTa, pa3pyllalollerocs npu
MMpoKaJuMBaHUU. B mpoiiecce mentusanuu oopa3yoTcs
COJIM, KOTOPEIE OCTAIOTCSA B Macce Iociie (hOpMOBaHMSI,
a Mpu TepMoobpaboTKe paszjaralorcs ¢ obpa3oBaHUEM
OKCHJIa aTIOMUHUS.

M3BecTHO, YTO TOIBKO Y IICEBAOOECMUTHOTO THAPOK-
cula TpU B3aUMOIEUCTBUU C CUJBHBIMU KUCJIOTaMU
00pa3yloTcs pacTBOPMMbBIE OCHOBHBIE COJIM, CIIOCO0-
HBIe GOPMUPOBATH TUKCOTPOITHBIE cUCTeMBI [25]. TToa-
TOMY JJISI TTOJIyYEeHU I TPaHYJIMPOBAHHOTO KaTaau3aTo-
pa B KauecTBe CBsA3youIero 0nia ucnoab3oBad AIOOH,
nenTusupoBaHHbli 20 %-Hoit a30THOI KucaoToil. Ko-
nnyectBo HNO; BapprpoBaiu B mpeznenax 5—95 mac.%
B pacueTe Ha TMAPOKCHU]I aJIIOMUHMUS.

Merton nentuzanuu AIOOH npuBen K yBeTUICHUIO
MEXaHMYeCKOW MPOYHOCTU 00pa3lioB KaTtaau3aTopa Io
CPaBHEHUIO C HEMENTU3MPOBaHHBIMU 00pa3llaMU U I'pa-
HYJIAaMH, TIOTyYCHHBIMHY ITPU UCITOJIb30BAHUY B Ka4eCT-
Be cBasyowero o-Al,O;. Tak, mpu conepxanuu Al,O3 B
KoHeuHoM obpasie 10 u 40 mac.% MexaHndeckas Ipo-
YHOCTh cocTaBuia 19,7 1 49,3 Krc/CM2 COOTBETCTBEHHO.
DTO 00BSICHSAETCS TeM, YTO O0pa3yloluecss OCHOBHbIE
COJIM aJIIOMWHUSA, HaXOAMALIMECd B BBICOKOIUCIIEP-
THPOBAaHHOM COCTOSIHMH, CO3IaI0T KOaryasIIIMOHHBIC
CBSI31, COEAMHSIONINE TPOCTPAHCTBEHHON CTPYKTYp-
HOM CETKOH CpaBHUTEJILHO I'pyOOIMCIEPCHBIE YaCTU-
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Il TUTAHCOEPXalIero neogura. OmHaKO KOJTUYECTBO
coJieli, 00pa3yoluXcs B MPOLECCE MNENTU3aLUU, MAJIO
M0 CPaBHCHUIO C TUAPOKCUIOM ATIOMUHUS, KOTOPHIU
HaXOMUTCS B BUJIE MAaKPOUYaCTUII U COOTBETCTBEHHO 00-
pa3yeT MeHbllIee KOJMYECTBO KOHTAKTOB 1I€0JIUT—CBSI-
3ytoliee—IeoJuT. MOXHO C/ieJIaTh BBIBOI, YTO UMEHHO
COJM aJIIOMUHUST 00pa3yloT KOaTyJISIMOHHBIC CBS3M
MEXAy 4YacTHLIAaMHU KaTaJiM3aTopa, KOTOpble U 00ycC-
JIOBJIMBAIOT 32 MPOYHOCTH I'paHyJ. OUueBUIEH TOT (PaKT,
YTO MPU yBEIMICHU U KOJTUYECTBA THIPOKCOHUTPATOB B
CBSI3KE MOJIyYaeMblii I'PaHYJIMPOBAHHBIMA KaTaJM3aTop
obnagaeT 60jiee BBICOKUMM MEXaHUUECKUMU XapaKTe-
PUCTUKAMU.

AJIbTepHAaTUBHBIM BapUaHTOM SIBJISIETCSI UCIIOJIb30-
BaHME TOTOBBIX OCHYBHBIX COJICH aIIOMUHUS B Kadec-
TBE CBS3YIONIUX MPU TPaHyJIMPOBAHUM aJICOPOECHTOB U
neonuToB. B wactHOocTH, B paboTe [19] mpemnaraercs
WCITOJIB30BaTh TUAPOKCOHUTPATHI U TUIPOKCOXIOPH-
Ibl aJIOMUHUSI, KOTOPBIE ITOCJIE MpPOKaJWMBaHUsS TPHU
350—550 °C nonHocThlo nepexondat B Al,O3, npuaasas
rpaHyJaM BBICOKYIO IIPOYHOCTb.

B kauecTBe CBSI3YIOIMMX HAMU OBLIM UCTIOJb30BaHBI
CBEXENPUTIOTOBJIICHHBIE OCHOBHBIC COJIM aJTIOMUHUS
AlL,(OH);NO;, Al (OH)gNO;, Al (OH);NO; (mpu-
BelleHHbIe (OPMYJIBI HE OTpaXkaloT IOJHOTO COCTaBa
MOJIEKYJT OCHOBHBIX COJIeli aJIOMUHHS, TaK KaK He
BKJIIOYAIOT aKBa-, THAPOKCO-, OKCO- W IPYTHUX TPYIII,
XapaKTEepHBIX IUIST 3TUX coenuHeHui). s ux momy-
YEeHU S K CBEXEOCAXICHHOMY T'MAPOKCUIY aJTIOMUHUS
TMOCTENIEHHO HOO0ABISAIN IIPW IIepeMEIIMBAaHUU pac-
yeTHOE KonnuecTBO 40 %-Hoil a30THOM KUCJIOTHI, TTOJI-
nepxuBas pH cpenbl Ha ypoBHe 4—6. 1151 yCKOpEHUS
B3aMMONCHCTBHS KHCIOTHL C OCAaIKOM THUIPOKCHIA
cMech HarpeBasiu go Temmeparypsl 50 °C. Heobxoagumo
OTMETUTh, UTO OOpa3ylolmuecss OKCMHUTPAThl UMEIOT
pa3IMYHOE arperaTHOe COCTOSIHHE: TaK, COJIb C COOTHO-
weHueM Al/NO; = 2 npeacrasiseT co00il onajaecuupy-
IOLUI pacTBOP (30J1b), @ pU cooTHoueHuU Al/NO; >
> 2 — «CTyIOeHb».

Hns mojtydyeHusl MIaCTUYHOM, XOpollno (hopMyemMoit
MAacChl ITOPOIIOK TUTAHCOAEPXKAIIETO 1Ie0IUTa CMEIT -
BaJI C OCHOBHOM COJIBI0 — OKCHHUTPATOM aJIIOMUHMUS,
JI00aBJISIIM HEOOXOMMMOE KOJMYEeCTBO BOIBI M TLIAC-

Tabnuua 2

Tudukaropa (KapOoOKCUMETUILIENII0N03bI), TIIATEIb-
Ho nepememuBas B TeueHue 30—40 muH. 3atreM Maccy
¢dopMoBanu ¢ nomoubio JabopaTopHoro mmnpuua. [lo-
JIyYeHHbIE TpaHyJIbl MOACYIMBAIM HAa BO3YXE, a 3aTeM
B cymusibHOM mkady mpu 120 °C okoso 3 4. [Ipokanu-
BaHue mpoBonuiu ripu 250—450 °C.

ITpu npokaavBaHUKU PaBHOMEPHO pacrnpenesieHHas
OCHOBHasl COJIb OKCMHHUTpATa aJIOMUHUS ITOCTEIICHHO
pa3naraetcs ¢ obpasoBaHueM Al,Oj;, KOTOpBI CBSI-
3bIBa€T YAaCTUIIbI TUTAHCOAEPKAIIETO 1Ie0JUTa B MPO-
YHBIM MOHOJMUT. UMEHHO oOpa3oBaHME OKCHUIA ajllo-
MUHUS B yXe COPMOBAHHBIX M3ACIUIX IIPUIACT UM
0oJiee BHICOKYIO MEXaHUYECKYIO IPOYHOCTh, YeM MpPU
HCIIOJIb30BAaHUHM B KaUECTBE CBSA3YIOIIETO YK€ «TOTOBO-
ro» AL,O;.

B pesyabraTe CpaBHUTENbHBIX WMCIBITAHUNA OBIIO
YCTAHOBJICHO, YTO C YBEJIMUYEHUEM OCHOBHOCTU CBSI3Y-
IOIIETO MPH IIPOYMX PAaBHBIX YCIOBUSIX MEXaHUIECKAasT
MPOYHOCTH 00Pa310B PaHYJIMPOBAHHOIO KaTaJanu3aTo-
pa yMeHblIaeTcs (TadJ. 2).

JanpHEUIIINE UCCICTOBAHNS ITPOBOAVIIN C MCIIOIb-
30BaHMEM 5,6-OoKcnHUTpaTa amoMuHus Al,(OH)sNO;.
[nst ompeneneHusi ONTUMAJbHOTO KOJIMYECTBA CBSI-
3yIOIIEro ObLIa IIPUTOTOBJICHA CepUsI 00pa3IoB ¢ pas3-
JIMYHBIM cofepxxaHueM Al,O5 B TOTOBBIX rpaHynax (5—
30 mac.%).

s obpa3noB T'paHYJIMPOBAHHOTO KaTaaW3aTopa,
MOJIYYEHHBIX JaHHBIM METOIOM, Obljia OINpenesieHa Ux
MEXaHMYeCcKasd NPOYHOCTh U OLIEHEHA KaTaJluTUYeCKas
aKTUBHOCTH B IIPOIIECCE SIMTOKCUINPOBAHMSI.

M3 puc. 2 BUAHO, UTO C YBEJIUUYEHUEM CONEPXaHUS
Al,O3; B roTOBBIX TpaHyJlaXx MPOYHOCTb BO3pacTaeT.
OmHako KaTaJIuUTUIecKas aKTUBHOCTh 00pa3lloB CHU-
>XaeTcs, YTO BUJHO MO YMEHbIIEHUIO BbIXO/A LIEJIEBOTO
nmponykra. MexaHudeckasi IMIpOYHOCTh IMPU colepxkKa-
Huu Al,05 10—15 % cocrapnser 54—68 Krc/cm?, 4to
SIBJISIETCSI JOCTATOYHBIM JUJISI KaTaJlnu3aTOPOB, UCIOJIb-
3yeMBbIX B p€aKTOpaX ¢ HEMOABUXHBIM CJI0EM, IJISI TIPO-
BeleHUs XHUAKOGa3HBIX peakuuil [26]. JlanbHeiiee
yBeJIUYEHME KOJMYECTBA OKCUAA aTIOMUHUS TPUBOIUT
K TOBBIIIEHUIO TPOYHOCTHU, OJHAKO YMEHBIIICHUE BbI-
XOJla IIeJIEBOTO SIIOKCUA SBIISIETCSI 0oJiee 3HAYUMBIM
dakTopoM.

3aBMCUMOCTb MeXaHUYeCKOM NMPOYHOCTU KaTaJiu3aTopa OT TUNa CBA3yOLLEero

Ceasywouiee (copepxanue Al,0; B npokaneHHom yeonute 15 mac.%)

[Moka3atenb

Al,(OH)5NO,

| AL(OH)NO; | AL, (OH),,NO,

MexaHunyeckas npoyHOCTb, Krc/CM2 68,2

60,7 55,1
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Puc. 2. 3aBucMMOCTb BbIXOAA LieIeBOr0 MPOAYKTA U MexaHu-
YeCcKOW NPOYHOCTYU FPaHyNMpPOBAHHLIX 06Pa3L0B OT coaep-
#aHua Al,0; B rotoBbix rpaHynax, Mac.%: 1 — BbIXOf OKCUAA
nponuieHa B Cpefie MeTaHoNa Npu CTENeHU NpeBpalLeHus
nepokcupa sogopona 97 % (t = 40 °C, C,?/C%B = 3, KOHLEHT-
pauwus pactsoputens 80 mac.%); 2 — BbIxof, oKcupa nponune-
Ha B cpefie M30MPONMIOBOro CNMpTa NpuU CTENEHU NpeBpaLye-
HUA nepokcuaa sogopoaa 90 % (t = 40 °C, (§/C%g = 3, koH-
ueHTpauusa pacteoputens 80 mac.%); 3 — BbIXOZ INUXNOp-
TMAPUHA NPU CTENeHW NpeBpalleHns NepoKkcnaa BOLOPOAa
95 % (t = 40 °C, C%4/C% =3, KOHUEHTPaLMA pacTBOpUTENS
74 mac. %)

Taxkum obpa3om, 1Jis1 MOJYYEHU ST KaTaAUTUUYEeCKU aK-
TMBHOIO, MEXaHWYECKM IPOYHOr0 T'PaHyJIUPOBAHHOIO
THUTAHCOACPXKAIIETO IIEOJUTa B KAaueCTBE CBSI3YIOIIETO
KOMITOHEHTA MOXET OBITh PEKOMEHIOBAH 5,6-OKCUHUT-
pat amoMuHUS B KomdectBe 10—15 mac.% (B mepecuere
Ha Al,O3). DTansl TEXHOJIOTMYECKOro MPoLecca U3r0TOB-
JIeHUSI TpaHYJIUPOBAHHOIO KaTajau3aTopa METOAOM IKC-
TPY3MOHHOTO (hDOPMOBAHUSI C UCTIOJIb30BaHMEM B KaUeCT-
BE CBSI3YIOIIET0 OKCMHUTPATA aTIOMUHUS CIICAYIOIIHE:

1) monyyeHue CBSI3YIOLIEro — 5,6-OKCMHUTpaTa ajiio-
MUHUS;

2) CMeIlIeHNe IMOPOIIKOOOPa3HOr0 THTAHCOIAEpXKa-
1LIETO LIEOJUTA CO CBSI3YIOLIUM;

3) 3KCTpy3us rpaHyJ KaTaJau3aTopa U UX IpeaBapu-
TeJibHas TepMO0OOpadoTKa;

4) npokajiuBaHUe 00pa3lOB C LIEJbIO MOBBIIIEHU S
MEXaHUYECKOM IPOYHOCTH.

I'panynupoBaHHBIN KaTaanu3aTop, MOJYICHHBINA 110
JTAaHHOM TEXHOJIOTUM, 00J1a1aeT BLICOKOW KaTaJlUuTUYeC-
KOM aKTUBHOCTBIO, CEJIEKTUBHOCTBHIO U MEXaHUYECKOM
MPOYHOCTHIO B MPOIIECCe SIMOKCUANPOBAHUS TIEPOKCH-
JIOM BOJIOPOJia HEHACKILLIEHHBIX YIJI€BOJOPOJOB IO CBSI-
3u C=C.

st TIoATBEepXKACHUSI TOTO, YTO IMPU I'PpaHyJIMpOBa-
HUM TUTAHCONEPXKAIIEro LEOJUTa C UCMOJb30BAHU-
€M OKCUHUTpATa aJlOMUHUS B KaueCTBE CBSI3YIOIIETO
KpHUCTajandeckas pelierka He IpeTepreBacT KaKux-
100 U3MeHeHU (KpoMe TOosIBICHUS pedIeKCoB, OT-
HOCSIIIUXCS K CTPYKTYpe 00pa3yeMoro B mmpoliecce mpo-
kanuBaHus y-Al,03), ObL1 IPOBENEH PEHTIeHO(Da30BbI i
aHaJu3 o0pa3loB MOPOLIKOOOPA3HOTO U TPaHYIUPO-
BAaHHOTO KaTaTN3aTOPOB, MMOJTYYCHHBIX B ONITUMAJIBHBIX
ycioBusax. CpaBHeHUE PEHTTEHOTpaMM IOPOIIKa, IM0-
JIYYEHHOTO UCTUPAHUEM I'PaHYJIUPOBAHHOIO LIEOJIUTA,
U MICXOIHOTO IMOPOITKOOOpa3HOro KataiusaTopa (puc. 3)
TOKa3bIBaeT IMOJTHOE COBMNaaeHue pedIekcoB B Xapak-
TepUCTUYECKOI obnacTu yrnoB 20 = 23+25°. [1Ipu atom
WHTEHCUBHOCTH NTMKOB HA PEHTTEHOTpaMMe TPaHYIU-
POBAHHOTO KaTaJIM3aTopa HECKOJIbKO MEHBIIIE, YTO, Be-
POSITHO, CBSI3aHO C YMEHbIIIEHUEM KOJIUYECTBA OCHOB-
HOTO KOMITOHEHTa — TUTAHCOJEPXKAIIETO IIe0TuTa — 3a
cyeT BBeleHUd cBasyouero — Al,O3;. Kpome toro, Ha

1
o bttt
10 20 30 40  20,rpa;

Puc. 3. PeHTreHorpamMmbl 06pa3sLoB KaTanu3aTopa fio U nocne
topmoBaHus: I — NopolwKoobpasHelit kKatanusartop; 2 — rpa-
HYNMPOBAHHBIN KaTanusaTop

2000 1000

BonHoBoe yncno, cM-

4000 3000

Puc. 4. K-cnekTpbl 06pa3LoB TUTAHCOAEPIKALLErO KaTa-
nn3aTtopa Ao 1 nocsie GopMoBaHuA: 1 — NopowwKoobpasHbIi
KaTanusartop; 2 — rpaHyMpOBaHHbIN KaTann3aTop
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Tabnuua 3
XapaKTepuCTUKa NOPUCTON CTPYKTYPbI
TUTAHCOAEPIKALLEero KaTanmsartopa

YnenbHas 06vem nop,
O6pazeu MOBEPXHOCTb, M2/T cm?/r
Mopowok 317 0,182
[paHynbl 269 0,155

peHTreHorpaMme (POpMOBAHHOTO 0Opa3iia MOXHO OT-
METUTH yBEJINYEHUE WHTEHCUBHOCTHU pedaekcon 31,12
u 32,66°, xotophle coriacHo Kaptouke Ne 09-0440 u3
kaptoteku JCPDS, npuHaaiexar oKCuIy aJlOMUHUS.

IIpu cpaBHeHun UK-cnekTpoB 00pa3lioB KaTaiu-
3aropa (puc. 4) 10 ¥ IMOCJe TPaHYJINPOBAHUS BUIHO,
4TO XapaKTepUCTHUecKas mosoca B obnactu 960 cv!,
COOTBETCTBYIOIIAsl TETPAaKOOPIMHUPOBAHHOMY THTa-
HY, IPUCYTCTBYET B 000X crieKTpax. Takum obpa3om,
WH(PpaKpacHas CHEKTPOCKOIMS, KaK U peHTreHoda-
30BbII aHAINU3, TOATBEPXKIAET COXPAaHEHUE CTPYKTYPHI
TUTAHCOIEPXAIIero IEOJINTa B IIpoliecce ero hopMo-
BaHMS.

ITopucrasi cTpykrypa 00pa3loB Oblja MCCleI0Ba-
Ha METONOM HM3KOTEMIIEpaTypHOM amcopOmUM a30Ta
(tabm. 3).

3aKnyeHue

[IpoBenaeHo cucTeMaTUYECKOE UCCAEAOBAaHME CIIOCO-
060B (popMOBaHUS MOPOIIKOOOPA3HOTO TUTAHCOMEpKa-
1Iero 1LEeOoaUTa, SBSIONIErocs BbICOKOI()(HEKTUBHBIM
KaTaJIu3aTOPOM IIPOIIECCOB KMIAKO(hA3HOIO BIOKCH-
IV POBaHUS HEHACHIIIEHHBIX COCAUHEHN I IIEPOKCUIOM
BOJIOpOJIa B CPeie OPraHUIeCKOT0 PaCTBOPUTENS.

IIpennoxen crnocod (GpopMoBaHUS 1I€OIUTA, OCHO-
BaHHBIA Ha METOME SKCTPY3MOHHOTO T'PaHYINPOBAHU S
TUTAHCOMEPXKAIIETO LIEOJMTA CO CBA3YIOLINM; OCYIIECT-
BJICH MOI0O0P CBSI3YIONIETO KOMITIOHEHTA, MO3BOJISIONIC-
T0 IOJIy9YaTh MEXaHMYCCKH IIPOYHBIC U KaTaJIUTUUYCCKHU
aKTUBHBIE TpaHyibl. ONTUMAabHOE COYETaHMWE MeXa-
HUYeCKOI mpoyHocTH (=70 KFC/CMz) M KaTaJIuTUYECKOMI
AKTUBHOCTH (BBICOKHM I BEIXO IIPOAYKTOB) ITOIyYeHO Ha
rpaHyJIMPOBAaHHOM THTaHCOIEPXallleM 1IeOTUTHOM Ka-
TaJau3aTope, IPUTOTOBJICHHOM IpU MUCIIOJIb30BAaHUU B
KayeCTBe CBI3YIOIIEro 5,6-OKCMHUTpAaTa aJllOMUHUS B
komuectBe 10—15 % (B mepecuete Ha Al,O3).

Metomamu PDA n MK-CrieKTpoCKOIIMM MMOKa3aHo,
YTO MPEIIOXEHHBIN crtocod (popMOBaHUS HE U3MEHSI-
€T CTPYKTYpPY TUTAHCOAEPXKAIIeTo 1eonTa, 0aronaps
YeMy COXPaHSIIOTCs ero KaTaJuTUYeCKHe CBOMCTBA.

Pa3zpaborka BBICOKO3(hGhEKTUBHBIX TeTepOreHHBIX
KaTajan3aTopoB XUIKO0(DA3HOTO SMOKCUANPOBAHUS TI03-
BOJIMT CO3/1aTh 3KOJIOTUYECKU YNCThIE TPOMBIIIIICHHBIE
ITPOM3BOICTBA A1 MTOJTYISHUST OKCUIOB 0JIe(DMHOB.
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HUMIC ACID-Fe AS CATALYST

FOR COAL LIQUEFACTION
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1. Introduction

The catalysis of iron compounds in the coal liquefac-
tion reaction has been known for a long time. The Ger-
mans (Friedrich Bergius at 1913 that led to a Nobel Prize
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in chemistry in 1931) found that adding iron to the feed
slurry could improve the liquefaction of coal. In certain
cases the addition of sulfur to the system could further
promote the effect of the iron. Stoichiometry indicated
that iron sulfide (FeS) was the ultimate form of the iron
in the liquefaction residue. With the advent of X-ray dif-
fraction technique it was confirmed that iron existed as
pyrrhotite that is widely considered to be an active phase
in coal liquefaction [1—3].

It has been reported that smaller particle size of iron
based catalyst precursor was beneficial to increasing the

60

Katanus B npombiwneHHocTy, N2 1, 2013



Bbuokaranus

catalytic performance [4]. Takao Kaneko et al. present
the effect of the highly dispersed y-FeOOH catalyst on
the direct liquefaction of coal. They demonstrate an ex-
cellent catalytic activity of highly dispersed y-FeOOH
catalyst for the direct liquefaction of low-rank coal [5].
Liu et al. [6] have developed a so-called in situ impreg-
nated iron sulfide catalyst by mixing a coal-containing
Na,S solution with a FeCl; solution to produce nano-
sized iron sulfides and then precipitate on coal surface.
Afterward, they modified in situ impregnation method
and confirmed that the active phase of catalysts existed
mainly as nano-scale y-FeOOH and FeS, or possibly of
Fe/O/S [7].

In recent years, there has been renewed interest in
the use of iron-based catalysts for direct coal liquefaction
(DCL) because of not only their low cost, environmental
friendliness and being disposable, but also their high ac-
tivity to be competitive with more expensive and nondis-
posable catalysts in terms of both total conversion and oil
yields.

It is well known that carboxylic group (—COOH)
bonded to polyaromatic cluster exists dominantly in low-
rank coals, and uni- and divalent metal cations can easily
exchange proton with —COOQOH. The catalytic effects of
exchanged cations on the liquefaction of coals had been
discussed, and it was well recognized that catalysts con-
taining Fe?t, Ni%™ and Co*" exhibited excellent activity
for hydrogenolysis reaction of crude oil or coal [§—12].
However, from the viewpoint of the industrial production,
the above-mentioned catalytic method is hardly feasible to
be used for liquefaction of coal. Li et al. proposed an inex-
pensive, highly active and disposable iron-based catalyst
with the iron content of 1—15 wt.%, consisted of the active
phase of y-FeOOH, the carrier of liquefied coal and some
impurities as well as water, prepared by in situ impregna-
tion method [13].

Coal can serve as the support of the iron-based catalyst
by ions exchange or impregnation process, which is attri-
buted to the presence of humic acid (HA) in low-rank coals.
HA is one of the major components of humic substances
which are dark brown and major constituents of soil or-
ganic matter humus that contributes to soil chemical and
physical quality and are also precursors of some fossil fu-
els. HA, a chemically heterogeneous compound, possesses
various types of functional groups in different proportions
and configurations, such as carboxyl (—COOH), amine
(—NH,) and hydroxyl (—OH), and a negative charge in
weakly acidic to basic media resulted from deprotonation.
The predominant functional group in HA is hydroxyl in-
cluding phenolic hydroxyls and alcoholic hydroxyls, with

the help of which these molecules can chelate positively
charged multivalent ions, such as Mg?*, Ni**, Co*" and
Fe?". The chelate compounds obtained are able to act as
the catalyst for coal liquefaction reaction. The objectives
of this paper are two-fold. The first one is to develop ac-
tive disposable catalyst which is the chelate compounds
of iron with humic acid, and would be suitable for coal
liquefaction reaction. The second objective is to validate
its catalytic activity and preliminary characterized of the
catalyst.

2. Experiments section

2.1. Materials
2.1.1. Coals

Coals were sampled from ten different zones in China.
Each of them belongs to one of brown coal, long flame
coal and bituminous coal, respectively. The elemental
and proximate analyses results of the coals are shown in
Table 1. The coal sample was ground to less than 75 pm and
stored under N, atmosphere before use. Humic acid used
in this work is from Neimenggu (China). The composition
analysis results of humic acid are provided in Table 2.

2.1.2. 0il

The crude oil was sampled from Shengli oilfield, and
the vacuum residue was from Liaohe oil refinery. Proxi-
mate and ultimate analyses results are shown in Table 3.

2.1.3. Catalysts

Both Fe,03 and FeS used in this work are the reagents
with chemical pure. HA-Fe catalysts were prepared
by using FeSO, and HA with different ratio as starting
materials. Two-line ferrihydrite was prepared by using
the method proposed by Zhao et al. [14]. An appropri-
ate amount of ammonium hydroxide was added to 1 liter
of 0.1M Fe,(SO,); solution until the pH reached 10. The
reddish brown precipitate was filtered, and the cake ob-
tained was dried at 50 °C in oven and then ground into
fine powder.

2.2. Characterization of HA and HA-Fe
2.2.1. Purification of HA

Brieflyy, HA was extracted from the sample with
0.1 mol-dm™ NaOH at 1 : 10 solid to solution (mass/vo-
lume) ratio under N, for 4 hours. The suspension was then
centrifuged at 4500 r-min~! for 30 min, the supernatant
was acidified with 6 mol-dm— HCI to pH 1.0. Precipitated
HA was separated. In order to minimize the ash content,
this procedure was repeated three times.
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Table 1
Proximate and ultimate analysis of coals used in this work
Coal Proximate analysis” Ultimate analysis
Mg, % Ay % Vst % Cyapo H gz % Nyt | S gan% 0ya%
Fushun 2.28 7.33 42.06 81.16 5.64 1.27 0.49 11.44
Huadian 8.20 6.83 47.0 73.39 5.66 1.84 0.40 18.71
Tongchuan 3.12 8.65 31.16 83.05 5.46 1.27 0.65 9.57
Yilan 1.63 9.86 49.00 78.23 6.04 1.44 0.22 14.06
Shulan 8.05 14.79 52.51 72.67 6.00 1.88 0.26 19.19
Yuanbaoshan 4.10 8.58 45.86 74.78 4.75 0.90 1.03 18.54
Meihekou 5.70 5.93 45.96 74.02 5.78 1.83 0.44 17.93
Pingchuan 7.72 5.58 43.25 73.86 5.50 1.26 1.14 18.24
Xifen 3.73 6.17 45.52 76.21 6.10 1.52 0.56 15.61
Baicheng 15.86 8.46 42.47 73.23 4.53 1.00 0.40 20.84
" M,qand Ay are moisture and ash in air dried sample, respectively; V¢ — volatile matter in dry ash free (DAF)
Table 2
Ultimate analysis of HA catalyst used in this work
Element| ¢ [ H | s | N| o |Na|Mg|Aa|si|[P | Kk |[ca|[T|m|[ r |s
Wt.% 40.14 4.06 2.92 1.03 26.72 0.10 0.30 2.40 6.75 0.12 0.26 3.58 0.12 0.05 0.82(10.60*) 0.06

* This is the iron content in HA-Fe

Table 3
Properties of heavy oil and vacuum residuum

Heavy VaFuum

Property oil residuum
(V1)
Density (20 °C), g/cm? 0.95 1.03
Viscosity (100 °C), ¢St 94 1350
Moisture, wt.% 6.0 trace
Total sulphur content, wt.% 1.58 0.35
Ash, wt.% 0.53 0.61
Carbon residue (Con), wt.% 8.29 16.0

Mechanical impurities (m/m), % 0.86 -

Fraction range, °C - > 540

2.2.2. The total cation exchange capacity of HA

In a glass flask 0.2M NaOH solution (20 ml) was added
to depurative HA (10 mg). Also, a same volume of 0.2M
NaOH without HA was prepared as a blank solution.
The flask was carefully shaken for 24 h at room tempera-

ture. Then, the suspension was filtrated centrifugally by
0.45 mm membrane filter (Millipore) at 3000 r-min~" for
15 min, and the residue was washed with double distilled
water. Potentiometric titration of filtrate and the washing
solution was carried out with 0.1M HCI up to pH of 7.0.
The total cation exchange capacity (CEC,, meq/g), can be
expressed as:

CEC,= (V,— V)N/W,

where V denotes a solution volume for titration to the
sample (V) and blank (V},), ml; N — normality of acid;
W — weight of the sample, g.

2.2.3. Carboxyl and Phenolic groups

We added 10 ml of 0.2M (CH;COO),Ca solution to
10 mg of depurative HA. After the same shaking, centrifu-
gation, filtration and washing processes as above-men-
tioned those, the solution was titrated with 0.01M NaCl +
+0.09M NaClO,4 up to pH of 9.8. The cation exchange ca-
pacity of carboxyl groups (CEC,, meq/g) is expressed as:

CEC, = (V,— V)N/W.

For phenolic groups, the corresponding value can be
calculated by the equation of CEC, = CEC;, — CEC,.
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2.2.4. FT-IR and XRD characterization

FT-IR spectroscopy is useful in the gross character-
ization of humic compounds for the detection of struc-
tural changes caused by chemical modifications and to
ascertain and characterize the formation of metal humate
complexes. FT-IR spectra of HA-Fe were recorded on
KBr pellets (1.0 mg of HA-Fe and 150.0 mg of KBr) using
a Perkin-Elmer Spectrum™ GX, FT-IR spectrophoto-
meter.

Japanese Rigaku Dmax-rA X-ray diffractometer
with Ni-filtered CuKo radiation is adopted to ascertain
the crystal structure of the ferric oxyhydroxides in the
HA-Fe.

2.3. Reaction procedure of coals conversion
2.3.1. Dewatering of coals and heavy oil

The coal powder and heavy oil (or residual oil) firstly
blended according to a certain percentage in heated reac-
tor equipped with agitator and condensing apparatus. The
optimum experiment conditions were found as follows: the
temperature of 160 °C and agitation speed of 500 rmin~.
The volatile components and water of the coal and oil were
vaporized and subsequently condensed. Thus the water is
easily separated from the oil by decantation. Afterwards,

the coal-oil mixture was fed into next process.

2.3.2. Co-processing of coal and oil

The reactor is autoclave with agitator. The autoclave
was equipped with a cooling coil through which cold water
could be passed to reduce the temperature if desired. The
temperature of the reactants was continuously monitored.

The liquid products were divided into soluble and in-
soluble moieties by a Soxhlet extraction method succes-
sively using THF, toluene and n-hexane as solvents. The
total conversion was defined by the percent of converted
into THF-soluble compounds. THF-soluble and toluene-
insoluble fractions were defined as preasphaltenes, while
toluene-soluble and hexane-insoluble fractions were de-
fined as asphaltenes. The percent of converted into he-
xane-soluble compounds defined as oil yield.

2.4. The analysis of the products
from co-liquefaction

The gasoline fraction, diesel fraction, VGO fraction
and residue fraction were determined by gas chromato-
graphy — mass spectrometric method (HP 6890 GC/HP
5973MS, and HP GC2MSD Workstation). The capillary
chromatogram column: 40 m x 0.25 mm; Fischer 500 5 s
distillation apparatus (Germany); the carrier gas was ni-
trogen.

Polycyclic aromatic hydrocarbons were determined
by GC-MS total ion current chromatogram analysis using
6890/5973N GC-MS Agilent Technologies. Aromatic
hydrocarbons are separated from liquefaction products
According SY/T 5119-2008 [27]. HP-5 capillary chro-
matogram column, 60 m x 0.25 mm; the carrier gas was
helium, 1 ml/min; splitless inlet. Temperature program:
initial temperature 100 °C and the temperature rose to
320 °C when heating rate was 3 °C/min.

3. Results and discussion
3.1. Characterization results of HA

The CEC values of the HA obtained are: CEC, = 7.03,
CEC, = 4.81 and CEC,= 2.21. During the interaction of
Fe?" ions with HA, two types of complexes, ionic and
non-ionic ones, were formed. The carboxyl and phenolic
hydroxyl groups are responsible for the formation of ionic
complexes, and the formation of non-ionic complexes in-
volves the carboxyl and carbonyl (keto) groups. Using the
method specified by Baruah et al. [15], the distribution ra-
tio of iron in Fe?* complexes, prepared at pH of 8, is ionic
Fe/non-ionic Fe = 55 : 45 (wt./wt.).

These results show that a substantial fraction of the
mass of the humic acids is in carboxylic acid functional
groups, which endow these molecules with the ability to
chelate (bind) positively charged multivalent ions. This
chelation of ions is probably the most important role of
humic acids played with respect to catalysis for coal li-
quefaction.

3.2. The FT-IR spectrum of HA-Fe

The FT-IR spectrum of HA-Fe (Fig. 1) exhibits the
typical major peaks for humic acid: OH stretching vi-
bration and possibly NH stretching vibration (3300—
3500 cm™'), two distinct peaks at 2922 and 2852 cm ™!
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Fig. 1. Fourier transform infrared spectra of humic acid-Fe
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(C—H asymmetric vibration, C—H stretching vibration
of —CH), aromatic C=C stretching vibration and/or sym-
metric —COO— stretching vibration (1600—1650 cm™"),
—OH and —CO deformation vibration from alcoholic and
phenolic —OH and/or —COO— anti-symmetric stretch-
ing (1385 cm™'), and —CO stretching vibration and —OH
bending vibration of —COOH (1200—1220 cm™).

Generally, the most important characteristic of the IR
spectra of HA is the absorption peak at about 1700 cm™"
that assigned to C=0 stretching vibration. Reaction be-
tween metal ion and —COOH functional groups, forming
the metal ion complex, results in the disappearance of the
absorption band at 1700 cm~! and the appearance of new
bands at about 1600 cm~! (symmetric COO— stretching
vibration) and 1385 cm™' (antisymmetric COO— stretch-
ing vibration). The disappearance of this band also sug-
gests that most of the —COOH groups were converted to
the COO— groups [16].

About iron configuration in the catalyst, may be the
mixture of y-FeOOH, a-FeOOH and ferrihydrite. The
characteristic absorption peaks of y-FeOOH locate at
wave number = 1150, 1022, 744 and 468 cm™!, and the
peaks at wave number are 888, 795, 625 cm™! belong to
a-FeOOH [17—18]. In Fig. 1 the peaks at wave number are
1,470, 1035 cm™" and 914, 797 cm™" ought to be the charac-
teristic absorption ones of y-FeOOH and o-FeOOH re-
spectively. However the absorption peaks at wave number
1150 cm™! are not clearly observed in the present spect-
ra. This is because the absorption regions for sulfate and
silicate seem to overlap over the main absorption peaks of
v-FeOOH. And sulfate may come from FeSO,, which was
used for the synthesis catalyst, and silicate is a component
of ash in HA. There exist many functional groups and
foreign ions nearby FeOOH, so influence on absorption
peaks is inevitable. The displacement and cover of adsorp-
tion peaks occur usually.

Lepidocrocite (y-FeOOH) appears to be thermody-
namically metastable with respect to goethite (-FeOOH),
and yet the former phase still can form and exist both in
nature and laboratory. In simple terms, in laboratory pre-
parative methods of the y-FeOOH and o.-FeOOH are pre-
sented as follows:

EDTA pH=8:9,40°C.0, _ 1 FeOOH

FeSO,

EDTA pH=8:9,40°C,N, o reOOH

If air was used, a mixture of y-FeOOH and a-FeOOH
can be obtained. If EDTA is replaced by HA with the abi-
lity to chelate, a mixture of y-FeOOH and o.-FeOOH also

may be obtained. In other words, the preparative method
of HA-Fe is similar to that of lepidocrocite and goethite.
Therefore, there exists FeOgq octahedron structural unit
(FeOOH) in HA-Fe. However, the structure and mor-
phology changed while the linkage of FeOg octahedral
units in y-FeOOH and o-FeOOH was considerably dis-
torted by the incorporation of the other anions, such as
—S0,72 and humate radical. Meanwhile, the intensities
of the corresponding absorption peaks of y-FeOOH and
a-FeOOH decreased.

Ferrihydrite (Fh) is a widespread hydrous ferric oxy-
hydroxide. Fh only exists as a fine grained and highly
defective nanomaterial. The XRD pattern of Fh contains
two broadening characteristic diffraction peaks in its most
disordered state, and a maximum of six strong diffraction
lines in its most crystalline state. The principal difference
between these two diffraction end-members, commonly
named two-line and six-line ferrihydrites, is the size of
the constitutive crystallites. The characteristic absorp-
tion peaks in IR spectra of six-line Fh in 500—4000 cm™!
range are marked as A, B, C, D, E and F and the corre-
sponding wave numbers are 870, 1365, 1493, 1650, 3400
and 3700 cm ™!, respectively [19—20]. Fig. 1 shows that E-
line and F-line can be identified clearly, and 1615 cm™!
should be ascribed to D-line.

3.3. XRD characterization of the HA-Fe and HA

Fig. 2 and Fig. 3 show the XRD patterns of HA-Fe and
HA, respectively. The pattern in Fig. 2 revealed that there
exist two iron oxide/oxyhydroxides and clay impurity in
the HA-Fe. The iron oxide/oxyhydroxides are o.-FeOOH
and three-line Fh. The results are in good agreement with
that of FT-IR analysis, but pattern of y-FeOOH is not dis-
covered, indicating that it may exists as highly dispersion
or amorphous state.

The formula of ferrihydrite was expressed in vari-
ous forms, such as 5Fe,039H,0, FesHOg4H,0 and

Fig. 2. X-ray diffraction pattern of humic acid-Fe

64

Katanus B npombiwneHHocTy, N2 1, 2013



buokaranus

Fig. 3. X-ray diffraction pattern of humic acid

Fe,0;-2FeOOH-2.6H,0 [20—22]. These formulae are es-
sentially equivalent and can be reduced to FeOOH:-0.4H,0.
The average crystallite size of Fh is unusually small
(~3 nm). Because of its reactivity and large specific sur-
face area (> 200 m2/g), it had been studied as a catalyst for
a number of reactions, identified as amorphous FeOOH
[23]. In this work, the catalytic performance of Fh as a
catalyst for coal liquefaction was investigated and the re-
sults are shown in Table 4.

By comparison in Fig. 2 and Fig. 3, it is found that the
diffraction patterns of the HA-Fe and HA are dissimilar.
Fig. 3 shows that there is no crystalloid of Fh or ¢.-FeOOH,
there is only SiO, and kaolinite here.

Ultimate analysis indicates that there exist Ti, Mn, Sr
etc. metals, which roles in catalytic liquefaction of coal
should not be neglected. A highly purified HA, de-iron
and other trace metals (Fe < 0.05 wt.%), were used to pre-
pare HA-Fe catalyst. The results showed that it is not as
good as the original ecology humic acid.

Humic acids are heterogencous macromolecules de-
rived from chemical, physical and biochemical degrada-
tion of organic matter. Their significance comes from the
ability to bind and mobilize metals and anthropogenic
organic contaminants. It has been observed that, under
certain conditions, the interactions between humic acid
and iron in the presence of sulfur-donating species are im-
portant in the accumulation of various forms of sulfur in
coal. The test results indicate that (see Table 2) the iron
content of humic acid is approximately 0.8 wt.%. Appa-
rently, the iron in HA is in amorphous state. As a catalyst,
their contents are too low.

3.4. Dewatering process

In this work, we use mainly low-rank coal, such as
brown coals and small amount of bituminous coal. Brown
coals are important energy resources in the near future
because of their abundant deposits. But dewatering (dry-

ing) process is necessary prior to use for its liquefaction
because their water content is very high, and even reach
as high as 60 % by weight for some coals. Current dewa-
tering technology of low-rank coal prior to liquefaction is
mainly evaporation drying, resulting in a direct loss of the
heat of evaporation (~2.3 MJ/kg). Therefore, development
of an efficient dewatering process is desired for more uti-
lization of brown coals, especially for the hydro-liquefac-
tion of brown coals. In earlier work [24], we had proposed
a method similar to non-evaporating drying process (see
2.3.1). In this process, brown coals are treated under hy-
drothermal conditions at ~200 °C, where upgrading as well
as dewatering of brown coals can be realized through the
decomposition of oxygen-containing functional groups.
This process has several advantages:

1) the method is more effective than evaporation dry-
ing. For example, when Shulan brown coal whose water
content was 15 wt.% was treated by heavy oil at 150 °C, the
water content can be reduced to less than 1 wt.%;

2) there was not water or only trace water in gas pro-
ducts of hydro-liquefaction. So, the adverse influence of
water vapor on reaction pressure greatly reduced;

3)in the process, the interaction between coal and
heavy oil may breach the crosslink among hydrogen bonds
in coal. On the contrary, new hydrogen bonds between oil
and coal are formed, which lead to swelling of coal par-
ticles with the pore diameter expanding. This is helpful to
the coal liquefaction.

3.5. Development of disposable catalysts
3.5.1. Comparison of catalytic performance

The equipments of the reaction see 2.3.2. After air was
displaced, the cold H, pressure was then raised to the pre-
fixed values (cool H, pressure is chosen as 3, 5 or 8§ MPa).
The reaction mixture was heated to the desired tempera-
ture and then was maintained for 1.0—1.5 hour, and the
whisk speed was set at 500 r-min~!. Afterwards, heat sup-
ply to the reactor was shut off. Gases were collected and
analyzed. Experiments were carried out in at least dupli-
cate, in many cases, four replicates were used.

To establish the beneficial effects of the catalyst, test
runs were conducted without catalyst, and with iron oxide
(Fe,03) plus FeS catalyst and ferrihydrite (two-line) cata-
lyst, respectively. It was anticipated that the activity of iron
catalyst (Fe,03, FeS) would be lower than present catalyst
HA-Fe and to compensate for this a much larger amount
of iron catalyst was used. The detailed reaction conditions
see in Table 4.

The results of the comparison are summarized in
Table 4. The addition of catalysts resulted in a dramatic in-
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crease in the conversion. Total conversion (THF-soluble)
and hexane-soluble compounds (oil yield) without the ad-
dition of catalyst were 48.9 % and 30.1 %, respectively. The
total conversion and hexane-soluble increased to 78.2 %
and 50.6 % with iron catalyst and increased further with
the HA-Fe catalyst to 88.2 % and 64.3 %, respectively.

Table 4 clearly shows that the HA-Fe catalyst gave sig-
nificantly higher conversions under the same reaction con-
ditions. It can therefore be concluded that HA-Fe catalyst
has better catalytic performance for coal liquefaction. In
addition, Table 4 shows that Fh as catalyst exhibited the
quite high activity for coal liquefaction, which was hardly
reported in open literatures yet.

Hydrogen consumption is also an important compari-
son factor of catalytic performance for coal liquefaction.
As shown in Table 4, the hydrogen consumptions without
catalyst and with the HA-Fe catalyst are 1.7 % and 1.8 %,
respectively. However, the percents increase to 2.7 % and
3.0 % when used iron catalyst and Fh catalyst, respectively.
This higher hydrogen consumption yields a liquid with hi-
gher hydrogen content and a lower THF insoluble content.

3.5.2. The analysis of the oil for co-liquefaction

Tongchuan coal and residual oil was selected as feed-
stock for co-processing. As a comparison, the hydro-
liquefaction of the residual oil was carried out. Reaction
conditions were basically the same as that in Table 4, but
oil/coal = 2:1 (wt./wt.). Three hydrogenation reaction
samples were analyzed by RIPP (Research Institute of Pe-
troleum Processing of SINOPEC). The samples proper-
ties of the total liquid product are summarized in Table 5.

As shown in Table 5, two systems tested at the diffe-
rent reaction temperatures: 420 and 440 °C, but both have
higher oil yield. A primary goal of catalyst development
for direct coal liquefaction is to maximize the yield of
distillate products while minimizing the conversion to
by-product of hydrocarbon gases which unprofitably con-
sume much of the hydrogen.

Table 5 clearly shows that the yield of gasoline frac-
tion (8.75 %) and diesel distillate (54.84 %) is 63.59 % at
420 °C, but it decreased to 55.89 % (7.92 % + 47.97 %)
at 440 °C. This is theorized to be due to thermal degradations
that produce coke and light gases. Therefore, the better reac-
tion temperature is 420 °C. On the residual oil, the oil yield,
including gasoline and diesel, has only 45.60 %, and cut frac-
tion (> 500 °C) is beyond 16.00 %. This means that the qua-
lity of the liquid products is improved by coal/oil synergies in
co-processing. However, the components of hexane-soluble
liquids are complex, the quality of the oil are still far away
from the standard, which need to be further refined.

Table 4

Co-liquefaction of Tongchuan coal and vacuum
residuum* with and without catalyst**

THF 0il H,
Catalyst soluble | vyield |consumption,
(daf), % | (daf), % wt.%
- 48.9 30.1 1.7
HA-Fe (0.8 %) 88.2 64.3 1.8
Fe,05 + FeS
3o 2 78.2 50.6 2.7
Ferrihydrite
(two-line 1.5 wt.%) 914 65.5 3.0
* Concentrated of coal 43.7 %.
** Operating conditions: temperature — 420 °C;
cool H, pressure — 8.0 MPa; reaction time — 90 min

Table 5
Product distribution for hexane-soluble liquids

Reaction parameters

Products Vr/T*, % | Vr/T, % | Vr,%
(420 °C)|(440 °C)|(440 °C)
Component
alkanes 19.10 19.90 11.10
total cyclane 32.10 25.10 28.00
mononuclear aromatics 15.80 15.10 15.70
bicyclic aromatics 11.50 12.40 13.90
tricyclicaromatics 3.30 4.50 5.30
tetracyclic aromatics 1.70 2.70 3.70
pentacyclic aromatics 0.20 1.00 1.30
unidentified alkylbenzene 0.80 1.10 1.70
thiophene 2.30 2.10 2.10
gum 13.20 16.10 17.20
Distillation range
gasoline fraction (IBP-180 °C)  8.75 7.92 7.47
diesel distillate (180-350 °C) 54.84 47.97 38.13
distillation cut (350-500 °C) 29.30 38.38 37.89
distillation cut (> 500 °C) 7.11 5.73 16.51

* Vris short for vacuum residuum, T is short for Tongchuan
bituminous coal

3.6. Reactivity screening test for various coals

Ten different coals, heavy oil, and one original ecology
HA were evaluated during this screening test. The general
properties of the coals, the heavy oil and HA used in the
test are summarized in Tables 1, 2 and 3, respectively. The
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Fig. 4. The total conversion (dark bars) and oil yield (light
bars)
Coals: 1 - Huadian (L); 2 - Shulan (L); 3 - Tongchuan (B); 4 - Yuan-
baoshan (L); 5 - Pingzhuang (L); 6 — Baicheng (L); 7 - Xifeng (L);
8 — Meihekou (L); 9 - Fushun (S); 10 - Yilan (S).
Humic acid: 11. Heavy oil: 12
L - lignite, B - bitumite, S - sub-bituminous

operating conditions used during reactivity test are given
as follows:

heavy oil/coal ratio, Wt./Wt. .......ccccevrviveeeeeeeicnnnnns 2:1
pressure of cool Hy, MPa .....cooceiiiiiniiiiiiiiiieee, 8
temMPErature, “C ....oieieeeeeciiiieeeeeeeeceiireee e e e e 420
residence time, N o..........evvvvieiiiiiicccceeeeceeeeee e 1
Fe in catalyst HA-Fe, Wt.% .......oooovinveiiiiiiieciieees 0.5

The product yields on the coal-oil co-processing using
HA-Fe catalyst are shown in Fig. 4. The maximum total
conversion of coal-oil is 99.00 %, while the minimum one
was 91.30 %. For the oil yield, the highest is 80.70 %, the
lowest one is 63.50 %. By comparison with Table 4 it is
found that the conversion and oil yield is higher than that
of Tongchuan coal.

The results in Fig. 4 show that the best coals are Hua-
dian coal and Yilan coal in terms of the total conversion or
oil yield. This may be expressed that, the higher H/C mo-
lar ratio is, the better hydrogenation effect is. H/C molar
ratios of Huadian coal and Yilan coal are 0.926 and 0.925,
respectively. HA, as a precursor of coal, its conversion and
oil yield are 98.68 % and 73.00 %, respectively. However,
its ash is too high.

4. Conclusion

Recently, research on increasing the activity of iron
based catalysts focuses on decreasing the particle size,

increasing catalyst dispersion. Catalysts with highly dis-
persed active phase, such as iron, can significantly influ-
ence conversion of coal in liquefaction [2]. It was widely
recognized that a highly dispersed catalyst can be supe-
rior to a supported catalyst, because the dispersed catalyst
has a close contact with the surface of coal particle, which
facilitates the activation and transfer of hydrogen to the
coal-derived fragments and reactive sites. Accordingly,
finer particles and a higher dispersion of the catalyst spe-
cies would lead to a higher catalytic activity [5]. Humic
acid is partly dissolved in water and complete miscibility
with heavy oil, resid etc. solvents, their macromolecules
radii can range from 6 to 50 nm, the range of molecu-
lar mass (number average molecular weight) is at 9.10°—
50-10° [25—26]. Fe?* or Fe3* dispersed finely into the HA
matrix through the ion exchange with —COOH groups or
chelation with carbonyl group in humic acid macromole-
cules. Therefore, Fe in HA-Fe exists in a highly dispersed
state, which is responsible for the high catalytic activity
in DCL.

The characterization results showed that Fe presents
in HA in various forms, such as o.-FeOOH, ferrihydrite
(three-line) and amorphous Fe. In this work, the results
of co-liquefaction using HA-Fe catalyst showed distinctly
that HA-Fe was more effective catalyst than usual iron py-
rite. In addition, the optimization of process of co-lique-
faction has been done.
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UMMOBUJIN30BAHHbBIE TPUBHbBIE

BUOKATAJIU3ATOPbBI ANA NONYYEHUA
KOMMNNEKCA LIEJUTIONAS, TUAPOJIU3VIOLLEETO
BO3OBHOBJIAEMOE PACTUTEJIbHOE CbIPbE

© 2013 1. E.H. Edppemenko’?,

3

C.0. Bapcdonomees’?

BeepeHue

Ilupoko obcyxaaeMblli CErogHs IMpolecc IOoay-

YyeHUs] OMOTOIJIMB M3 BO30OHOBJISIEMOTO LIEJIIOI030-

cojepxailero coeipbs [1—3] ocHOBaH Ha KOHBEPCUM

MOHOCaxXapHuI0B, 00pa3yIolIXcs B pe3yJibraTe pepMeH-
TaTUBHOM 00pabOTKM MCXOAHOrO CyOCTpaTa, IpOILIeI-

IIETO MpenBapUTEIbHYIO0 (UMKO-XUMUYECKYIO MO~
TOTOBKY. YCTaHOBJIEHO, YTO Hauboiyiee 3((HEKTUBHBIM
SIBJISIETCSI MCIIOIb30BaHME KOMILIEKCOB (DEPMEHTOB C
pPa3IUMYHON TUAPOJIUTUYECKON aKTMBHOCTBIO, CITIOCO0-
HBIX 00€CIIeYUTh KOMIIJIEKCHYIO U INIYOOKYIO JeCTPYK-

! MockoBCKuit rocyaapcTBeHHbIit yHuBepcuTeT M. M.B. JlomoHocoBa
2 NHCTUTYT BroxumMnyeckoit pusmnkn um. H.M. Imanyans PAH, r. Mockea
3 MIH30C PAH, r. Mocksa

LIMI0 KOMIIOHEHTOB MCXOIHOTO CHIPbsI C 00ecreueHueM
MaKCHUMaJbHOTO BBIX0OIa MOHOcaxapoB [4—5].

HaubGonee sacddekTUBHO NeHCTBYIOMIUI 1IEITI0a3-

HbI KOMILJIEKC, CUHTE3UPYEMBIM U CEKPETUPYEMBIA
MUKPOCKOITMYECKUMHU Tpubamu [6—7], Kak IIpaBu-
Jo, comepxuT aHaoraokaHasy (EG), sk3oriirokaHazy
(CBH) u B-rmoxkosunazy (BG). EG pacuieniser BHyT-
pPEHHHUE CBSI3M B MOJIEKYJIax IIEJIIIOI03bI, BO3MECUCTBYSI
Ha aMop@dHbIe y4acTKHU LeJ10J03HbIX BoJlokoH. CBH
aTakyeT MOJIEKYJIbI LIEJII0J03bl U OJUI0oCaxXapuaoB C
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penyIMpPYIONIEro KOHIIA, MOCIeA0BAaTEIbHO OTIICTIIISISI
LeJIJI00MO3HbIE OCTaTKM, 1 JAEHCTBYeT Ha KpUCTaJJIM-
YecKMe y4yacTKu 1ejutiono3bl. BG ruaponusyetr moe-
KYJIBI 1IeJJIO0MO3BI M PACTBOPUMEBIE OJIMTOCAaXapUIbl 10
KOHEYHOTI'0 MPOAYKTa — ITI0KO3HI [8].

NMeHHO mpuMeHeHNe KOMILJIEKCOB IIeJUTI0Na3, Co-
CTOSAIINX M3 (EPMEHTOB TPEX OCHOBHBIX YKa3aHHBIX
TPYII JJIs1 00pabOTKHU LIEJJIOT030COAEePXKAIIETO ChIPhS
(ICC) mo3BossieT AOCTUTATh MAKCUMAJIbHOU CTEMEeHU
JIECTPYKIIMK UCXOMHOTO cyocTpata. [TomyyeHue mojaHo-
ro KOMILIeKca IeJIIr01a3 Ipy KyJIbTUBUPOBAHU U OIHO-
TO IIPOOYIIEHTA ABISCTCS O0Jlee SKOHOMUIECKU TIPUBJIC-
KaTeJIbHBIM 110 CPaBHEHUIO C TTOJIYYEHUEM OTACTbHBIX
LeJII0Ia3 B Ipoliecce KyJbTUBUPOBAHUS Pa3IUIHBIX
MPOAYIIEHTOB C MOCJIEAYIONIUM NTPUTOTOBJIIEHUEM CMe-
CH IIEJUTIONIOIMTUYECKUX (PEPMEHTOB, TaK HA3bIBAEMOTO
«HCKYCCTBEHHOI'0 KOMILJIeKca» [9].

Cpenu IpOMBIIIEHHBIX MUKPOOHBIX TIPOAYIIEHTOB
IeJUTIoNa3 BEAYIIYI0 POJib UTpaloT pas3IMdHbIe KYJIb-
Typbl MULleIManbHbIX rprooB [10]. C ucnonb3oBaHUEM
npencrtaBuTeicit pona Trichoderma 11, 12] BEIIycKaOT-
¢ KOMMepYecKHre Tperaparsl Hemntoia3. OqHako cy-
IIECTBEHHBIM HEIOCTATKOM 3TUX LIEJLTIOJNAa3HBIX KOM-
MJICKCOB SIBIISIETCS OTHOCHUTEJIBHO HU3KOE COIepXKaHUe
BG, oTBevaloiieil 3a KOHBEPCUIO MPOMEXYTOUHBIX
MPONYKTOB (hepMEHTATUBHOIO TMAPOJIN3A 1IETI0I03bI
B KOHEYHBII MPOAYKT — TII0K03y [13].

B oTauume oT MuuenuanbHbIX I'puboB poma Tri-
choderma nipeacraBuTenu pona Penicillium cuHTe3upy-
10T (hepMEHTHBIE KOMTIJIEKCHI LIeJITI0Ia3 bosee cobanaH-
CUPOBAaHHOTO cocTaBa U 3¢ GheKTUBHEE PaCIICTISIOT
LEeJITI0I0O3y U ILEII0JI030CoAepXKalie OTXOAbl, MpHU
3TOM MHINBUIYaAJIbHBIC (PepMEHTHI 00J1a1aI0T BEICOKOMU
OITepallMOHHOM CTaOMIBHOCTHIO [14—16].

I'pubbl poma Aspergillus OCyIIECTBISIOT OMOCUHTE3
KOMTIJIEKCOB TIEJLITI0JIa3 C IIMPOKUM CIIEKTPOM NENCTBUS
[17, 18], omHaKO aKTMBHOCTH OOJBIIMHCTBA OTAEJIbHBIX

Egppemenko E.H. - 0-p 6uon. Hayk, npogb., 3a8. nab. Mockosckozo 2ocydapcm-
8eHHo20 yHusepcumema um. M.B. JlomoHocosa. Ten.: (495) 939-31-70.
Email: elena_efremenko@list.ru

Cmenatos H.A. — KaHO. mexH. HayK, M. Hay4. COMPYOHUK Mo20 e yHuBsep-
cumema. Ten. mom xe. Email: na_stepanov@gmail.com

IydKo8 J.A. — KaHO. XUM. HayK, Hay4. COMPYOHUK MO20 e yHuBepcumema.
Ten. mom sxe. Email: Gudkovdenis@gmail.com

Cerbko 0.B. - Hayy. compydHUK mo2o e yHusepcumema. Tea. mom xe.
Email: senko@enzyme.chem.msu.ru

Jlosunckuii B.U. - 3-p xum. Hayk, npog., 3a8. nab. MHIOC PAH.

Ten.: (499) 135-64-92. Email: loz@ineos.ac.ru

Bapgponomees C.[]. — 4n.-kop. PAH, 0-p xum. Hayk, npogp., dupexkmop NbX® PAH.
Ten.: (499) 137-64-20. Email: sdvarf@sky.chph.ras.ru

KOMITOHEHTOB KOMILJIEKCa HEIOCTaTOYHO BBICOKA JIJISI TO-
T'0, YTOOBI UCIIOJIb30BaTh 3TH (DepPMEHTATUBHBIC KOMILICK-
Chl B Ka4eCTBe YHUBepcaJbHbIX 115 padHoro poaa LICC.

Takum obpa3oM, MUHTEpeC K Pa3IMYHbIM MULIEIUAI b-
HBIM TprOaM, IPOAYLUPYIOIMIMUM IIEJUIIOJa3HbIe KOMII-
JIEKCHI, CYIIIECTBYET, 1 3[IcCh YHUBEPCATBHEBIX (PepMEHT-
HBIX IIpernapaToB HeT.

BmecTe ¢ 3TMM OMOcuHTE3 (DEPMEHTOB NPU TpaaU-
IIAOHHOM IIOAXOe K PEIICHUIO BOIIPOCa UX OMOTEXHO-
JIOTUYECKOT'O TMPOU3BOACTBA COIMPOBOXKIAETCSI POCTOM
KJICTOK MUKPOOPTaHU3MOB M HAKOTUICHUEM X OMoMac-
CHI B pe3yJIbTaTe KyJIbTUBUPOBAHUS. DTO, KaK IIPaBUIIO,
MIPUBOAUT K HEOOXOAUMOCTH pelIeHUsI BOIIPOCOB, CBSI-
3aHHBIX ¢ ee yruauzanueit [19]. Kpome Toro, cam mpo-
IIecC HAKOIJICHUSI OMOMAacChl KJICTOK MUIICIHAIbHBIX
rpuOOB, MPOAYLMUPYIOLINX HEOOXOAMMBbIE (hEPMEHTHI,
SBJISIETCS TOCTAaTOYHO MPOAOXKUTENbHBIM (7—14 cyT)
BBUIY HU3KHX YISIBHBIX CKOPOCTEH pocTa, XapaKTep-
HBIX UMEHHO JJISI 9TUX MUKpOoopraHu3mos [20].

[TpumeHeHue npyroro moaxona K mpoueccy mnojayye-
HUSA TUAPOJIUTHYICCKUX (DEPMEHTOB, OCHOBAHHOTO Ha
MHOTOKPATHOM U JJIMTEIbHOM UCITOJIb30BAHUH KJIETOK
MUIIENATILHBIX TPUOOB B UMMOOMIN30BAHHOM BHUJIC B
KauecTBe OMOKaTajau3aTopa IS OMOCHHTE3a U CeKpe-
1 GEepMEHTOB MPU HAJMYWUA WHIYKTOPA B KUIKOW
MMUTaTeJIbHON Cpele, MPUBIEKATEIbHO ¢ TOUKU 3PEHUS
CO3JaHMS OCHOBHI ITPUHIIUITMAIBHO HOBBIX TEXHO-
JIOTUYECKUX pEIICHW, MO3BOJSIONINX CYIIECTBEHHO
YIIPOCTUTh TEXHUUYECKYIO CTOPOHY mpoliecca. B yact-
HOCTH, UMMOOMIN3aLINS KIIETOK-IIPOAYIIEHTOB IT03BO-
JISIET pacCUYMTHIBAaTh Ha YIPOIIEHWE U, CJIeI0BaTeIbHO,
yIelIeBJAeHE CTaAuM OTACJICHMUsS] OMOMAaCChl OT KYJIb-
TYpaJabHOI XXMIOKOCTHU, comepxalieil (pepMeHTHI, UTO,
B CBOIO OYepelb, IOJXKHO CIIOCOOCTBOBATH PELICHUIO
psiia SKOHOMUUECKUX 1 3KOJOTUUECKUX TTPOOJIeM, CBSI-
3aHHBIX C PETYJISIPHBIM ITPOM3BOACTBOM M YTYIN3AIINCH
OroMacchl MUILIeIMAIbHBIX TPUOOB.

Crenyet OTMETUTh, YTO B UMMOOMJIN30BAaHHOM BUIE
MUIIeINAIbHBIE TPUOBI B IIPOMBIIIJICHHBIX IIpoIeccax
MMPAaKTUYECKH HE WCITOJb3YIOTCI, UMEETCsT JUIIb He-
CKOJIBKO HAaY4YHBIX pabOT, MOCBSIICHHBIX HCCIEI0BA-
HUIO BO3MOXHOCTU IPUMEHEHU ST TMMOOMIIN30BaHHBIX
MUIETNAIbHBIX TPUOOB IJIST CUHTEe3a (PEPMEHTOB I~
JIIOJIUTHYECKOTo KoMIuiekea [21]. [IpyuunHoii 3ToMYy SIB-
JIsIeTCA OTCYTCTBHE 3(h(EeKTUBHBIX PEIICHUT 110 BEIOOPY
HOCUTEJsI, CTIOCOOHOTO 00eCIeunTh JJIUTEbHOE MeTa-
00IMYECKU aKTUBHOE COCTOSTHIE UMMOOMIN30BAaHHBIX
MPOAYLIEHTOB lLiejoa3. Jas uMMoOuIn3aluy Mulie-
JINaTBHBIX TPUOOB M3BECTHO WCITOJB30BaHUE METOMOB
amcopOIMy Ha HEpacTBOPUMBIX HOCUTENSIX [22] miu
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BKJIIOUEHU S CIIOp MUILIEIUAJIBbHBIX TPUOOB B TeJib aJib-
ruHaTta Kaublus [23].

B nanHoIi paboTte BriepBbie ObLI UCTOJIB30BAH KPUO-
rejab nonuBuHMIoBoro cnupta (ITBC) B KauecTBe HO-
CUTEJISI IJIs1 UMMOOUIU3ALUY KJIETOK MULIETUATbHBIX
IpUOOB, SIBJISIOMMXCS MPOAYIEHTAMU 1IeJLTI0NA3.

Lenpio maHHO# paboOTHI ObIJIAa pa3paboTKa U OIpe-
JieJIeHe CBOMCTB BhICOKO3((hEKTUBHBIX FETEPOT€HHBIX
OMoKaTanM3aToOpoB HA OCHOBE WMMOOWIU30BAHHBIX
KJIETOK MMUIIEIUAIbHBIX TI'PUOOB, 00ecCneYynBarOIINX
MPOAYKTUBHBIA OMOCUHTE3 KOMIIJIEKCOB ULEJTIONUTHU-
4ecKUX (pepMEHTOB, CITOCOOHBIX OCYIIECTBISITH T1y00-
Kuit ruaponaus pazauyHoro LHCC.

Martepuanbl u meToabl

B paGore mcnonb3oBaluch MULIEIAMATbHBIE TPUOBI
Mucor circinelloides F-1627, Rhizopus oryzae F-873, Fu-
sarium oxysporum F-2313, F. solani F-819 Aspergillus ter-
reus F-728, A. niger F-679, Trihoderma atroviride F-207,
T. harzianum F-214, koTopble TTOAIep>KUBAJIMCh Ha ara-
PU30BAHHOU Cpejie CAEeNYIOUIEro COCTaBa: INII0KO3a —
20 r/n, MgSO, — 0,2 r/n, CaCO3; — 0,2 1/n, kapTo-
denb — 200 r, arap — 20 1/ (pH 6,8). 115 HapaiuBa-
HUSI CIIOp TPUOHBIE KYJIBTYPHl BBICEBAJINCh HA YalllKU
Iletpu ¢ arapusoBaHHoO# cpenoii. [Tocae obpazoBaHUs
CIOp KYJIBTYpHI XpaHuiau npu +4 °C.

KynpruBupoBaHne MUIEIUATBHBIX TPUOOB TTPOBO-
nuiock mpu 32 °C Ha MUHUMAaJIBHOM cpene cocTaBa (I/71):
(NHy),SO,4 — 1,4; MgSO,47H,0 — 0,3; ZnSO,47H,0 —
0,0014; KH,PO, — 2,0; CaCl,2H,0 — 0,3; FeSO,7H,0 —
0,005; MnSO4-H,0 — 0,0016; CoCl, — 0,02; menToH —
1,0; TBuH-80 — 2,0, comepxanieir 2 % MUKPOKpPUCTAI-
Juueckoil nemntono3sl (MKIL) B kauecTBe UCTOUHUKA
yriepoja.

NMmoOunmnzanms KJIeTOK MULIEIUATbHBIX TPUOOB B
kpuorenb [IBC npoBoauniack coraacHo paHee pa3zpabo-
TaHHOMY CITOCOOY [IJISI KJIETOK MUIIeIMaIbHBIX TPUOOB,
OCYIIECTBIISIONNX OMOCUHTE3 TTIEKTUHA3 [24].

OmHaKo TSI TIONYYEeHUST BHICOKOAKTUBHBIX 00Opa3-
1IOB UMMOOMJIM30BAaHHBIX OMOKATaJIU3aTOPOB, COAEP-
KaIINX B CBOEM COCTaBe CIIOPHI MUIIEIMAIbHBIX IPUOOB
u TI1BC, B rpaHysibl Ipu UX GOPMUPOBAHUU BBOAUIU
10 1 % nenurHuuIupoBaHHBIX KYKYPY3HBIX CcTeOIeit
(BmaxxHOCTB 6812 %) OT 0011t MACCHI.

s monydeHus: 3taHosa u3 rugposuszaros LCC,
MOJIYYEHHBIX O] AeWCTBUEM LIEJII0J1a3 UMMOOUIN30-
BaHHBIX KJIETOK I'pOOB, B pab0oTe NCIIOIb30BAINCh UM-
MOOWJIM30BAaHHBIE TEPMOTOJIEPAHTHBIE KJICTKH JIPOXK-
XKeit Saccharomyces cerevisiae T2.

1 HaKOTJIEHU S IPOXKKEeBO OMOMAacChl UCIIOIb30-
BaJlach MUTaTEJbHAS Cpela CICIYIOIIero cocraBa (I/J):
rmoko3a — 20; IpoxXKeBoii 3KCTpakT — 5,0, TPUIITOH —
10. KynbTuBUpOBaHUE KJETOK APOXKEH MpPOBOIWIU
npu 26 °C B adpOOHBIX YCIOBHUSIX CTPOro A0 KOHIIA JIO-
rapuMUIecKoit pa3pl pocTa IIPH ITOCTOSTHHOM IIepeMe-
muBaHuu (150 06/M1H) Ha TEPMOCTaTUPYEMOI Kadyasike
(IRC-1-U «Adolf Kunner G Apparaebau», IlIBeiiniapus).
IMonydyeHHYI0O DPOXKEBYIO OMOMACCY OTHENSUIA IIPHU
10000 06/muH B TeyeHue 10 MuH (ueHTpudyra Beckman
2-21, CIIIA) u najee UCITOJIb30BAIM IJI5I UMMOOMIIN3a-
uuu B Kpuorenb [IBC cormacHo paHee pazpaboTaHHO-
MY CIOCOOY JJIsl KJIETOK APOXKeil, OCYIIeCTBIISIONINX
cnupToBOE OpoxeHue [25].

s monxydeHWsS OpTraHWUYECKUX pPacTBOPUTEIICH
(3TaHoOM, aleToH, OyTaHoJ) u3 ruapoausaroB LCC,
MOJyYeHHBIX MO JeHCTBUEM LIEJTI0a3 UMMOOUIN30-
BaHHBIX KJIETOK T'pUOOB, UCIOIb30BaINCh UMMOOMIIH-
30BaHHbIe KJeTKU 0akTepuit Clostridium acetobutylicum
B-1787. Hakorienue 6momaccel kyieTok C. acetobutylicum
UL TX UMMoOun3anuu B Kpuoreiab [I1BC mpoBoamiocs
B aHa’poOHBIX ycaoBusax npu 37 °C B cpefe chaeayoliie-
ro cocrtana (r/1): menToH (TpunToH) — 10; ApoxkKeBoi
9KCTpaKT — 5; rmoko3a — 25. CocTaB OMoKarajiuzaropa
OBIJT TAKWM Xe, KaK olmrucaHo paHee [26]. [Tepen mpose-
neHueM ¢epmeHTauuu B rugponausatax LICC noBoau-
mm pH mo 7, obimee comepxkaHue TIIOKO3BI — 10 45 1/71
¥ BHOCHJIM MATATEJIbHbIe KOMITOHEHTHI. DepMeHTAIIHIO
MpoBoAMIN aHa’poOHO mpu 37 °C B TeueHue 96 u.

pH B 3KcriepyMeHTaX KOHTPOJMPOBAJN MOTSHIINO-
MeTpuuecku (pH-metp model PBL, IlIBeiiiapus).

IIpenobpadoTky LHCC ocyiiecTBISAIN U3MEITbYECHU-
€M B MJIaHEeTapHOI IIapOBOI MEJbHUIC aKTUBATOPHO-
ro TUIa B Te4yeHUe 5 MUH (LeHTPOOEXKHOE YCKOpPEHUE
300 M/c2 MpY YacToTe BpallieHus1 6apadbaHoB 1290 06/MUH).
Jnst KoHTpous 3(p¢peKTUBHOCTU MpeaoOdpaboTKu pas-
HbIX 00pa3uoB HCC npoBoauan BU3yanu3alnio 4YacTUIL
C HCHOJIb30BaHHEM CBETOBOro MHUKpockoma. JlocTu-
raeMbIii pa3Mep YacTHUI[ HaXOOUTCS B OHAIla30HE S5—
80 MKM.

Henuraudpuxkanuio LICC nposogunau 10 M pacTBo-
poMm NaOH B Teuenue 3 1 ipu 80 °C.

KoH1IeHTpa1 1o III0KO3bI B Cpejie OTIPeAeIsIN TJTI0-
KO3UIa3HBIM METOIOM C IPUMEHEHHEM CTaHAAPTHOTO
pearenTta ¢pupmel «MmmakT» (Poccust).

JIns1 KONMMYeCcTBEHHOM OLIEHKM 1LEeJJII0JIa3HOM ak-
TUBHOCTH 9H]I0-, 3K30-TJII0KaHa3 UCII0JIb30BaJIM METO/I,
OCHOBaHHBII Ha OIIPEACICHUHM BOCCTAaHABIMBAIOIINX
caxapoB, 00pa3yoIIuxcs Mpu ACHCTBUHU 1IEJITI0NIa3 Ha
KapookcumeTueantonosy (KMIL), MuUKkpokpucTaiain-
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Yyeckylo IieJurono3y. BoccraHaBnuBalonue caxapa omn-
penensnu no MoguduuupoBaHHomy metony Ilomomu-
Henncona [27].

OmnpeneneHue P-TTIOKO3UIA3HOW aKTUBHOCTHU TIPO-
BOAUJIOCH C UCTIOJb30BaHWEM H-TIAPOHUTPOGEHMI-[-
D-rmoxonupano3una (n-H®I') B xauecTBe cybcerpara.
MeTon ocHOBaH Ha OIpeeIeHUM CKOPOCTH 00pa30oBaB-
1Ierocs n-HUTpodeHoa, BBICBOOOAMBIIETOCS B PE3YJIb-
TaTe KaTaJUTUYECKOTO IeCTBUS Ha cybcTar -TITI0KO-
3uaassl [28].

OmnpenenaeHnue MacChl CYyXMX IpaHysI ¢ UMMOOUIIN30-
BaHHBIMU KJIETKAMHU ITPOBOAMIIOCH IO MeTomuKe [29].

KoH1eHTpaunio riroKo3bl, KOTOPYIO TEOPETUIYECKHU
MOXHO MOJYYUTH IMpPU (epMEHTATUBHOM THAPOIU3E
LICC, paccunTsIBaIN, NCXOOS N3 XUMUUECKOTO COCTaBa
LICC, a uMeHHO conepKaHUs LEJUTION03bl, ONpeaeaeH-
Horo B paboTtax [3, 30].

KoHuenTpauuio sTaHojia U OyTaHOJIA OHpPEAesIin
METOJOM Ta30BOil xpoMaTorpaduum Ha xpoMmaTorpade
Shimadzu (SImoHMs) ¢ MIaMEHHO-MOHN3aIIMOHHBIM JIe-
TeKTOpoM. B KauecTBe raza-HOCUTEIISI UCIIOIb30BAJIH a30T.
Temmeparypa, momaepXuBaeMasi TEPMOCTaTOM KOJIO-
HOK, ObL11a 190 °C, netekTopa u ucnapurens — 200 °C.

Pe3ynbTartbl M 06CyKAEHME

buokamanuzamops! Ha ocHOBe K1emoK
MuyenuansHeix 2pu60os, UMMOBUIU30BAHHbIX
8 kpuozens lBC

B xo1e mepBUYHBIX UCCIEAOBAHUM 11 pa3paboTKU
00pa3loB MMMOOMIM30BAHHBIX OMOKATaJIM3aTOPOB,
CIIOCOOHBIX OCYIIECTBISITH OMOCUHTE3 U CEKPELMIO
1LieJ1J110J1a3, OBLJI0 OTOOPAHO TPU KYJIBTYPhl MULIEIUATb-
HBIX TPUOOB, OTHOCSIIUXCA K Pa3HBIM ponaM Aspergillus
terreus, Fusarium solani n Mucor circinelloides (puc. 1).

Tpu 0TOOpPAaHHBIX U3 CEMU UCCIIEA0BAHHBIX IIPUPOI-
HBIX IITAMMOB MUIIETUATbHBIX TPUOOB XapaKTepru30Ba-
JINCh TIPUCYTCTBUEM B CUHTE3UPYEMBbIX UMY KOMILICK-
cax ocHOBHBIX THIIOB 1eona3: EG, CBH u BG (cwm.
puc. 1). JlanbHelilee UCMOJb30BaHME KJIETOK TPeX po-
OB MUIIEIHAJIbHBIX I'PUOOB MJIS1 MOJIydeHUs OroKaTa-
JIM3aTOPOB OBLJIO HEOOXOIMMO JJIsl TOr0, YTOOKI OIIpeie-
JIUTh BO3MOXHOCTb Pa3IMIHOTO BO3MEUCTBUS OTHOU 1
TOM 3Xe TpouLeaypbl UMMOOUIU3aLuu B Kpuoreab [TBC
Ha CIIOCOOHOCTh KJIETOK OCYIIECTBISATh OMOCHUHTE3 M
CeKpeluo 1eyuttoas. st 3Toro mpuroToBjJIeHHbIE 00-
pasibl 0MOKATaJIM3aTOPOB MOMEIIAINCh B CPeAy € CO-
aepxaHueM 1 % nenurHupuiupoOBaHHBIX KYKYPY3HBIX
ctebueit uiu 2 % 6epe30BbIX OMUIIOK B KAYECTBE UCTOY-
HUKa yTjIepoa.
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Puc. 1. UennionasHble akTUBHOCTH, fleTEKTUPYEMble
B Cpefax ¢ muuennanbHbimu rpubamu nocne 2 (M), 5 (CI),

7 (@), 9 (M), 11 (&), 13 (W) cyT Ux KyNbTUBMPOBaHUSA (cpe-
fa c gobasnexnem 1 % [enurHubULUpPOBaHHBIX KYKYPY3HbIX
cTebneit B KaueCTBe UCTOYHWKA Yriepoaa)

HaubGonpiiyro LEJUIIONUTHUYECKYI0  aKTUBHOCTh
B MMMOOMIIM30BAaHHOM BHJIC Ha pPa3IMIHBIX 3Tallax
KYJABTUBUPOBAHUS TIPOSIBIISII MUIEIUAIBHBII TpUO
A. terreus (puc. 2). Cneayet OTMETUTD, YTO Pa3HbI ypo-
BCHb IETCKTHPYEMBIX IICJUTIOJA3HBEIX aKTHBHOCTEH, a
TaKXe KMHETWKa HaKOIJICHUS 3THUX aKTUBHOCTEH B
MUTaTeJbHON Cpele CBUACTEIbCTBOBAIU O PA3TUIUSIX
B cocTaBe (pepMEHTHBIX KOMILJICKCOB, CHHTE3NPYESMBIX
MUMMOOUIIN30BAHHBIMU M CBOOOIHBIMU KJIETKAMU Of-
HUX U TeX XK€ MULIeTUAJIbHBIX TPUOOB (cM. puc. 1, 2).

Kpome Toro, y ”MMMOOMJIN30BaHHBIX U CBOOOJHBIX
KJIETOK TpUOOB OBLIV BEISIBJICHBI pa3INdUsI B KWHETH-
K€ HaKOIUICHMs ILeJII0Ja3HbIX akKTUuBHoOcTeil. Tak, y
MMMOOMIN30BAHHBIX KJICTOK HAKOIUICHWE IIeJLTIONA3
B cpelie KYJbTUBUPOBAHUSI HAYMHAJIOCh 3HAYUTEIbHO
paHbiie. bojee Bbicokass U ObICTpasi MPOLYKTHBHOCTh
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Puc. 2. LennionasHblie akTUBHOCTH, leTEKTUPYEMbIE B CPEAAX
€ UMMOGMAN30BaHHbIMK GuokaTanusatopamu: [1- cpepa

c no6asnennem 1 % AeNMrHUDULMPOBAHHBIX KYKYPY3HbIX
cTebneit B kKauectse UcTouHMKa yrnepona; M - cpega c go-
GaBneHuem 2 % Gepesosbix onunok. Lindpsl Hag cTonbuamm —
KOJMYECTBO CYTOK OT Hayana KynbTUBUPOBAHMS, COOTBETCT-
BylOLiEE BPEMEHU aHaNM3a hepMeHTaTMBHON aKTUBHOCTH

MMMOOMIM30BAHHBIX KJIETOK MOXET OBITh CBsI3aHa C
TeM, YTO B UMMOOMJIM30BAHHOM BHUIE KJIETKH MMUIIC-
JINATBHBIX TPUOOB JIYYIlle IPUCIOCOOJICHB K CHUHTE3Y
depmeHToB. M3BECTHO, YTO MJISI MULIETUATBHBIX TPHU-
00B, (PYHKIMOHUPYIOIIUX MPU TBepAO(Pa3HOM KyIb-
TUBUPOBAHUH, XapaKTepHa BBICOKAsI MeTaboamdyecKas
aKTUBHOCT®D [31, 32].

OpHako TBepaogas3Hast (pepMeHTalLMs, KaK U3BEC-
THO, 10 CPAaBHEHUIO C TIIyOMHHBIM CIIOCOOOM KYJb-
TUBUPOBAHUS XapaKTepU3yeTcs PSIIOM HEIOCTaTKOB,
HauboJjiee 3HAUUTEIbHBIM U3 KOTOPBIX SIBJISIETCS HEO0-
XOIMMOCTH 00JIce IPOIOIKUTEIBHOTO KyJIbTHBUPOBA-
Hug kiaetok [33, 34]. Kpome Toro, npu TBepaogpa3zHoOM
KYJbTUBUPOBAHUU TPUOOB TpedyeTcsl Moceayrolias

SKCTpaKIUs LeJUTo1a3 U3 cyocTpaTHoil Maccel. [y-
OMHHOE KYJIbTMBUPOBaHUE CBOOOIHBIX KJIETOK I103BO-
JIsTeT U30exXaTh 3TOM CTaAWM, TaK KaK CeKpelus Iel-
JII0J1a3 OCYIIECTBIISIETCS KJIETKaMM HEMOCpPeaCTBEHHO
B XMIKYIO NHUTaTelbHYI0 cpeay. MMMmoOummsaums
KJICTOK W X KYJIBTUBUPOBAHUE B XUAKUX MUTATCIIb-
HBIX CpelaxX IMO3BOJISIOT COBMECTUTb IPEeMMYILIeCTBa
ITyOMHHOTO KYJIbTUBUPOBAHUS U TBepAoda3HOM dep-
MEHTAllUM, MOCKOJBKY Kpmoreab [IBC BrIcTyItaeT B
KayeCcTBE TBEPIAOM MOMJIOXKM JIJISI MULIEAUS U CTUMY-
JIMPYET NoaaepKaHue OMOCHHTE3a LIeJI110J1a3 Ha BbICO-
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Puc. 3. HakonneHue akTUBHOCTU LeNtoNa3 B CPefe KynbTu-
BUPOBaHMA 06pa3LoB MMMOBUNN30BAHHOMO GUOKaTann3aTopa
Ha OcHoBe KneTokK A. terreus, copepxauwero (CJ) u He coaep-
wawero () nHAYKTOP CUHTE3] LEeNNioNas B CBOEM COCTaBe

(1 % penurHnduumMpoBaHHbIe KYKYpyY3Hble cTe6M)
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KOM YPOBHE U UX CEKPEIMIO B XUIAKYIO cpeay. Mcromnb-
30BaHMe UMMOOUIIN30BaHHBIX (hOpM Iprda MO3BOJISET
MHTEHCU(UIUPOBATh IIPOIeCC TITyOMHHOTO KYJIBTH-
BUPOBaHUSI MULEJMATbHBIX TpuboB. Hanbosee mpo-
OYKTUBHBIM OKa3aJics IITaMM MUIIeIMalbHOro rpuba
A. terreus, CIIOCOOHBIN OCYIIECTBIISITh OMOCUHTE3 M Ha-
KOIJICHWE BHEKJIETOUYHBIX (hepMEHTOB IIEJLIIOJIa3HOTO
KOMIIJIEeKCa KaK B CBOOOIHOM, TaK U B UMMOOUIU30-
BaHHOM BH]IE.

C 1enpo MOBBIIIEHUS TMPOAYKTUBHOCTU MUMMOOM-
JIN30BAaHHOI'0 OMOKaTajaM3aTopa HEIMOCPEACTBEHHO B
€ro COCTaB OBIIM BKJIOYEHBI MHIYKTOPHI OMOCHHTE3a
LEJUTIONIOIUTUYECKUX (PEPMEHTOB, B KAYECTBE KOTOPBIX
HCITOJIb30BAJIMCh NEeJIUTHUDUIIMPOBAHHBIE KYKYpY3-
Hble cTe6u (1 % oT obleit MacChl TPaHYJIbI).

BrL10 moka3aHo, 4TO KJIETKU A. terreus, CIIOPbI KOTO-
poro ObLIM UMMOOMIKU30BaHbl B Kpuoreab I1BC ¢ mo-
OaBJICHUEM IIEJITI0JI030COIepKaIlero MaTepraa, ooec-
MeYnBaI OMOCUHTE3 U CEKPEIIMIO MOJTHOTO KOMIIIeKca
nenonas, cogepxamiero EG, CBH u BG, Ho nipu aTom
YPOBEHb LIEJUTIONIA3HBIX aKTUBHOCTEH IJIsI TAKOTO MM-
MOOMJIM30BaHHOTIO OMoKaTanu3aTopa Ob11 Ha 60 % BBI-
1lIe YPOBHSI aHAJIOTUMYHOTO OMOKaTan3aTopa, UCXOIHO
HE comepKallero ILeJUTI0I030CoAepXKaIlliii MaTeprall B
cBoeM cocTaBe (puc. 3).

Takum ob6pa3oM, OblJIa yCTaHOBJEHA Iiejiecoo0pas-
HOCTh OTHOBPEMEHHOTO BKJIIOUCHUSI B COCTaB I'PaHYII
1 UMMOOMIM30BAaHHBIX KJIETOK MUIIEIUATBHOTO Tprbda
WCTOYHMKA YIJIEPONA, UHIAYLMPYIOLIETO CUHTE3 LeJ-
moa3. B manbHEHIINX 3KCIIepuMeHTaX ObLIN UCIIOb-
30BaHbl UMEHHO 3TH LIEJUTIOJI030CoAepKaliue MMMOOH-
JIN30BaHHbBIE OMOKATaIM3aTOPHI.

buocunmes yenntonasHeix pepmeHmos
UMMOGUNIU30BAHHBIMU KSlemKaMu
MuyenuansHozo 2puba A. terreus 8 cpedax
¢ paznuyHsimMu ob6pasyamu LCC

AHanu3 BausHus pH cpenbl KyJbTMBUPOBAHUS U
TeMIIepaTyphl IIPOBEACHMS IIpoIlecca TIO3BOJIMII OII-
peneuTh ONTUMAJIbHBIE YCIOBUSI, HEOOXOOMMBIE IS
HaKOIJICHUSI MaKCUMaJbHOI aKTUBHOCTU (DEPMEHTOB
LeJITI0JIa3HOI0 KOMITJIeKca B cpele, conepxaieit MK
B KauecTBe ucTOYHMKa yriaepona: pH 5,0—5,5, temnepa-
Typa npoiecca 28 °C. MakcumanbHbie 3HadeHUsT EG-,
CBH- u BG-akTuBHOCTEi1, TTOJIydeHHbIE TP TaHHBIX
ycaoBusix, mocturanu 9250, 720 u 400 en/m cooTBeTC-

HBIM OMOKaTaJM3aTOpOM, IIPEAIOoaarajioch MCIOb-
30BaTh CJIOXHBIE MO XMMUYECKOMY COCTaBY OOpa3Ilbl
pa3IMYHBIX TPOMBIIIICHHBIX M CEJIbCKOXO3SIMCTBEH-
HBIX OTXOJOB, TO JaJbHEHIINE UCCICIOBAHMS MPOBO-
IUJINCH C UCTIOIb30BaHUEM NMEHHO TaKUX CyOCTpPAaTOB.
IIpu KyJIbTMBUPOBAHUY MMMOOMIN30BAaHHBIX KJIETOK
MUIIeJIMaJIbHOTO Ipuba B cpeje, coaepxaiieit 2 % ns-
MEJBYCHHBIX KYKYPY3HBIX CTeOyeil, MaKCHMMaJbHbIC
3HAYCHMS SHAOTJIIOKAHA3HOM, 3K30TJIIOKaHA3HOU U
B-TTI0K03MIa3HOM aKTMBHOCTE HECKOJBKO CHU3UJINChH
10 CPaBHCHUIO C aKTHUBHOCTSIMHU, 3aUKCUPOBAHHBI-
MU B IIpoliecce KyJIbTHBUPOBAHUS TaKUX Xe 00pa3IioB
MMMOOUIIN30BAaHHBIX KJIETOK B Cpele, colaepKalleil B
KayecTBe MHIYKTOpa CMHTEe3a IIE/UII0JIa3 OYMIIECHHYIO
MKII (Tab. 1).

OueBMIHO, YTO JaHHAas TEHACHIIMS OOyCJIIOBJIeHA
HaJIMYMEM MIPUPOIHBIX UHTUOUTOPOB KJAETOUYHOTO Me-
TaboJIM3Ma U 1IeJUTIONa3 B MCIIOIb3YeMOM IIPUPOTHOM
cyOGcTpaTe B OTIMYHME OT KOMMEPUYECKU HOCTYIHBIX
OYHUIIIEHHBIX IIpenapaToB. AHAJOIMYHbIC TEHACHIIMU B
W3MEHEHNHU YPOBHEW aKTUBHOCTEH IIeJTIONA3, TIPOLY-
LPYEMBIX CBOOOTHBIMM KJIETKAMU, paHee OTMeJaJIuCh
B nuteparype [10].

AHam3 IoTyYeHHBIX pe3yJIbTaTOB IT0Ka3aJl, 4TO YBe-
JIMYeHUEe KOHLEHTpaluu cybcTpara (OMUIOK) B cpelae
KYJBTUBUPOBAaHUS OT 2 10 5 % (110 CyXuM BellecTBaM)
MMOJIOXXKUTENILHO CKa3BbIBAaeTCS Ha yPOBHE HAKOILICHUS
EG-akTuBHOCTH, IPUBO/S K €€ YBEJIMUESHMIO B 1Ba pa3a.

[Ipu KyabTMBUPOBAaHUM MMMOOMIN30BAaHHBIX KJIE-
TOK B cpelie, cofepKalleil M3MeJIbUYeHHYIO PUCOBYIO CO-
JIOMY B Ka4eCTBe MCTOYHUKA yTIiepoaa, HeoOXOoIuMOTo
IUJISI ONOCHHTE3a 1IeJIII0JIa3, MaKCMMaJIbHbIe aKTUBHOC-

Tabnuua 1

MakcumanbHble 3HaYeHUA aKTUBHOCTEW (DepMeHTOB
LLeN1I0J1a3HOr0 KOMIJIEKCA, AeTeKTUpyemble

nocsie KyNbTUBUPOBAHUA UMMOOUIN30BAHHBIX
K/1IeTOK B TeyeHue 6 cyT B cpepax, coaepxaiimx
pasiuyHbIe UCTOYHUKM yrnepoaa

KonueHTtpauusa LCC B cpene AKTUBHOCTb, eA./n

(no cyxum Beutectsam), % EG | CBH | BG
MKL, 9250 720 400
KyKkypy3Hble cTe6nu 8540 550 365

HJenurnuduumnpoBarHble

LyOOBbIE ONUAKH 530 90 65

TBEHHO (Tabu. 1). JlanbHel e 3KCnepuMeHTHI TPOBO- Bepe3oBble onNuAKK 3680 550 390
AWIHA B yKa3aHHDIX yCTOBIAX. bepe3oBbie onunku 7100 550 330
ITockosbKy B KauecTBe CyOCTpaTOB (hepMEHTOB LieJI-
Pucosas conoma 13390 840 400
JITOJIa3HOTO KOMIIJIEKCa, CEeKpeTUpyeMbIX pa3paboTaH-
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™ EG, CBH, BG, HakanauBamIIuXcs B KyJbTypaib-
HOH XXUIKOCTHU, IIPEBHIIIAIN T€ YPOBHU, KOTOPbIEC OBLIN
YCTaHOBJICHBI Ha IPYTUX NCCIIEOOBABIINXCSI CyOCTpaTax.
CneayeT TakxXe OTMETUTb, UTO HauOoJee 3HAYUTENb-
Hble U3MEHEHUS B YPOBHE NETEKTUPYEMOM aKTUBHOCTH
TIpY BapbMPOBAHUM CYOCTPATOB, BBOOMMBIX B CPEIY IJIST
MOoJy4YeHU s LeJITI0Ia3HOr0 KOMIIJeKca, OblJIM OTMeue-
Ho 1151 EG.

MHOZOKPGMHOE ucnosib308aHue
UMMOBUNU30BAHHBIX KNIeMOK 0117 nosay4eHusa
d)epmeHmos uennria3Ho20 Komniekca

W3BecTHO, YTO MMMOOMIN30BAaHHBIC KJIETKUA MPH-
BJIEKAIOT K ce0e BHMMAaHME BO3MOXHOCTbIO UX MHOTO-
KpaTHOTO HCIOJb30BaHUA IJISI peajn3allii pas3jimd-
HBIX OMOKaTaJMTUYECKUX MporeccoB [35, 36]. B aroit
CBsI3M ObljIa UCCJIeA0BaHa BO3MOXHOCTb IJIUTEIbHOIO
WCITOJIb30BaHMSI MMMOOMIN30BaHHBIX KJICTOK MUTICITH -
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Puc. 4. [lunammka HaKonneHUs LeNNoNasHbiX aKTUBHOCTEN
B Cpefie NepMoANYEeCKOro KyNbTUBMPOBAHUSA NPU MHOTOKpAT-
HOM MCMONb30BAHUM UMMOBMNM30BAHHOIO 61MOKATANN3ATO-
pa. CTpenkamu yKkasaHa 3aMeHa Cpefibl B peakTope C UMMO-
OGUNN30BAHHBIMU KNETKaMU, NPOAYLMPYIOLWUMU LeN N3kl

aJIbHBIX TPUOOB A5 TTOTYyYeHUST KOMIJIEKca 1IeJITIoIa3
Ha cpelie, colepKalleil pCOBYIO COJIOMY B KaueCTBE HC-
TOYHUKA yTiepoja (puc. 4).

Beiio ycTaHOBIIEHO, YTO OMOKATaJIM3aTOp CIOCO-
0eH CTaOUJIbHO OCYILLIECTBISITh OUOCUHTE3 U CEKPELUIO
(bepMEHTOB 11eJITI0JIa3HOTO KOMILJIEKCA B YCIOBUSIX TIe-
PUOANYECKOTO KYJIBTUBUPOBAHU S IIPU MTPOBEACHU U, IO
KpaiiHel Mepe MATU paboyMnx LIUKJIOB C TTOJTHOU 3aMe-
HO#l MHUTATEJIbHOM Cpembl B KOHIIE KaXXIOTro pabodero
nukia. CpeaHssi MpoayKTUBHOCTD Tpollecca ¢ ydJac-
THEM MMMOOMIN30BaHHLIX KieToK 1o EG-, CBH- u
BG-aktuBHocTsimM coctaBuiia 1200, 70 u 30 en./(o1/cyT)
cooTBeTCcTBeHHO. [leproa morynHakKTMBallMU pa3pabo-
TaHHOI'0 MMMOOMJIM30BAaHHOTO OMOKaTajau3aTopa Co-
crasu 50 cyT.

KynbrypanbHbie XHIKOCTH, COAEpXallne KOMII-
JIEKC IIeJUTIoNa3, CEKPEeTUPYEMBIX B Cpeay KyJIbTUBU-
pOBaHUSI UMMOOUJIM30BAHHBIMYU OMOKATaIN3aTOpaMU
Ha OCHOBE KJIETOK, ObIJIM UCTIOJIb30BaHBI JIJIST HATlIpaB-
JIEHHOM THUIAPOAUTUYECKONH 00pabOTKM pa3IuuHBIX
o6pasuos LICC.

Cienyetr OTMETUTh, YTO B Cpelie KYJIbTUBUPOBAHUS,
IMpeaHa3HAUYCHHON IJIs1 MOJMyYeHUs IeJIIr0Ia3, comep-
XKaJicss MeHHO ToT uctouyHuK LICC B KauecTBe MHAYK-
Topa CMHTe3a (hepMEHTOB, KOTOPHIi MO3%e 00padaThI-
BaJICS OJTYYeHHBIM KOMILJIEKCOM.

Konuentpauus LICC B cpene cocrasistia 50 1/ mo
cyxuM BeriecTBaM. Jlo3MpoBKa KyJbTypaJbHON XKUII-
KOCTH, COIepXKallehd LEeJI0Jda3bl U IIPUMEHSBIICUCSI
st oopabotku LICC, HopMupoBanach K o0O1ieii KOH-
LIEHTpaIM¥ OEJIKOB M cCOCTaBJIsiia 15 Mr ob1ero 6eika,/T
cyxux BemecTB LICC. ®depMeHTATUBHBINM THUIAPOIU3
nipooauics ripu 45 °C u pH 5 B reuerue 40 u. [To okoH-

Tabnuua 2

KoHueHTpauma u BbIXoA rNIOKO3bl B hepMeHTaNu-
3arax pasnunyHoro LICC, nosyyeHHbIX NpyU UCNONb-
30BaHUU KYJIbTYPANbHOM XKUAKOCTH, COAEpIKaLL el
Lennonasbl UMMOOGMAN30BaAHHbIX KNeTOK A. terreus

Mnioko3a
Lcc KoHueHTpaums, Buixoa
OT TEOpETUYECKU
r/n o

BO3MOXHOrO, %
KyKkypy3Hble cTebnu 16,8+0,2 81,9+0,9
[MweHn4yHas conoma 17,1+0,3 96,0+1,7
Pucosas conoma 18,0+0,1 95,2+0,5
bepe3oBble onunku 14,5+0,3 59,4+1,2
[ly6oBble onuiku 13,9+0,3 51,1+1,1
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YaHMU TIpollecca BO BceX o0Opaslax aHaJu3upoBau
KOHIIEHTpALIMI0 HAKOTIMBIIECS TJIIOKO3HI (Tab1. 2).
CoryacHO MOJIYYeHHBIM OaHHBIM, IIpu (epMeHTa-
TuBHOI 00paboTtke LICC MakcuMasibHasi KOHILEHTpa-
1y raokKo3bl (18 r/m) OblLta moaydyeHa mpu 00paboTKe
PHUCOBOM COJIOMBI LIEJLTIONIA3HBIM KOMIIJIEKCOM, IIPO-
IYLIAPYEMBIM WMMOOUJIN30BAHHBIMU KJIETKAMU MU-
LieJUaJIbHbIX TPUOOB. DTU JaHHBIE COIJIACYIOTCS C pe-
3yJbTaTaMU, IIPEACTABACHHBIMU B Ta0J. 1, M3 KOTOPHIX
CJIEIYeT, YTO MMEHHO 3TOT CyOCTpaT 00ecreuynBal MaK-
CUMaJIbHBI yPOBEHb HAKOILJIEHUS TPEX OCHOBHBIX 1€~
JIIOJAa3HBIX aKTUBHOCTeU. [Ipm 3TOM BBEIXOH TJIIOKO3BI
OT TEOPETUYECKM BO3MOXKHOTO YPOBHS cocTaBUI 95 %.
[Ipu nucnonb30BaHUHU B Ka4eCTBE ACTpagupyeMoro cyo-
CTpaTa OIUJIOK BBIXO/ [JII0KO3bI cocTaBu 0oJiee 50 % ot
TEOPETHYECKU BO3MOXHOIO YPOBHS, YTO MOXET OBITh
CBSI3aHO C MCXOJHOI HEeIOCTaTOYHOM MpeaoOdpaboTKoit
IaHHOTO CHIPhS Tiepe (hepMEHTATUBHBIM THAPOIA30M.

MonyyeHue op2aHuyeckux pacmsopumenel
u3 hepmenmamusHsix 2udponuzamos LjCC
noo delicmsuemM UMMOGUNU30BAHHbIX K/IeMOK
opoxokeli u 6akmepuli

DecpMeHTATUBHBIE TUIAPOJIMN3ATH, TOJYYCHHEBIC B
pesyabraTe 00paboTku pazauuyHbix BugoB LICC uen-
JIfoJa3aMM, CEeKpPeTUPYeMbIMA HMMMOOMIM30BaHHBIMU
KJIETKaM¥ TPUOOB, MOTYT MCIIOJIb30BATHCS IJISI TTOTyde-
HUS pa3INIHBIX KOMMEpPUYECKN 3HAYMMBIX ITPOIYKTOB,
B YaCTHOCTHM OpPraHMYECKMX pacTBOpUTEJel (3TaHOIA,
aleToHa, OyTaHoJja).

TMonTBepxXIeHNEM 3TOr0 MOCTYXWJIM 3KCIIEPUMEH-
ThI, B KOTOPBIX B Ka4eCTBE KaTaJu3aTOpPOB TpaHCHOP-
MAaIli¥ TIOJIYYCHHBIX CaXapoB HMCIIOJb30BaINCh UMMO-
OMJIM30BaHHBIEC KJIETKU APOXKei nau 6aktepuit [37].

[Ipu ucnonb3oBaHUM MMMOOMIU30BAHHBIX KJETOK
TePMOTOJICPAHTHBIX HPOXKEH OCYIIECTBIISIICS IIPO-
Hecc ¢pepMeHTalMU TUApoau3aToB pazauyHoro LICC
(tabn. 3). PeakiimonHasi cMech Obljla TPUTOTOBJIEHA Ha
ocHoBe 0,05 M nurpaTtHoro 6ydepa (pH 5), B koTopyio
Beonuau LICC (5 % mo cyxuM BeliecTBaM) U KOMILJIEKC
LeJI101a3 B KOHIIEHTpAaLMKU 15 Mr o011, 6e1Ka/T CyXux
BemecTB LICC. IIpo1tecc mpoBogUIICS TP TeMIIepaType
45 °C B TeueHue 48 4. [To okoHUYaHMHU MpolLIecca BO BCeX
npobax ompeaeasiu KOHLIEHTPALMIO HaKalJ1BaloIle-
rocs 3TaHoa (Tabi. 3).

Brixon 1esieBoro mpoayKTa, COrjlacHO MOJIy4YeHHBIM
JaHHBIM, cocTaBuI 86—91 % B 3aBUCMMOCTU OT UCXO-
Horo ucrounuka LICC.

Takum ob6pa3om, Obla MoKa3zaHa BO3MOXHOCTb BbI-
coko3¢pPeKTuBHONM KoHBepcuu TruaponusatoB LICC,

Tabnuua 3

KoHueHTpauua u BbIX0f 3TaHOJIA B NPOLLECCE KOH-
BEepPCUU FIOKO3bl, COAEPIKALLENCA B TMAPOSIU3ATAX
LICC, B aTaHON noA AecTBMEM UMMOGUAU30BAHHBIX
KNIeTOK APOXIKen

JtaHon

ucc KoHueHTpaLus, Beixoa

OT TEOPETUYECKM

r/n o

BO3MOXHOrO, %
KyKypy3Hble cTe6nu 7,7+0,2 89,8+2,3
[MweHnyHas conoma 7,9+0,1 90,6+1,1
PucoBas conoma 8,4+0,1 91,5+1,1
bepe3osble onunku 6,4+0,3 86,5+4,0
[ly6oBble onunku 6,1+0,2 86,0+2,2

Tabnuua 4

KoHueHTpauua opraHuyecKux pacTBopurenei,
HaKanMBaILWMKXCA B Npolecce aLeToH-6yTaHon-
3TaHONbHOTO 6poXKeHUA hepMeHTaTUBHbIX TMAPO-
nusaros LCC nog aeitctBueM UMMOOMNN30BAHHbBIX
KNeToK 6akTepuii

KoHueHTpauus, r/n
Lcc
aueToHa OyTaHona | 3TaHona
Kykypy3Hble ctebnm  3,0+0,2 9,4+0,3 0,5+0,1
MweHnyHas conoma 3,6+0,3 10,2+0,2 0,9+0,2
PucoBas conoma 3,8+0,3 11,6+0,2 1,2+0,3

MOJIYYEHHBIX T10 AeHCTBUEM IIEJII0a3 UMMOOMIN30-
BaHHBIX KJIETOK MUIIEIHAJILHBIX TPUOOB, B OMO3TaHOIL.

s mccnemoBaHUST BO3MOXKXHOCTH TpaHC(HOpMaIun
pa3nauuyHoro ILICC B opraHnnuyeckue pacTBOPUTENIU MC-
ITOJIb30BAaJICI UMMOOMIN30BaHHBIM OMOKAaTaIl3aTop Ha
ocHoBe kJieTok Clostridium acetobutylicum, BKJIIXOU€HHbIX
B kpuorenb [IBC (tab6a. 4).

MaxkcuManbpHasT KOHIICHTpalMsl pacTBOpUTEICH
11,6 r/71 Gblja JOCTUTHYTA IpPU MCIIOJb30BaHUU (ep-
MEHTAaTHBHOTIO I'MIPOJIn3aTa pUCOBOM CoIoMbI. ClienyeT
OTMETHUTh, YTO COOTHOIICHNE MEXKIY KOHIICHTpaIlUSIMU
pacTBOPUTEIIEH OCTABAIOCh TPAKTUIECKI OMMHAKOBBIM
He3aBHCUMO OT TuIa oopadoranHoro LICC.

3aknyeHue

Pa3zpaboraH opuruHajabHBII TETEPOTEeHHBIA OUO-
KaTtaau3aTop B BHUJAE KJIETOK MMUIEIMAIbHOIO Tpuda
Aspergillus terreus, UMMOOWJIM30BaHHBIX B KPHUOIEIb
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I[I1BC ¢ no6aBieHMeM MHAYKTOpa CMHTE3a KOMILIeKca
LEJJII0JIa3, BKJIIOYAIOIIETO SHIOIIIOKaHa3y, 3K30IJ110-
KaHasy U B-TJoKo31u1a3y. YKa3aHHbI OMOKaTaIu3aTop
00J1afiaeT IJIUTEJbHBIM TePUOAOM MOJYyMHAKTUBALIUU
(mo 40 cyTt) npu ero 4-KpaTHOM MCIIOJb30BaHUU IJIST
MoJIy4eHHUsI KOMILJIeKca Le/ioja3 B MepuoaniyeckKoM
pexume.

BniepBhie moka3aHo, 4ToO pa3pabOTaHHBI OMOKaTa-
JIN3aTOpP CTAOUJILHO COXPAHSET BLICOKMI YPOBEHb MPO-
TYKTUBHOCTH IO MOJHOMY KOMIUJIEKCY LIeJII0JIa3 TIpUu
WUCIOJIb30BAHMM PA3JUMYHBIX CyOCTPAaTOB-MHAYKTOPOB
OuocruHTe3a (PepMEHTOB: O€pe30BbIX U NyOOBBIX OIMU-
JIOK, PUCOBOI COJIOMBI U AEAUTHUPULMPOBAHHBIX KY-
KYPY3HBIX cTeOJIeit.

KynbTypanbHble XXUIKOCTHU, COAEPKAIIIEe KOMITIEK-
ChI IIeJJII0a3, MoJyYeHHbIe KaK pe3yabTaT (yHKIIM-
OHUPOBAaHUS pa3pabdOTAaHHOTO HMMMOOMJIM30BAHHOIO
6uokaranmnsaTopa B cpene ¢ onpeneaeHHbM LICC, 0pLtn
WMCIOJb30BaHbI AJS1 HANpaBJAEHHON TUAPOJIUTUYECKON
00pabOTKHU TOI'O XKE ChIPbSI.

[loxazaHa BO3MOXHOCTb BBICOKOI(D(EKTUBHOMK
KOHBepcuu monydyeHHbIX ruaponusatoB LICC B opra-
HUYECKUE PACTBOPUTEIIY NOA IEHCTBUEM UMMOOUJIN30-
BaHHbIX KJIETOK IPOXKel U OaKTepUil.

JlaHHas paboTa BbIIIOJIHEHA IIPH (QUHAHCOBOH MOAJEPXKKE
rocynapcTBeHHOro KoHTpakta Ne 16.512.11.2163

B pamkax DII1 «HccienoBanusa v pa3paboTKH ITO IPHOPH-
TETHBIM HaAallpaBJACHHUAM PA3BUTHA HAYYHO-TEXHUYCCKOI'O

komiraekca Poccrn Ha 2007—2013 roasi» n rpanra POOU
Neo 11-04-93002 Brer _a.
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MPOMbILUNEHHO-3KOHOMUYECKUA ®OPYM
«CTPATETMA ObBEAUHEHUA: PELUEHUE AKTYAJIbHbIX
3AAY HE®TEFA30B0r0 U HEGTEXUMUYECKOIO
KOMMJEKCOB HA COBPEMEHHOM 3TANE»

29-30 oKTA6OpA 2012 .

VYxe ngareiii ron noapsans OAO «BHUITWHedDTH»
npoBoauT popyM «Ctpaterusi 00beAMHEHUS: pellicHue
aKTyaJIbHBIX 3a7a4 He(TerazoBoro u HeprexmMudec-
KOT0 KOMITJIEKCOB Ha COBPEMEHHOM dTafne» Mof Mmpe-
cematenbcTBoM npesuaeHTa PCX MBanosa B.I1. mpu
noaaepxke PCIII, Acconnanuu HedTenepepadboTun-
KOB U He(pTexuMukoB, Poccuiickoro corws3a XUMUKOB,
Coro3a He@dTerazonpoMbligeHHUKoB Poccuu, OAO
«['azrmpom HedpTH», MHXC PAH, OAO «BHUU HII>»,
I'VIT UHXII PB, HIT «MexnyHapomHass AcCOLIMaLAsI
HoGeneBcKkoro OBUKEHUSI», XMMUYECKOro (PaKyib-
teta MI'Y um. M.B. JlomonocoBa, PI'Y HedTu u raza
um. U.M. I'ybkuHa.

B dopyMe npuHsau yuyactue npeacraButeaun I'ocy-
mapctBeHHoil ymer P®D, Mockosckoii TIIII, oTpac-
JIEBBIX POCCUMCKUX U 3apyOexHbIX komnaHui, HI13 u
HX3, npoeKTHBIX U MHXWUHUPUHTOBBIX KOMIIAHU A, UH-
CTUTYTOB, O0IeCTBEHHBIX opraHu3auuii u CMU.

B mepBbBIit neHb (popyMa, IPOXOAUBIIEM B 3HaHUU
npaBUTEeNbcTBA MOCKBBI, Ha IJICHAPHOM 3acelaHUU
00CyXIaTNCh 3aJa41 1 IIEPCIIEKTUBEI pa3BUTHUS HeTe-
ra3oBoro W HedTexuMuyeckoro KoMmIuiekcoB Poccum,
BOIIPOCHI BHEAPEHN ST HOBBIX COBPEMEHHBIX TEXHOJIOTH I

B HedTenepepadboTke U HebTeXUMUU, dHEProaddex-
TUBHOCTb U 3HeprocoepexeHue, nessreabHoctu HUHT
(HalMOHAbHBIM MHCTUTYT He(TU U ra3a). B 3acenaHu-
ax npuHsau ydyactue lImans IH., npesugent Coroza
HedTerazonpoMbiieHHUKOB Poccuu, Ps6oB B.A.,
TreHepaJlbHBI OHpPEKTOp Accoumanuu HedTerepepa-
00TYMKOB M HedTexuMmMukoB, JIMmutpueBckuit A.H.,
akageMuk, gupektop MHcTuTyta mpobneM HedTH U
raza PAH. Bbonabiioit mHTEpec y AejieraToB BbI3Bau

Katanus B npombiwneHHocTy, N2 1, 2013

77



NHdopmaumoHHble coobLieHus

nokaansl Kanyctuna B.M., reHepaJibHOro aupeKkTopa
OAO «BHUITHUHepTH», CopkuHa JI.P., reHepanbHOTro
nupektopa 3A0 «XoneBesn», PaueBckoro b.C., mpen-
cenatens npasieHus 3A0 «Hegrel'azTomn», Ilamko-
Ba A.A., TupeKTopa JenapraMeHTa HedTenepepadoT-
ku 000 «HK Anssinc YK» u Cununa M.A., nepBo-
ro NMpopeKkTopa Mo crparernyeckoMy pasputuio HUY
PI'Y nedru u raza um. U.M. I'ybkuna, nupekropa HIT
«HHWHTI>».

Bropoii neHp ¢opyma mpolres Ha TEeppUTOPUU
OAO «rasnmpomuedTo-MHII3», KOTOPBII BBICTYITHJI CO-
OpPTraHU3aTOPOM MepONpUATHSA. [IpUATHEIM ITOTApKOM
IUTSL IeJIeTaToB CTajla OpraHM30BaHHAs PYKOBOICTBOM
3aBojJa 3KcKypcus mo MockoBckomy HII3. 3acenanue
10 MOJIECPHU3AIINH U OCOOCHHOCTSIM SKCILIYaTalluM yC-
TaHOBOK KaTaJUTUYECKOTO KPeKWHTa OTKpbLI Huku-
TUH A.A., 3aMECTUTEJIb TeHEPaJbHOrO IUPEKTOPA, TEX-
Huyeckuii gupektop OAO «[asmpomHedTH-MHII3».
OH TenJio NpUBETCTBOBAJ YYaCTHUKOB (hopyMma U BbI-
CTYIINJI ¢ JOKJIagoM o Tiporpamme pa3Butust OAO «[a3-
nmpomuebTh-MHII3» no 2020 r., a 6onee mogpod6HO 00
OCOOEHHOCTSX 3KCIJIyaTallMd W MOJEPHM3AIMU yCTa-
HOBKHU KaTanutuudeckoro KkpekuHra I-43-107 OAO «I'a3-
npomHedTs-MHII3» pacckazan Kysnemos C.E., rias-
Hblt TexHojor OAO <«lasnpomHedTb-MHII3». TIpo-
IOJXWJIM BBICTYIIeHUSI XaBKMH B.A., 3aMecTUTeNlb
reHepanbHOoro gupekropa OAO «<BHUUW HII», Janum
CoHU, IUPEKTOP MOApa3ae/IieHNST TEXHOJIOTUM KaTalu-
TUYECKOr0 KPEKMHTa B MCEBAOOXUKEHHOM CJI0€ KOp-
nopainuu «Lummus Technology Inc.» u gpyrue.

B cexniuu «MTHXWHUPUHTOBBIE YCIYTH, COBPEMEH-
Hble TexHosoruu u obopynosanue aist HT13 u HX3» nog

npencenatenbcTBoM TenstieBa D.IN, nupexktopa ['VII
MHXII Pb, npyuHsIM aKTUBHOE yYacTUe U MpeACcTaBU-
JIV CBOM COBpPEMEHHBIE pa3pabOTKM JJIsI OTeUeCTBEHHOM
HedTerasomnepepabOTKN U HeDTEXMMHUU OeJIeTaThl OT
KOMIIaHW, CIIeIIUaIN3UPYIOIINXCST Ha IIPOU3BOICTBE U
IOCTaBKaX 000pyIOBAHU .

Kpyrnserit cton «Pojak KOMMYHUKALIUI B Pa3BUTUH
HedTerasoBoit oTpacin» MoJ IpenceaareTbcTBoM Ecn-
noBoii 1.®., npencenarenss Komurera mo KOMMyHMKa-
uustm B TOK PACO, cTar HOBBIM OITBITOM B IIPOBEICHU
TTAHHOTO MEPOIIPUSATUS M COCTOSIJICI B BUJE MHTEpaK-
TUBHOTIO OOILIEHK .

3amylaHupOBaHHBIA TIpecc-Opu(PUHT ¢ IIpencTaBu-
TeassMu otpaciieBbix CMU mpoiien B pexkxume aKTHUB-
HOTO «XKHWBOTO OMAaJ0Ta» U 3aTPOHYJI aKTyaJbHbIE TEMbI
HedTeraszoBoit oTpaciu.

®opyM «CTpaTernss o0beTUHEHUSA» IBIISCTCST BaX-
HBIM COOBITHEM B IeJIOBOIl Xn3HU MockBsl U Poccuu
B 1esioM. [eneraTel MMeJIM BO3MOXHOCTh OOMEHSITHCS
MHEHHUSIMHU TI0 Py BOIPOCOB HE(MTEra3oBOTO KOMII-
JIeKca KaK B paMKax 3acelaHui, TaK 1 IIpu HeopMmaib-
HOM OOIIEHNH, a TaKKXe YCTAHOBUTH HOBEIC TTapTHEPC-
KHe OTHOIIICHHSI.

YyacTHUKHM opymMa OTMETUIIM MHTEPECHYIO TeMa-
THUUYECKYIO MPOTrpaMMy, BBICOKMIA YpOBEHb OpraHM3a-
LIY MEPOITPUSITUS M BBIPA3MIIN 0J1arogapHOCTH 3a ITPO-
BEACHHYI0 3KCKYpcuio o MockoBckomy HIT3.

78

Katanus B npombiwneHHocTy, N 1, 2013



XpoHuKa

EBFEHWIA 3MHOBLEBWY r0JIOCMAH
75 net co AHA poxXKAeHuA
50 net paboTbl B a30THOM NPOMbILJIEHHOCTH

27 nexab6ps 2012 r. UICIIOJTHUIOCH 75 JIET U3BECTHO-
MY CIIEIIAJIUCTY B 00J1aCTH IPOMBIIIJICHHOTO KaTaIn3a
npodeccopy, JOKTOPY XUMUUECKUX HayK, aKaJeMUKY
PUA u MAHODB, 3acnyxenHomy xuMuky P® EBrenuio
3uHOBBeBUUY [0JTOCMaHY.

[Mocne okonyaHus B 1962 1. MOCKOBCKOTO XUMHKO-
TexHoJornyeckoro mHcturyta um. .M. MeHneneceBa
E.3. TonocmaH 10 pacmpeneieHNO HadaJl paboTarh B
HoBoMocKoBckoM dunmane TUAIT (HUAITIL, <HUATI-
KATAJIU3ATOP»), mocBatuB emy 50 jeT aKTHUBHOI
TBOPYECKOI XKU3HU.

E.3. TonocmaH co3pan v Bo3raaBua cektop (1966),
naboparopuio (1971), a 3atem (1978) otnen pus3nko-xu-
MUYECKHNX W aHAJIUTUICCKUX UCCIICAOBAHUN, CTaHIap-
TU3allUU ¥ KavyecTBa, ¢ 2011 I. oH — TJIaBHBI HAyYHBIA
corpynHuk «<HUATT-KATAJTNU3ATOP».

Hayunas nesarenbHocTh EBrenmss 3mHOBBEeBHUYA
ObIJIa M OCTAETCST CBI3aHHOM C MPOMBIIIJICHHBIM KaTa-
nu3oM. Ilon pykoBoncTtBoM E.3. T'omocmaHa u npu ero
HEITOCPEICTBEHHOM YYaCTHH CO3JaHO HOBOE HAyIHOE
HampaBjicHUEe — XWUMUS IIPUTOTOBJIEHUS OKCUIHBIX U
METaJUIOKCUIHBIX LIEMEHTCOIepKAIINX KaTaJlu3aTOpOB
IUTST T POKOTO KpyTra OpraHMYeCKMX M HEOPTaHMIECKUX
mporieccoB. B cooTBeTcTBMY ¢ pa3paboTaHHOI MaIOOT-
XOAHOW TEXHOJIOTUEW OPraHU30BAHO IIPOMBILUIEHHOE
MPOM3BOACTBO IIEMEHTCOAEPXAIINX KaTaJnu3aTOPOB B
katanuzatopHoM uexe «HUATI-KATAJIU3ATOP», Ha
KaTaJau3aTOpHOM ITpou3BoacTBe Joporodykckoro 3AY
W APYTUX IIPEATIPUSITUSIX.

Pesynbprarel pa3pabOTKU U UCCAEAOBAHUS HUKENE-
BBIX KaTaJM3aTOPOB Ha aJIIOMOKAaJIbIIMEBOM OCHOBE ObI-
u o6o61ens! E.3. TotocMaHOM B KaHIUAATCKOM IUC-
ceprauuu (1970), nanpHeie paboOThl IO MEXaHU3MY
(bopMupoBaHUS LIEeMEHTCOACPXKAIIUX KaTaau3aTOpPOB
JIETJIX B OCHOBY JIOKTOPCKO IHCCepTallii, KOTOPYIO OH
3a1UTUI B 1988 1.

E.3. T'onocmaH nmpuHMMAaj yyacTye B UCIIBITAHUSIX U
BHEAPECHNN Ha XMMHYCCKUX, METAJJIYPrudeCcKnx, Ma-
IIMHOCTPOUTEILHBIX, HE(PTEXMMHUIECKUX 3aBOIaX psaa
pa3paboTaHHBIX KaTaJInu3aTOPOB: IJIs IIPOIIECCOB MeTa-
HUPOBAHUS, MOJYYCHUS 3alIUTHBEIX aTMocdep, CHUH-
Te3a OYTHMIJIOBBIX CIMPTOB, aHWJIMHA, HU3KOTEMIIepa-
TYpPHOM KOHBEpCUM OKCUAa yriaepoja u ap. ['eorpapus

BHEApPEHU TaKuX pa3paboTOK HACUMTHIBAET OKOJIO
60 mpeanpusiTUii, OXBaThiBasl [IOYTH BCE PETMOHBI ObIB-
mero CCCP, no3nmaHee — P®, crpansr CHI, a takxe
JlajbHee 3apy0exbe.

N3 HanbGosee 3HAYUMBIX NOCTMKEHUN IOCIEIHUX
JIET MOXHO OTMETHUTH pa3paboTKy, OCBOCHHE TEXHO-
JIOTUU, OpPraHMW3allMio MPOU3BOJACTBA W BHEAPEHUE B
ITPOMBIIIIJICHHOCTb KaTaJau3aTOPOB Pa3jIoXKEeHMUs 030Ha
cepuu I'TT u I'T Ha npeaAnpUSITUSX XUMUUYECKON, Me-
IUILAHCKOW, MUILEBOM U APYTUX OTpacieil, co3gaHue
HOBOTO BBICOKO3(P(EKTUBHOTO KaTaJau3aTopa METaHU-
poBanusg HKM-7, kataau3aToOpoB OYMUCTKU Ta30B OT
3akucu a3ota. PaszpaboTaHHBIE W CHMHTE3UPOBAaHHBIC
HemaatuHoBbIe KaTanuszatopel cepum HTK-10, KA,
HKM, HKO, I'TT, I'T, ®K, KII, HTK-10-7 u opyrue
BHEIPEHBI U 3KCIayaTupyroTcd Ha 170 3aBomax U mpea-
npustusax PO, CHT u nanbpHero 3apyoexXbs.
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YcneniHas pabota BosrmaBasiemblx E.3. T'onocma-
HOM JIabopaTopuu U oTAeja (PU3NKO-XUMUYECKUX MC-
clleAOBaHUM IMIPUKJIAAHOTO MHCTUTYTA, CO3TaHIe HOBO-
IO HayYHOTO HAITpaBJICHUST BO MHOTOM OITPENEIISTIOTCS
XOPOIIIMMH MHOTOJIETHUMU TBOPYECKMMU KOHTaKTaMU
C BEOYIIMMHU OTPACICBBIMH, aKaJeMHUISCKUMH MHCTH-
TyTaMu ¥ By3aMu MockBbl, C.-IleTepOypra, Apyrux ro-
ponoB Poccuu, Ykpaunsl, AzepbaiigxaHa u mp.

Bricokme HayuHBle moctuxeHus E.3. Tomocmana
OTMEYEHBI 3aCy>KEeHHbIMU HarpagamMu: B 1997 1. oH us3-
OpaH akageMuKoM MexXayHapoaHO aKaaeMHUH 3KO0JIO0-
run, B 2002 . — akageMukoMm Poccuiickoit mHXKeHep-
HOM aKaieMUU.

E.3. TonocMaH — naypeaT MyHMIIUIIAJIbHOM IPEMUN
r. HoBomockoBcka «HenoBek roga» B 06JacTu HAayKu U
HayuyHbIX ucciaenoBanuii B 2003 u 2010 rr., naypeat Bce-
poccuiickoro KoHkypca «Muxenep roma 2005», maypear
npemuii M. C.1. Mocuna (2005) u um. B.H. MmmarseBa
(2009), obaagaTeab rpaHTOB rydepHaTopa U aiMUHU-
crpauuu Tyabckoit obiaactu (2000, 2004, 2007, 2009
u 2010).

EBrenuemM 3MHOBbEBUYEM IOATOTOBJIEHO OOJbILIOE
YHUCJIO MOJOABIX creuuanuctoB. Ilom ero pykoBom-
CTBOM BBITIOJTHEHO Oojiee 200 HaydYHO-HCCeoOBa-
TeJAbCKUX NUIIOMHBIX paboT ctyaeHTamu HU PXTY
uM. JI.1. MenzaeneeBa (oH paboTaeT mpodeccopom Ka-
(beapbl TEXHOJIOT MU HEOPraHMYECKUX BelleCcTB ¢ 1996T.),
TeXHoJornyeckoro MHcTuTyTa uM. Jlencosera (CII0),
MTY um. M.B. JlomoHocoBa, MBaHOBCKOIO XMMMKO-
TEXHOJIOTUIeCKOTO M EpeBaHCKOTO rOCYHUBEPCUTETOB,

HoBoMockoBckoro noiutrexHudyeckoro Kojuienxa. Ioa
pyKoBoncTBoM EBrenust 3mHOBbeBMYA 3AIIUIIECHO JIE-
CITh KaHOIMIATCKUX AUccepTannii. B HacTosmee Bpe-
Ms E.3. TosiocMmaH siBisieTcsl HayYHBIM PYKOBOAUTEIEM
HECKOJIBKUX KaHIMIATCKUX AUCCEPTALM U HAyIHBIM
KOHCYJIBTAHTOM JIBYX JOKTOPCKUX TUCCEPTALINIA.

E.3. TomocmaH — aBTop 6osiee 600 myosmKauuii, B
toMm uncie 300 crareit, Tpex MoHOTrpaduii O LIEMEHT-
colepxaluM Karaiuzaropam, 10 opourtop, 90 n306-
peTeHUuil 1 nmareHToB P®, MeXayHapOMHBIX MAaTEHTOB,
300 Te31COB JOKIaI0B MEXAYHAPOAHBIX U POCCUMCKUX
KOHMbEpEeHU U U Ap.

B teuenue 30 net E.3. TomocmMaH — 3aMecTuUTesb
ImpeacemaTesisi 00J1acTHOTO IpaBieHus u oosee 10 et —
yireH LeATpanpHoro mpaBieHUST PoccHiiCKOro XmMu-
yeckoro odmecrsa uMm. .M. Mengeneesa u B 2006 T.
HarpaxaeH [ToyeTHbIM 3HaKOM «3a 3aciyru repea PXO
uM. I1.1. MeHneneeBa».

EBrenuit 3uHOBbEeBUY HM3BECTEH MYyOJUIIUCTUYEC-
KOI IeATEeNbHOCTBIO: B TOPOACKMX, O0JTACTHBIX 1 IICHT-
padbHBIX Ta3eTaxX U XypHaJlax UM OIyOIMKOBAHO OKOJIO
150 craTeit mo nmpobieMaM pOCCUICKON HAYKU, IKOJIO-
ruu, padboThl HAYYHO-TEXHUYECKUX OOIIEeCTB, OTpacie-
Boix HUM u By30B.

C2002r. E.3. lonocMaH — aKTUBHBII YJIeH peaKOJI-
Jleruu xkypHasa «KaTtanimns B IpOMBIILIEHHOCTH».

Pemak1iimoHHBIN COBET M PSAKOJIJICTUS KYpHAJIa cep-
nIeyHo no3npapisiioT EBrenus 3uHoBbeBUYa [ojiocma-
Ha C 100MJIeeM, XeIaT CIACThsl, KPEIIKOTO 3I0POBbSI,
TaJbHEUIINX TBOPUYCCKUX YCIIEXOB M OJIaTOTIOTyIH.
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