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Copepxanue

KATAJIU3 B XUMWUYECKON
W HEGTEXUMUYECKOW MPOMBILUNEHHOCTU

Kowens I'.H., CMmupHoBa E.B., KypraHosa E.A., PymsaHuesa H0.b.,
MnaxtuHckuin B.B., Kowensb C.T.

¥upkodasHoe okucneHue usonponuabeHsona B NpucyT-
CTBUN N-rMAPOKCUDTANIUMUBA.....cccvveneeererrrnnnineeenennnns 7

B pa6ote pokasaHo, uto N-rugpokcudtanumug (N-FOU) u ero cTpyk-
TypHble aHaNOrY ABAAIOTCA KaTann3aropamu XuakohasHoro okuche-
HUS aNKWIApPOMATUYECKUX YrNeBOJOPOAO0B, UCNONb30BAHNUE KOTOPBIX,
6e3 u3mMeHeHus TexHonoruu okucnenus WMB pgo ruaponepokcuia,
MOBbILIAET NPOU3BOAUTENLHOCTL NPOLIECCA NONYYeHUs heHona 1 aue-
ToHa. KBaHTOBO-xMMUyeckum meTofom PM3 noaTBepaeHa Lenecoob-
Pa3sHOCTb UX MCMO/b30BaHUA. [laHbl OObACHEHUS MeXaHWU3MY peakLuu
OKMCNeHUs u3onponunbeH3ona, STN6GeH30Na U LUKIorekcunbeHsona
[0 COOTBETCTBYIOWMX MMAPONEPOKCMAOB B NPUCYTCTBUM N-rUfpoKCU-
dTanummpa. YkazaHo HalAeHHOE COOTHOLEHWE KOHCTAHT CKOPOCTU
OTpbiBa atoMa BOJOpPOAA NepoKcupagukanom ot monekynsl N-TOU u
yreBofopoaa.

KnioueBble cnoBa: okucneHue, uonponunbeHson, ruaponepokcus,
Katanusartop, N-rufipokcuTanumMma, MexaHu3M peakLmumu OKUCTeHNS.

ManukangaH [., Manranapaus P.B., AHanTakymap C.,
CuBakymap T.

CuHTe3 MeTauIcoaepKalMx MOHTMOPUJIOHUTHBIX KaTanu-
3aTOpoB A1 PeaKuuin CeNneKTMBHOro AeruapmpoBanms ... 11

Moka3saHo, YTO MEXCI0HOE NPOCTPAHCTBO CMEKTUTA («bynneposa 3em-
1) MOET CIYXMTb HAHOPa3MepHbIM peakTopoM baarosaps cnocob-
HOCTU K ObICTPOMY HabyxaHuio M 6o/bWON afcOPOLMOHHON eMKOCTH.
Takum 06pa3om, 6bln NoNyYeHbl HAHOPA3MEpPHbIE YacTULbl 61aropoa-
HbIX METAJIIOB, UCKOYAA MX arperaLmio. C noMoLLbio pasHbIX METOAUK
OblIM CUHTE3MPOBaHbI MNATUHO- U PYTEHWIACOAEPIKALINE UHTEPKANN-
pOBaHHble/UMNErHMpoBaHHble CMEKTUT/reKTopuT Katanu3saTtopel. Wc-
CNlefioBanach KaraauMTUYeCKasn aKTUBHOCTb B peakuuu rMapupoBaHus
KOPWUYHOTO anbfernaa B XuaKkon tase. AHanu3MpyeTcs KOHBEpPCUA U
CeNeKTUBHOCTb NPK Pa3HbIX YCIOBUAX PEAKLMU: MEHAIOTCA TeMNepaTy-
pa, LaBfeHue BOAOPOLA, PACTBOPUTENN U BPEMA KOHTaKTa. Mccneposa-
HUs NOKA3au, YTO MHTEPKANMPOBAHHbIE/MMNErHUPOBAHHbIE CMEKTUT/
TeKTOPUT KaTann3aTopbl, COAEPKALLMe AparMeTaibl, UMEIOT BbICOKYIO
cTeneHb KOHBEPCUU U CeneKTUBHOCTb (60 1 79 %, COOTBETCTBEHHO).
CpaBHeHue 06pa3LioB KaTann3aTopos MeXAY cob0il BbISBUAO, YTO WH-
TEepKaNMPOBaHHbIE KaTasn3aTopbl NOKa3blBalOT OG/bLWYI0 KOHBEPCHIO U
CENEeKTUBHOCTb, YEM UMNErHUPOBAHHbIE.

KnioueBbie cnoBa: nnatuHa, pyTeHnit, MOHTMOPUIIOHUT, FEKTOPUT, Ce-
NeKTUBHOE eTMAPUPOBaHUE, KOPUUHBIY anbaeruns, uakas dasa.

KATAJIN3 B HEGTENEPEPABATbIBAIOLLEN
NMPOMBILWJIEHHOCTH

[Hoponun B.T., Jiunuu N.B., Copokuna T.M.
BausAHue ycnoBmin npoBeaeHUA npoLecca Ha cocTaB Npo-

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Koshel N.G., Smirnova E.V., Kurganova E.A., Rumyantseva Yu.B.,
Plakhtinsky V.V., Koshel S.G.

Liquid-phase oxidation of isopropylbenzene in the pres-
ence of N-hydroxy phthalimide ...............cc.ccoeee. 7

The research proved that N-hydroxyphthalimid and its structural
analogues are the catalysts for liquid phase oxidation of alkylaromatic
hydrocarbons, use them without change of oxidation technology to
isopropylbenzene hydroperoxide, will increase the productivity of
the process of obtaining phenol and acetone. The quantum chemical
method PM3 proved their practicability. The mechanism of oxidation
reaction of isopropylbenzene, ethylbenzene and cyclohexylbenzene
to relevant hydroperoxides in the presence of N-hydroxyphthalimid
was justified. The correlation of the constants of speed of hydrogen
atom abstraction from N-hydroxyphthalimid molecule and hydrogen
molecule was determined.

Keywords: oxidation, isopropylbenzene, hydroperoxide, catalyst,
N-hydroxyphthalimid, mechanism of oxidation reaction.

Manikandan D., Mangalaraja R.V., Ananthakumar S.,

Sivakumar T.

Synthesis of metal intercalated clay catalysts for selec-
tive hydrogenation reactions ..........c..cccceveiiniinnnnnnn. 11

Interlamellar space of the smectite clay minerals have been found as
an excellent nano phase reactor due to their easy swelling property
and the adsorption capacity. In this work size quantized nano particles
of catalytically active noble metals have been generated within the
interlamellar space of the smectite type clay minerals. Platinum and
ruthenium intercalated/impregnated montmorillonite and hectorite
catalysts were synthesised and characterized by various instrumental
techniques. Catalytic activity of the synthesised catalysts was
evaluated towards hydrogenation of cinnamaldehyde in liquid phase.
The effect of various reaction parameters such as temperature,
hydrogen pressure, solvents, and amount of catalyst and time on
stream on conversion and selectivity were studied and the results
are discussed. The studies revealed that noble metal intercalated/
impregnated clay catalysts were very effective in hydrogenation
reactions as they showed significant conversion and selectivity.
Comparison of catalytic activity made with the impregnated catalysts
showed that the intercalated catalysts were better than impregnated
catalysts in terms of conversion and selectivity.

Keywords: platinum, ruthenium, montmorillonite, hectorite, selective
hydrogenation, cinnamaldehyde, liquid phase.

CATALYSIS IN PETROLEUM
REFINING INDUSTRY

Doronin V.P., Lipin P.V., Sorokina T.P.
Influence of process conditions on product composition

AVKTOB NpU TPaAULIMOHHOM U rny6oKoM KaTanuTuyeckom  in the traditional and deep catalytic cracking ............. 27
KPEKUHTE HEPTAHBIX PPAKLMM ...oevvrnriernnneerninenniannas 27
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Copepxanue

C uenbio ysennuenus soixoaa nerkux oneduros C,—C, no cpaBHeHuio
C TPagMUMOHHbIM KaTaNUTUYECKUM KPEKUHIOM 3KCMepUMEHTaNbHO
13y4yeHo BAUAHME TeMNepaTypbl U COOTHOLWEHWA KaTanu3aTop: Cbipbe
Ha pacnpefeneHune OCHOBHbIX NPOAYKTOB KaTaUTUYECKOTO KPeKMHTa
He(TAHOrO CbipbsA Ha OULEONIMTHOM KaTann3aTope ¥ NPOMbILWIEHHOM
katanu3artope JIOKC. buueonnTHbin KaTanu3aTop cofepxan Leonu-
Tbl YbTPAcTabubHbIi Y 1 ZSM-5 B paBHOM KOJMYECTBE, KaTann3arop
JIIOKC - 18 % maccoson gonu ueonuta Y 8 HP33-cbopme. Pesynbratsl
MCNbITAHUM NOKa3anu, 4To B MHTepBaNe COOTHOLWEHNUIN KaTannu3aTop:
cbipbe 5-7 1 Temneparyp 540-560 °C npu ryboKoM KatanuTuyec-
KOM KpEeKWHre ruapooyMLLEHHOTO BaKyyMHOro rasoiins Ha 6uue-
OIMTHOM KaTanu3satope Bbixod oneduros C,—C, pocturaer 32-36
mac.%, BbIxoa GeH3uHa coctasnseT okono 30 mac.%. B aHanormy-
HbIX YCNOBUAX NPU KpeKuHre Ha katanu3satope cepun JIOKC Bbixoapl
nerkux oneduHoB U 6eH3nHa cocTaBasioT 12-16 u 37-45 mac.%
COO0TBETCTBEHHO. M3yyeHo pacnpepeneHue Lenesbix NPOAYKTOB Npu
rNybOKOM KaTaNUTUYeCKOM KPEKUHTe pasfiMyHbIX YrNeBofOpPOAHbIX
tpakuuii (BakyyMHblii ra3oiinb, ra30BbIi KOHAEHCAT, ero pakLuu
nocsie OTroHa 4YacTtu, Bbikunawluein fo 216 °C, a Takxke TAXenoro oc-
TaTKa rMAPOKPEKMHra) Ha GUUeonUTHOM katanusatope. [okasaHo,
4TO (hpaKLMK ra3oBoro KOHAEeHcaTa u octaTka FMAPOKPEKUHra MoryT
CNYXUTb AONONHUTENbHBIM MCTOYHUKOM YINEBOLOPOSHOIO Chipbs
npu nony4yeHun onecbmnHoB.

KnioueBble c/10Ba: my6OKMIn KaTaUTUYECKMIA KPEKUHT, LIeonuT, GuLieo-
JIUTHBIN Katanu3arop, oNeduHbl, COOTHOLWEHME KaTann3aTop: Chipbe.

Mawkosckuin W.C., Tapacos A.J1., Kyctos J1.M., Liopyna M..,
[laBaHkos B.A.

Kartanusaropsbl c 61aropogHbIMU MeTaNlaMU Ha OCHOBe
CBEPXCLUMTOro NOJIMCTUPOJIA ANA TMAPUPOBAHNA apoMa-
TUYECKMUX YTNIEBOJOPOAOB ....cceurernnrrnenernnrennnernnrennnennne 33

C uenbio pa3paboTkn 3heKTUBHOrO KaTanusatopa ANA HU3KOTeMNe-
paTypHOro rMApUpPOBaHKUA apoMaTUYeCKNUX YINEBOLOPOS0B NMPUrOTOB-
JIEHa M U3yyeHa Cepus Kartanu3aTopoB, COAEpPIalUMX 6naropofHbie
MeTanibl Ha HocuTene — cBepxclwmutom noauctupone (CCM), obna-
falolliemM pa3BuTOi YAeNbHON NOBEPXHOCTbIO (> 1000 M2/r) U NoBbI-
WeHHOW TepMUYecKoii cTabunbHocTbio. MpoBegeHo ucnbitaHue Pt- u
Pd-copepxalnx katanusaropos Ha ocHose CCIl, yrmepoaHbix HoCK-
Tenei U OKCMAA aNlOMUHWUA B PeakLMAX rMAPUPOBAHUA NPOCTEALINX
(6eH30n, TONyON), pa3BeTBNEHHOMO (H-6YTUNGEH30/1) U MOAULMKIM-
yeckoro (TepteHnn) apomaTUyecknx coefiuHeHNi. YCTaHoBNEHO, YTO
B peaKuuax rMapupoBaHus apoMaTUyecKux yrneBOAOPOAOB KaTanu-
3atopbl Ha CCI no aKTMBHOCTM COMOCTaBUMbI IMGO NPEBOCXOAAT aHa-
JIOTUYHbIE MO COfePXKaHNI0 6IArOpoAHbLIX METNNOB KaTan3aTopsl Ha
ocHoBe Al,03 n cubyHura; katanusatopsl Ha CCI umetoT 6onee Bbico-
Kyl0 CENeKTUBHOCTb B OTHOLIEHUM TMAPUPOBaHUA GeH30Ma B CMecH
6eH3on-tonyon. Metogom NK-cnektpockonuu agcopbuposanHoro CO
13y4eHo 3NeKTPoHHoe cocTosHue MeTtannos B Pt(Pd)/CCN karanusa-
Topax. Mpu ucnbITaHUK KaTanm3aTopoB B rMAPUPOBaHMM TepteHuna
YCTaHOBNEHO, YTO Pt-copepxawmit katanusatop Ha CCM moxet 06-
paTumo paboTath B LMKNax rMApupoBaHue-geruapuposanme (Tep-
teHUn-TepumMKnOreKcaH), 4To NepcrekTMBHO ANA MCMNONb30BaAHMA
TaKNUX KaTaAUTUYECKUX CUCTEM NPU CO3AHUM KOMMO3UTHBIX MaTepu-
anoB 1A XpaHeHus BOAOPOAA.

KnioueBble cnoBa: rugpupoBaHue, 61aropoaHble MeTanbl, apoMa-
TUYeCKMe YIeBOLOPOAbI, cBepxcwuThiii nonuctupon, NK-cnektpoc-
Konus.

In order to increase the yield of C,—C, light olefins compared to
conventional catalytic cracking we studied experimentally the
effect of temperature and catalyst/feed ratio on the main products
distribution of crude oil catalytic cracking on bizeolite catalyst and
industrial catalyst LUX. Bizeolite catalyst contains ultrastable zeolite
Y and ZSM-5 in equal amounts, the catalyst LUX — 18 % mass fraction
of Y zeolite in HREE form. Test results showed that in the range of
ratios catalyst/feed 5-7 and temperatures 540-560 °C with a deep
catalytic cracking of the hydrotreated vacuum gasoil on bizeolite
catalyst C,—C, olefin yield reaches 32-36 wt.%. The yield of gasoline
is about 30 wt.%. Under similar conditions, the cracking catalyst in
a series of suites overlook light olefins and gasoline are 12-16 and
37-45 wt.%, respectively. The distribution of final products in deep
catalytic cracking of various hydrocarbon fractions (vacuum gas-
oil, gas condensate and its fractions after distillation of boiling up
to 216 °C, as well as the heavy residue hydrocracking) to bizeolite
catalyst. It is shown that the fraction of gas condensate and residue
hydrocracking may be an additional source of hydrocarbons in the
olefin production.

Keywords: deep catalytic cracking, zeolite, bizeolite catalyst, ole-
fins, catalyst to oil ratio.

Mashkovsky I.S., Tarasov A.L., Kustov L.M., Tsyurupa M.P.,
Davankov V.A.

Catalysts with noble metals on the basis of hyper-cross-
linked polystyrene for hydrogenation of aromatic hydro-
€arbons ... 33

In order to develop an effective catalyst for the low-temperature
hydrogenation of aromatic hydrocarbons the authors prepared and
studied a series of catalysts containing precious metals on the sup-
port — hyper-cross-linked polystyrene, which has developed specific
surface area (> 1000 m?/g) and high thermal stability. There are
tests of Pt-and Pd-containing catalysts based on hyper-cross-linked
polystyrene, carbon and alumina supports in hydrogenation reactions
of simple (benzene, toluene), branched (n-butylbenzene) and poly-
cyclic (terphenyl) aromatic compounds. Found that in reactions of
hydrogenation of aromatic hydrocarbons on the activity of hyper-
cross-linked polystyrene catalysts are comparable or higher than the
activity of catalysts with noble metal catalysts based on Al,0; and
sibunit; the hyper-cross-linked polystyrene catalysts have higher
selectivity for the hydrogenation of benzene in a mixture of benzene
and toluene. By IR spectroscopy of adsorbed CO the electronic state
of metals was studied in the Pt (Pd)/hyper-cross-linked polystyrene
catalysts. When the catalysts testing in hydrogenation of terphenyl
it was found that the Pt-containing catalyst at hyper-cross-
linked polystyrene can reversibly work in cycles of hydrogenation-
dehydrogenation (terphenyl — tercyclohexane), what is promising for
the use such catalytic systems for the creation of composite materials
for hydrogen storage.

Keywords: hydrogenation, noble metals, aromatic hydrocarbons, hy-
per-cross-linked polystyrene, infrared spectroscopy.
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Copepxanue

WHXXEHEPHbBIE MPOBJIEMbI.
JKCNAYATALMA U NPOU3BOACTBO

NBawkuHa E.H., ®paHumHa E.B., PomaHosckuit P.B.,

Jonranos U.M., MBanuuHa 3.[., Kpasuos A.B.

Pa3paboTka MeToANKM yBeNUueHMs pecypca paboTbl Kata-
nu3aropa fermapupoBaHuUa BbiCLIUX NapaMHOB HA OCHO-
Be HeCTaLMoOHapHOW KWHETMYeCKoi Moeny peakTopa ....40

MpoanuTb CPOK CyObl NPOMBILNEHHOTO KaTaju3aTopa BO3MOXHO 3a
CYET YNYYIIEHUS TEXHONOMMYECKUX YCIO0BUI €ro 3KcnayaTtaumuu. 3o nos-
BOJIUT MAaKCUMaNbHO YCTPaHWTb (hakTopbl ie3aKTMBALMM KaTanu3atopa.
OcoGeHHOCTbIO MpoLecca KaTaiUTUYecKoro LerMapupoBaHus ymeBo-
[OpPOSOB SABASETCA HECTALMOHAPHOCTb, 0OYCNOBNEHHAs [e3aKTUBALIM-
el katanusatopoB. B ctatbe NpuBOAATCA pe3ynbrarbl MOAENMPOBAHUA
NPOMbILLAEHHOrO KaTalMTMYECKOro npoLecca AernapupoBaHnA BbICLINX
napaguHos Cy—Cy; — KNIOYEBOI CTaAMM B NPOM3BOACTBE JIMHEHbIX aN-
kun6eH30n108. Mo3TanHo onucaHbl: 1) TepMOAMHAMUYECKUIA aHaNN3 Npo-
TeKaloLWWX peakLuii MeTofamMmn KBaHTOBOM XUMUK, 2) OLieHKa NapamMeTpoB
KWHETUYECKOI MOLEeNU pelueHneM 0BpaTHOM KMHETUYeCKOW 3adaum, 3)
BbIGOP YpaBHEHUA [le3aKTUBALMM KaTannu3atopa KOKCOM, 4) pa3paboTka
METOAMKW YBENWYEHWUA pecypca Katanu3aropa LeruapupoBaHus C UC-
NoNb30BaHWEM HeCTaLMOHAPHOM MOAENN Ha OCHOBE KONMYECTBEHHOIO
yyeTa fobaBnseMoil B peaktop Boabl B MHTepBane 470-490 °C. Mpepa-
NIOXEHHAA Ha OCHOBE 3TUX MOAENen TeXHONOrnyecKas cucrtema ferung-
p1pOBaHMA BbICLIKX aJIKAHOB NO3BOJIAET NPOBOAMTL PACYET MO NPOrHO3Y
paboThbl peakTopa Npu pasfnyHbIX pexMMax nopayn sogsl. MokasaHo,
4TO NpM Nogaye BoAbl YBENUYMBAKLMMUCA NOPLUAMU pecypc paboThbl
Katanu3aropa ysenuyusaetca B cpegHem Ha 20-30 %.

KnioueBble cnoBa: Katanusatop, aernppuposaHune, BbiCWIUE anKaHbl,
MaTteMaTtuyecKoe MopaenuposaHue, pecprOB(bq)EKTl/IBHOCTb, MeTonbl
KBAHTOBOM XMWY, 06paTHaﬂ KWHETUYEeCKana 3ajaya, fe3aktTnealus.

I KATAJIU3 N OXPAHA OKPYXKAIOLLEW CPEbI

byuyHesa 0., Poccetu W., Kptokos A.

MepoBCKUTHbIE KAaTaNU3aTOPbI ANA KaTaIUTUYECKOro
6eCnNaMeHHOro CHUTaHUA METAHA .......uneeerreenennneennnnns 51

Moaunduumposantble LaCo0; 1 LaMnO; katanusatopel nccnefoBaHbl
B peaKuuu HU3KOTeMNepaTypHOro 6ecnnaMeHHoro CUraHua MeTaHa.
MpuroToBneHa cepus 06pasLos no obuweit hopmyne La;_,A,Me0;, rae
A = Ce, Sr, Ag; Me = Mn, Co, x = 0, 0.1, 0.2. 06pa3sLbl UccesoBanuch
KaK B YUCTOM BUAE, TaK U C fjobaBneHnem 6naropofHbix MeTanios (Pt,
Pd v Ag). Katanu3saropbl 6bin11 CMHTE3MPOBaHbI METOAOM MAAMEHHOTO
nuponu3sa, 6narogaps YeMy 3HaYMTENbHO YBENUUYUAUCH MOWAAL NO-
BEPXHOCTW M TEMNOBOE CONMPOTUB/IEHWE NO CPABHEHWIO C 06pasLamy,
NPUrOTOBNEHHBIMU TPAAULMOHHBIMKU 30Mb-reNb MeToAoM. O6pasibl
UCCNeA0BANUCL METOAAMU ANPPAKLMOHHO-PEHTIEHOBCKUM, BT n TPR.
Katanutuueckyo akTMUBHOCTb B peakLuu 6ecniaMeHHoro CKUraHus me-
TaHa UccnefoBay C NOMOLLb 1abOPATOPHON YCTAaHOBKM, OCHALLEHHOIA
KBaflpynonbHbIM Macc-cnektTpomeTpoM. Kpome Toro Gbina npotectupo-
BaHa YCTOMYMBOCTb KayAoro o6pasLa K OTpaBieHWIo Cepoii C NOMOLLbIO
TeTparnapoTMoteHa B KauecTse OTPaBIAIOWEr0 areHTa. B GonblinHc-
TBE CJly4aeB MOAMMULMPOBaHME NEPOBCKUTOB NPUBENO K YBENTUYEHUIO
aKTUBHOCTM, KOTOpas OKas3anach faxe BbIlE, YEM B Clly4ae 3aMelLeHus
cepebpa. Bce npurotoBneHHble NiaMeHHbIM MUPOAM30M 00pasLbl Ka-
TaNU3aTopoB NPOAEMOHCTPUPOBANM MONHOE MNpeBpalleHne MeTaHa
npu Temneparype Huxe 600 °C, C eAUHCTBEHHBIMU OBHAPYKEHHBIMU
npogyktamu — CO, u H,0. Sr-3amelyeHune n fobasneHune 6naropopHbIx

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Ivashkina E.N., Frantsina E.V., Romanovsky R.V.,
Dolganov I.M., Ivanchina E.D., Kravtsov A.V.

Development of a technique to increase the service life
of the higher paraffin dehydrogenation catalyst on the
basis of non-stationary kinetic model of reactor ......... 40

Extending the life of the industrial catalyst is possible by improving
the technological conditions of its operation. This will help eliminate
possible factors deactivation of the catalyst. Feature of the process
of catalytic dehydrogenation of hydrocarbons is unsteady due to the
deactivation of the catalysts.The article presents the results of the
simulation of industrial process catalytic dehydrogenation of higher
alkanes Cy—C;, — a key stage in the production of linear alkyl benzene.
Described in stages: 1) thermodynamic analysis of the reactions by
quantum chemistry methods, 2) estimation of parameters of the
kinetic model solution of the inverse kinetic problem, 3) the choice
of catalyst deactivation by coke of the equation, 4) development of
methods to increase the resources of the dehydrogenation catalyst
with time-dependent model based on quantitative records added to
the water reactor in the range 470-490 °C. Proposed on the basis of
these models, technological system of higher alkanes dehydrogenation
allows calculation of the forecast of the reactor under different
conditions of water supply. It is shown that when water resource
is increasing portions of the catalyst is increased by an average of
20-30 %.

Keywords: catalyst, dehydrogenation, higher alkanes, mathematical
modeling, resource efficiency, the methods of quantum chemistry, the
inverse kinetic problem, decontaminated.

CATALYSIS AND ENVIRONMENT PROTECTION

Buchneva 0., Rossetti I., Kryukov A.

Perovskite-like catalysts for the catalytic flameless com-
bustion of methane...........cccccceeiiiiiiiiiiiiii 51

Modified LaCoO; and LaMn0; were investigated as catalysts for low
temperature flameless combustion of methane. Modifications were
carried out by the substitution part of La for Sr*? and Ce**, by the ad-
dition of 0,5 % of Pt or Pd and by the substitution with Ag, which
have limited solubility in the perovskite structure and may exist as
intraframework Ag*™ and extraframework metallic silver. Catalysts were
synthesized by flame pyrolysis, which lead to a significant increase
of both surface area and thermal resistance in comparison with the
catalysts prepared by traditional sol-gel method. Samples were mainly
characterized by XRD, BET and TPR techniques. Catalytic activity for
the flameless combustion of methane was investigated by means of
bench scale continuous apparatus, equipped with a quadrupolar mass
spectrometer. In addition the resistance of every catalysts against
sulphur poisoning was tested by using tetrahydrothiophene (THT) as
poisoning agent. In most cases modification of perovskites led to an
activity improvement, which was much more evident in the case of
silver substitution. All the FP-prepared catalysts showed full meth-
ane conversion below 600 °C, with CO, and H,0 as the sole detected
products. Sr-substitution and addition of noble metals increased
resistance to sulphur poisoning, while silver was not effective from
this point of view, its main advantage being a substantial increase of

4
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Copepxanue

METaJIOB YBENUYUIN YCTOMYMBOCTb K OTPABNIEHUIO CEPOIA, TOTAA KaK
cepebpo ans 3toro He 3dhekTeHO. Ero masHoe npenMywiecTso — 310
3HaYNUTENbHOE MOBbILIEHWE HAYANbHOM AaKTUBHOCTM, YTO NPUBOAUT K
VOOBNETBOPUTENbHON paboTe KaTanusatopa faxe nocne oTpaBieHuUs.

KnioueBble cnoBa: MeTaH, KaTaNUTUYeCKOe CXKUTraHue, OTpaBeHue ce-
poii, NepoBCKUTONOA06HbIE KAaTaNNU3aTopbI.

LWapkuHa B.W., Ceperuna J1.K., LlaHkuHa B.I. , ®anbkesuy I.C.,

PoctaHuH H.H.

OumncTka BogoMeTaHONbHOM hpaKLuM OT MeTaHoa Ha Npo-

MbluieHHoM Katanusatope HTK-4................cccoeeeeeies 61

B pabote npuBegeHa cxema M ONMMUCaHWE YCTAaHOBKM AN WUCMbITAHUSA
KaTanu3aTopoB B OYMCTKE BOAOMETaHONLHON dpakuun (copepxaHue
MeTaHona 4,9-5,1 mac.%). MokasaHo, YTo KOHCTPYKTUBHbIE 0COBEH-
HOCTW peaKkTopa No3BONAIOT NPOBOAUTL UCMbITAaHUSA Ha DpakLuUm U Le-
nbix TabneTkax AnameTpom 4,5-5,0 MM, BblcoToi 4,0-5,0 MM. MonyyeHbl
pesynbTaTbl UCMBITAaHWIA MPOMbILWAEHHOTO Katanu3atopa HTK-4 B npo-
Liecce O4YMCTKMU BOAOMETAHObHOI (pakLMn OT MeTaHona Ha (pakLmu
(1,0-1,6 MM) 1 Lenbix TabneTkax nNpu oGBEMHOI cKopocTh 1250 4™t
(no naporasosoii cmecu), Temneparypax 200, 250, 300 °C u 8-4acoBom
ucnbitaHuu. MokasaHo, uto katanusatop HTK-4 nposBnseT BbiCOKytO
KaTaNUTUYeCKy0 aKTUBHOCTb Ha (pakLuu U Ha Tabnetkax npu 250 u
300 °C. CreneHb oumncTkm npu 250 °C Ha hpakuum 0,990 1 Ha TabneTkax
0,988 npu ucxopgHOM copepxaHun metaHona 5,1 mac.% B BofomeTa-
HOMbHOW hpakLuu.

KnioueBble cnoBa: BogoMeTaHoNbHas (PaKLMs, 04MCTKA OT METAHONA,
nporpamma Z-lab, xpomarorpad, Cu-cofepalymii karanusarop.

I OTEYECTBEHHbIE KATAIU3ATOPbI

Actpakosa T.B.

VYcoBepleHCTBOBaHME NOPUCTON CTPYKTYPbI U aACOPOLMOH-
HbIX CBOWCTB MPOMbILUIEHHbIX aKTUBHbIX YFAEMN ........... 64

B cratbe nokasaHa BO3MOXHOCTb VCOBEPLIEHCTBOBAHWUS MOPUCTOI
CTPYKTYPbI U fLCOPOLIMOHHBIX CBOMCTB NPOMBILUNEHHBIX AKTUBHbIX e
(AY) nytem mopuduumposanus e-kanponaktamom (KJ1). Wcnonb3o-
BaHWe e-KanpornakTama (MpOAYKTa MHOFOTOHHAXHOMO OpraHW4YecKoro
CWHTE3a) B KayecTse MOAMMULIMPYIOLLEro BeLecTBa N03BoJseT Hanpas-
JIEHHO PerynnpoBaTh YAebHYI0 NOBEPXHOCTbL 1 06beM Me3onop AY, a yc-
N0BUSA MOLUDULMPOBAHUSA U3MEHAIOT XMMUYECKMIA COCTAB NOBEPXHOCTU
VINepoAHbIX aACOPOEHTOB U, Kak CNeACTBUE, UX afLCOPOLMOHHbIE CBOIAC-
TBa. lpouecc mogudurumMpoBaHua npooguncsa B Tpu 3tana. Mepsblii:
apcop6buus KJI 3 BogHOro pacTBopa v NporpesaHue Npu TeMneparype
300 °C B nNpucyTCTBMM KUCIOpoAa Bo3fyxa. Bropoii: kapboHusauus B
TOKe aproHa npu Temnepatype 900 °C, u TpeTuil: napora3osas aKTuBa-
LMS NONyYEeHHbIX afcopbeHToB npu Temneparype 900°C. Mocne Kaxao-
ro 3Tana onpegfensAch NapameTpbl NOPUCTON CTPYKTYPLI N0 agcopbuumu
N, 1 acop6LIMOHHbIE XapaKTEPUCTUKM MO OTHOLIEHUIO K BeH3ony, iofy,
BOZHbIM pacTBopaM €-kanponakrama u cynodara megu (CuS0,). Mpu
MOAM(ULMPOBAHUM KapOOHU30BaHHBIX 06PA3L0B C NEPBOHAYANBHLIM
CoAepXaHuem e-kanponaktama 2 % HabnioJaeTcs yBenuyeHue Meso-
nop Ha 100 % o6bema Mo CPAaBHEHMIO C UCXOLHBIM MPOMBILNEHHBIM aK-
TBHbIM ymem Al-0B-1. B 3aBucumocTvt 0T 31ana moauduumupoBaHus
BO3pacTaer agcopbuus: 6eHsona Ha 50 %, aacopbuus loga U3 BOJHOMO
pactBopa Ha 20 %, aacopbums e-KanpoiaKkTama U3 BOfHbIX PacTBOPOB
6onee yem Ha 30 %, noHoB Meau (1I) 6onee yem Ha 70 % No CpaBHEHMIO
C aacop6umeit 3TX BewecTs Ha ucxogHom yrme Ar-0B-1. Cnocob nony-

the initial activity, which lead to satisfactory performance even after
poisoning.

Keywords: methane, catalytic combustion, sulphur poisoning, pe-
rovskite-like catalysts.

Sharkina V.I., Seregina L.K., Schankina V.G., Falkevich G.S.,
Rostanin N.N.

Cleaning the water-methanol fraction from methanol on
the industrial catalyst NTK-4.............ccooviiiiiirinnnnnnnn. 61

There are scheme and description of the apparatus for catalyst testing
in cleaning of water-methanol fraction (methanol content 4,9-
5,1 wt.%). It is shown that reactor design features allow to test fine
fractions and whole tablets with a diameter of 4,5-5,0 mm, 4,0-
5,0 mm in height. They obtained the test results of the industrial
catalyst NTK-4 in the process of cleaning water-methanol fraction
on fine catalyst fraction (1,0-1,6 mm) and whole tablets at a volume
rate of 1250 h™! (gas mixture), temperatures of 200, 250, 300 °C
and 8-hour test. It is shown that the catalyst NTK-4 performs high
activity on fine fractions and the tablets at 250 and 300 °C. The
degree of purification at 250 °C on the fraction is 0,990 and 0,988
on the tablets with initial content of methanol, 5,1 wt.% in water-
methanol fraction.

Keywords: water-methanol fraction, removal of methanol, the pro-
gram Z-lab, chromatography, Cu-containing catalyst.

DOMESTIC CATALYSTS

Astrakova T.V.

Improvement of the porous structure and adsorption
properties of commercial activated carbons................ 64

The article shows the possibility of improving the porous structure and
adsorption properties of commercial activated carbons by e-caprolac-
tam modifying. The use of e-caprolactam (the product of large-ton-
nage organic synthesis) as modifying agents can regulate directional-
ly specific surface area and mesopore volume of activated carbons, and
the conditions of modification change the chemical composition of
the surface of carbon adsorbents and, consequently, their adsorption
properties. The process of modifying was conducted in three phases.
First: the adsorption of e-caprolactam from an aqueous solution and
heating at 300 °C in the presence of atmospheric oxygen. Second, the
carbonization in argon at 900 °C, and three: gas-vapor activation of
adsorbents obtained at 900 °C. After each stage, the parameters of po-
rous structure on the adsorption of N, and adsorption characteristics
in relation to benzene, iodine, aqueous solutions of e-caprolactam and
copper sulfate (CuS0,).During the modification of carbonized samples
with an initial e-caprolactam content of 2 %, there is increase in meso-
pore volume up to 100 % compared to the original industrial activated
carbon AG-0V-1. Depending on the stage of modification increases the
adsorption: benzene at 50 %, the adsorption of iodine from aqueous
solution at 20 %, e-caprolactam adsorption from aqueous solutions by
more than 30 % of the copperions (II) more than 70 %, compared with
the adsorption these substances in the original coal AG-0V-1. A meth-
od of producing these modified adsorbents has no analogues abroad,
is patented and can be used in the industry. The initial is possible
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Copepxanue

YeHUA yKa3aHHbIX MOAMGULMPOBAHHBIX afCOPOEHTOB He UMEeT aHano-
OB 33 pybEeKoM, 3aNaTeHTOBaH U MOXET UCMONb30BATLCA B MPOMbILL-
NIEHHOCTU. B KayecTBe MCXOAHbIX BO3MOXHO UCMOJIb30BAHKE HE[OPOrUX
NPOMbILWAEHHBIX yrei. MoryT 6bITb NONYYeHbl YIEPOAHbIE aACOPOEHTI
C 3af}aHHbIMU CTPYKTYPHBIMU U aiCOPOLMOHHBIMU CBOICTBAMM.

KnioueBble cnoBa: yrmepofHble agcopbeHTsl, MoaubuuMpoBaHue,
€-KanponakTam, nopucTas CTpyKTypa, ancopbums.

JntBuwkos H0.H., Tpetbskos B.®., TanbiwnHckmit P.M.,
3cenpmes M.P., yceitnosa 3.M., LWakyHoBsa H.B., Mypagosa I1.A.
Cuntes nopucroro Al/AL,0;-HocuTensa katanmsaropa, CTu-
MyNMpyeMbli 3JIeKTPOMAarHuTHbIM usnyyeHnem CBY-gua-
MA30HA ceuviinniiniiiinniitniieietnteanetaeetnseenetnsernesenseees 69

BuisBnenune ponn CBY-uznyuenus s cuntese nopucroro Al/y-Al,05 Ho-
CUTeNns, UCMONb3yeMOoro B KaTaau3aTopax, ABASETCA NPUHLUNUANLHO
HOBbIM HanpaBfeHWeM WUCCNe[0BaHUA NPOLECCOB, CTUMYNMPOBAHHBIX
8 none CBY. B paboTe npeacraBneHbl pesynbratbl CUHTE3a NOPUCTOMO
Al/y-Al,03-HocuTens, akTUBHO NOMOLLAIOWLErO 3EKTPOMAarHUTHOe n3-
nyyeHne CBY-gnanasoHa. lMpeanonaraetcs fanbHeiilee ero UCnosb-
30BaHu1e AN NOJyYeHNA KaTtaan3aTopoB reTeporeHHo-KaraauTuyeckux
peakuuit, ctumynupyembix sHepruent CBY-nons. NMokazaHa BO3MOXKHOCTb
MHTEHCWUBHOTO MOMIOLEHUS MUKPOBOJIHOBOTO M3NIyYeHUs C YacToOTOl
2450 Ml obpasuamu, nonydyeHHbIMM NpU rMApPOTEpPManbHoi obpa-
60TKEe NPOMbILIEHHbIX NOPOWKOB aNOMUHUSA B MPUCYTCTBUU TUAPO-
rens ruapoKCUAA anioMUHUA C NoCnefyloLWmnM cnekaduem B none CBY.
CpepHss Temnepatypa Harpesa macchl 06pasuos Al/y-Al,05-HocuTens,
focTuraemas npw Bosgeicteun CBY-n3nyyeHuns pasnuyHoi MHTEHCHB-
HOCTM, COMOCTaBMUMa C TEMNePaTypoil, He06Xo[MMON ANIA NPOTEKAHUSA
reTeporeHHO-KaTaMTMYeCKUX peakunii B ra3oBoil dase, B ycioBuax
TPaAMLMOHHOTO HarpeBa KaTaNM3aTOPHOM WWXTbl. YCTaHOBMEHO, YTO
rugpotepManbHas 06paboTka MOpPOLKOB aNlOMUHUSA B MPUCYTCTBUM
3apaHee NpUroTOBEHHOW €r0 FMAPOOKUCU HYXKHA TONbKO AN XUMM-
4eCKOro CBA3bIBAHNA KPUCTANINTOB alOMUHUA C OKpYXKatoLeli 1x oK-
cuaHoit obonoukoit. CBOIICTBA e HocUTeNs nornowars 3Hepruio CBY
OMNpefensoTCs COYeTaHUeM METaNIMYECKON 1 OKCUAHOI (a3bl.

Kniouesble cnosa: CBY-3neprus, nopuctbiit Hocutens, Al/ALO; rua-
poTepmanbHas o6pabotka, 6emuT, Y-Al,03, AL(OH);-nH,0.

I WHOOPMALIMOHHDBIE COOBLIEHNA

Manos I'.W.

Poccuitckuit KoHrpecc no katanusy « POCKATAJIN3»
(3-7 oKkTAGPA 2011 r., MOCKBA) ....ceevvveeeerinnnnnnnnnnnee 75

YecHokoBa P.B.

Kpyrnbiit cton «10 neT ¢ HayKOi U NPOMBILNEHHOCTbIOY
WypHana «Katanus B NpOMbIWAEHHOCTUY ................... 78

to use a budget industrial activated carbons. Can be obtained carbon
adsorbents with given structural and adsorption properties.

Keywords: carbon adsorbents, modification, e-caprolactam, pore
structure, adsorption.

Litvishkov Yu.N., Tretyakov V.F., Talyshinskiy R.M., Efendiev
M.R., Guseinova E.M., Shakunova N.V., Muradova P.A.
Synthesis of porous catalyst Al/Al,0;-support stimula-
ted by electromagnetic radiation of the microwave

FANGER ..oniieniinieereneenereneenereaeenerensenesensenssnnsenssnnsensannns 69

Identifying the role of microwave radiation in the synthesis of porous
Al/v-Al,0; support used in catalysts, is a fundamentally new direction
of research processes, stimulated by a microwave field. This paper
presents the results of the synthesis of porous Al/y-Al,05 support ac-
tively absorbing electromagnetic radiation of the microwave range.
Expected to further its use of catalysts for heterogeneous catalytic
reactions, stimulated by the energy of the microwave field. The possi-
bility of strong absorption of microwave radiation with a frequency of
2450 MHz samples obtained by hydrothermal treatment of industrial
aluminum powders in the presence of the hydrogel of aluminum hy-
droxide, followed by sintering in the microwave. The average tempera-
ture of the sample mass Al/y-Al,05 support, achieved under the influ-
ence of microwave radiation of varying intensity, comparable to the
temperature required for the occurrence of heterogeneous catalytic
reactions in the gas phase, in traditional heating the catalyst mixture.
It is established that the hydrothermal treatment of aluminum pow-
ders in the presence of pre-cooked the hydroxide is only needed for
the chemical bonding of aluminum crystallites with the surrounding
oxide shell. The properties of the carrier to absorb microwave energy
determined by a combination of metal and oxide phases.

Keywords: microwave power, porous media, Al/AL,05 hydrothermal
treatment, boehmite, y-AL,05, AL(OH);-nH,0.
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HUAKODPA3HOE OKUCIEHUE

U30MPONMUNBEH30J1IA B MPUCYTCTBUM
N-TUAPOKCUDTAIUMUIA

© 2012 r. I.H. Koweno,

E.B. CmupHoBa, E.A. KypraHosa,
10.6. PymaHuesa,

B.B. Nnaxtuuckun, C.I. Kowenb

OKuCIUTENbHBIE  TMpeBpallleHus  ajJKujapoMa-
TUYECKUX YTJICBOIOPOIOB SIBJISIIOTCS OCHOBOM TIIep-
CIIEKTUBHBIX METOJIOB IIONYyYEeHUSI pPasHOOOpa3HBIX
KHMCJIOPOICOAEPXKAIIUX OPTAaHUYECKUX COSNTMHEHUI —
anKuIPeHoJIoB, anndaTUIeCKNX KETOHOB, KOTOPHIC
I POKO UCIIOIB3YIOTCA B CUHTE3€ ITOJTMMEPHBIX MaTe-
puagoB, 001aIa0IINX LIECHHBIMU CBOMCTBAMU.

I[Mompo6HO M3yYeHBI W IIUPOKO pealn30BaHBI B
TMPOMBINIJICHHOCTH «KYMOJIBHBIW» METOH ITOJIYUeHU ST
¢eHona u auetoHa [1] 1 COBMECTHBII CUHTE3 CTUPOJIa
¥ oKcupaa mpomuiaeHa (XarkoH-Tipoiiecc) [2]. OcHoB-
HO# cTamuei 3TUX IPOIECCOB SABISETCS XMAKOdas-
HOE MHUIIMUPOBAHHOE OKHUCJIEHUE U30TPONUIOEH30-
nma (UI1B) u stunbensona (BB) 10 COOTBETCTBYIOIINX
TUAPONEPOKCUI0B. DKOHOMMKA BCEro Ipoliecca Ha-
MPSIMYIO0 3aBUCUT OT CTeleHU 3(PGEKTUBHOCTU CTa-
Iun. B 3TOi CBSI3M aKTyaJlbHBIM SBJISICTCS CO3MaHUE
YCJIOBUM IJIS1 TIpoliecca OKUCIEHU S, KOTOpPbIe MO3BO-
JISIT YBEJIMYUTh KOHBEPCUIO UCXOAHBIX YTJI€BOIOPOIOB
IO TUIPOTIEPOKCUIOB (B TOM YHCIIEC C UCIIOJIb30BaHUEM
3bGEeKTUBHBIX KaTaau3aTOPOB) MPU COXPAHEHUU BbI-
COKOMI CEeJIEKTUBHOCTU MX 00pa3oBaHUS 0e3 M3MEHe-
HUS B TEXHOJIOTHH.

WM3yyass KmHeTHYeCKUE 3aKOHOMEPHOCTU XUIKO-
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Pymanyesa K0.b. — acnupasm modi xe Kagedps!

Mnaxmutckui B.B. — 0-p xum. Hayk, npog. kageopsl opaaHuyeckol xumuu
moeo e yHusepcumema

Kowens C.I'. — 0-p xum. Hayk, 3a8. kagedpoli obueli xumuyeckol mexHos0-
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flpocnaBcKuUi rocyaapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET

¢asHoro okucneHus UIIb, yctaHOBUIM, YTO MPU UC-
MoJib30BaHUU 2—3 % MaccoBOro copepxaHus N-TU-
pokcudramumuaa (N-IT'OU)

O
N-OH

Y 0

B 2 pa3a TOBBIIIAETCS CKOPOCTh OKUCJIEHUS YTJIEBO-
JIopoja Mo CpaBHEHUIO CO CTaHIAPTHBIMU YCJIOBUSIMU
npouecca. I[Ipu remmepatype 120—130 °C 3a 2—3 9 pe-
aKIIM¥1 KOHBEPCU S U30MPONUI0eH30/a cocTaBset 40—
50 % (ceaeKTUBHOCTb 0Opa30BaHUSI TMAPOITEPOKCHIA
rnpu 3ToM 90—95 % [3]. 3a cueT MOBBIIIEHUSI CKOPOCTU
peakiMyu U KOHBEPCUU YTJIeBOIOPOA ITPU COXPAaHEHUU
BBICOKOM CEJICKTUBHOCTU 00pa30BaHU S THAPOIIEPOKCH-
Ila pelraeTcs IpodjieMa NHTeHCU(UKAIINY OKUCIICHUS
WIIb c ucnons3doBanueMm N-ruapokcudraiumuia, uyto,
YUUTBIBasl MaclTaObl MPOM3BOACTBA (PeHOIA, MOXKET
CYIIECTBEHHO YJIYUYIIUTH 9KOHOMHYECKIE MOKA3aTeIn
rporecca.

s moaTBe pXKASHU S 11eJ1eCO00pa3HOCTH UCITOIb30-
BaHus N-I'OU u ero cTpyKTypHBIX aHAJIOTOB B Kadyec-
TBE COEAWHEHW, TMOBBIIIAIOIINX CKOPOCTh peaKIMu
okuciaenusi UIIb, KBaHTOBO-XMMUUYECKUM METOAOM
PM3 (aeorpanmueHnHbIi MeTon XapTpu-Poka miIst oT-
KPBITBIX 000JI0YEK) pacCUMTaIN MHAEKC peaKIIMOHHOMN
CIIOCOOHOCTH — Pa3HOCTb MEXIY SHEPTUSIMU OTHO-
KPaTHO-3aHATOM MOJIEKYJIApHON opbutanu (JAE )
panukana cyocrpata — UIIb u [AE | panukana a3ot-
conepxaiero coenuHeHus (AC).

SlmoHCcKMe ydeHble peKOMEHAYIOT BHIOMpATh KaTa-
JIMTUYECKHUE CUCTEMBbI, B KOTOPBIX Pa3HOCTb IHEPre-
tudeckux ypoHeit O3MO coctaBaser ot 0 go 10 3B,
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Katanus B xumnyeckon u HeCl)TeXI/IMVI‘-lECKOVI NPOMBbILWIEHHOCTHN

npeanouytureiabHee oT 0 10 4 3B [4]. DTo MO3BOJUT elle
0 HavaJjia 9KCIIepMMEHTAa OLIEHUTh MPUTOAHOCTh KaTa-
JIN3aTopa U CKOPOCTh Mpoliecca, Co3naBasi pearochi-
K¥ JIJIs1 JaJIbHEWIITMX TEXHOJIOTUYECKUX UCCIIEIOBAaHMIA.
M3 1abn. 1 3akaouaem, yto 3HaueHus [AE,,,, | HaxooT-
csa B mpeneie 1—1,5 3B; cinemoBatenpHo, N-T'OU u ero
CTPYKTYPHBIE aHAJIOTH MO HO MCITOJIb30BaTh B ITPOIIEC-
cax XuaKodazHOro OKUCIACHUS U30ITPONMUI0EeH304a.

MzBectHo, uto N-I'DU yckopsieT mpolecc OKHC-
JIeHUSI aJIKaHOB, aJKUJOEH30JI0B, CIIMPTOB, 3(PUPOB,
aleTasieil, MpoayKTaMu KOTOPBIX SBJISIIOTCS KUCIOPOI-
copepxalne CoeTMHEHUS (HaIlpuMep, KeTOHEI, Kap0o-
HOBBbIE U TMKapOoHOBbIe KUCAOTHI) [5]. [Ipennonaraercs,
YTO B JAaHHBIX OKUCIUTEIbHBIX ITPOIIECCAX U3 MOJICKYJIbI
N-T'®U 1mipm B3aMMOOENCTBUM C paaviKaJIoM WHUIIHA-
TOpa MJIW C TIEPOKCUIHBIM paauKajoM OKMCIISIOIIETO
BellecTBa obpasyercss N-oKCUGhTaIUMUIHBIN pagrKall
(N-O®UP), criocoOHBII CENeKTUBHO OTPHIBATH aTOM
Bopopona oT C—H-cBs3u ajKkuiapeHoB ¢ 00pa3oBaHUEM
COOTBETCTBYIOIIMX aJIKMJIAPEHOBBIX paaukaioB. JlaH-
HBIM C-LIEHTpMPOBAHHBIN aJIKMJIAPECHOBBIN paanKai B
MPUCYTCTBUM KHCJOpOAa IpeBpalaeTcs B MEPOKCHI-
HBII paauKaJl, KOTOPbIA B CBOIO OYepelb B3aUMOIECHC-
tByeT ¢ N-T®U, obdpazys N-ODPUP u rumpornepokcu.
OkuclieHre, COrjlacHO KaTaIuTUYeCKOMY IIMKJITY, BEIET
K IOSIBJIEHMIO COOTBETCTBYIOIIUX IIEPOKCUIOB:

0
RH NO’ ROOH
N-ooup O
o)
R NOH ROO’

Jnast oCyllecTBIEHUSI 3TOr0 LUKJIAa HEOOXOAMMO,
YTOOBI B CHCTEME MPOVMCXONMIIN peaKIU WHUIITNHPO-
BaHMs Leneil. OOBIYHO TaKue MPOLECCHl MPOXOIIT C
KMCIO0JIb30BaHMEM MHULIMATOPOB UJIU COKATAIN3aTOPOB,
BBI3BIBAIOIINX 00pa30BaHNe CBOOOMHBIX PaINKAaJIOB IO
peaxkiny pa3joXeHu 1 00pa3yoMXCs IEPOKCUIOB UK
TUIPOIIEPOKCHUIOB.

B Toxe Bpems, KaK clienyeT M3 MOJYUYeHHBIX HAMU
3KCIIEpPUMEHTAIbHbBIX TaHHBIX, IIPU OTCYTCTBUM WHU-

1IMaToOpOB WiIu cokaranuzaTopoB N-I'DU ciocobeH cam
aKTUBMPOBATh IPOILIECC OKUCICHUS, MO3TOMY BaXKHO
YCTAaHOBUTH €TO POJIb HAa JAaHHOM CTaquM.

B ycioBusix HeINpepbhIBHOTO IIpoliecca OKMCICHUS
IMIOMUMO HETpopearupoBaBIIEro M30MPOIMIOeH30Ia B
PELMKII CJIenyeT HallpaBIsITh U KaTaanu3aTtop. Kak 0110
YCTaHOBJIEHO paHee [3], Mpu MMOBTOPHOM MCITOJIb30Ba-
HUM BBIIEJICHHOIO M3 MPOAYKTOB okucieHus N-I'OU
OCHOBHEIC XapaKTepUCTUKH IIPollecca MPakKTHICCKU He
n3MeHsoTcs. He3HaumTenpbHOE CHUXKEHHE MacCOBOTO
cogepxanus I'IT UIIb B nmpoaykrax okucieHus ¢ 37,2
10 35,0 %, no-BUAMMOMY, CBSI3aHO ¢ TeM, yTo N-I'DU
TTOBTOPHO MCITOJIL30BaJICs 63 TOMOTHUTEIbHON OUUCT-
K. BO3MOXHOCTb TaKOr0 IMOBTOPHOI'O MCIIOJIb30BAHU S
B npouecce okuciaeHuss MIIb cBumeTenbcTByeT 0 Ka-
tanutrudeckoit mpupone N-I'®U. YtoOwl eire pas moji-
TBEPAUTH 3TO MOJOXEHUE, Ha YCTAHOBKE IIPOTOYHO-3a-
MKHYTOT'0 TUTIA ObIJIa IIPOBeACHA CEPHU S DKCIICPUMEHTOB
B IIPUCYTCTBUM a30-0Ouc-u3odoytuponutpuia (AUbH) u

0 06beM NOroWEHHOTO KUCI0POaa, Ml

a 3
60+ 2
50+
40

60~

401 1

20+

0 10 20 30 40 50 60 T Mmuu
Puc. 1. BausHue KOHLUEHTpPaLMW KUCIOPOAA Ha OKMUCNEHME
n3onponunbeHsona

Okucnutenb: Bo3gyx (a), kucnopog (6)

1 - AUBH; 2 — N-TOW; 3 — AUBH n N-T®N
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Tabnuua 1
JHeprua ofHOKPATHO-3aHATON MoNeKynApHoi opbutanu (|AE,,,,.|) B 3aBUCUMOCTH
OT CTPYKTYpHbIX aHanoroe N-F®U ana peakuumn okucnenusa nsonponunbensona

y Pa3HoCTb MeXAY 3Hepruamu
JHeprus OAHOKPaATHO-3aHATO JHeprus N
N y OAHOKPATHO-3aHATON
3amectutenb MOJIEKYNAPHOI opOUTany OAHOKPATHO-3aHATON ;
y MoneKynapHon opbutanu
B apOMaTUYeCKOM afpe pajMKana a3oTCOLepKaLLEro | MoneKynspHon opbutanu
cy6cTpaTa v paaukana
N-ToWn, Y coefMHeHus, papukana cybcrpara,
E... (AC), 3B E....(R), 3B a30TCOAEPXKALLEro COLUHEHNS,
03MO0 03M0 |AE03M0|’ 3B
4—CH; -9,69 1,27
3-CH, -9,70 1,28
H -9,73 -8,42 1,32
4—Br -9,80 1,43
4—Cl -9,85 1,38
Tabnuua 2
3aBMCUMOCTb CKOPOCTH OKMCJIEHMA U3onponuabeH3ona oT AaBNEHUA Kucnopoaa
Conepxarive Ml NMb 0 CkopocTb okucnenus UNB, mons/(n°c)-10*
MHVILI,VIaTOp B NPOAYKTAaX OKNUCNeHus, mac. o
128 mm pT. CT. | 760 mm pT. CT. 128 mm pr. CT. | 760 MM pT. CT.
AWGH 6,4 10,5 1,0 1,7
N-TOU 15,0 26,5 1,1 4,2
AUBH + N-Tou 16,8 27,7 2,7 44

N-T®U 1ipu pa3nnyHOM JaBJICHUY KUCIOPOIa (CM. pHC.
1; Tab6m. 2).

YcimoBus mpoBemeHMsI 3KCIIEPUMEHTOB: TeMIIepa-
typa 120 °C, maccoBoe coxepxanne AUBH, N-IT'OU
2,7 %, Bpemsi peakuuu 1 4.

[TorygyeHnHBIe pe3yabTaThl ITOKA3aaM, YTO CKOPOCTh
okuciaenusi UIIb, muuuuuposanHoro AUBH, B ot-
cytcrBue N-I'OU BospacTaer B 1,6 pa3a mpu USMEHEHU U
MapIraJIbHOTO JaBJICHUS KUCIOpoaa oT 128 (Bo3ayx) mo
760 MM PT. CT. (4UCTHI Kucaopon). B To ke BpeMsi, mpu
nobapiaeHun B cucteMy N-IT'®OU, ckopocTh OKUCIECHUS
BoO3pacTaeT B 3,7 pasa.

DTu maHHbIE TIO3BOJISIOT MPENNOJIOXUTh, UTO KUC-
JIOpOI MPpMHUMAET yJyacTHe B CTaIUU 3apOXKICHUS 1IETH.
Takum 00pa3oM, B OTCyTCTBHEe MHHUIIMaTopa n3 N-I'OU
MoxeT 06pa3oBbiBaThcst N-ODPUP 1o peakiinu:

0 0
NOH + 0, —> NO' + HOO'
0] 0

Bce m3nmoxkeHHOE TMO3BOJISIET cuMTaTh, 9To N-I'OU
SIBJISICTCSI KaTaJM3aTOPOM U MPOLECC OKMCICHUS aj-

KMJIApOMAaTUYECKUX YTJIIEBOIOPOAOB B IPUCYTCTBUU
N-rugpoxcudpTaiuMuaa MOXHO OMUCATh CIEIYIOIIUM
obpasoM [8]:

[RH]
I-T - R, (1)
R + 0, —» RO, ?2)
ks
RO’ + RH — R + ROOH, 3)
kg
2RO, — IpOAYKTHI, ()]
Ky
RO’; + N-T®U — ROOH + N-ODUP, )
N-OOUP + RH — R + N-TOU. ©6)

OH npoTekaeT MO KJIACCHMYECKOMY paduKalbHO-
LIETTHOMY MEXaHU3MY XUIKO(a3HOTO OKUCICHMS YT-
neBonoponoB (1—4) u MexaHusmy ¢ yyactuem N-IT'OU
(5, 6). B cooTBeTCTBMU C 3TUM aJKUJIAPEHIIEPOKCHPA-
nukan (RO%) Berynaet Bo B3aumogeiictsue ¢ N-I'OU,
obpasysa N-okcubraauMuaHbiii pagukain (N-ODUP),
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KOTOPBIXA B NaJIibHEHIIEM 1 BEIET MPOLIECC OKUCICHUS.
CrnegoBaTeIbHO, CyMMapHasi CKOpOCThb 3TOr0 IIpoliecca
NpeACTaBJIEHA IBYMS COCTABJISIOIIUMUA:

W =k,[RH] L/ k[ N-T®U] E, (7)
\/ ke \/ ke
/VVi
W =W, + k;[N-TDU] P ®)

rae W, — ckopocTb okuciaeHus 6e3 N-I'®U (tonsko ¢
nHULMaTopom); W — ob1as CKOpocTh Mpolecca OK1c-
nenus; W; — ckopoctb nHunuuposanusa niaga AVMBbH;
ky— KOHCTaHTa CKOPOCTH OTPbIBA aTOMa BOAOPO/IA aJl-
KWJIapeHTIEpOKCHpaguKaaoM oOT Moyiekyiasl N-I'OU;
kg — KOHCTaHTa CKOPOCTU OOpBIBA LIEMH.

Bennuuny k, 1uist u3onponuabeHsona onpeneauimn
BKCMIEePUMEHTAJILHO. JIJ151 3TOT0 OBbIJI0 U3YYEHO BIMSTHUE
koHHeHTpaunu N-I'OU Ha ckopocTh okucinenus UIIb.
WccnenoBaHus npoBoauauch mpu teMiiepatype 70 °C
B npucyTctBuM nHuumatopa AMBH ¢ koHueHTpauuei
0,123 Monp/n, koHueHTpanuss N-IT'OU maMmeHs1ach B
mnana3oHe 0—0,17 Monb/n. BepxHuit mpenea uccieny-
eMoii koHueHTpauun N-I'DU cBsg3aH ¢ orpaHUYEeHHOMR
€ro PacTBOPUMOCTHIO B YTJIEBOAOPOIaX. AHAJIOTUYHEIC
WCCeA0BaHUS MTPOBOAMIIM A 3TUJI0EH30a U LIUKJIO0-
rekcunoensona (LIT'B).

CornacHo ypaBHEHHIO (8) IpeAIiojlaracMoro Mexa-
HU3Ma, kf MOXET ObITb OIpeAesieHa Mo TaHTeHCYy yrIa
HaKJIOHa NMPSIMOM, MOCTPOEHHON B KoopauHaTtax W, =
= f(Cy.ron) (puc. 2). [lonyyeHHbIe 3HAYCHUS ky ITPE]I-
craBieHbl B Taba. 3. COOTHOLICHHWE KOHCTAHT Kr/k,
MoKa3bIBaeT, HACKOJBKO OBICTpEe MPOTEKAET peaKIlus
MPONOJIKEHMS el epokcupannkaia ¢ N-I'OU, gyem
peaxuus ¢ yraeBogopoaom. s UITb koHcTaHTa cKO-
pPOCTH OTpBIBa aTOMa BOAOPOJA aJKMJIapeHIIEpOKCHU pa-
JIUKaJIoM oT Moaekynbl N-I'®U u yrneBomopona pa3iu-

Tabnuua 3

-5
CkopocTb okucnenus, W,-10 °, monb/(n-c)

3
124

101

2

——

0,05 0,10 0,15
KoHueHTpauus N-TOU, monb/n

0,20

Puc. 2. 3aBUCHMOCTb CKOPOCTU OKUCNEHMSA U30NPONUNBEH-
30713, LMKIOreKcunbeH3ona u 3TuNGeH30M1a OT KOHLEHTpa-
ummn N-rugpokcudtanummaa

JKkcnepumeHTanbHble ycnosus: Temnepatypa 70 °C; KoHLeHTpauus
AWBH 0,123 monb/n; yrnesogopoga: 36 (1), LUrb (2), UMb (3)

yaercd B 19 pas, a1 L' B 16,7 u 111 Db B 15,9 pa3a.
TakuM oOpa3oM, U3 aHaaM3a TMOJYYEeHHBIX JaHHBIX
cienyet, uto peakunu N-I'DOU ¢ mepokcupaImKaioMm
U opraHuyeckoro cyocrpara ¢ N-okcudTaauMUAHBIM
pagukayioM (N-O®PUP) npupoasit K HeOOpbIBAEMOMY
npono/keHuio 1enu. COOTHOLIEHUe KOHCTaHT Kr/k)
OOBSICHSIET MPUUYNHY PE3KOTO YBEJIMUYECHUS CKOPOCTHU
OKMCJICHUS YTIeBOAOPOIoB B npucyTcTBuu N-I'OU mo
CPaBHEHUIO CO CKOPOCTBIO PEAKIIMM C WHUIIHATOPOM.
DTOMY YTBepXICHWIO HEe IPOTHBOpEYAT NaHHBIE ITO
OKMCJICHUIO TeTpajuHa, npenctaBieHHbie M. A. Omneii-
moii ¢ corpynHuKamu [9]. B pabore aBTOp mpUBOOUT
SKCIEpUMEHTAJIbHEBIC TaHHbIE OKWCJICHUS TeTpaJiInHa
¥ YKa3bIBaeT, YTO COOTHOLICHUE KOHCTaHT kr/k, paB-
Ho 10, a CKOpPOCTh OKUCIICHUS YIJICBOOOPOIa B CUCTEME

KoHcTaHTbI 3J1IeMEeHTapHbIX CTaauin OKMCNeHus M30ﬂp0ﬂMﬂ6€H30ﬂa, LI.MKJ'IOFEKCMHGEH3OII& n 3TUn6eH3ona

B npucytcteun AUBH n N-TOU

KoHcTaHTa KoHcTaHTa ckopocTtu
CooTHoweHKe KoHcTaHTa
CKOpOCTH OTpbIBa aTOMa BOAOPOAA
Ha3saHue KOHCTaHT CKOpOCTH 06pbiBa Lent ANKMNAPEHNEPOKCHPAAUKANOM CooTHoweHMe
ymesopopopa | kp/ks>*-10%, pocTa uenu k,, Pbia U KOHCTAHT K¢ /k,
05 k1072, ot monekynbl N-TOU k;
n/(monb-c)™ n/(monb-c)
n/(monb-c) n/(monb.c)
nne 8,15 1,26 [6] 0,24 23,93 18,99
ure 1,63 2,00 [7] 15,06 33,41 16,71
3b 0,9 4,01 [6] 198,52 63,63 15,87
MpumeyaHue. Temneparypa 70 °C.
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N-T®U—-AWBH Bo3pactaeT B 1,5 pa3a mo cpaBHEHUIO C
ucnoab3oBanuem onHoro AUBH.

3aknoyeHue

Jloka3zaHa 11eJlecoo0pa3HOCTh UCITONb30BaHUsT N-TUj-
pokcupTaIMMALA U €TO CTPYKTYPHBIX aHAJIOTOB B Ka-
YecTBe KaTaJM3aTOpPOB B Ipoleccax XUIKOoGha3zHOIo
OKMCJICHHUSI aJKMJIapOMaTUYECKUX YIJIEBOAOPOIOB.
O06ocHOBaHa BO3MOXHOCTh MHTEHCU(PUKAIINHU ITPOIIEC-
ca okucienus1 UI1b no ruapomnepokcuaa ¢ yyacTueM
3TUX KaTaJau3aTOPOB 0€3 U3MEHEHUS TEXHOJIOTUU IIPO-
mecca, 4TO ITO3BOJUT CHHU3UTH CEO0ECTOMMOCTD IIOJY-
yeHus (peHosia U alleTOHA. YCTaHOBJIEHAa BO3MOXHOCTh
noBTopHoro ucnonb3oBaHus N-T'OU u ero croco6-
HOCTh CAMOCTOSITEJIbHO aKTHBHPOBATh IIPOIIECC OKHC-
JIeHUs 0e3 yyacTusi UHUIIMAaTOPOB U COKaTaInu3aTOPOB.

PaccMoTpeH MexaHU3M peaKIIMU OKMCICHUS ajlKu-
JIapOMAaTHUYECKUX YTICBOAOPOIOB IO TUIPOIICPOKCUIOB
B IpucyTcTBUU N-ruapokcudranumuaa. HaitneHo co-
OTHOIIIEHUE KOHCTAHT CKOPOCTHU OTPhIBa aTOMa BOAOPO-
Ja mepokcupaaukaiom ot monekyinsl N-T'OU u yrie-
Bonopona (ks/k,), mokasbiBalolee, HACKOJIbKO ObICTpee
MpOTEeKAaeT peaklvsl MPOAOJKEHUS LIeNUu TepoKCcHUpa-
nukaina c N-IT'OU, yeM peakusI ¢ YIIIEBOTOPOIOM.

UDK 544.47; 547.571
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1. Introduction

Environmentally safe functional catalyst for organic
reactions is an emerging field of «green chemistry». The
nanotechnology guided design and synthesis of novel
catalysts show enhanced performance in their cata-

lytic activity or selectivity. Chemical industries engaged
in synthetic organics especially design and synthesis of
drug intermediates, natural products, bioethanol and oil
extraction seriously looking for new molecular/catalyst
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materials. Many nano catalysts show regenerative quality
by thermal or chemical treatments for repeated use and it
reduces the cost of the chemical synthesis. Economically,
the nanostructured catalysts have societal benefits in their
energy efficiency as well as by cutting the hazardous gase-
ous-emissions and minimizing the industrial water pol-
lution [1]. Metal nano catalysts exhibit large surface areas
have been found applications in wide range of chemical
reactions including hydrogenation, hydrosilylation, hyd-
rogenolysis, Heck-type coupling, oxidation reactions etc
[2—5]. Zeolite type porous materials with pore size of sub-
nanometers and clay minerals intercalated with transition
metal ions having high surface area have been employed
as catalysts very successfully even today for many indus-
trial chemicals [6—9]. Swelling nature and ion exchange
property of the clays are the important advantages in clay
catalysts where one can exchange bulky organic cations
easily during synthesis.

Supported noble metal catalysts with particle size down
to a few nanometers are recommended in today’s chemi-
cal processes. Importantly, deliberate tailoring of particle
size, shape and surface could lead to improved or new cat-
alytic properties. The generation of metal particles of na-
nometer size in the interlamellar space of the clay miner-
als was found to be a favorable technique for synthesizing
well dispersed and stable metal catalysts. The use of such
catalysts in selective hydrogenation reactions overcomes
the disadvantages like poor metal reduction, less selectiv-
ity, side reactions like condensation and cyclisation met
with the conventional porous and supported catalysts.

Heterogeneous catalysts used in hydrogenation reac-
tions contain usually an active metal species supported on
a carrier. The metal is able to adsorb hydrogen thus mak-
ing hydrogenation reaction possible. The carrier is able to
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disperse the metal to smaller particles as compared to bulk
metal enhancing the specific metal surface area. Addition-
ally, smaller metal particles partially behave as non-met-
als, e.g. have higher electron densities, leading to higher
hydrogenation rates compared to larger particles [10]. In
addition to the electronic effects which vary from met-
als to metals, geometric dimensions of the metal particles
also influence the kinetics of the hydrogenation reaction
and selectivity if the size of the reacting molecule is close
to the size of metal crystallites [11]. Activity and selectivity
depend not only on the metal type and dispersion but also
on the support. Secondly the electronic properties of the
active metal can be modified by a promoter which in turn
modifies the catalytic activity. In the preparation of sup-
ported catalyst, a high degree of dispersion of metal par-
ticles is important for maximizing the contact area of the
catalyst with the reactant. It also minimizes the fraction
of catalyst that is buried within the large particles which
are unable to participate directly in the catalysed reaction.
The mass transport in both reactants and reaction prod-
ucts is also increased when size of the catalyst particles are
reduced to nanometer [12].

The main task of the support material is to carry the
metal catalyst more homogeneously throughout the mate-
rial. Supports can have different properties, like surface
area ranging from 10 to 1200 mz/g or even higher, pore
volumes, pore diameter, surface acidities, electronic and
geometric properties. Mostly, all conventional support
materials are either acidic or basic oxides or different types
of carbons. The mostly used support materials in chem-
oselective hydrogenation reactions are the bifunctional
catalysts, exhibiting both acidic sites and an active metal,
like metal containing zeolites [13—16] and mesoporous
materials [15, 17—19], or metal impregnated/intercalated
clays [20—23].

In general, it can be stated that oxide supports can
provide stronger interactions with the main metal than
carbon materials but the complete reduction of the metal
is more difficult on the oxide compared to carbon [24].
Monometallic catalysts supported on Al,O; and SiO,
have produced very often saturated aldehydes as the main
products in chemoselective hydrogenation of unsaturated
aldehydes [25—27]. Acidic oxides are found to promote
side reactions, for instance alumina favours cyclisation of
cintronellal in citral hydrogenation [28] and formation of
condensation products from furfural [29]. Basic supports
can exhibit electron rich properties towards the active
metal [30].

Traditionally approaches such as co-precipitation, de-
position-precipitation, ion- exchange, impregnation,
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successive reduction and calcination etc. were practiced
to synthesize metal catalysts on support materials [31].
A disadvantage is however the lack of control over size,
shape and stability of the produced nanoparticles. An
ideal nanoparticle catalytic system should not only be
catalytically accessible but also morphologically stable
or controllable.

The interlayer space available in the clay minerals was
found to be a very good nano phase reactor to host finely
dispersed metal catalysts without aggregation [20, 22, 23].
In this work noble metal intercalated/impregnated clays
have been attempted for a few selective organic synthesis
reactions.

Hydrogenation of C=0 bond alone is more difficult
than C=C bond hydrogenation in o, B unsaturated alde-
hydes because the thermodynamic and kinetic data [32]
favour the hydrogenation of only C=C bond. This decade
long difficulty is to be solved in the area of fine chemical
synthesis. In this context selective hydrogenation of cin-
namaldehyde to cinnamyl alcohol has become one of the
highly potential organic transformations in fragrance and
flavour industries [33—37]. In general, acquiring maxi-
mum selectivity with high conversion is a tough task. This
is because of various factors such as nature of the metal,
nature of the support, method of syn-

. L Table 1
thesis, particle size of the metal cata-
lysts, solvent, reaction temperature,

tive hydrogenation of cinnamaldehyde in liquid phase due
to their larger d orbitals compared to Pd [39].

Here we presents the results obtained in the liquid phase
hydrogenation of cinnamaldehyde over synthesised plati-
num or ruthenium intercalated montmorillonite/hectorite
catalysts at different temperatures and hydrogen pressures.
The effect of solvent and time on stream on the conversion
and selectivity were studied and discussed. Comparison of
catalytic activity of the intercalated hectorite catalysts and
the impregnated catalysts was also made with respect to
hydrogenation of cinnamaldehyde.

2. Experimental methods
2.1 Synthesis of metal intercalated clay catalysts

Known amount of montmorillonite was first ion ex-
changed by stirring with 2M NaCl solution to ensure that
all the exchangeable cations are only Na™. Dried Na-mont-
morillonite or Li-hectorite (3 g) as received from «Wako
Pure Chemical Industries Ltd.» (Japan) were dispersed in
200 mL of water and allowed to swell separately for about
6 hours by continuous stirring. Surfactant assisted synthe-
sis was employed for obtaining metal nano particulate sol.
In a typical synthesis, platinum or ruthenium nanosol was

Catalysts synthesized and their codes

hydrogen pressure etc. have individual Wt.% Catalyst
influence in determining the activity Method Clay Metal (theore- Code
and selectivity of the catalysts. The ef- tical)

fect of all the above parametersonthe | Intercalation ~ Montmorillonite  Platinum 1 Pt-CTA-MM1
conversion and selectivity in the se- 5 PL-CTA-MM2
lective hydrogenation of cinnamalde- .

hyde has been reported in the review Ruthenium 1 Ru-CTA-MM1
by Maki Arvela et al [10] and referenc- 2 Ru-CTA-MM1
es therein. It is known that a properly Hectorite Platinum 1 Pt-CTA-Hecl
designed catalyst should strongly po- 2 Pt-CTA-Hec?
larize only the carbonyl group of the .

adsorbed aldehyde molecule for the Ruthenium 1 Ru-CTA-Hecl
adsorption and enhance its reactivity 2 Ru-CTA-Hec2
towards hydrogen. Hydrogenation of Impregnation  Montmorillonite Platinum 1 Pt-MM1
cinnamaldehyde was studied over dif- 2 Pt-MM2
ferent transition and noble metals sup- Ruthenium 1 RU-MM1
ported on various conventional sup-

ports like metal oxides, mesoporous 2 Ru-MM2
materials and smectite type clays [16, Hectorite Platinum 1 Pt-Hecl
38]. Among the various noble metal 2 Pt-Hec?
catalysts studied, platinum and ru- Ruthenium 1 Ru-Hec1
thenium were found to produce more

promising results towards the selec- 2 Ru-Hec2
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prepared by adding the metal precursors such as hexachlo-
roplatinic acid or hexammineruthenium chloride con-
taining 1 and 2 % w/w platinum or ruthenium respectively
in water in presence of cetyltrimethylammonium bromide
and stirred for 2 hours. Critical micelle concentration of
surfactant (CMC) is the minimum concentration at which
micelle is formed in an aqueous solution. The formation
of micelle helps to prevent the metal particles from ag-
gregation due to coalescence by forming a surface adlayer
around the particles and stabilize the particles in a dis-
persed state in solution [40]. Well dispersed particles were
obtained only when the concentration of the surfactant
was 10 times of its CMC (CMC of CTAB is 0.92 mmol/
Lit). Further increase in surfactant concentration resulted
in precipitation. Therefore the concentration of surfactant
was taken as 10 times its CMC in the synthesis of catalysts.
The cationic surfactant also helped in the long-term sta-
bility of the metal hydrosol, since the vertically oriented
[40] surfactant bilayer was adsorbed onto the surface of
the metal nano particles (electrostatic and steric stabiliza-
tion).

Then the precursor in the micelles was reduced to me-
tallic state by dropwise addition of aqueous solution of
NaBH, (0.05 g in 10 ml of distilled water) and stirred for
about 3 hours. Black coloured metal nanosol was finally
obtained which was added separately to the aqueous sus-
pension of the corresponding clay and left under vigorous
stirring for about 24 hours. The ion exchange reaction of
Na™ in the case of montmorillonite and Li* in the case
of hectorite with cetyltrimethylammonium cation (CTA")
resulted in the formation of organoclay complex with si-
multaneous intercalation of the Pt or Ru particles respec-
tively into the internal clay surface (interlamellar) [41,
42]. The metal intercalated organo clay samples (black in
colour) were washed thoroughly with ethanol and toluene
to remove the excess surfactant in solution and air-dried.
The different catalysts synthesized are listed in Table 1.

H,PtCL, + CTABr + H,0

H \H Reduction

'i NaBH,

Intercalation Na' Na

Na® Na®

Na - montmorillonite

Pt-CTA-MM

Fig. 1. Schematic representation of synthesis of Pt-CTA-MM

The ion exchanging property of the smectite clays was
effectively utilized in this study for generating metal nano
particles in the interlamellar space of the smectite clays. The
reaction between Na*t or Li* ions in the interlayer space and
CTA" ions in micelle is the driving force for the interca-
lation of active metal nano particles into the interlamellar
space. The CTA" ions involved in the ion exchange reaction
with Na™ ions rendered the clay surface hydrophobic. Sche-
matic representation of synthesis of platinum intercalated
montmorillonite catalysts is shown in Figure 1.

2.2 Synthesis of metal impregnated clay
catalysts

Metal impregnated montmorillonite and hectorite
catalysts were synthesised using wet impregnation tech-
nique. In a typical preparation, 1 g of montmorillonite or
hectorite was first preheated at 350 °C for 3 hours to clean
the pore surface. It was then dispersed into an aqueous so-
lution containing required amount of corresponding met-
al precursor salt to get 1 and 2 % w/w metal impregnated
samples. Then the mixture was refluxed for 3 hours under
vigorous stirring for homogeneous mixing and allowed for
evaporation of water in air oven at 110 °C. The dried cata-
lysts were reduced in a slurry phase using aqueous solution
of NaBH, and dried. The solid materials obtained were
ground and labeled as shown in Table 1.

2.3 Physicochemical Characterization

All the synthesised catalysts were subjected to X-ray
diffraction analysis in the region of 26 = 1.0° to 50° (Philips
X’pert X-Ray Diffractometer using Cu—K,, radiation of
wave length A = 1.54 E). For the transmission microscopic
analysis the intercalated catalysts were dispersed in iso-
propanol, drop of this dispersion was placed on a copper
grid and TEM photographs were taken using JEOL JEM-
2010F to determine the size of the noble metal particles.
Few representative catalysts were subjected to elevated
temperature before taking TEM micrographs to know ef-
fect of heat treatment on the metal particle size. Also the
catalysts were characterized by atomic absorption spec-
trophotometric analysis (Perkin Elmer 2380). The specific
surface area of representative samples were determined by
BET method using nitrogen as an adsorbate with a Quan-
tachrome Nova 4200 ¢ surface area analyser. The samples
taken in the sorption vessel were degassed at 150 °C un-
der vacuum (< 1073 Torr) for 2 hours prior to adsorption
measurements. TGA thermograms of the representative
catalyst samples were studied in the temperature range of
50 to 600 °C at a heating rate of 20 °C/min by taking 10—
15 mg of sample in an aluminum pan using Perkin Elmer
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Diamond TG/DTA analyser. The chemical composition
of clay minerals namely montmorillonite and hectorite
used to synthesise metal intercalated/impregnated clay
catalysts was determined by XRF analysis using X-ray
fluorescence analyzer (Shimadzu EDX-8000). Catalyst
samples (50 mg) were pelletized using a die and taken in
the cell of XRF instrument for further determination.

2.4 Liquid phase hydrogenation

Ahigh pressure SS hydrogenation reactor of capacity 150
ml provided with gas inlet and outlet valves, pressure gauge,
thermocouple, stirrer and sampling vent was used for the
entire study to check the performance of the catalyst syn-
thesized. Priorto the start of the hydrogenation reaction, the
catalyst (0.5 g) was activated at 373 K, 5 bar H, pressure for
about 3 h in the presence of small amount of ethanol. After
the activation, the reactor system was cooled down to room
temperature and 0.02 mol of cinnamaldehyde was taken in
the reactor along with the solvent (Ethanol) to bring the total
volume of 75 ml for efficient stirring. The reactor was pres-
surized to 2 bar hydrogen pressure and depressurized after
few minutes. This cycle of pressurization and depressuriza-
tion was carried out at least three to four times to complete-
ly replace the air inside the vessel with hydrogen. Then the
reactor was pressurized to 3 bar hydrogen pressure and re-
action was performed for the duration of 5 h. Samples were
withdrawn from the reactor periodically after every 1 h and
the catalysate was subjected to gas chromatographic analysis
(Shimadzu 17 A Gas Chromatograph fitted with OV 1 co-
lumn and using FID detector). Representative samples were
also analyzed by GCMS technique for the confirmation of
the reaction products.

3. Results and discussions

3.1 UV-Visible spectrophotometric analysis

The UV-Visible spectrum of the colloidal Pt sol is
shown in Figure 2. Before reduction the absorption peak
appeared at A = 260 nm due to [PtClé]z’ ions [43]. But
after reduction with NaBH,, this absorption band disap-
peared and a new peak in the visible region (A = 502 nm)
was observed which indicated the complete reduction of
precursor salt to zero valent platinum. The appearance of
new peak at L = 502 nm is due to the surface plasmon ab-
sorption which may be due to the regularity of the particle
size in nm range [44].

3.2 X-ray diffraction analysis

X-ray diffraction patterns of Na-montmorillonite and
Pt intercalated montmorillonite (Pt-CTA-MM 1 and Pt-

Absorbance, a.u.

400 600 800

Wavelength, nm

200

Fig. 2. UV-Visible absorption spectra of hexachloroplatinic
acid before reduction (a) and after reduction (b)

CTA-MM 2) are shown in Figure 3. The d (001) reflection
of Na-montmorillonite appeared at 20 = 6.1° corresponds
to the d spacing value of 15 E and this 2 0 value shifted
to 26 = 1.5° for the CTA™ exchanged Pt montmorillonite
catalysts which corresponds to d spacing of 59 E. The re-
markable increase in the d spacing value of 59 E after the
intercalation of CTA™ cation in the interlayer space indi-
cates the better swelling ability of the montmorillonite due
to its higher CEC value among the other candidates in the
smectite family. A small peak at 2 theta = 40° indicates the
presence of nano crystalline platinum metal phases and
the intensity of this peak increased when the percentage
loading of platinum was increased (Fig. 3, b, c¢). Further,
no shift in any other peak indicated the exchange of Na*
with CTA" along with the incorporation of Pt metals in
the interlayer surface did not alter the basic lattice struc-
ture of montmorillonite.
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Fig. 4. X-ray diffraction patterns of Na-MM (a),
Ru-CTA-MM 1 (b) and Ru-CTA-MM 2 (c)

50

Intensity, a.u.

10 20 30 40
26, deg

Fig. 5. X-ray diffraction patterns of Li-Hec (a),

Pt-CTA-Hec 1 (b) and Pt-CTA-Hec 2 (c)

0 50

The ruthenium intercalated montmorillonite catalysts
also show similar XRD patterns (Fig. 4) as that of plati-
num intercalated montmorillonite catalysts. A shift from
20 = 6.1° (d spacing 15 E) to 20 = 1.5° (d spacing 59 E)
and the (111) peak observed at 20 = 44.5° confirmed the
presence of ruthenium in the intercalated montmorillo-
nite catalysts.

The XRD patterns of Li-hectorite is shown in Figu-
re 5,a in which the first order reflection appeared at
20 = 7.4° (12 E). The same peak after the modification
with cationic surfactant (CTAB) was shifted to 20 = 4.6
(19 E). The shift in 26 value of d (001) reflection to lower
side revealed that the basal spacing increased due to the
incorporation of bigger organic moiety in the interlamel-
lar space by replacing Li*. The increase in basal spacing
in hectorite was less when compared to montmorillonite.
This is because of the lower CEC value of hectorite com-
pared to montmorillonite. The CEC value (87 meq/100 g,
49 meq/100 g for montmorillonite and hectorite respec-
tively) determines the amount of intake of surfactant
cation (CTA"), which in turn causes the increase in ba-
sal spacing. Greater the exchange of bulky organic cation
greater is the basal spacing. The lattice structure of the clay
minerals was not affected much during the introduction of
metal particles along with the surfactant micelle.

XRD patterns of the metal impregnated clay catalysts
are shown in Figure 6. No significant swelling was observed
for metal impregnated clay catalysts and therefore there was
no shift in (001) peak in the XRD patterns. It is clear from
the XRD patterns that impregnation of noble metals does
not alter the lattice structure of clay minerals.

3.3 Transmission electron microscopic analysis

Transmission electron microscopic images of plati-

num intercalated and ruthenium in-
tercalated montmorillonite catalysts
(Pt-CTA-MM 1,Pt-CTA-MM2, Ru-
CTA-MM 1, Ru-CTA-MM 2) are
shown in Figure 7. Fair and uniform

Intensity, a.u.
Intensity, a.u.

dispersion was obtained with almost
all the catalysts. The average diam-
eter of the particles was calculated

a N

and reported in Table 2. The diam-
eter of the particles was in nm range
confirming the effect of CTAB sur-

I\

NS\

factant. The presence of surfactant

200 30 40 50 0 10 20
26, deg

Fig. 6. X-ray diffraction patterns of Na-MM (a), Pt-MM 2 (b)

10

and Ru-MM 2 (c) (left); Li-Hec (a), Pt-Hec 2 (b) and Ru-Hec 2 (c) (right)

26, deg

cations in the interlamellar space
swell the layer spacing so that the par-
ticles have a greater chance to dis-
perse over a wide space.

30 40 50
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Table 2
Physico-chemical properties of montmorillonite catalysts
a 26”, deg o
Materials Meta\lthog/tent , e m2/g o000 ) d spacing, A dye MM
- o 001 111
Na-Mont - 209 6.0 - 15 -
CTAM - 91 1.5 - 59 -
Pt-CTA-MM 1 0.98 129 1.5 40 59 2.7
Pt-CTA-MM 2 1.97 - 1.5 40 59 6.9
Ru-CTA-MM 1 0.89 113 1.5 44.5 59 11.2
Ru-CTA-MM 2 1.98 - 1.5 44.5 59 21.7

Fig. 7. TEM micrograph of Pt-CTA-MM 1, Pt-CTA-MM 2, Ru-CTA-MM 1, Ru-CTA-MM 2

Fig. 8. TEM micrograph of Pt-CTA-Hec 1, Pt-CTA-Hec 2, Ru-CTA-Hec 1, Ru-CTA-Hec 2

The transmission electron micrographs of platinum
intercalated hectorite catalysts (Pt-CTA-Hec 1, Pt-CTA-
Hec 2) shown in Figure 8 indicate that the particle sizes
are similar to that of Pt intercalated montmorillonite
catalysts but the dispersion of particles is poor when com-
pared to Pt-CTA-MM catalysts. TEM images observed
on Ru-CTA-Hec 1, Ru-CTA-Hec 2 show that the particle
size of Ru is greater in Ru-hectorite catalysts than in Ru-
montmorillonite catalysts. This increase in particle size in
these catalysts may be due to poor swelling of hectorite
compared to montmorillonite.

The TEM images of some of the representative cata-
lysts subjected to high temperature treatment (400 °C)
are shown in Figure 9. From the pictures, it is clear that
when catalysts were subjected to elevated temperatures,
due to the decomposition of surfactant, aggregation of

Fig. 9. TEM micrograph of Pt-CTA-MM 1, Ru-CTA-MM 1
pretreated at 400 °C

particles occurred leading to the formation of bigger
particles which process is commonly referred as coales-
cence [24].
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Table 3
Physico-chemical properties of hectorite catalysts
a 26°, deg o
Materials Metal content’, ayer M%/9 d spacing, A dSye NM
wt. % d(001) (111)
Li-Hec - 47 7.4 - 12 -
CTA-Hec - 34 4.6 - 19 -
Pt-CTA-Hec 1 0.92 41 4.6 40 19 2.3
Pt-CTA- Hec 2 1.68 - 4.6 40 19 9.5
Ru-CTA- Hec 1 0.93 42 4.6 44.5 19 21.3
Ru-CTA- Hec 2 1.85 - 4.6 44.5 19 24.5

3.4 BET surface area analysis

The surface areas of the different smectite clay minerals
used as support materials are given in Tables 2 and 3. Clay
minerals are generally used as catalysts and support mate-
rials to disperse the metals or metal complexes because of
the tunable acidic behaviour and interlayer space. The sur-
face area of the clay minerals in turn depends on the space
available between the silicate layers. As montmorillonite
is one of the major candidates of the smectite group of clay
minerals with larger interlayer space, its surface area is
higher when compared to other members studied in the
same smectite family (Na-MM = 209 m2/g, Li-Hec =
= 47 m?/g). But in all the cases the surface area decreased
when they were intercalated with bulky surfactant cations
(CTAM = 91 m?/g, CTA-Hec = 34 m?/g). The decrease
in surface area of the surfactant exchanged clay materials
may be attributed to exchange sites which were satisfied by
CTA with large molecular size resulting in inaccessibil-
ity of the internal surface to the nitrogen gas and blocking
of the micropores in the surfactant modified clays. The
major increase in surface area of the surfactant stabilized
metal intercalated catalysts (Pt-CTA-MM 1 = 129 m?%/g,
Ru-CTA-MM 1= 113 m?/g, Pt-CTA-Hec 1= 41 m?/g and
Pt-CTA-Hec 2 =42 m2/g) is due to the fact that, during
the intercalation of surfactant stabilized metal sol the in-
terlamellar space of the clay material may significantly
expanded (because of the vertical orientation of surfactant
bilayer onto the surface of the metal nanoparticles) which
inturn increases its surface area. This increase in surface
area is also added with the contribution from the metal
particles.

3.5 Atomic absorption spectrophotometric
analysis

AAS analysis of the catalysts samples clearly shows
the presence of actual metal contents in the clay minerals.

The results reported in Tables 2 and 3 indicate the con-
centrations of the metals in the catalysts. One can notice
that they are almost equal to the calculated amounts taken
during the preparation of catalysts.

3.6 Thermo gravimetric analysis

The thermogram of Na-montmorillonite and Li-hec-
torite and their corresponding surfactant modified forms
are shown in Figure 10. The thermogram indicates that
there are two stages of weight losses. The first one around
90 °C was assigned for the loss of adsorbed water mole-
cules. The second loss between 170 °C and 350 °C was due
to the decomposition of surfactant ions.

The TGA reports reveal that the catalysts can be sub-
jected to maximum temperature of 270 °C, beyond which
the decomposition of surfactant leads to the formation
of metal cluster with increased diameter. The TEM pic-
tures taken for the catalysts heat treated at 400 °C have
confirmed the increase in particle size. From the TGA
analysis, one could understand the thermal stability and
service temperature range during the synthesis of indus-
trial chemicals.

3.7 X-ray fluorescence analysis

X-Ray fluorescence analysis was carried out to de-
termine the chemical composition of the clay minerals.
Table 4 shows the percentage composition of various ele-
ments in montmorillonite and hectorite clays in their oxi-
de form.

4. Hydrogenation of cinnamaldehyde
4.1 Effect of temperature

The general reaction scheme of hydrogenation of cin-
namaldehyde is shown in Figure 11. The effect of tem-
perature at 3 bar hydrogen pressure on the conversion of

18

Katanu3 B npomblwneHHoctu, N2 1, 2012



KaTtanu3 B XuMnyecKom n HeTexmummnyecKon NpoMblLNEHHOCTH

dw/dt

Wt, %

95 1

90

dw/dt

85

80

50 200 400 600 t,°C
Fig. 10. TG thermogram of Na-MM (A) and CTA-MM (a),

DTG thermogram of Na-MM (B) and CTA-MM (b) (I);

TG thermogram of Li-Hec (A) and CTA-Hec (a), DTG thermo-
gram of Li-Hec (B) and CTA-Hec (b) (II)

Table 4
Chemical composition of Na-Montmorillonite
and Li-Hectorite

Name of the clay

mineral :ﬁoT?tztlzlz; Li-hectorite, %
Chemical Constituents

AL,0,4 66.2 -

Si0, 17.1 61.7

Mg0 1.8 29.5

Ca0 1.5 -

H,0 6.3 -

Na,0 3.9 5.9

Li,0 - 2.9
Others 3.2 -

cinnamaldehyde and selectivity towards cinnamyl alcohol
over different amounts of platinum intercalated montmo-
rillonite catalyst (Pt-CTA-MM 1) (viz. 0.1, 0.3 and 0.5 g)
is depicted in Figure 12. At room temperature it was ob-

A
OH
H H
/ Cinnamy] alcohol \2
2
o OH
Cinnamaldehyde Hydrocinnamyl alcohol
1
h X o) /H2
Hydro cinnamaldehyde
3

Fig. 11. Reaction scheme of hydrogenation
of Cinnamaldehyde

Pt-CTA-MM 1

20 1

0 T T T
30 40 50

Conversion and selectivity, %
Pt-CTA-Hec 1

70 1

60 -

50 4

40 4

30

20 1

40 50 60 t,°C
Fig. 12. Effect of temperature on the conversion of cinnamal-
dehyde and selectivity towards cinnamyl alcohol

1 - conv with 0.1 g; 2 — conv with 0.3 g; 3 — conv with 0.5 g; 4 — sel

of COL with 0.1 g; 5 — sel of COL with 0.3 g; 6 — sel of COL with 0.5 g
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served that 60 % conversion was obtained at the end of
five hours and as the temperature increased the conver-
sion increased linearly and reached a maximum of 89 % at
70 °C over 0.5 g of Pt-CTA-MM 1 catalyst. The increase
in conversion with increase in temperature is due to the
adsorption of more amounts of reactant molecule over the
catalytic sites at higher temperature.

The selectivity of cinnamyl alcohol was also dependent
on the reaction temperature. Low temperature favoured
the formation of cinnamyl alcohol through the selective
hydrogenation of C=0 bond and the selectivity of cin-
namyl alcohol decreased with the increase in temperature
because of the competitive adsorption between cinnamal-
dehyde and the product cinnamyl alcohol simultaneously
over more active catalytic sites. The product cinnamyl
alcohol formed has sufficient energy to get adsorbed on
the surface at higher temperature, which leads to further
hydrogenation and thus decreasing the selectivity.

Hydrogenation of cinnamaldehyde was carried out
with Pt-CTA-Hec 1 at different temperatures to study the
effect of reaction temperature on the conversion level of
cinnamaldehyde and selectivity towards cinnamyl alcohol
and the results are plotted in Figure 12. The catalytic activ-
ity of Pt-CTA-Hec 1 at room temperature was compared
with that of Pt-CTA-MM 1. The conversion and selectivi-
ty were found to be 50 and 64 % respectively over Pt-CTA-
Hec 1 catalyst whereas Pt-CTA-MM 1 catalyst showed
the conversion and selectivity of 61 and 80 % respectively.
Figure 13 shows the histograms of conversion and selectiv-
ity of Ru-CTA-MM 1, Ru-CTA-MM 2, Ru-CTA-Hec 1
and Ru-CTA-Hec 2 catalysts at room temperature and at
9 bar hydrogen pressure for the reaction time of 5 hours.
Among all the catalysts studied, Ru-CTA-MM 2 showed
maximum conversion of 65 %.

%
80-
70
60
50
40
30
20
104

0

1 Conversion
[ Selectivity of Cinnamyl alcohol

1 2 3 4
Fig. 13. Conversion of cinnamaldehyde and selectivity to-
wards cinnamyl alcohol over Ru-CTA-MM 1 (1), Ru-CTA-MM 2 (2),
Ru-CTA-Hec 1 (3) and Ru-CTA-Hec 2 (4)

Low conversion and selectivity over Pt-CTA-Hec 1
and Ru-CTA-Hec catalysts compared to Pt-CTA-MM 1
catalyst may be attributed to the less swelling ability which
retards the diffusion of the reactant into the interlamellar
space, lower acidity of hectorite compared to montmo-
rillonite and may also be due to larger particle size in
Pt-CTA-Hec catalysts. The fine dispersion and smaller
particle size of Pt in Pt-CTA-MM 1 lead to the increase
in the number of active sites and therefore the substrate
has more chance of getting adsorbed on the catalyst. The
higher conversion of Ru-CTA-MM 2 is due to the high
concentration of metallic sites with very fine dispersion as
montmorillonite offers greater interlayer spacing. But the
selectivity towards cinnamyl alcohol over Ru-CTA-MM
2 was found to be less due to the greater size of the Ru
particles.

The conversion and selectivity over Ru-CTA-MM 2
was found to be less than Pt-CTA-MM 2 at room tem-
perature and at 9 bar hydrogen pressure. This difference
in selectivity is due to the specificity of the metal in se-
lectively hydrogenating the C=0 or C=C bond in the hy-
drogenation of cinnamaldehyde [45]. The less selectivity
of Ru catalysts may also be due to the fact that d orbital
of Ru expands to a smaller extent [46], which results in
the preferential adsorption of C=C bond over the catalytic
sites because of less four electron repulsion compared to Pt
catalysts. This is similar to the observation made by Gi-
roir-Fendler et al [47].

4.2 Effect of pressure

The effect of hydrogen pressure on conversion and
selectivity was also studied by varying the pressure of H,
at room temperature (Fig. 14). The change in pressure of
hydrogen affects the conversion level of cinnamaldehyde
significantly. The conversion was directly proportional
to the hydrogen pressure as observed by Satagopan and
Chandalia [48] and Zhang et al [49]. From Figure 14, it is
clear that the conversion increased as the hydrogen pres-
sure increased from 3 bar to 9 bar and reached a maxi-
mum of 80 % over Pt-CTA-MM 1 at room temperature.
Figure 14 also illustrates the effect of pressure of hydrogen
on the conversion and selectivity of cinnamyl alcohol over
Pt-CTA-Hec 1. As the hydrogen pressure of the reaction
increased to 9 bar the conversion level increased to 73 %.
This increase in the conversion with pressure is due to the
availability of more amount of molecular hydrogen for ad-
sorption on the metal sites. However the increase in hy-
drogen pressure did not influence the selectivity towards
cinnamyl alcohol and the selectivity remained at 80 % in
case of Pt-CTA-MM 1 at all the pressures.
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Fig. 14. Effect of hydrogen pressure on the conversion
of cinnamaldehyde and selectivity towards cinnamyl alcohol

1 - conversion; 2 — selectivity

4.3 Effect of weight of the catalyst

Figures 15 show the effect of weight of intercalated
montmorillonite catalyst on the conversion and selectiv-
ity. It was found that conversion of cinnamaldehyde in-
creased with weight of the catalyst. This is because of the
increase in number of active sites available for the sub-
strate molecules. But the increase in weight of the catalyst
has no effect on selectivity towards cinnamyl alcohol and
in all the cases the selectivity towards cinnamyl alcohol
remained the same as 78 and 65 % over Pt-CTA-MM 1
and Pt-CTA-MM 2 catalysts respectively.

4.4 Effect of time on stream on conversion

The effect of time on stream on conversion was studied
and the results are shown in Figure 16. The reaction was
carried out for 5 hours and the samples were withdrawn for
every one hour interval and subjected to GC analysis. Re-
action was almost absent with 0.1 g of the catalyst but with
increase in weight of the catalyst the conversion increased
linearly with time and found to be maximum (89 %) at the

Conversion (%) and selectivity (%)
of cinnamyl alcohol
a

2

804

60+

40-

204

o

80

60

401

20
0.1

0.2 0.3 0.4
Weight of the catalyst, g

0.5

Fig. 15. Effect of weight of the catalyst on conversion
of cinnamaldehyde and selectivity towards cinnamyl alcohol
over Pt-CTA-MM 1 (a), Pt-CTA-MM 2 (b)

1 - conversion; 2 — selectivity

%
80
0.5¢
60-
0.3g
404
201
0.1g
O T T T
1 2 3 4 5

Time, h
Fig. 16. Effect of time on stream on the conversion of cin-
namaldehyde over Pt-CTA-MM1

end of 5th hour with 0.5 g of catalyst. The results suggest that
the conversion may increase further with the reaction time.
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4.5 Effect of solvent

The most important aspects in the liquid phase hydro-
genation of o, B unsaturated aldehydes are solvent polar-
ity, hydrogen solubility, interaction between the catalysts
and the solvent [50] as well as solvation of reactants in the
bulk liquid phase. Solvent effect in heterogeneous cata-
lysed reactions on the catalytic activity has been reviewed
by Singh and Vannice [51]. Hajek et al [52] studied the sol-
vent effect on the hydrogenation of cinnamaldehyde over
Ru/Y zeolite catalyst. The solvent used in the reaction
played a major role in determining the selectivity of the
desired product.

Therefore in the present study, hydrogenation reaction
was carried out with three different solvents namely etha-
nol, isopropyl alcohol and n-hexane over Pt-CTA-MM 1
at 30 °C and 9 bar hydrogen pressure. The polarity of the
solvent significantly influenced both conversion of cin-
namaldehyde and selectivity towards cinnamyl alcohol.

The interaction between the solvent-solute and sol-
vent-catalyst played a vital role in the catalytic perform-
ance. Reactions carried out in polar solvents (alcohols)
exhibited high conversion and moderate selectivity
whereas in the non polar medium, very poor conversion
with high selectivity was observed (Fig. 17). Stronger
hydrogen bonding between lone pair electrons of C=0
group and OH group of alcohol may slightly prevent the
hydrogenation of C=0 bond when compared to C=C hy-
drogenation. Hydrogenation reaction in non-polar sol-
vent such as #-hexane resulted in very low conversion of
cinnamaldehyde but high selectivity towards cinnamyl
alcohol. The more solubility of both hydrogen and the
substrate molecule namely cinnamaldehyde in polar sol-
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80

60 -

40

204

0
1 2 3

Fig. 17. Effect of solvent on the conversion of cinnamalde-
hyde and selectivity towards cinnamyl alcohol Ethanol (1),
Isopropyl alcohol (2) and n-hexane over Pt-CTA-MM 1 cata-
lyst (3)

vents leads to the higher conversion of cinnamaldehyde
in the polar solvents [45].

4.6 Hydrogenation of cinnamaldehyde over
impregnated platinum and ruthenium catalysts

Hydrogenation of cinnamaldehyde was also carried out
over Pt and Ru impregnated montmorillonite, hectorite
catalysts (Pt-MM 1, Pt-Hec 1, Ru-MM 1 and Ru-Hec 1)
and the results are compared with that of intercalated cat-
alysts. To study the effect of method of synthesis of cata-
lysts on the catalytic activity, the obtained results with the
metal intercalated and impregnated catalysts were com-
pared. Figure 18 shows the conversion and selectivity to-
wards cinnamyl alcohol at room temperature and at 9 bar
pressure over different catalysts prepared by impregnation
method. The results clearly show that the impregnated
catalysts are not as good as intercalated catalysts as far as
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Fig. 18. Conversion of cinnamaldehyde and selectivity
towards cinnamyl alcohol over Pt-MM 1 (1), Pt-Hec 1 (2),
Ru-MM1 (3) and Ru-Hec 1 (4) (a); Effect of temperature on
conversion of cinnamaldehyde over Pt-MM 1 (1), Pt-Hec 1 (2),
Ru-MM1 (3) and Ru-Hec 1 (4) (b)
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selectivity is concerned. Less selectivity may be due to the
bigger particle size of the metal particles because of poor
dispersion. Although 82 and 70 % conversion could be ob-
tained over Pt-MM 1 and Ru-MM 1 catalysts, very poor
selectivity was obtained over these catalysts. Similar ob-
servation was made also with hectorite catalysts irrespec-
tive of the metal species.

Figure 18 shows the effect of temperature on conversion
of cinnamaldehyde over Pt-MM 1, Pt-Hec 1, Ru-MM 1
and Ru-Hec 1 catalysts. As the surface of impregnated cat-
alyst is highly populated with metal particles, the increase
in temperature increases the surface energy of these metal-
lic sites favouring the easy adsorption of cinnamaldehyde
molecule and also the transfer of hydrogen. The increase
in temperature greatly influenced the hydrogenation rate
in such a way that even 95 % conversion was obtained over
Pt-MM 2 catalyst at 70 °C. As far as the selectivity was con-
cerned the increase in temperature decreased the selectiv-
ity towards cinnamyl alcohol. This is because the more
energetic catalytic sites favour consecutive hydrogenation
through the adsorption of C=C bond of cinnamyl alcohol
formed leading to hydro cinnamyl alcohol. As the size of
metal particles in the impregnated catalysts were found to
be greater than the catalysts obtained by the intercalation
method, the orientation of reactant molecule may be dif-
ferent facilitating the C=C hydrogenation.

5. Conclusion

Intercalation of Pt and Ru metal nano catalysts into the
clay minerals by the micellar technique is attempted. The
technique is found to be attractive to homogeneously dis-
perse metal catalysts within the interlamellar region of clay
materials that can perform as nano reactors for synthetic
organic molecules. XRD patterns confirm that the crystal-
linity of clay minerals was unaffected after the intercalation
of metal nanoparticles. d spacing values obtained from X-
ray diffraction patterns prove that montmorillonite swells
to a larger extent (from 14.72 E to 59.23 E) when compared
to hectorite (from 11.93 E to 19.2 E). TEM micrographs of
metal intercalated and impregnated catalysts confirm the
good dispersion of the Pt, Ru nanoparticles. Due to higher
swelling capacity of montmorillonite than hectorite, better
dispersion of metal particles was seen on the former than in
the later. The diameter of the particles was found to be be-
tween 1—25 nm for the different catalysts synthesized. The
thermogram of the organo clay evidenced that there are two
stages of weight loss i.e. at 90 °C due to the loss of adsorbed
water molecules and between 170 and 350 °C due to the de-
composition of surfactant ions. This indirectly shows the

thermal stability and temperature range for carrying out
the catalytic reactions using metal intercalated catalysts.
BET surface area analysis of the synthesised clay catalysts
shows that the surface area values are good enough for car-
rying out catalytic hydrogenation reactions.

The results obtained in liquid phase hydrogenation of
cinnamaldehyde over the synthesised catalysts indicate
that all the catalysts could effectively be used as alternative
catalysts for many other hydrogenation reactions. As far as
hydrogenation of cinnamaldehyde is concerned, Pt-CTA-
MM 1 catalyst was found to be the best catalyst which
showed the maximum conversion of 60 % and selectivity of
79 % towards cinnamyl alcohol at room temperature and
at 9 bar hydrogen pressure. Pt-CTA-MM 2 catalyst also
showed higher conversion than Pt-CTA-MM 1 catalyst but
the selectivity was comparatively less due to the presence
comparatively larger size particles. The increased cata-
Iytic activity of Pt loaded montmorillonite catalysts with
better selectivity is due to larger d-orbital expansion of Pt
compared to Ru, larger interlayer spacing and more acid-
ity of montmorillonite compared to hectorite. A hydro-
gen pressure of 9 bar and a reaction temperature of 30 °C
respectively was optimized for achieving high conversion
and selectivity. Increase in temperature and pressure only
increased the conversion. The selectivity decreased with
temperature and no significant change was observed with
increase in pressure. Study of solvent effect in cinnamal-
dehyde hydrogenation reveals that polar solvent is better
for significant conversion with maximum selectivity. Time
on stream study revealed that there was no inhibition pe-
riod for all the catalysts for all the reactions. Comparison
of catalytic activity of Pt and Ru intercalated catalysts with
Pt and Ru impregnated catalysts indicated that the inter-
calated catalysts were more selective towards the desired
products namely cinnamyl alcohol. The impregnated cata-
lysts showed more activity but less selectivity.

The authors would like to thank FONDECYT projects 3100010
(Postdoctorado) and 1100349, Government of Chile, Santiago.
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[MpemyioxkeH MeTON CHHTE3a MeTaJJICOAepXallnX
MOHTMOPWJUIOHUTHBIX KaTaJnu3aTOPOB, IO3BOJISIOLINIL
BBOIMTH METAJUIBI B MEXKCIIOEBOE IPOCTPAHCTBO MMU-
HepaJioB. [TokazaHo, YTO MeEXCIOHHOE MPOCTPAHCTBO
MOHTMOPUJIJIOHUTOB MOXET CJIYXUTh HaHOpa3Mep-
HBIM PEaKTOPOM JJIsl IOJYYEHUSI MEJIKOAMCIIEPCHBIX
MeTaJUIMYEeCKUX YacTUIl, MCKJIoYasi MX arperaiuio.
O0Opa3zoBaHue HaHOpPa3MEPHBIX METaIMYECKUX Yac-
THUIL MEXIY IMJaCTUHAMY MOHTMOPUJIJIOHUTOB MOXHO
WCITOJIb30BATH AJISI CMHTE3a CTAOMIIBHBIX, XOPOIIIO JTUC-
MePrupoBaHHbBIX METAJTIMYECKUX KaTaju3aTopos. [1o
CPaBHEHUIO C OOBIYHBIMU ITOPUCTBIMU M HAHECEHHBIMK
KaTaJn3aTopaMU TaKue KaTaJn3aTOPhl B peaKInIX ce-
JIEKTUBHOTO TMAPUPOBAHUS TTO3BOJISIIOT ITOBBICUTD CE-
JIEKTUBHOCTb, YMEHBIIUTh BEPOSITHOCTh IIPOTEKAHUS
MOOOYHBIX peaKUWil KOHAEHCAIMU W IHUKJIW3ALUU.
M3BeCcTHO, UTO CEJIEKTUBHOE T'UIAPMPOBAHUE KOPUY-
HOTO aJipJeruaa A0 KOPUYHOIO CIIMPTa MCIOJIb3YeT-
cg B map@IOMEpHON M TMUINEBON MPOMBIIIJICHHOCTH.
OCylIeCTBUTh peakliMio ¢ MaKCMMaJIbHOW CEJeKTUB-
HOCTBIO U BBICOKOI CTEIEHbIO KOHBEPCUU — TPYAHAas
3ajgada. Ha akTUBHOCTh M CEJIEKTMBHOCTH KaTajmM3a-
TOPOB BJIHUSIOT MPUPOIA MeTaJlla U HOCUTE S, METOI
CUHTE3a, pa3Mep YaCTULl METAJIMYECKUX KaTaalu3aTo-
pPOB, PaCTBOPUTEIb, TeMITepaTypa peaKliu, TaBJIcHUE
BOJOPO/A U T.[I.

B maHHO#1 cTaThbe paccMaTpUBaeTCs XuakodasHoe
TUAPUPOBAHWE KOPUIHOTO ajibIeTHaa Ha MJIaTHHOBBIX
U pyTEeHUiicomepXalluX CMEKTUT/TEeKTOPUT KaTajiu-
3aTOpax IpU pa3jIMYHBIX TeMIepaTypaxX M AaBJIEHUSIX
Bomoponaa. M3ydeHbl BIMSTHUE PACTBOPUTEINST M BPeMsI
KOHTaKTa Ha CTeleHb KOHBEPCUU U CEJIEKTMBHOCTD Ka-

Tann3aTopoB. CoIoCcTaBJIeHbl aKTUBHOCTh BHOBb CUH-
Te3UPOBAHHBIX METAJJICOAEPKAIIUX CMEKTUT/TEKTOPUT
KaTaJn3aTOPOB U MOTYYCHHBIX IIPOIMUTKON B peaKIInu
TUIPUPOBAHUS KOPUIHOTO aTbIeTUIa.

B cuHTe3e mMeTannmyecKuMX HAHOYACTUIL 30J151 MC-
IOJIb30BAHO  TOBEPXHOCTHO-aKTHMBHOE  BEIIECTBO
(ITAB). I1naTUHOBBIN U PyTEHUEBBIA HAHO30Jb IMOJY-
JyaJIiu 100aBJICHUEM METaTINYSCKUX MTPEKyPCOB, TAKUX,
KaK TeKCaIlJIaTUHOXJIOPUCTOBOAOPOAHAS KUCIOTA WU
reKCaaMWHOPYTEHUEBBIN XJI0pua, comepxkamue 1 u 2
Mac.% njaaTUHbI UK PYTEHUS, COOTBETCTBEHHO, B BO-
Iy B TIPUCYTCTBUH LECTUITPUMETUIAMMOHMS OpoMHUIa
¢ mepeMelnMBaHueM B TeueHue 2 4. KpuTuaeckast KOH-
neHTpauus muuesasa [TAB —3To MuHMMaIbHASI KOHLIEH-
Tpalus, TP KOTOPOU MUIIEIIJIBI 00Pa3yIOTCsI B BOLHOM
pacTBOpE M NPEAOTBPAIIaIOT arperMpoBaHe MeTalI1-
YECKMX YACTU L ITyTeM 00pa3oBaHu sl aACOPOMPOBAHHO-
T'0 CJI0ST Ha TIOBEPXHOCTU YaCTUIL M MX CTAOMIN3alINN B
JHUCIIEPTUPOBAHHOM COCTOSTHMM B pacTBOpeE. XOPOIIO
JUCTIEPTUPOBAHHbIE YacTULbl (DOPMUPYIOTCSI TOJIBKO,
korna koHneHTpauus [TAB B 10 pa3 ipeBbIlTacT KpUTH-
YeCKYI0 KOHLIEHTpalL o MuLies (111 KaTuoHHbIX [TAB
970 3HaueHue coctaniset 0,92 mmonb/n). KaTuoHHBII
ITAB criocoGc¢TByeT Takke IJIUTEbHON CTabuJIbHOC-
TH METaJUTMYECKOTO THAPO30Jis, TaK KaK BEPTUKAIHHO
OPUEHTUPOBAHHbIN OUCION ajscopOupyeTcsl Ha MOBEP-
XHOCTH METaJUIMUYEeCKNX HAHOYACTHUIL (3JIEKTPOCTATH-
yeckasi M IpOCTPAaHCTBEHHAsI CTaOUIM3aLusl).

3aTeM MpeKypcop B MUIIEJJIEC TOBEIEeH 10 MeTaJlJIu-
YECKOT0 COCTOSTHUS J00aBICHUEM TI0 KATlJIIM BOIHOTO
pactsopa NaBH, (0,05 r B 10 My aucTHILIMPOBaHHOM
BOJABI) U MepeMellIMBaHUEM B TeUeHHe MPUMEPHO 3 4.
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[TosryyeHHBI MeTaIIMYECKU T HAHO30JIb YEPHOTO 1Be-
Ta ObLI M100aBJICH OTIACIBHO B BOINHYIO CYCIIEH3MIO CO-
OTBETCTBYIOIICH IIMHBI M OCTAaBJICH TIPY WHTECHCHUBHOM
nepeMelinBaHUM MPUOIU3UTENbHO Ha 24 4. Peakuus
nonHoro oomena Na' B ciiyuae cmektutam Li™ B coiyuae
rekToputa ¢ netunatrpuMmerunammonuem (CTAY) mpu-
BeJla K 00pa3oBaHUIO0 OPTaHOINIMHUCTOrO KOMILIEKCa C
OJHOBpEeMEHHBIM BHeapeHueM yactull Pt unm Ru, co-
OTBETCTBEHHO, BO BHYTpPEHHEE MPOCTPAHCTBO INIMHBI
(Mexny mutactuHaMu). OO6pa3ibl MOHTMOPUJIJIOHUTA C
BHEIPEHHBIMM YacTULIAMU MeTajlia (4epHOro 1liBeTa)
TIIATEJIBHO MPOMBIBAJINCH 3TAHOJIOM M TOJIYOJIOM IIJIST
yIaJIeHUsT N30bITKA MOBEPXHOCTHO-aKTUBHBIX BEIIECTB
B pacTBOpPEe M BBICYIIMBAJIWUCh Ha Bo3ayxe. Peakiuu
mexay Na™ u Li* B MexcitoitHom poctpanctse  CTAT
B MUIIEJIJIe CTUMYJIMPOBAJIN BHEAPEHNE aKTUBHBIX Ha-
HOYACTHUIL MeTajja B MEXCJIOHOe mpocTpaHcTBO. Mo-
Hel CTA", yuacTByiolmme B peakliii HOHHOTO 0OMeHa
¢ Na®, croco6cTBYIOT raApodOGHOCTU MOBEPXHOCTH
[JIMHBI.

PentrenorpaMMbl TONTBEPXKIAIOT, UTO KpPHUCTa-
JIMYHOCTH IMHUCTBIX MUHEPAJIOB He U3MEHUJIACh MTOC-
JIe BHEAPEHUS METaJIIMYeCKUX HaHovacTull. /laHHBIE
PEHTTeHOBCKOM MMM pPaKIIMKA ITOKAa3BIBAIOT, UYTO «(yiI-
JiepoBa 3eMJisl» (CMEKTUT) HaOyXaeT B 00JIbLIeH cTeneH!
(ot 1,472 no 5,923 um), yeM rektoput (ot 1,193 mo 1,92
HM). [1DM MukpodoTorpadun nponuTaHHBIX KaTaJli-
3aTOPOB M C BHEAPEHHBIMU MEXIY MIOCKOCTSIMU Yac-
TUILIAMU MeTaJljla TIOATBEPXAal0T YeTKOE pacCcerMBaHUe
Pt 1 Ru HanouacTuu. beo yctaHOBJIEHO, UTO AUAMETD
YacTHUIL MeTajjia COCTaBJISIeT OT 1 10 25 HM [UTSl pa3auny-
HBIX KaTaJan3aTopoB. TepMorpaMma MOHTMOPHUJIJIOHUTA
CBUIETEIBCTBYET O IBYX CTaIMSIX IIOTEPU Beca, a UMEH-
Ho mpu 90 °C BciencTBre MOoTepU aacopOUpPOBaAHHBIX
MoJieKysa Boabl U B obmactu 170—350 °C u3-3a pasio-
xKkeHust moHoB [TAB. M3 aTux m1aHHBIX MOXHO KOCBEH-
HO CYIMTh O TEPMUYECKON CTAOMIBHOCTU U JUaMa30He
TeMmIiepaTyp IJs MPOBeACHUS KaTaJUTUUYECKON peak-

LIMU C UCIOJb30BaHUEM METaTIMYECKUX MOHTMOPUJI-
JIOHUTHBIX KaTaJIN3aTOPOB.

Pesynbrarhl, mosyuyeHHbIE B XUIKOUM (hase TUAPU-
pOBaHUs KOPUYHOTO ajibAerMaa Ha CUHTE3WPOBAHHBIX
KaTajau3aTopax, yKas3blBalOT, YTO KaTajiu3aToOpbl MOTYT
OBITH MCITOJIb30BaHbI B Ka4eCTBE aJIbTEPHATUBHBIX IJIsI
peakuuii ruapupoBaHusi. Pt-CTA-MM 1 karanuzarop
0Ka3aJICd JIYYIIUM B peaKLIUU TUAPUPOBAHUS KOPUYHOTO
aJibIernia, MaKCuMaJibHast KOHBepcHst coctaBuia 60 % u
CEJIEKTUBHOCTb — 79 % MO KOPUYHOMY CIIUPTY IPU KOM-
HaTHOI TeMIlepaType U AaBJAeHUU Bogopoaa 9 6ap. Kata-
nm3atop Pt-CTA-MM 2 noka3zan 6oJiee BHICOKYIO CTETIEHb
koHBepcuu, yeM Pt-CTA-MM 1 , HO ero celeKTUBHOCTh
OblJIa MEHBIIIE, YTO OOYCJIOBJIEHO HAJIWYMEM KPYIHBIX
YacTuIl. YBeJIMUEeHHas] KaTaIuTUYeCKasi aKkTUBHOCTh Pt
MOHTMOPUJIJIOHUTHBIX KaTaJM3aTOPOB C JIy4ylleld ce-
JIEKTUBHOCTBIO 00YCJIOBJIEHA OOJIBIIUM d-0pOUTaTbHBIM
paclIMpeHueM TUIATUHBI 10 cpaBHEHUIO ¢ Ru, 661b1iuMu
PACCTOSIHUSIMU MEXIY CJIOSIMU M OOJIbllIeil KUCIOTHOC-
TBIO «(PYJIJIEPOBOIT 3eMJIN» IO CPABHEHUIO C TEKTOPUTOM.
Hanenue Bomopona 9 6ap u remreparypa peakinu 30 °C
SIBJISIETCS] ONTUMAIbHOMN ST TOCTUXKEHU ST BHICOKOW KOH-
BEPCUU U CeNIEKTUBHOCTU. [loBbIllIEHUE TeMIiepaTypbl 1
JTaBJICHUS YBEINYUBAET TOJIBKO KOHBepcHto. CeleKTUB-
HOCTb YMEHbILIAETCSI C POCTOM TeMIIepaTypbl U HE U3Me-
HSIETCSl C yBeJMueHueM nasieHus. V3yueHue BAusiHUS
pacTBOPUTENISI B pEaKkIMd C KOPUYHBIM aJIbJeTUIOM
MOKa3bIBaeT, YTO MOJSIPHBINA pacTBOPUTEb B OOJbIIEH
CTErNeHU TMOBBIIIAET KOHBEPCUIO 00pasiia ¢ MaKcuMasb-
HOI CeeKTUBHOCTHIO. MccnenoBaHvie BIUSHUS BpEMEHU
KOHTaKTa IMO0Ka3aJo OTCYTCTBUE Iepuoaa TOPMOXEHUS
JUUTSI BCeX KaTalu3aToOpoB B U3yuyeHHOU peakiuu. Cpas-
HEHUE KaTaJUTUYeCKO aKTUBHOCTU BHOBb CUHTE3UPO-
BaHHbIX Pt 1 Ru kaTanuzaropoB ¢ mponuTaHHbIMU Pt 1
Ru karanunzaTopamMu rmokasaJjio, 4TO IepBbIe 0oJiee celeK-
TUBHBI B OTHOILIEHU Y OCHOBHOTO MPOyKTa — KOPUIHOTO
crnuprta. [IponuTaHHbIE KaTaJIU3aTOPbl UMEIU OOIbILIYIO
aKTUBHOCTb, HO MEHBIIIYIO CEJIEKTUBHOCTb.
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BBepeHue

B Hacrosmee BpeMsT He(pTeXUMHUS IBJISICTCS HAM00-
Jlee 5KOHOMUYECKH BBITOJHOM OTPaCibIo IepepadboOTKH
HedTu. Tak, MHTErpasbHasi CTOUMOCTb HepTeXUMUYeCc-
KO MIPOAYKIINH B 7—9, a MOTOPHBIX TOIIJIMB TOJBKO B
2—3 pa3a npeBbIllIaeT CTOUMOCTb UCITOJIb3yEeMOM AJIS1 UX
nony4yeHus cbipoit Heptu [1]. OCHOBHBIM CHIpbEM IS
TIPOM3BOACTBA HEPTEXMMMICCKON MPOXYKIINHU CITYKAT
JIeTKHe oJie(UHBI, ITOJIydaeMble TP TUPOJIN3e U KaTa-
JIMTUYECKOM KPEKUHTE.

[Iporecc KaTaaMTHISCKOTO KPEKMHTA OPUCHTHUPO-
BaH, IIaBHBIM 00pa30oM, Ha MOJIydeHHe MaKCUMaTbHO-
ro KOJIMYeCcTBa BHICOKOOKTaHOBOToO OeH3uHa. Crieriua-
JIM3UPOBAaHHBIC KOMITAHUM TIPEIIaraloT KaTaan3aTOPhl
WK J00aBKHM K HUM, MO3BOJISIONINE YBEINIUBATDL OT-
00p JIerkux oJieMHOB Ha YCTAaHOBKAaX TPagULIMOHHOIO
KaTaJIMTUUEeCKOro KpekKuHTra. JloGaBKM, comepKalue
neonuT tTuna ZSM-5 B akTUBHOI MaTpulle, obecrnedu-
BalOT BBICOKYIO CTEMEHb IMpeBpallleHUs] MOJIEKYJI OeH-
3MHOBOTO PSIla B JIETKKE OJie(MHBI M B KOJMYECTBE IO
10 Mmac.% OT OCHOBHOT'O KaTaJIM3aTopa He CHUXKAIOT aK-
TUBHOCTb MCXOMHBIX KaTaanu3aTopoB. [Ipy 3ToM BbIXOn
mmpornuieHa yBeanymuBaercs ¢ 4—5 no 7—10 mac.%.

®dupmBl, 3aHUMalOIIMecsT IpolieccaMu HedTerne-
pepaboTKM, MpenjaraloT pa3JMyHbie BApUaHTHI KaTa-
JIMTUYECKOTO KPEeKMHTa, HAallpaBJICHHBIC Ha ITOBBIIIIC-
HHe BBIXOHa JIeTKuX ojiecnHOB 10 40 Mac.% Ha ChIpbe

AoponuH B.11. — kaHO. mexH. Hayk, 8ed. Hayy. compyoHUK nabopamopuu
cunme3sa momopHsix monsus UMY CO PAH. Ten.: (3812) 67-23-65.
E-mail: doronin@ihcp.oscsbras.ru

Jlunun N.B. - uxxerep moii xe nabopamopuu. Tea. mom xe.
E-mail: lipin@ihcp.oscsbras.ru

Copokuta T.11. - 8ed. mexHon02 moii e nabopamopuu. Tes. mom xe.
E-mail: sorokina@ihcp.ru

WHcTutyT npobnem nepepaboTku yrnesofopooB
Cubupckoro otaeneHus PAH, Omck

[2—6]. B TexHOMOTMM TIIYOOKOro KaTaJMTUYECKOTO
kpekuHra (I'KK) peanuzoBaHbl MpUHIMIOB OOBIYHO-
ro KaTaJUTHUUYECKOTO KPEeKUHra, HO ¢ OoJjiee KeCTKUM
padouum pexnmoM. [1lo cpaBHEHUIO C TPaIUITNOHHBIM
KaTaJUTUIECKUM KPEKMHTOM, OCYIIEeCTBIISIEMbIM TP
temriepatypax 500—530 °C, npu riny00OKOM KpeKWH-
re TeMmmeparypy IoBwImaioT mo 540—575 °C [7], gurto
yBEJIMUYMBAET BhIXON Kokca. CHUXXEHUEe MapluajlbHO-
ro IaBJICHUS YIJEBOIOPOIOB B 30HE peaKTopa 3a CYeT
0OoJBIIETO pacxoma mapa (CTeIeHb pa30aBiICHUS BOMIS-
HBIM MMapoM Bo3pacTaeT OT 1—6 Mpu TPaAULIMOHHOM
kpekuHre g0 20—30 mac.% coipbs ipu ['TK) no3ponsier
CHM3UTH IEHCTBUE peaKIuii oOpa3oBaHMs Kokca. Ha
>KE€CTKOCTb Mpoliecca BJUSET U COOTHOLIEHHWE KaTalu-
3aTop:chipbe (catalyst to oil ratio — C/O), KoTopoe npu
INIyOOKOM KaTaJIUTHYSCKOM KPEKMHTE BO3pacTaeT OT
5—10 go 7—15 [7]. Bapbsupysl npuBeIeHHbIE MapaMeT-
pbl, TOOMBAIOTCSI U3MEHEHMSI B paclpeneIeHMU OCHOB-
HEIX IPOAYKTOB KPEKMHTA.

ITpouecc peanusyioT B ABYX BapMaHTaX: ¢ OYEHb
XKecTKuM pexumoM (530—575 °C, C/O = 8+15) nnsa
MaKCHMaJIbHOTO ITPOM3BOACTBA IIPONMJICHA M BapHaHT
¢ HexxecTKUM pexkumoM (505—3555 °C, C/O = 7+12) naga
MaKCHUMaJIbHOTO ITPOU3BOACTBA U300JIe(DMHOB. YCI0BU S
peakIuii M COCTaBbI KaTaJIM3aTOPOB ONTUMU3UPOBAHBI
Ha orpaHMYeHMe 10 MUHUMYyMa peakIuil mepeHoca Bo-
JIopoja IMpu OJHOBPEMEHHOM YBEIUYCHUM KOHBEPCHUM.
B 3aBucuMocTH OT TpeOyeMOTo BUIa IMPOAYKTOB IOJS
OeH3MHa MOXET OBbITh 3aMETHO yBeJIMYeHa MpPU Coxpa-
HEHUHU BbICOKUX BbIXOA0B C3—C,y.

Ha or6Gopsl nerkux oneuHOB CYIIECTBEHHO BJIU-
SIeT ¥ Ka4eCTBO ChIPhs. TpaauIIMOHHO IJIsI KaTaJlUuTH-
yeckoro kpekuHra, Bkiatoudas 'KK, mpumensior Ba-
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KYYMHBI Ta30MJib IIMPOKOTro (hpakIIMOHHOTO COCTaBa
Cc TeMIlepaTypoil KuneHus B nuamna3oHe 350—570 °C,
TaKXe BOBJIEKAIOT TUCTUJUIATH TUAPOKPEKMHTA, KOK-
coBaHUsI, paMHATHI, TTIOJTYYEHHBIE B X0/¢e neachaabTu-
3alMU TSIXKENIbIX He(PTIHBIX OCTaTKOB, 1 Ap. [8]. CocTaB
MPOAYKTOB, 00pa3yoIIUXcs IpU KpeKUHTEe, BO MHOTOM
3aBUCHUT OT IPYNIIOBOT'O COCTaBa Pa3IMYHOTO YIJIEBOIO-
POIHOTO CBIPHSI.

B nanHOi1 paboTe N3ydeHO BIUSHNE YCTOBUI IIPOBE-
JIEHU S TIpollecca Ha COCTaB MOJIydyaeMbIX IPOAYKTOB Ha
OMIICOIUTHOM KaTaJIu3aTope U IMIPOMBIIIICHHOM KaTa-
nmm3atope JIOKC ¢ 1e1pio moTy4eHnsI BEICOKOTO BBIXO-
Ja JeTKUX oJie(PMHOB NPHU INIYOOKOM KaTaJaUuTUYECKOM
KPEKUHTE YTJIEBOIOPOTHBIX (DpaKIIMIA.

JKCcnepuMeHTaNIbHAA YacTb

Jnst uccnenoBaHusl BEIOpaHbI OMIICOJMTHBINM KaTa-
nuzatop 'KK, cocTtaB KOTOporo o60CHOBaH aBTOpaMu
paHee B paborte [9], u katanuszarop cepuu JIKOKC npo-
n3BoacTBa OAO «I'azmpomuedTh—OHII3». buneonut-
HBIII KaTaJM3aTop BKJIIOYAJ] yJbTPACTaOMIBHBINA Y M
ZSM-5 11eoJIUTHI NTPU UX PaBHOM COAECPXKAHUU M MaT-
puily. YiaerpactadribHbIN 11eonuT Y (Si/Al = 4,4) B KaTu-
OH-IeKaTHUOHUpoBaHHOI (opme (Na,O — 0,85 mac.%,
P35,0; — 0,23 Mac.%) mony4unu B pe3yabraTe MHOTO-
KpaTHBIX 0OMEHOB KaTMOHOB HAaTPpHsI, COACPXKAILINXCS B
neosute NaY, Ha KaTUOHBI aMMOHMS M PeIKO3eMeb-
HBIX 3JIEMEHTOB U TOCEeAYIOlIei TepMOCcTabUIn3alun
npu 550 °C B cpeme BomssHoro mapa. Lleonut ZSM-5
(Si/Al = 15,0) B H-bopme (Na,O — 0,05 mac.%) nomy-
YyaJid U3 ero HaTpueBoil (hbOopMbl MIOHHBIM OOMEHOM Ha
KaTHUOHBI aMMOHMS U npokaauBanuem 1ipu 500 °C. B
KauyeCcTBE KOMITOHEHTOB MaTPUIILI UCITOIb30BaJIM aMOP-
b1t anromocunukar (Na,O — 0,09 mac.%, Al,0; —
10,80 mac.%), nepeocax aeHHbIA I'MAPOKCHI aTIOMUHUSI
n 6eHTOHUTOBYIO IMHY (Na,O — 0,12 mac.%). Kommo-
HEHTBI MaTPUIIbl CMEIIUBAIM IIPU COOTHOLIEHUH aJli0-
MOCHWJIMKAT : TUAPOKCHUI aJIOMUHMUS : TINHA, PaBHOM
2:1:1. IpomeinuteHHbI Katanuzatop JIKOKC unmen

Tabnuua 1

OJIM3KYIO MO COCTAaBY MaTPUILY M comepxkal 18 % macco-
Boii nonu eonauta Y B HP3D-popme [10].

KaTtanmutuueckue CBOMCTBa OLIEHUBAJIH ITOCJIE TIPEI-
BapUTeJbHOI 00pabOTKM KaTaau3aTopoB MpU TeMIepa-
type 760 °C B Teuenue 5 4 B cpene 100 % BoasgHoOro napa
B cooTBeTcTBUM ¢ ASTM D 4463-06. XapakTepuCTUKU
TMOPUCTOI CTPYKTYPhl 00pa31ioB, MOJTYYEHHBIX 110 HU3-
KOTEMIIEPATYPHOW ancopOLMu a30Ta, NMPUBEIACHBI B
Tabx. 1.

Karanutuuyeckylo akKTMBHOCTb 00pa3lloB OIpeie-
JISLTYA Ha J1abopaTOPHON YyCTaHOBKE MPOTOYHOI'O TUIIA
MAK-2M, cooTBeTcTByIOWEei ctanmapty ASTM D
3907-03, ¢ HeMOABUXKHBIM CJIOEM KaTajau3aTopa B KOJIU-
yecTBe 5 I. PeakTopHY10 crucTeMy mpoayBain a30TOM C pac-
xomoM 30 MJI/MHH. YIJICBOIOPOIHOE CHIPhE TO3MPOBAIIA B
teueHue 30 c. KaraauTuyeckyo akTUBHOCTb OMpeeis-
Ji ipu TeMmneparypax: 520, 540 u 560 °C, cooTHOLIEHHE
KaTtanmzaTop:ceipbe (cooTHomeHne C/O) BappupoBaIn
B 1uamna3oHe oT 3 10 9. B kauecTBe ChIpbsl MCMIOIb30BAIU
TUAPOOYMIICHHBIN BaKyYMHBI ra3oiiib (BI'), razoBeiii
koHaeHcar (I'K), ero ¢ppakuuio nmocie orroHa 6eH3MHO-
BO# yacTu, BEIKMNawIe 10 216 °C, a TakxXe TSXKeJIbIi
ocraTok rugpokpekunra (TOI').

CoctaB ra3oo0pa3HblX MPOAYKTOB KpekuHra (C,—
Cs4), a TakKe conepxkaHue mpoayBodHoro rasza (N,) on-
peneasian xpoMarorpadudyecku Ha Tipuoope Kpuctann
5000.1, obopymoBaHHOM KaITMJIJISIpHON KojoHKoi HP-
PLOT AL,O5 S (50 M x 0,54 Mmm X 15,00 MKM, HENOIBUAX-
Hasa daza HP-AI/S), cranpHoli HacamouHOIl KOJIOHKOM
(3 M x 3 MM, aacopbent NaX dpakunu 45/60), miaMmeHHO-
MOHM3AIMOHHBIM JIETEKTOPOM M JETEKTOPOM TIO TETJIo-
MIPOBOIHOCTH.

KommuecTBeHHBIN aHAINU3 XXUIKUX ITPOTYKTOB IIPO-
BoauaU B cooTBeTcTBUM ¢ ASTM D 2887 (MeTon umu-
TUPOBAHHOW AUCTUILISILMU) Ha XpoMaTorpade GC-2010
(«Shimadzu») ¢ KanUIsIpHOM KoJToHKOM Rtx-2887 (10 M X
x 0,53 MM X 2,65 MKM, HENTOABMXKHas (haza — TUMETUIINO-
JIMCUJIOKCAH) Y TIJJaMEHHO-MOHU3ALIMOHHBIM NIETEKTO-
poMm. K 0eH3MHOBOI (hpaKIINM OTHOCHIIN BCE XKUIKHE YT-
JIEBOJIOPO/IBI C TEMITEPATY POt KureHus 10 216 °C.

OCHOBHbIE XapaKTepPUCTUKM NOPUCTOI CTPYKTYPbI KaTaNU3aTopPoB

06bem nop, Vnop, CM3/r

YnenbHas noBepxHOCTb,

CpepHuit guametp nop,

Karanusatop Sy M2/ CymmapHblit 06bem nop, | 06bem mukponop, Dep. nopr HM
VEnop VMMKpO
buueonutHbIi 212 0,37 0,040 7,0
JIIOKC 167 0,37 0,035 8,9
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ConepkaHe KOKCOBBIX OTJIOKCHWI Ha KaTaanu3aTrope
OIpeaeIsiiv 10 YOBIIM Macchl o0pa3lia IMocje ero rmoc-
JIeIOBaTEIBPHOTO MPOKAIWBAaHUSA TIpA TeMIeparypax 500
(1 9) 1 550 °C (1 9).

Pesynbrathl M ux 06CyKAEHUE

Ha puc. 1 npuBeneHbl 3aBUCUMOCTY KOHBEPCUU Ba-
KYYMHOTO Ta30MJIsI Ha MCCIeNYeMbIX KaTaJan3aTopax OT
COOTHOILIEHUSI KaTaJu3aTop:Chipbe MpU TeMIlepaType
kpekuHra 540 °C. IIpy ogMHAKOBBIX YCJIOBUSIX KOHBEP-
cus BI' Ha GUlIeONTUTHOM KaTaau3aToOpe HUXKE, YeM Ha
katanuzatope JIIOKC, ocobeHHO Mpu HU3KUX COOTHO-
meHusx C/0. Tak, mpu TeMmnepaTtype oOBIIYHOIO Kpe-
kuHra 520 °C u C/O = 3 xonBepcusa Bl Ha xaranusa-
Topax cocraBisgeT 62,6 u 76,5 mac.% COOTBETCTBEHHO.
OpHako MpU YBEIWYEHUUN XECTKOCTU KpeKUHTra (yBe-
JIMYCHUU TeMIIepaTyphbl MJIM COOTHOIICHUS KaTaJIn3a-
TOp : Chipbe) KoHBepcus BI' Ha OMIIeOJUMTHOM KaTaau-
3aTOPE CYLECTBEHHO MOBBIIIAETCS U TOCTUIACT YPOBHSI,
COIIOCTABMMOTO ¢ TaKOBBIM Ha Kartanu3atope JIKOKC.
Yeenuuenue cootHomeHus C/O ot 3 mo 9 mpuBoguT
K pocTy KoHBepcuu BI' Ha OM1IeONTUTHOM KaTaiau3aTo-
pe Ha 16,6 mac.%, nns katanusatopa JIOKC pasHuiia
cocrtasiset 12,0 mac.%. IIpu MOBBIIIEHUW TeMIlepaTy-
pbl 10 560 °C KoHBepcHs HOCTUTAET BEJIMYMHBI OoJiee
90 mac.% Ha 000MX KaTaan3aTopax.

TakuM obOpa3oM, IUIST TOCTUXKEHHUST KOHBEPCUi Ba-
KYYMHOTIO Ta3oijis Ha OMIIEOJMTHOM KaTaJiu3aTope,
COIIOCTABMMBIX C IIOJy4YaeMBIMM Ha KaTaJlu3aTope
JIIOKC, HeoOXoaMMO MPOBOAMTH KPEKWHT MPU BHICO-
KHUX 3HAYEHUSIX TeMIIepaTyphl U COOTHOIIEHUSIX KaTa-
JIN3aTOP : CHIPhE.

5 KoHBepcus, mac.%

2
854
754
65 1
55 T ) T
3 5 7 9 11

CooTHOWEHMe KaTannu3arop: Cbipbe

Puc. 1. BansHue cOOTHOWEHMA KaTanM3aToOP:CbIpbe Ha KOH-
BEPCUI0 BaKYYMHOTO ra3oiiif Ha KaTanusaTopax GuueonuT-
HoM (1) n JIIOKC (2) npu Temnepatype 540 °C

YacTuuyHas 3aMeHa aKTMBHOW MaTpULIbl KaTaau-
3aropa Ha LHeoauT ZSM-5 mpuBOAUT K YMEHBIICHUIO
BKJIaJla peaKIMii TMepBUYHOTO0 KPEKUHTA yTJIEBOIOPO-
JIOB U K pasjnyusIM KakK B OOUIEll KOHBEPCUU CHIPHS,
TaK M B pacipeaeeHUN OCHOBHBIX MPONYKTOB KPEKMH-
ra Ha JaHHBIX KaTanu3aropax. M3secTHo [11], yTo 1ie-
oaut ZSM-5 HecnocoOeH KpeKUpOoBaTh BBICOKOMOJIE-
KyJsipHble yriaeBonoponbl Cs;p—Cgy UCXOLHOTO ChIPbS
BCJIEJICTBUE MOJIEKYJISIPHO-CUTOBBIX CBOUCTB [12]. OH
OCYIIECTBIISIET TPEeBpaIleHUs YTIJIEBOAOPOIHBIX MOJIe-
KyJ1 06 H3MHOBOI (ppaKIIMK U TTPU HU3KOH aKTUBHOCTH B
peaxkuuu nepepacrpeneeHnst BOA0OPoaa CrIocoOCTBYET
00pa30BaHUIO JIETKUX 0JIE(DMHOB.

IIpu yBenuyeHUHU kecTKOCTU KpekuHra BI' Ha u3y-
YaeMBIX KaTaJIM3aTopaxX ITOBBIIIACTCS CYMMAapHBIil BBI-
xon nponaH-niponuieHoBoi (ITIIP) u GyraH-OyTHIIE-
HoBoi (Bb®) dbpakuuit (puc. 2), mpudemM yBeJUdYeHUE
COOTHOIIICHHSI KaTaJM3aTOp:ChIPhe OKAa3hIBacT 0Oojice
CHJIBHOE BIIMSIHUE, YeM YBeJIndeHre TeMIiepaTypsl. [1pu
temnepatypax 540—560 °C u cootHomeHusx C/O = 7+
+9 cymmapnabIii Beixon I1I1® u BB® gist 6U1Ie0IUTHO-
ro Karajausaropa nocturaet 42—44 mac.% npotus 28—
30 mac.% nns karanausaropa JIOKC.

ITpu onmuHakoBBIX ycnoBUAX KpekuHra BI' Bbixon
onepunoB C,—C, Ha OULIEOTUTHOM KaTaJlU3aTOPE Bbl-
e, yuem Ha Katanuzarope JIKOKC, u paznuuue pacter
C YBEJIMYEHHUEM KECTKOCTH IIporiecca (cM. puc. 3). Ha
000MX Karajau3aTropax C TOBBIIIEHHEM TeMIIepaTyphl
mpu Heu3MeHHOM cooTHomeHuu C/O BBIXOHO JETKUX
oneduHOB yBenmmuuBaeTcsa. OOQHAKO IIPY HEU3MEHHOM
TeMIiepaType ¢ ToBbIIeHUWeM cooTHomeHus C/O ux
BBIXOJI HAa OMIICOJTUTHOM KaTaJInu3aTope HEMHOI'O pacTeT,

) Boixog MN® + BB, mac.%

® 520 °C
m 540 °C
A 560 °C

12 T T T T
3 5 7 9 11
CooTHoLwWeHKe KaTann3aTop: cbipbe

Puc. 2. BausHue Temnepartypbl U COOTHOLIEHMA KaTanusa-
TOp:Cbipbe Ha cyMMapHblii BbixoA MNMN® n Bb® npu kpekutre
BI' Ha kaTanu3aTopax 6ULEONUTHOM (CTINOLWHbIE INHKM)

n JIOKC (wTpuxoBble nnHMK)
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. Bbixog oneuHos, mac.%

@ 520 °C
m 540 °C
A 560 °C

T T T
5 7 9 11
CooTHOwWeHKe KaTann3aTop: Cbipbe

Puc. 3. Bavaxue TemnepaTtypbl U COOTHOWEHMUSA KaTanusa-
TOp:Cbipbe Ha BbIXOA Nerknx oneduros C,—C, npu kpekuHre
Bl Ha kaTanu3aTopax 6ULEONUTHOM (CROLHbIE TUHUM)

un JIOKC (wtpuxosble NUHUK)

5 Bbixog, 6eH3uHa, Mac.%

® 520 °C

m 540 °C

35{\::::‘______ 4560 °C
S~ Te~-__ @€ T——- -

k< TR~ _
~—p ==
25+ -1
%
154 A
5 T T T
3 5 7 9 11

CooTHOWeEHME KaTann3aTtop:Cblpbe

Puc. 4. Bnuanve Temnepatypbl 1 COOTHOLWEHNA KaTanusa-

TOp: Cbipbe Ha BbIXOA 6eH3MHa Npu KpekuHre Bl Ha kaTanu-
3aTopax 6uueonuTHoM (cnnowHsie nuHum ) u IHOKC (wrpm-
XOBbI€ IMHN M)

a Ha katanuzarope JIFOKC nagaet. 9To mageHue odyc-
JIOBJIEHO CHUKEHUEM conepxaHus onebuHoB C3—Cy B
TIT1I®D u BB® B pe3ynbraTe IpOoTeKaHUS peakKIMU Iepe-
pacnpeneyieHus Bogopoja Ha ueoaute HP39Y [13].

Brixon OeH3MHa MpU OIMHAKOBBIX YCJIOBHUSIX Kpe-
kuHra BI' Ha katanu3atope JIKOKC cymecTBeHHO BbI-
11Ie, YeM Ha OMIEOJUTHOM KatajauszaTope (puc. 4), 4To
00BsICHSIETCS Pa3JMYMSIMU B COCTaBaX MX LIEOJUTHBIX
KOMITIOHeHTOB. O06a Karajnm3aTopa IIpW YBEJIWYCHUU
JKECTKOCTH TIpoliecca NMPOoSIBSIIOT HACTOJBKO BBHICOKYIO
aKTUBHOCTb, UTO HAOJIOHACTCS PEXMM <«IIePEKPEKMH-
ra» 1 BBIXOI O€H3MHA CHUKACTCH.

Hna ysenndeHusd Bbixona onepuHos C,—Cy 1 co-
XpaHeHUsT BbIXojga OeH3uMHa Ha ypoBHe 30—35 mac.%

Bbixopn KoKca, mac.%

20
-
154 2z="
,;$¥’
&

] _%

10 /é;l
f’
> © 520 °C
m 540 °C

. 4560 °C

3 5 7 9 11

CooTHOLWEHME KaTtann3atop:Cbipbe

Puc. 5. BnausHve TemnepaTypbl ¥ COOTHOLWEHUSA KaTanu3a-

TOp: CbIPbE Ha BbIXOJ, KOKCA Npu KpekuHre Bl Ha kaTanusa-
Topax 6uueonnTHom (cnnowHbie AnHum ) u JIOKC (wTpuxo-
BbIE JIMHUW)

MpY TJIYOOKOM KaTaJUTUYECKOM KPEKWHTE YTJIeBOIO-
POIHOTO CBIPhS MPOIECC CAeAYeT MIPOBOAUTD MPU TEM-
mepaTtype okoiio 540 °C 1 BBICOKMX COOTHOIICHUSX Ka-
TaJIn3aTop : Chipbe — 5—7.

Brixon KoKca Ipy OMMHAKOBBIX YCIOBUSX KPEKMHTa
BI' mpakTU9ecKm He 3aBUCUT OT TEMIIEpaTyphl, HO YBe-
JIMYMBAETCS ITPU TTOBBIIIIEHU Y COOTHOIIIEHM I KaTaJr3a-
TOp : chipbe (puc. 5) n Ha katanu3atope JIKOKC Bolle,
yeM Ha OMIIEOJUMTHOM Karajuzarope. YToObl yMeHb-
IMUTHh 00pa30BaHME KOKCOBBIX OTJIOXEHMIA Ha KaTaau-
3arope, nmpouecc 'KK xenareabHO MPOBOAUTH IPU CO-
otHomeHusAX C/O He BhIIIE 7.

TakuM 00pa3oM, IONyYEeHHBIE Pe3yJbTaThl ITOKa-
3bIBAIOT, UTO IJIS JOCTHUXKCHHUS Ha OMIIEOJUTHOM Ka-
Tajau3aTope 3HAUYCHHMU KOHBEPCHHU YIJICBOHOPOIHOTO
CBIPbsI, COMMOCTABUMBIX C TAKOBBIMMU JJIsI KaTajau3aTopa
TpaguiMoHHOTro KpekuHra, npouecc 'KK Heobxomnu-
MO IIPOBOIMTH IIPU IOBBIIIICHHON TeMIlepaTtype M 00-
Jiee BBICOKOM COOTHOIIEHWHM KaTaJM3aTop:chipbe. U3
YCTAHOBJICHHBIX 3aBHCUMOCTEWM BJIUSHUS TeMIlepaTy-
pel 1 cooTHomeHnss C/O Ha oOpa3oBaHUE OCHOBHBIX
MPOAYKTOB ITyOOKOTO KaTtaJuTudeckoro KpekuHra BI'
clieyeT, 4YTO Ha OMIIEOJIMTHOM KaTaJu3aTope OMNTH-
MaJIbHbI/ OaiaHC BBIXONOB Jierkux ojeduHoB C,—C,
1 OeH3WHa TPU OTHOCUTEJILHO HU3KOM O0pa3oBaHUU
Kokca gocturaetcd npu temneparype 540 °C 1 cooTHO-
IIEeHWY KaTaJInu3aTop : CEIphe 7.

Kpome BakyymHoro razoitns (BI'), TpanuinnonHoro
ChIpbSl KaTaJWTUUYECKOI0 KPEeKMHIa, U3y4YeHO IIpeBpa-
IIeHWEe OPYTUX YTIeBOOOPOAHBIX DpaKIUii B KauyecTBe
MTOTEHIIMAJIbHBIX KOMITOHEHTOB CBIPbsI IJISI TIpollecca
I'KK: razoBoro konaeHcara (I'K), ero ¢pakuuu mocie
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Tabnuua 2

XapaKTepuCTUKMN yrneBoA0POAHOrO ChipbA
ANA rNy60KOro KaTaJIMTUYECKOrO KPEKUHra

Taxenblit
la30BbI | BakyymHbIA | OcTaTOK
MNoka3satenu KayecTBa Cbipbs o
KOHAeHcaT | ra3oiinb rMapo-
KpeKkuHra
MnotHocTs npu 20 °C, r/cm3 0,807 0,899 0,854
®pakumoHHbIiA coctas no ASTM D 2887 (°C):
Hayano KuneHus 28 288 322
10 % 75 357 365
50 % 262 434 419
90 % 492 523 489
95 % 531 546 506
KOHeL, KuneHus 554 (98 %) 561 (98 %) 523
CopepxaHue cepbl, Mac.% 0,01 0,24 0,04
Kokcyemoctb no KoHpaacoHy, mac.% - 0,180 0,003
[pynnoBoi xumnyeckuin coctas, Mac.%:
napagpuHo-HathTeHOBbIE YINEBOLOPOAbI - 46,0 90,0
apoMmaTtuyecKue yrneBofopobl - 52,0 9,9
CMOJbI - 2,0 0,1

OTrOHA YacTH, BRIKHATIAtomei 10 216 °C, a TakKe TSIXKeI0-
ro ocrtatka ruapokpekuHra (TOI'). B ta6u. 2 mpruBeaeHbl

OCHOBHBbIC XapaKTCPUCTUKU JaHHbBIX BUJOB ChIPbA.

CrnenyeT OTMETUTD, YTO ra30BbIi KOHIEHCAT COAEP-
XKUT okoio 40 mac.% yIJIeBOHOPOHOB, BBIKHUITAIOIINX

o 216 °C, u oTHOCAIINXCI K O€H-
3MHOBOM (ppaklMM, U UMEET OYeHb
HE3HAYMTEJIbHOE KOJIMUYECTBO Ce-
pbl. OCTaTOK TUIAPOKPEKWHTa OT-
JIMYaeTCsl BBICOKUM COIEpKaHUEM
mapa¢uHO-Ha(PTEHOBOU (hpaKIUU
W HU3KHUM 3HA4YeHHEM KOKCYeMOC-
TU. BBIXOOBI OCHOBHBIX IIPOAYKTOB,
nosryyeHHbIX nipu KK ykazaHHBIX
BUJOB ChIpbs Mpu TemIiepatype 540
°C ¥ COOTHONIIEHUM KaTaju3aTop:
Ccbhipbe 7 Ha OMIIEOJMTHOM KaTaJiu-
3aTope, MpUBEAEeHHI B Ta0I. 3.

IIpn I'KK razoBoro koHaeHca-
Ta KoHBepcus B 1,6—1,9 pasa Huxe
IPYTUX BUIOB CHIPbs. YIaJcHUE U3
I'K dpakuuu, kunsimeii g0 216 °C,
YBEJIMUYMBAEeT KOHBEPCHIO IO 3HAUEC-
HUM, COMMOCTaBUMBIX C BAKYYMHBIM
ra3omjeM M OCTaTKOM THMIPOKpe-
kuHTa. [Ipy KpeKMHTEe BAKYYMHOTO
raszoms, (ppakuuy ra3oBOoro KoH-
JleHcaTa M OcTaTKa TMAPOKPEKMHTa
HabaonalTcd OJu3Kue 3HauYeHUs
(oxoiso 30 Mac.%) BEIXOIOB OCH3M-
Ha. IToBBILIEHHBI BBIXOJ O€H3MHA

IIPpU KpeKMHTEe Ta30BOro KonaeHcara (42,2 mac.%) o06b-
SICHSIETCSI HEBBICOKOI CTEIIeHbIO MPEeBPAIeHU ST JISTKUX

YIJIEBOJOPOAOB OCH3MHOBOM (pakliuu, comepxkaHue

koTopbix B ucxogHoMm 'K okoso 40 mac.%. Beicokuii
BbeIXoA Jerkux oneduHoB nmpu 'KK octaTka rugpokpe-

Tabnuua 3
Boixoabl uenebix npoaykToB KK yrneeoaopoaHoro cbipbs Ha 6MLLEONUTHOM KaTanusaTope
Cbipbe
MpopyKTbl, MAC.% . Ppakums BaKyyMHblit Taenblit ocTaTokK
[a30BbIN KOHAEHCAT | ra3oBOro KOHAeHcara .
o rasoinb TMAPOKPEKNHra
>216 °C
KoHsepcus 49,8 87,1 80,0 94,1
Bbixop:
ITuneHa 2,7 31 2,4 31
nponuneHa 15,9 17,0 16,5 20,1
GyTUneHoB 11,2 12,7 13,0 15,1
oneguros C,-C, 29,8 32,8 31,9 38,3
6eH3nHa 42,2 30,0 28,9 31,3
KOKCa 4,6 6,8 6,8 4,7
" Konsepcus MK cumtanach 3a BbI4ETOM COfEPKaHNA 6eH3MHOBOI hpaKLMM B UCXOLHOM ra30BOM KOHAEHCATe.
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KWHTa (B yKa3aHHBIX ycJoBusX Ha 20 0TH.% Bhl1IIE, YeM
Ha IPYTUX BUAAX ChIPbsI) 00YCIOBJICHO €TI0 I'PYIIIIOBBIM
coctaBoM: TOI comepxut 90 Mac.% mapaduHOBBIX U
Ha(TEHOBBIX YIJIEBOAOPOIOB, HauboJjee OIarornpu-
SITHBIX 1JISI 00pa3oBaHUs 0JIe(PUHOB B YCIOBUSX Kpe-
kuHra. [Ipu 'KK ncxomHoro ra3zoBoro KoHjaeHcaTa u
ocTaTKa I'MJAPOKPEKMHIa KOKC o0pa3yeTcsl B MEHbIlIEM
KOJIMYECTBRE.

3aknyeHue

N3yueno BiussHue Temmepatypbl (520—560 °C) u
COOTHOIIEHM S KaTajau3aTop:chipbe (0T 3 10 9) Ha pac-
MpeneieHue 1eJIeBhIX MPONYKTOB MpPH KaTaJlUTHUYec-
KOM KpEeKWHTe BaKyyMHOTIO Ta30MJIsI Ha OUIICOJTMTHOM
KaTajau3aTope M MPOMBIIIICHHOM KaTajanu3aTope CEpum
JIIOKC.

[Moxa3zaHo, 4YTO Ha OUIICOJMTHOM KaTaJn3aTope IS
JOCTUXKEHMSI BBICOKMX CTEIleHEei IMpeBpallleHus] BaKy-
YMHOTI'O Ta30iijisl, COMOCTaBUMBIX C MOJyYaeMbIMM Ha
katanmuzatope JIFOKC, KpeKMHT HE0OXOOMMO IIPOBO-
JIWUTh B YCIOBUSIX MOBBIIIEHHOM XK€CTKOCTH, T.€. TIPY BbI-
COKMX 3HaYyeHUsIX Temneparypsl (= 540 °C) u cooTHO-
meHuns KaTaauzarop:ceipbe (C/O > 7).

YcTaHOBJIEHO, YTO YCUJIEHUE XECTKOCTHU Ipollecca
(TIOBBIILIEHWE TEMITepaTypbl U YBEJIMUYEHHUE COOTHOIIE-
HHS KaTaJn3aTop:ChIphE) BEI3BIBACT ITOABEM BBIXOIA
nerkux onedpuHos C,—C, npyu 0OJHOBPEMEHHOM CHHU-
JKeHMHU BbIxoga OeH3uHa. [loka3zaHo, 4TO B MHTEpBaJe
COOTHOIIECHUI KaTaJIN3aTOP:ChIphe (5—7) M TeMIlepaTyp
(540—560 °C) nmpu I'KK ruapoouniiieHHOTO BaKyyMHO-
I'0 ra3oiijis Ha OMIIEOJIMTHOM KaTaau3aTope BBIXO OJIe-
¢dunoB C,—C, mocturaet 32—36 mac.%, BeIxoJ 6eH3MHA
cocTaBiisieT 0Kos10 30 mac.%. B aHaTOTMYHBIX YCIOBUSIX
npu KpeKnHre Ha Kataiausatope cepuu JIKOKC Bbixo-
IIBI JIETKUX 0JIEQUHOB U OeH3MHa cOCTaBiasaioT 12—16 n
37—45 mac.% cOOTBETCTBEHHO.

M3zyuyeHo mpeBpallieHHe B YCIOBUSIX TNIYOOKOIO Ka-
TaIUTHICCKOTO KpPEeKWHTa Ta30BOTO KOHIEHCATa, €ro
(bpakimu rmocyie oTroHa 6EH3MHOBOM YaCTU, BHIKUTIAI0-
meit 7o 216 °C, a Tak:kKe ocraTKa I'MIPOKPEKUHTa B Ka-
YeCTBE IMTOTCHIINAJILHBIX KOMIIOHEHTOB CHIphs. [Toka3za-

HO, 4TO TIPU KpeKWHTe (PpaKIUU ra30BOro KOHIeHcaTa
M OCTaTKa TMAPOKPEKUHIa Ha OUIICOTMTHOM KaTaanu3a-
TOpE B aHAJJOTUYHEBIX YCIIOBUSIX HAOMIOMAIOTCS OJIM3KIE
3HAYEHHS BBIXOIOB O¢cH3MHA — 0K0J10 30 Mac.% 1 BBICO-
kuii Beixon onedunos (30—40 mac.%). Pacnipenenenue
LIeJIEBBIX MPOAYKTOB IIPHU TIYOOKOM KaTaJHTHYCCKOM
KpeKWHTe (PpaKIUM ra3oBOro KOHIEHCATa M OCTaTKa
TUAPOKPEKUHTA CBUAETEIHCTBYET O TOM, YTO OHU MOTYT
CTaTh JOMOJTHUTEIBHBIM UCTOUHUKOM YTJIEBOIOPOIHO-
T'O CHIPbSI IJISI JAaHHOTO Mpoliecca.
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YIIK 541.128

KATAJIU3ATOPbI C BJIATOPOAHbIMU

METAJIUIAMU HA OCHOBE CBEPXCLUUTOTIO
NOJNINMCTUPONA ANA TUAPUPOBAHUA
APOMATUYECKUX YTNIEBOAOPO0B

© 2012 r. N.C. MawkoBcKuit®,
A.Jl. Tapacos!, JI.M. Kyctos?,
M.N. Wiopyna?,
B.A. [laBaHKoB>

BeepeHue

3HavyeHuUe MPOLIECCOB TMAPUPOBAHUS apoMaTUyec-
KUX YIJICBOOOPOIOB B HAIIIM JHU TPYIHO IIEPEOICHUTD,
TMOCKOJIbKY OJTHO U3 TpeOOBaHU i, KOTOPOE NUKTYET Ie-
PeXol K 3KOJIOTMYECKHU YUCTOMY MOTOPHOMY TOTIJIMBY —
EBpo-4, EBpo-5, — cBsI3aH cO 3HAYUTEIBLHBIM YMEHbB-
IIeHWEeM COJepXaHWs B HUX apoMaTUYeCKUX YT-
JIeBoIOponoB. B peakinusax ruapupoBaHUS apoMa-
TUYECKHUX YTJIEBOMOPOJAOB IIUPOKO WCIOIb3YIOTCSI
KaTaau3aTopbl C MeTajdjJaMU IJIAaTUHOBOW TPYIIIIHI,
HaHECEeHHBIMM Ha Pa3JIUYHbIE HOCUTEJIN — IPOCTHIC
u cMellaHHble okeuasl (Si0,, Al,Os, anomMocunuka-
ThI), YIJAEepoaHble MaTepuaibl U ap. [1—3]. Beicokas
IUCTIEPCHOCTD 0JIaTOPOIHBIX METaJIJ0B, HAHECEHHBIX
Ha OKCHUIHBIC HOCHTEIH, OIPEACIIeTCS CIIOCOOHOC-
ThIO Pa3JMYHBIX (PParMEHTOB MOBEPXHOCTH HOCHUTE-
Jielt (OpeHCTEeTOBCKMX U/MJIU JBIOMCOBCKUX LIEHTPOB
¥ Ip.) KOOPAMHUPOBATH METAJIJIBI YKe Ha Ha9aJIbHBIX
CTaAMsIX TPUTOTOBJEHUS KaTaiuzatopoB [2]. duc-
MEPCHOCTh METAJIJIOB Ha YIJIEPOIHBIX HOCUTEISIX (aK-
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uM. A.H. HecmesiHoBa, r. MockBa

TUBUPOBAHHBIC YIJIM, CHOYHUT U Ip.) ONpeaeasieTcs
B OCHOBHOM BBICOKOM YIOEJIBHOM IMOBEPXHOCTBHIO Ta-
kux MatepuajoB [4]. Iupoko ucrosb3yemMble B Ha-
cTosIee BpeMs IOJUMEpPHbIe COPOCHTH Ha OCHOBE
CBEPXCIINTOTO MOJUCTUPOIA [5, 6], UMEIOLIE OYEHD
BBICOKYIO YIEJbHYIO MOBEPXHOCTh (rmopsiaka 1000—
1500 M2/F) 1 TOBBIIIEHHYIO TEPMUYECKYIO CTaOUIb-
HOCTbH, MOTYT IIPEACTABISATh MHTEPEC B KAYeCTBE HO-
CUTeJIell IJISI KaTaau3aTopoB HM3KOTEMIIepaTypPHBIX
MPOIIECCOB, B TOM YMCJIE ISl TUAPUPOBAHUS U CEJIEK-
TUBHOTO OKHUcJIeHud [7, 8].

HeoOblYHBIMM CBOWCTBAMM CBEPXCIIMTOIO ITOJIM-
ctupona (CCII), onpeaenaoIIMMU €ro MCHOJIb30Ba-
HHE B Ka4eCTBE HOCUTENS OJISI KaTaJInu3aTOPOB, SIBIIS-
I0TCS:

1) KatTanuTU4ecKass MHEPTHOCTb MOBEPXHOCTU, UYTO
HEoOXOoOMMO, HAIIPpUMEpP, B PEaKIUIX CEeJIeKTHUBHOTO
TUIPUPOBAHUS;

2) HaJlM4yye TPAHCIOPTHBIX MaKpOIoOp AMaMETPOM
1o 100 HM;

3) cnocOOHOCTh CaMOii apOMaTUYECKOU CTPYKTYPhI
MOJIMMEPHOI'0 HOCUTEJIS MOABEPraThCs TUAPUPOBAHUIO
B XOJIe peaKIInii C ydacTUEM BOIOpOIa.

Lenbio maHHO# pabOTHI ABJISICTCS U3YUeHUE KaTalu-
TUYECKUX CBOMCTB KaTaJM3aTOPOB, MOJYUeHHBIX HaHE-
cenvem Pt u Pd na CCII, He comepxamuii ¢GpyHKIINO-
HAJIbHBIX TPYIII, B peaKUWSIX THAPUPOBAHUS MPOCTHIX
U TOJMIUKINYECKHX apoOMaTHMYECKUX YIJIEBOIOPOIOB
U CpaBHEHUE UX C TPAJUIIMOHHBIMY HAHECEHHBIMU Ka-
TaJu3aTopaMy TUAPUPOBAHMS Ha OCHOBE OKCUIHOTO 1
YTJIEPOTHOTO HOCUTEJISI.
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MeToauKa 3KcnepumeHTa

lMpuz2omosnerue Pd- u Pt-codepxxausux
Kamanuzamopos

B paboTe ObLIM UCITOJB30BaHbI 1Ba TUIA MTOJUMEP-
HBIX HOCHUTEJICH Ha OCHOBE CBEPXCIIMTOTO ITOJIMCTUPOJIA
B BHjIe C(hepUUECKUX TPAHYJI AUAMETPOM OKOJIO 2 MM:

1. MN-200 (HeiiTpanbHblid, Sy, = 1050+1100 Mz/l",
Wiop = 1L0+1,1 eM/1, dyjop — 2—3 1 80—100 HMm).

2. MN-270 (neiirpanbhblii, Sy, = 1150+1250 Mz/l“,
Wiop=0,7+0,8 cm/r, d = 1,5 Hm).

[MommMepsI TIpenCcTaBISIOT COOOM TPOAYKTHI MHTEH-
CHUBHOI CIIMBKY COMIOJIMMEPOB CTUPOJIa C TUBUHUIOCH -
30JI0M JIBYX pa3iuuyHbIX cTpyKTyp. O6paszenr MN-200
OTINYACTCSI TEM, YTO KpoMe ITop 2—3 HM OH CONEPXKUT
ellle U TOopbl CYLIECTBEHHO OoJjbiuero pasmepa 80—
100 HM, yay4Iaole TpaHCIIOPT MOJIEKYJT B ITOJTUMEP-
Ho#t MaTpulle. [IpoMBIIIIEHHOE ITPOU3BOACTBO TaKHMX
MOJIMMEPOB OCBOEHO B MapTHEPCTBE C (hupmoii «Purolite
Int.» (BenukobpurtaHusi).

KatanmzaTopbl OBUIM TIOJYYEeHB METOIOM IIPOIIHT-
KM BOIHBIMM pacTBopamu KoMmiiekcos H,PdCl, unn
Pd(NH3),Cl, (nna Pd-cogepxamux KaTaju3aTopOB)
1 BOAHBIMU pacTBopamu KomiuiekcoB H,PtCly unn
Pt(NH;3)4Cl, (naa Pt-comepxalimx KaTajau3aToOpOB).
Hanee obpasibl cymuau Ha Bo3ayxe ripu 120 °C. Kara-
JIN3aTOPHI, TOJTYYeHHBIC C UCITOJIb30BAHNEM TaJIIa Il
(nnaTrHa) XJIOPUCTOBOAOPOMAHBIX KUCIOT, 0003HAYEHBI
B nanbHelmem Kak Pd(Pt)(A)/MN-200(270), a o6pasiibl,
MOJIyYeHHBIE M3 aMMHWAYHBIX KOMILIEKCOB ITajIjlagus
(nnaTuHa), o6o3HavyeHbl kak Pd(Pt)(Bb)/MN-200(270).

YuutsiBag, uyto noBepxHocTh CCII rugpodobHa, B
IBYX CJIydJasix, Hapsiay C OIMMCAHHBIM BBIIIE METOIOM
MPOMUTKY, TTOJTUMEPHBIE HOCUTEIU TIepel MPOIUTKOM
BOIHBIMM pacTBOpPaMU KOMIIJIEKCOB MaJIaaus MpeaBa-
pUTENHHO CMAYMBAIU ALETOHUTPUIOM (CM. TAOJUILY;
o0pasisl 6, 8). IIpu 3TOM HabII0OAAI0CH OOJIEE TOJHOE
cmauuBaHue CCII Bomoit, 4To, BO3MOXHO, BEI3OBET 00-
Jiee paBHOMEpPHOE pacIipelnesicHre MeTallla Ha TTOBEepX-
HOCTH.

Ilepen mpoBeneHWEM MCHBITAHUI KaTaau3aTOPOB B
MOIEIBHBIX peaKIMsIX TUAPUPOBAHUS H-OyTHIOCH30J1a
Y TUAPUPOBAHUS OEH30J1a B CMECH C TOJIYOJIOM 00pa3IIbl
BoccTaHaBauBaiu B Toke H, (10 mi/muH) npu 280 °C B
TeuyeHue 1 4.

Pt-conmepxxamnive karajum3aTopbl Iepel BOCCTAHOB-
neHueM 3 4 npokaauBanu mnpu 280 °C B Toke Bo3myxa
(10 mn/mMuH). Bonee mauTenpHasT 0OpaboOTKa HexXesa-
TeJIbHA, MOCKOJIBKY TEPMOCTAOMIILHOCTh HOCHUTEJICH B
OKMCIUTENbHOI aTMocdepe HeBbicoka. g mosayue-

Hus addekTuBHbIX Pd-comepxalniux KaTtajJu3aTOpOB
TUJIPUPOBAHUS TaKas BBICOKOTeMIIEpaTypHasi OKMCIHU-
TeJibHasi 06paboTKa mepea BOCCTAHOBUTEJbHOM aKTH-
Bauuei oopasuos B H, He o0sa3aTenbHa, YTO OBLIO MO-
Kas3aHo paHee B [9] Ha npumepe Pd/Al,O;.

Jnst cpaBHEHUsI KaTaJIUTUYECKUX CBOMCTB B pado-
Te OBLJIM MCCJIeNOBaHBl TPAAMIIMOHHBIE KaTaJu3aTophl
ruapupoBaHus apoMatudeckux YB — 2 % Pt/Cu2 %
Pd/C na ocHoOBe yriepomHoro Hocutesst (CUOYHUT), a
TakXe MPOMBIIIJIEHHBIN aJIlOMOTIJIATMHOBBIM KaTalu-
3arop AII-10 (1 % Pt/Al,0;) u kaTanuzarop Ha yrie 5 %
Pt/C (mpousBonctBo «Aldrich»).

ludpuposarue apomamuyeckoli cmpykmypel
nonumepHsix Hocumesnelii

J st onpeneneHus cpeaHell CTeNeHU TMApUpPOBaHU S
apomaruyeckoit ctpykTypbl CCII B HocuTtensix oopas-
1Ibl HaHeceHHbIX Pd- mnu Pt-comepkalimx karajiu3a-
TOpoB (2 T) 3arpyxaiu B MeTaJUIMYECKUI aBTOKJIaB
oobeMom 20 M, rae 1mof gaBiaeHueM Bogoponaa 30 at™
mpu Temireparype 200 °C ux BBIOepXHBaJIN B TCUCHUE
2 cyT. CpenHIol0 CTeNeHb TMAPUPOBAaHU S MOJTUCTUPOJIA
OIpeneJIsSIv 10 U3MEHEHUIO TaBJeHUS B aBTOKJIABE, T.€.
dakTHIECKH 10 KOJIMICCTBY BOIOPOIA, MOIISAIIETO Ha
TUIPUpPOBaHUE.

Kamanumuyeckue usmepeHusa

1. B xauecTBe MOAENbHON peakKlUU A 3KCIpecc-
oIpenesieHUs aKTUBHOCTU KaTaJM3aTOpPOB ObljIa BbI-
OpaHa peakLUsl TUApPUPOBAHUSI H-OyTuiadeH3ona. Ee
MMPOBOAMIN B MPOTOYHOM KBaplEBOM peakTope ITpu
aTMoc(epHOM JaBJIeHUU, O0ObEMHON CKOPOCTHU TogaYu
H-OyTHIGeH301a B mranasone ot 0,3 10 2,0 4~ 1 MoTb-
HOM oTHoweHuu H,/w-6ytunbenson = 3,5/1 npu tem-
neparypax 150 u 200 °C. OT60p npod NpoBOAUIU B Te-
yeHue 1 4.

2. TunpupoBaHue cMecu 6€H301—TOaYy0] (MOJIBHOE
oTHoIleHue 1/1) ocyIIecTBISIOCh B peXUMe MoabeMa
temIiepatypbl B nHTepBaje §0—200 °C mpu MOJIBLHOM
oTHoweHuu H,/cMech = 40 1 06BbEMHOI CKOPOCTH MO-
naun 1 9! (mo xumakoct). OTGOP MPO6 P KaXk IOk
TeMIiepaType IpoBOANIN B TedeHUe 30 MUH.

Konsepcuio cmecu (A,%) U CEIEKTUBHOCTb B THI-
pupoBaHuUU OeH30Ja (SC6H6, %) onpenensiu mo Gop-
MyJIaM:

A% = (mg-cg+ m,-c,)/100,

m6 'C6

Se.it, %= -100,

TIe: mg — coiepxanue 6eH3ona B cMecH (% MoJib); cg —
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KOHBepcHus OeH301a; m, — COfepXKaHUe TOJIyosa B CMe-
cu (% MoIb); ¢, — KOHBEPCHS TOIyoJIa.

3. T'mnpupoBanue Tepdhenuna (cMech 0-, M- U -U30-
mepoB C;gsH;4) mposonunu B aBrokyiaBe PARR 4842
oo6bemMoMm 300 M nmpu Temneparype 180 °C u gaBieHuun
Bomopona 70 aT™ IIpu IepeMelINBaHUM CO CKOPOCTHIO
300 06/mMuH. 3arpy3ka TepdeHHMIJIa W KarajJm3aTopa
coctaBasau 11,0 r u 0,6 T COOTBETCTBEHHO. ABTOKJIaB
HarpeBasu 15 muH no 180 °C B pexume JUHEHHOTO
rnmoabeMa TeMIlepaTypsl. B Xone sKcriepuMeHTOB pervc-
TpUpPOBANU U3MEHEHWE NaBjieHusi B aBTokiaase. [Ipu
ATOM CKOPOCTH MaJeHUS TaBJICHUS B HeM (B IepecueTe
Ha TIOIJIONIEHUE BOMOPOIA B MJI) SIBJISIJIach IMOKa3aTe-
JIeM CKOpPOCTM TuapupoBaHus TepdeHuna. JJocTUTrHYB
100 % xoHBepcuM, CTpaBAUBAIU JABJIEHKUE B aBTOKJIABE
no 1 atm u HarpeBaau ero a0 320 °C B TeyeHue 25 MUH.
CKOpOCTh peakluu IEeTUAPUPOBAHUS OIPEACNISIN T10
CKOPOCTH BBIACICHUSI BOAOPOIA, PETUCTPUPYEMOIT Ta-
30BBIMM YaCaMHU.

AHaIU3 IPpOAYKTOB peaKIUii IPOBOAMIMN Ha XpOMa-
torpacde mMomenu 3700 ¢ mIaMeHHO-MOHM3ALIMOHHBIM
JIeTEeKTOPOM Ha KanuiasipHoi KojioHKe SE-54 nnuHoii
50 M B mporpaMMHUPYEMOM peXUMe MoabeMa TeMIlepa-
Typ: 60 °C (BeLAEPXKKA 6 MKH) 1 najnee Harpes 10 200 °C
co ckopocTbio 10 °C/MuUH.

UK-cnekTpbl nud@y3HOTO OTpaXeHUsT U3MEpSIn
Ha criekTpodoromeTpe Perkin Elmer-270. [Tocne ancop-
ouuu okcuna yraepoaa (20 MM pT. €T.) o6pa3ibl BaKyy-
mupoBanu rmpu 20 °C.

Pe3ynbTartbl U ux 06CyKpEeHUE

AKmusHocmbs Kamaau3amopos
8 peaKyuu 2uépuposarus H-6ymunbeHzona

Pesynbratel uM3MepeHUs aKTUBHOCTU B peaKIMU
ruapupoBaHus #-0yTunoensona mpu 200 °C mpusene-
HBI B Tabnune. JlemaeM BBEIBOI, YTO KaTaJIW3aTOPHl Ha
ocHoBe CCII B 60ABbIIMHCTBE CyYaeB MPEeBOCXOAST MO
AKTUBHOCTH TpaIWIIMOHHBIC KaTanau3atopsl Pt/Cudy-
HUT (cpaBHUTH 00pa3ibl 4 u 13) u Pd/Cubynut (cpas-
HUTH o6pa3usl 10 1 14) mpuMepHO C TeM Xe coaepxka-
HHeM MeTaJuoB. IloydeHHBIe JaHHBIC HE ITO3BOJISIOT
CPaBHUTH yIeJbHBIE (HAa TpaMM MeTaJlla) aKTUBHOCTU
KaTaJM3aTOpPOB, IIOCKOJBbKY HW3MEPEHUSI IIPOBEACHBI
MPU BBICOKHUX CTEIEHSX KOHBEPCUM H-OYTUIIOCH30Ia,
OJIHAKO MOXHO KoHcTaTupoBarth, yTo CCII nepcnekTu-
BEH KaK HOCHUTEJb IJIs1 KaTaau3aTOpOB TMIPUPOBAHU S
apomatudeckux Y B. Cinegyet otMeTuTh, 4To nipu 200 °C
CEJICKTUBHOCTh THMIPHPOBAHMUS Ha KaTajJIu3aTopax Ha
ocHoBe CCII Bo Bcex cayuasx paBHa 100 %, B To BpeMst

0 KoHBepcus H-6yTun6eH3ona,%

704
60
50
401
304
204

107

0 05 1,0 15 . 20
06beMHas cKopocTb, 4

Puc. 1. 3aBucumocts akTuBHocTn 1,0%Pd(A)/MN-270
KaTanu3aTopa B TMAPUPOBaHUN H-ByTUNGEH30Ma B CMECH
H,/H-6yTun6eH3on = 3/1 (MonbH) OT 06LEMHOI CKOPOCTH
nogayu ceipba npu 150 °C u aTmocchepHOM faBneHuUm
1- TpaguunoHHaAA NPONNUTKa, 2- npeaBapuTenbHoe CMaynBaHue
HOCUTENA aLUEeTOHUTPUIOM

CpepHsaA cTeneHb rMAPUPOBAHNA apOMaTUYECKOM
cTpyKTypbi CCMN B KaTannsaTopax m UX aKTUBHOCTb
B peaKuuu rufpupoBaHuna H-6yTunbeHsona

npu 200 °C, 06BeMHOM CKOPOCTM NOAAYMN H-6YTUN-
6ensona 1,5 4™ u MONbLHOM OTHOWEHUM
H,/H-6yTUNGEeH30N = 3/1

CreneHb KonBepcus
Ne Katanusatop rMapUpoBaHus | H-6yTun6eH-
Hocutens, % 30na, %
1 0,675%Pt (5)/MN-270 35 51,4
2 0,9%Pt (5)/MN-200 62,1
3 1,6%Pt (A) /MN-270 99,8
4 2,1%Pt (A)/MN-200 6,3 96,1
5 0,5%Pd (A)/MN-270 2,8 40,1
6 0,5%Pd (A)/MN-270" 36,3
7 1%Pd (A)/MN-200 47,6
8  1%Pd (A)/MN-200" 35,2
9 2,25%Pd (A)/MN-270 6,4 96,0
10 2,25%Pd (B)/MN-270 65,3
11 3%Pd (A)/MN-200 6,8 94,2
12 3%Pd (B)/MN-200 78,0
13 2%Pt/CnbyHUT 68,1
14 2%Pd/CnbyHuT 52,2

. HeTpa)J,I/ILI,I/IOHHaﬂ NponnTKa C UCNoJIb30BaHNEM npeaBa-

putensHoro cmauunsanua CCIN aueToHUTpUNOM.
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KakK ceJIeKTUBHOCTh Pd- m Pt-comepxallux Karaausa-
TOPOB Ha YIJIEPOIHOM HOCHUTEE HECKOJIBKO HUXe (97—
98 %).

[IpumMeHeHWe HaMW METOOAMKM IIPUTOTOBJICHUS
Pd-copepxamux KaTaam3aTOPOB C MCIIOJb30BaHUEM
npenBaputeabHoro cMmauynBaHust CCII alleTOHUTpUIIOM
nepen CTaaueil ero MPOIMMTKU M3 BOMHBIX PAacTBOPOB
KOMIIJIEKCOB TaJaaus (CM. METOOUKY 3KCIIEpUMEHTA)
TIPUBEJIO K HEOXMIAHHOMY pe3ysbTaTy. Tak, IIpy BBICO-
KOif 06bEMHOIT CKOPOCTH MOJAYM ChIpbst (BbIme 1,2 u™l)
akTuBHOCTBb Takoro 1,0 % Pd(A)/MN-200 oGpa3ua He-
CKOJIBKO HIXKE, YeM aKTUBHOCTB 00pa3siia, IMOJIyIeHHOTO
TPaAUILIMOHHOM MPONUTKOM (cM. puc. 1). AHAJTOTUYHBI
pe3yabTat 6bLI nojayued u aas 0,5 % Pd(A)/MN-270.
B 10 Xe BpeMs IIpyu HU3KOI 00bEeMHOI CKOPOCTH HUXKE
1,2 4!, xorma peakiuus mpoTeKaeT B 0GIACTU BHYTPEH-
Hell nuddy3un, HabaogaeTcss odpaTHasl KapTUHA. DTO
yKa3bIBacT Ha TO, UYTO IIpeaBapuTeIbHAsI 00paboTKa HO-
CUTEJISI alleTOHUTPUJIOM TIepe]l HaHeCEHUEM Tajljiaaus
Ha CCII BeI3bIBaeT 60Jiee paBHOMEPHOE pacIipeacacHue
Pd Ha TOBepXHOCTH HOCHUTENISI, M, BO3MOXHO, YBEJIMUe-
HUe TUCTIEPCHOCTH MeTaJlja.

ludpuposaHue apomamuyeckoli cmpyKmypel
Hocumeneli Kamanu3amopos

OmnpeneneHue CpemHel CTereHW TUAPUPOBAHUS
TOJIMCTUPOJIA B CTPYKTYpPe HOCUTEIIEH ITPOBOIMIIN BEI-
GOpOYHO A 00pa3loB KaTaJW3aTOpPOB, MOKa3aBIINX
HauOONBIIYI0 aKTUBHOCTb B peakKlMU TUIPUPOBAHUS
H-OyTunOeH307a. JlaBjieHue B aBTOKJIaBe B XOJAE BCEX
9KCIIEPUMEHTOB (cM. Tabauuy; obpasusl 1, 4, 5, 9, 11)
MOHMXKAJOCh B cpelHEM Ha 2—5 aTM, YTO COOTBETCTBY-
€T IOTJIOIICHUIO BCcero 0Koo 35—90 M Bomopona (H.Y.).
CreneHb TUAPUPOBAHUS CBEPXCIIUTOTO IMOJUCTUPOJIA
IIPU 3TOM COCTaBJIsIeT 3,5—6,8 %, HeCKOJIBLKO BO3pacTas
C yBeIWYeHUEeM KOHIICHTpAIlUM OJIarOpPOIHBIX METa-
JIOB B oOpa3siax (cM. Tabau1y).

HaHHbIe O TIOIJIOLIEHUIO BOAOPOIA B 3aMKHYTOM
crcTeMe (aBTOKJIAB) CBUACTEIBCTBYIOT O TOM, YTO Yac-
TUYHOE THAPUPOBAHNE apOMATHIECKOM CTPYKTYPHI IO~
nuctuposa B MN-200(270) mpouCXOaUT, MO-BUAUMOMY,
TOJIBKO B MECTaX HEIIOCPEACTBEHHOI0 KOHTAKTa HOCH-
TeJIsT ¢ 3aKpeIUIEHHBIMM B €ro Iopax Jactuiamu Pd
unu Pt. CiegyeT OTMETUTD, YTO YAeIbHAS TOBEPXHOCTh
CCII mpakTUYecKH He M3MEHSETCS IOCie HaHeCCHU S
METaJIJIOB ¥ YaACTUYHOTO TUAPUPOBAHUS €TO CTPYKTY-
pbl. Tak, Hampumep, yaeabHasl MOBEPXHOCTh 0Opasiia
0,675 % Pd(B)/MN-270, crerneHb ruaApUPOBAaHUS KO-
TOoporo okoJyio 3,5 % (cm. taGuuuy, Ne 1), cocraBisieT
1170 M%/r, 4TO MIPAKTUYECKHU COBIMANAET C JAHHBIMHU 110

yAEJIbHOM MOBEPXHOCTU MCXoaHOro Hocutesist MN-270
(1150—1250 m%/1).

Cocmosaxue memannos 8 Kamanauzamopax
no daHHeim UK-cnekmpockonuu

Ha puc. 2 a, 6 npuBeaenb MK-crekTpsl ancopoupo-
BaHHoro CO Ha Pt- u Pd-coaepxkamux KkaTaausaTopax
Ha 0CHOBE CBEPXCIIUTOrO MOJUCTUpOIa. VI3 yBUIeHHO-
ro 3aKJjmpoydaeM, 4To nocje o06paboTku oOpa310B BOIO-
pornom nipu 200 °C Kak majjaauit, Tak U MJjaaTHuHa Ha
MMOBEPXHOCTH KaTaIu3aTOPOB HAXOISITCS B BUIE YACTHUII
MetajaoB. Tak, HampuMep, B cuekTpe obpasua 2,1 %
Pt(A)/MN-200 HaGnromaeTcsl MHTEHCUBHasI MoJjoca
norsoteHus (m.m.) B obmactu 2040 ecm~! (puc. 2, a),
OTHOCSIIASICS, COTJIACHO JHUTEPaTypHBIM HAHHBIM, K
koMIuiekcaM CO ¢ MmeTanauyeckoil miaTuHoi. s
cpaBHEHUs Ha pucyHKe mpeactaBiaeH MK-criekTp an-
copbupoBanHoro CO Ha obGpasue 1 % Pt/Al,0;. Ha-
omonaembiit oast 2,1 % Pt(A)/MN-200 HU3KOYACTOT-
HBll caBur .. (Ha 10—25 cm™!) cBumerenbcTByer,
COTJIacCHO JIMTepaTypHBIM HaHHBEIM [10], 0 HEKOTOpOM

R, eamuuubl Ky6enku—MyHka
2065 a

Pt/ALO,

2,1%Pt/MN-200

37 1952

Pd/AL0,

. 1%Pd/MN-200

2200

2100 2000 1900 1800

-1
BonHoBoe yuncno, cm

Puc. 2. VK-cnekTpel agcopbuposanHoro CO (20 °C c nocne-
AVIOLWMM BaKYYMUPOBAHWUEM NMPU KOMHATHOW TeMNepaType)
Ha KaTaan3aTopax, npeABapuTe/IbHO BOCCTAHOBJ/IEHHbIX B H,
1 BaKyymMupoBaHHbIx npu 200 °C
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OTpHUIIATEILHOM 3apsijic Ha YacTUIlaX MeTaInIeCcKoi
MJAaTUHBL.

AHaJIoTUYHOE SIBJeHUe oOHapyxkeHo u st Pd-co-
nepxaniero o6pasna 1 % Pd(A)/MN-200. Tak, ..
2077 1 1952 cMm~!, oTHOCsIIIMECS K TMHEAHBIM U COOT-
BETCTBEHHO MOCTHUKOBBIM (popMaM aacopOMpOBaHHOTO
oKcHaa yriaepoaa (cM. puc. 2, 6), UMeIoT 0ojiee HU3KYIO
YacTOTY IO CpaBHEHMIO ¢ YacToToi aTux opm CO (2100
1 1970 cm~ 1) mist 1 % Pd/AlLO;.

CrenyeTr oTMETUTh, 4TO 1Jis1 o6pa3ioB 1 % Pd/MN-
200, oTaAnyalOUmUXCcs METOOMKON MPOMUTKHU TIPU MPU-
roTOBJeHUHU (0€3 U C IPeABAPUTETbHBIM CMadYBaHUEM
CCII auetonutpuiom), B UK-cnekTpax HabJI10ga10TCs
JIMIIDL Pa3jnudus B UHTEHCUBHOCTH I.II. OT JUHENHBIX
(2077 em™ 1) 1 MmocTukoBBIX (1952 cM~!) dhopm amcop6u-
poBaHHoro CO (cM. puc. 2, 6). HeckolbKO MEHbIIYIO
MHTEHCUBHOCTb II.II. B CIIEKTpe oOpaslia, MPUTOTOB-
JICHHOTO II0 BTOPOM METOIMKE, MOXHO OOBSICHUTH 00-
Jiee paBHOMEPHBIM paclpeie/ieHueM Mautaans B opax
CCII, uyTo cornacyercs ¢ KaTaJIuTUYEeCKUMU TaHHBIMU
MO TUIPHPOBAHUIO H-OyTMJIOCH30JIa TIPU Pa3IUIHBIX
00BEMHBIX CKOPOCTSIX €T0 TIoJauu.

Kpome Toro, Hamu o6HapyxeHo, 4yTo Pt u Pd B kaTa-
nm3atopax Ha ocHoBe CCII mpm agcopbuum Bogopoma
00pa3yloT NMpouyHbie (GOpMbl aacOpOLUU, KOTOPLIE HE
yAANSIOTCS TPpU 00padoTKe 00pa31oB B TOKE MHEPTHOTO
raza (He) no Temmeparypsr 200 °C, Ipu 3TOM pearupys
C KHMCJIOPOIOM BO31yXa yXe NMpU KOMHATHON TeMIie-
parype. B maHHBIX yCJIOBUSIX KaTaJau3aTOPbI MPOSIBISI-
0T TTMpodOopHBIe CBOMCTBA. B0O3MOXHO, YTO MMEHHO
oOHapyxXeHHbIii Hamu MmetomoM WMK-cmexTpockonuu
ancopoupoBaHHoro CO HEKOTOpPBIM OTpULATEIbHBIN
3apsaa Ha yactuiax Pt u Pd, nanecennnix Ha CCII, BbI-
3bIBaeT 00pa3oBaHUeE MPOYHO aACOPOMPOBAHHBIX (HOPM
Bogopona. CornacHo [10], Takue opMbI agcopOLUU
BOIOpOIA HeM3BeCTHHI 1Is Pt- 1 Pd-karanm3aTropoB Ha
ocHoBe Al,Os.

Takum o6pa3oM, 4aCTUIIBI METaJlJIOB, HAHECEHHBIE
Ha ITOJIMMEPHYI0 MaTPUITY, MMEIOT HEOOBIUHBIEC DJICKT-
pPOHHBbBIE CBOMCTBA, @ BO3MOXHO, U aJICOPOIIMOHHEIE.

Kamanumuyeckue csolicmea kamanuzamopos
Ha ocHose CCI 8 peakyuu 2udpuposaHua cmecu
bex3ona c monyonom

Lenp 5T0i1 yacTu pabOThl — UCCAEAOBAHUE KATaIK-
THUYECKUX CBOMCTB HOBOTO THIIA KAaTaJIN3aTOPOB B PeaK-
LIMM CEJICKTUBHOIO I'MIPHUPOBaHUs O€H30JIa B CMECH C
TOJIYOJIOM. AKTYaJIbHOCTh ITIOCTABJICHHON 3aJa4u CBSI-
3aHa C TeM, 9TO B psIJe MIPOAYKTOB He(pTeIepepaboTKM,
HampuMmep B OeH3MHaX, HEOOXONMMO CHHUXKATh KOH-

LIEHTpaIio 0€H30J1a IS COOTBETCTBUS €BPOITEUCKUM
cTaHJapTaMm.

Pesynpratel KaTalIMTHUUYECKUX W3MEPEHUI IIpel-
cTaBJIeHBl Ha puc. 3—5. VI3 mosy4eHHBIX JaHHBIX CJie-
IYET, 4TO:

— aKTUBHOCTh KaTaJIN3aTOPOB, ITOTYYCHHBIX ITPOIIUT-
KOI M3 BOTHBIX PACTBOPOB IJIATMHO- M TaJIJIa N IIXJIOPHC-
TOBOIOPOTHOI KUCIOT (MeTOn A) BBIIIE, YeM aKTUBHOCTh
00pas3loB, TOJYYECHHBIX HPONMUTKOM M3 aMMUAYHBIX
KOMILJIEKCOB 0J1arOpOJHBIX MeTaJJIOB (puc. 3);

— KakK ¥ B ciy4yae TUAPUPOBAHUS H-OyTUIIOEH30JIa,
B 9TOM peaklUuu akTUBHOCTb Pt- nnu Pd-conepxaiiumx
obpasuoB Ha ocHoBe CCII comoctaBuMa ¢ aKTHUBHO-
CTBIO TPAaIMIMOHHBIX KaTtaiusatopoB 1 % Pt/Al,O4
(cM. puc. 4) unu 2 % Pd/CubyHuT (cM. puc. 5);

— Pt-conepxainue o6pa3iubl CyIIECTBEHHO OoJiee
akTUBHBI, yeM Pd-comepxaiue kaTanamu3aTopbl C TeM
XKe comepXaHHEeM MeTallla, 0OCOOCHHO IIpH HU3KUX (IO
120 °C) remmniepatypax. Tak, Haripumep, 1s 2 % Pt(A)/
MN-200 konBepcus cmecu 100 % HabaOmaeTCs yxe
nipu 80 °C;

— CEeJIEKTUBHOCTbH B peaKIIUy T'UIAPpUPOBAHUS OCH30-
na ans karanusatopoB Ha ocHoBe CCIIT Bo Bcex ciydasix
BBIIIIE, YeM [JISI KaTaJau3aTopoB Ha ocHoBe Al,O3 u cu-
OyHWUTA.

CrenyeT OTMETUTh, YTO B peaKIUU THUAPUPOBAHUS
cMecH 0€H30JI—TOJIYOJI YBEJIMUYCHUE CEJICKTUBHOCTH TI0
OeH30JTy B 3HAYUTEJILHOW CTENIEHU OIpPeNesIeTCsT TIpu-
ponoii 6J1aropogHOro MeTala U €ro KOHLUEHTpaluen

06uwas koHBepcus cmeck, %
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Puc. 3. 3aBUCMMOCTb KOHBEPCUM CMECU BEH30N1-TONYON
OT TemnepaTypbl NPOBeAEHUA peaKkLnn rmapupoBaHns
ANA KaTannu3aTopoB

A —2,1% Pt(A)/MN-200; B — 1,6 % Pt(A)/MN-270;

® - 0,9 % Pt(b)/MN-200; @ - 0,675 % Pt(b)/MN-270
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KonBepcus cmecn, %
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Puc. 4. 3aBUCUMOCTb KOHBEPCUU CMeCH BEH30N1-TONYON
OT TemnepaTypbl NPOBeAeHNA peakLunn ruapuposaxua (a);
3aBUCMMOCTb CENIEKTUBHOCTU B rUAPUPOBaHNM GeH3ona
OT KOHBEPCUM CMeCcu ANA KaTanu3aTopos (6)

W - 1% Pt/AL,05; ® — 0,9 % Pt(E)/MN-200;

® - 0,675 % Pt 5)/MN-270

Ha MTOBEPXHOCTU KaTaau3aTopoB. Tak, CeleKTUBHOCTD B
ruapupoBaHum O0eH3oua aJist Pd-comepkamux KkaTain-
3aTOPOB BO Bcex ciyyvasix Boiiie 50 % (puc. 4, 6), a B ciy-
yae Pt kaTaauzaTopoB OHA HUXE 3TOro 3HaAYEeHUS (CM.
puc. 3, 6). Takum oOpa3oM, MoJyyeHHbIC JTaHHbIE T103-
BOJISIOT CIEJIaTh BHIBOM, YTO KaTaJIU3aTOPHl HA OCHOBE
CCII nepcnekTUBHBI 11 UCMIOJb30BaHUSI B Mpolieccax
CEJICKTMBHOTO TUAPUPOBAHUS OEH30j1a B CMECH C IpY-
TMMU apoMaTudeckKumu Y B.

ludpuposarue mepgpenuna

KuneTtnyeckre KpuBBIC 3aBUCMMOCTH JABJICHUS B
aBTOKJIaBE MpPU TUAPUPOBAHUU TepdeHunsa Ha obpasz-
nax 2,1 % Pt/MN-200 u 3 % Pd/MN-200 noka3zaHbl Ha
puc. 5. 1111 cpaBHEHU S Ha pUCYHKE IIPEeICTaBIeHa KpH-
Bas 1Uis1 KatanuzaTopa 5 % Pt/C, Xopollo 3apeKOMeH10-
BaBIIIETro ce0s1 paHee B peaKIMsIX TUIPUPOBAHU S ITOJIH-
LUKJINYECKUX apoMaTUUeCKUX yIiaeBogopoaoB [11].

PacueT konmmuecTBa Bogopoaa, MOTJIOTUBIIETOCS B
X0JIe peaKIlu, CBUAETEIbCTBYET O TOM, UTO TMAPHPOBA-
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Puc. 5. 3aBUCUMOCTb KOHBEpPCUU cMecH BeH30N-ToNyon
OT TeMMepaTypbl NPOBEAEHNUS peaKkLuum ruapupoBanus(a);
3aBUCUMOCTb CEIEKTUBHOCTY B rMApUpOBaHNUK beH3ona
OT KOHBEPCUM CMecH Ans KaTanusatopos (6)

¥ - 3,0 % Pd(A)/MN-200; B - 2,25 % Pd(A)/MN-270;

@ - 3,0 % Pd(5)/MN-200; @ - 2,25 % Pd(5)/MN-270;

A - 2,0% Pd/CubyHut

Hue TepdeHunaa Ha Bcex 00pa3iax MpoIIo MOJTHOCThIO
C IOCTATOYHO BBICOKOI CKOpOCThI0. ClienyeT OTMETHUTD,
g0 100 % xouBepcus repdennna mis 2,1 % Pt(A)/MN-
200 mocturaercsa B TeueHue 60—70 MUH, B TO Xe BpeMs
st obpasua 5 % Pt/C, comepxaiero B 2,5 pa3 60Jib-
1IIe TIJIATUHBI, 3TO BpeMS COCTaBIIsIeT 0Koyio 40—45 Mmun
(cM. puc. 6).

Kunetnyeckue KpuBble 3aBUCUMOCTU KOJIMYECT-
Ba BOIOPOIA, BBIACIISIONIETOCS M3 CUCTEMEI B X01e 00-
patHoii peakuuu neruapupoBanusd npu 320 °C, npen-
cTaBjieHbl Ha puc. 7. I3 Hero BUIHO, YTO CKOPOCTH
BblIAEJIeHUs Bogoponaa mist obpasua 2,1 % Pt/MN-200
(xpuBas 2) cpaBHUMa CO CKOPOCTBIO JAETUAPUPOBAHUS
Ha 5 % Pt/C (xpuBast 1) XKak omHOM U3 HauboJjee 3¢h-
(GeKTUBHBIX KaTaJlM3aTOpPOB 3Toi peakuuu. Criemyer
OTMETHUTH, YTO B OTJIMUME OT Pt-comepxalinx oopasios,
100 % KoHBepcUM TePLUKIIOreKCaHa Ipy ero Jeruapu-

38

Katanus B npombiwneHHocTy, N2 1, 2012



Karanus B HedTenepepabatbiBatolleidl NPOMbILIEHHOCTH
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Puc. 6. 3aBUCMMOCTb JaBNEHUA B aBTOKNABE OT BPEMEHMU
ruapupoBaHus Tepdenuna npu 180 °C gnsa 5 % Pt/C (1);
2,1 % Pt(A)/MN-200 (2); 3 % Pd(B)MN-200 (3)

0 06bem BOgOpOAA, N1

1

7 2
8-
64

’ Harpes
49 180 °c

- 32%0°C L M30TepMuyeckmnit pexum
24
0 40 80 120 160 T, MUH

Puc. 7. 3aBUcMMOCTb KONMYECTBA BblieNMBILEroCcs BOAOPOAA
OT BPeMEeHMW NpOBeAeHNA CTafumn feruapupoBanHus Tepde-
Huna npum 320 °C v ckopocTu nepemewwnsanus 300 06/MuH
ana 5 % Pt/C (1); 2,1 % Pt(A)/MN-200 (2);

3 % Pd(b)/MN-200 (3)

poBanuu Ha 3 % Pd/MN-200 noctuub He ymaeTcs, I10-
BUIMMOMY, BCIEACTBUE O€3aKTUBALIMK IMaUIaAus IIPU
TTOBBITIIEHHBIX TEMIIEpAaTypax UJIN U3-3a CIIeKaHMsI Jac-
THII MeTaJlIa.

Takum ob6pasom, katanmzatop Pt/MN-200 moxer
00paTuMo paboTaTh B IIMKJIAX THUIAPUPOBAHWE—IET U/~
pupoBaHue (TeppeHUI—TepLUKIIOTeKCaH), OTKpbIBas
MepPCHeKTUBY UCIOJb30BAHUS TAKUX KATaJIUTUIECKUX
CHCTEM TP CO3TaHUM KOMITO3UTHBIX MaTepUajoB JJs
XpaHeHus1 Bogopoda. CieayeT 0co00 OTMETUTh, UTO
peakIuMoHHas cMech nociie peakuuu rmpu 320 °C ¢ xa-
tanu3zatropaMu Ha ocHoBe CCII mpencrtasisieT coboi
OIHOPOJHYIO Maccy, B KOTOpPOM yXe HEeT IpaHyJ] Ka-

TaJau3aTopa, YTO CBUAETEIBCTBYET O IEe3WMHTErpalnu
(pactBopenun) CCII.

C apyroii cToOpoHbI, 00pa30oBaHKE B CUCTEME BbICO-
KOIVCIIEPCHOM CYCHEH3WN KaTaJIUTUUECKN aKTHUBHBIX
METaJIJIOB B apoOMaTUYeCKOM CyOCTpaTe BHITOJHO OTIMU-
YaeT TaK1e KaTaJIM3aTOPHl OT TPAAUIIMOHHBIX BO3MOX-
HOCTBIO MCHOJB30BaTh MX B IIMKJIAX TUIPUPOBAHUS—
JeruapupoBaHus 0e3 MepeMellMBaHUs PeaKLMOHHOMI
MacCCHhI.

BbiBOAbI

1. ITpurotoBaeHa cepus Pt- u Pd-cogepxaiux Kkarta-
JIN3aTOPOB HAa OPUTMHAJIBLHOM HOCHUTEJEe — CBEPXCIIH-
TOM MOJIMCTUPOJIC — ¢ BapHalneil TUIA ITOJINMEPHOTO
Hocutensa (MN-200 u MN-270), conep:xaHus MeTaJlia
(o1 0,5 1o 3 %), cnoco6a MPOMUTKN HOCUTEJIS.

2. IIpoBeneno ucnuitanve Pt- m Pd-comepskammx
kaTtanuzaTtopoB Ha ocHoBe CCII, yriepoaHbIX HOCUTE-
JIell 1 OKCcuIa aJlOMUHUS B peaklMsIX TUAPUPOBAHUS
apoMaTHYECKUX COCTMHEHUN: H-OyTUIIOeH30Ia, CMECH
OeH30J1a ¢ TOJYO0JIOM U TepGheHuIa.

3. YcraHOBNIEHO, YTO:

— B peakIUsIX TUAPUPOBAHUS apOMaTUUECKUX YT-
neBogoponoB katanuzaTopbl Ha CCII mo akKTUBHOCTU
COIOCTaBUMBI JINOO MPEBOCXOMASIT aHAJIOTMYHBIE 110 CO-
Iep>KaHUIO 0JarOpOMHBIX METAJUIOB KaTajlM3aTOPHl Ha
ocHoBe Al,O; 1 cuOyHuTa;

— karanuzatopbl Ha CCII umeloT 6osiee BBICOKYIO
CEJICKTUBHOCTh B OTHOIIICHMUH TUIPUPOBAHMS OcH301a
B cMecH OEH30JI—TOJTYOJT,

— B peakllMy TUAPUPOBAHUS CMeCU O€H30J1a C TONTY-
osoM Pt-comepxanire o0pa3iibl 3HAYUTEIBHO aKTHBHEE
Pd-conepxaniux ¢ TeM ke KOJTU4eCTBOM MeTaJljia, 0CO-
6eHHo nipu HU3KUX (10 120 °C) TeMIepaTypax;

— KaTaJu3aTophl, IPUTOTOBJICHHEIC HAHECECHUEM 13
xJopuctoBonopoaHbix KucaoT Pt(Pd), mokaseiBatoT 60-
Jiee BBICOKYIO aKTMBHOCTD, YeM UX aHaJIOTU, MOJydYeH-
HbIC HaHECEHNEM U3 aMMHAYHBIX KOMIIJIEKCOB;

— MpeABapuUTEJbHOE CMayuMBaHUE TUAPOHOOHOro
HOCHUTEIS OpraHMYECKUM pPACTBOPUTEJIEM Ha CTaauu
IIPONMUTKY M3 BOTHBIX PAaCTBOPOB KOMILICKCOB Pt vt
Pd yBeanuuBaeT ux AMCHEPCHOCTb.

4. Ipu ucnplTaHUM KaTaJau3aTOPOB B TUIPUPOBA-
HuM TepdeHnIa YCTaHOBJIEHO, UYTO Pt-comepkamumii
karanuzatop Ha CCII moxeT obpaTuMo paboTaTrh B
LIUKJIaX TUAPUPOBAaHUE—ACTUAPUPOBaHME (TepdeHUT—
TePIUKIIOIeKCaH), YTO IIePCIIEKTUBHO B MJIaHE UCIIOJIb-
30BaHUSI TAKUX KaTAJIMTUYECKUX CUCTEM TIPU CO3TaHUU
KOMITO3UTHBIX MaTepUAaJIOB IJIs XpaHEHU I BOAOPOIA.
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5. OOHapyxXeHa CIOCOOHOCTh MOJUCTUPOJbHBIX
HOCHTeJIeil B HaHECEHHBIX KaTaju3aTopax K Ie3UH-
Terpaluy (IIpY MOBBIIIEHHBIX TEMIIEpATypax) B BbICO-
KOKHMITSIINX OpPraHWYecKMxX cyocTpaTtax (TepdeHn,
TEePLUKIIOreKcaH) ¢ 00pa3oBaHMEM BHICOKOAMCIIEPCHOM
CYCIICH3MH KaTaJIMTUUEeCKN aKTHBHBIX METAJJIOB, YTO
MOKET OBITH MCIIOJIB30BAHO MPU CO3TaHUU KOMITO3UT-
HBIX MaTePUAJIOB [JIsl XpaHEHHU S BOIOPO/A.
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yHuBepcuTeT

BBepeHue

B Hacrtosiiee Bpems B HedTernepepadaTbiBaloleit
MPOMBIIILICHHOCTH LIMPOKO PAacIpOCTPaHEHBI IIPO-
LIECCHI KATaJIMTUYECKOrO AEerUAPUPOBAHUS YIIEBOIO-
ponoB. OTINYUTETLHON UX OCOOCHHOCTBIO SIBIISICTCS
HECTAallMOHAPHOCTh, OOYCJIOBJIEHHAs JAe3aKTUBaILlUeil

HaunoHanbHbIN nccnenoBaTenbCKknin TOMCKUI NONUTEXHUYECKUI

KatanuzaTopoB. OcHOBHOe TpeOGoBaHUE, MPEAbIBIS-
€MO€ K MCIOJIb30BaHMIO KaTalu3aTOPOB B MPOMBIIII-
JICHHBIX YCIOBUSIX, — JOJTOBpeMEHHOE TMOoaaepkKa-
HUE MaKCHUMaJlbHON aKTUBHOCTH, CEJIEKTUBHOCTH U
CTabUJILHOCTH, PETreHEPUPYEMOCTU U MeXaHMYEeCKOM
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NHxkeHepHble npobnembl. IKCnyarauus U NpomM3BoACTBO

npouyHocTtu. Kak mnpaBuiao, mogoOHble TpeOOBaHUS
SIBJISIIOTCS] B3aMMOMCKJIIOUAIONIMMHU U MPEarnoaaraioT
TMOMCK ONTUMAJIbHBIX YCIIOBUI 3KCIIJTyaTalluy KaTaau-
3atopoB. CorjjacHO MUPOBOMY ONbITY [1—3], penieHue
npo0JeMBbI CBSI3aHO ¢ pa3pabOTKON KUHETUIECKUX MO-
Ielieit Je3akKTUBAIlMM KaTaJIn3aTOPOB U BHEIPECHUEM B
MPOU3BOACTBO MOCTPOCHHBIX Ha UX OCHOBE KOMITBHIO-
TePHBIX MHTEJJICKTYaJbHBIX CUCTEM IJISI XpaHEHMS,
aHanan3a WHOOpMALlMM, a TaKXe ITPOTHO3MPOBAHUS
TEXHOJOTUYECKUX IoKa3aTeJiell pOMBIIIJIEHHBIX Ka-
TaluTUYecKux mnpoueccoB. [loBwileHue 3pdPeKTuB-
HOCTU pabOTHI KaTaJIN3aTOPOB BO3MOXHO U 9KOHOMMU-
YeCKH 11eJ1eCO00pa3HO 3a CUET ONTUMU3ALUU PEXMMOB
BKCIUTyaTallMi YCTAHOBOK.

B crarbe mpuBOmATCS pe3yAbBTaTHl MOIEINPOBAHUS
TMPOMBIIIIJICHHOTO KaTaJIUTHYECKOTO Ipollecca JAeTHI-
pupoBaHus Belclux napapuHos Co—Cy — KIIIOYEBOM
CTaAuM B MPOU3BOICTBE JMHEHHBIX aJKMJIOCH30JIOB.
OnrcaHBl OCHOBHBIE 3TAIThl Pa3pabOTKU METOINKY IJIST
YBEJIMUYEHMS] pecypca KaTajuszaropa: 1) TepMoauHa-
MUYECKHU aHaJIN3 IMPOTEKAIOIMINX peaKIINi METOTaMU
KBaHTOBOM XMMHUU, 2) OIIcHKA ITapaMeTPOB KMHETUYEC-
KOl Mojeu peleHrueM 00paTHOM KMHETUYECKOM 3a1a-
qu, 3) BEIOOp yYpaBHEHHUS Ae3aKTUBAIINY KaTaInl3aTopa
KokcoM, 4) pazpaboTka crocoda yBeJduveHus pecypca
KaTaJu3aTopa IETUAPUPOBAHUS C MCIIOJb30BaHUEM
HEeCTallMOHAPHOM MOJEIHN Ha OCHOBE KOJIMUECTBEHHOTO
yueTa 1o0aBiisseMoii B peakTop Boabl. OLieHKa ageKBaT-
HOCTH HECTALlMOHAPHOU KMHETUYECKOU MOJIENIU pealb-
HOMY IIPOIIECCY BBITIOTHEHA 10 TaHHBIM C TIPOMBITIIICH-
HOH YCTaHOBKY IETHAPUPOBAHMS MapaUHOB.

PaHee npennoxeHHass aBTOpaMU MaTeMaTU4yecKasl
MOIIEJIb TIpoIecca IeTUAPHPOBAHUS BEICIINX aJIKAaHOB
Ha TUIATMHOBOM KaTajmu3artope [4] yauTBIBaIa IpeBpa-
IIeHUEe aJKaHOB IO aJIKEHOB M aJKaAWEHOB, a TaKXe
WX U30MEPHU3AINI0, JETUIPOLMKIN3AINIO M KPCKHUHT.
DTa MoJeNb BHEAPEHA M MCIOJb3YeTCST Ha MPOMBIIII-
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noeuu monausa UIMP TIY. Ten.: (3822) 56-34-43, ¢akc: (3822) 56-34-35.
E-mail: IvashkinagEN@rambler.ru

®panyuna E.B. — acnupasm moli xe kagedpsi. Ten. mom xe.

E-mail: evf86@sibmail.com

Pomarosckuli P.B. — acnupanm moli xe Kagedpesl. Ten. mom xe.

E-mail: ravix@sibmail.com, rvr@tpu.ru

Honzanos U.M. — acnupasm modi e kagedps.. Tes. mom xe.

E-mail: dolganovim@sibmail.com

Hsanyuna 3.J]. — 0-p mexH. Hayk, npog. moli e kagedpsl. Ten. mom xe.
E-mail: ied@zmail.ru

Kpasyos A.B. — 0-p mexH. HayK, npog., 3a8. moli e kagedpod.

Ten.: (3822) 56-46-08, 56-34-35, 56-34-43. E-mail: kravtsov@tpu.ru

JICHHOI yCTaHOBKE JJISI MOHUTOPUHTA U IPOTHO3UPO-
BaHMS pabOThl peaKTOPHOIo OJ0Ka AEruApupOBaHUS
BeiclIMX TapaduHoB. OQHAKO AaJIbHEWIINE HUCCIIe-
JMIOBaHUS MOKa3aju: 4YTOObl MoAAepXkaThb YCTOHUYMBOE
paBHOBeCHE B peakIMM KOKCOOOpa3oBaHWUS U TUM-
pUPOBaHUS TOOOYHBIX MTPOMEXYTOYHBIX TMPOAYKTOB
VIJIOTHEHUS, HeoOxonuMma nuddepeHIInpoBaHHAas
rmojgaya BOAbI, KaK MPOMOTOPA, B PEAKLIUOHHYIO 30HY.
Ho BbIOpaHHBIN ypOBEHb (hOpMaAU3aAlIUU MEXAHU3MA
MPOTEKAIOIIMX PEaKIUi MPU MOCTPOSHUU STOI MoJie-
JIV HE TI03BOJISIJI yYeCTh 00pa30BaHUE aJIKEHOB U ajika-
JTUEHOB C TBOMHON CBSI3bIO B PA3JTMYHBIX MTOJOXEHUSIX.
IIpeanonoxeHue o TepMOAMHAMUYECKONH BEPOSITHOC-
TH TIPOTEKAHUS peaklMii u3oMepu3aluu ajJjkaHOB He
YUYUTBIBAJIO TaAKXE UX PEBPALIEHNE B KAYECTBE ChIPh-
€BbIX KOMIIOHEHTOB. YTOUHEHUE CXeMbI MpeBpalleHu i
BEIIECTB MPU NETUAPUPOBAHUU BBICIIUX MapacdUHOB
MO3BOJIUJIO HE TOJIBKO YBEJIUYUTH YYBCTBUTEIBHOCTD
MaTeMaTUYeCKOl MOJeNUu K COCTaBy IepepabaTbhiBae-
MOTO ChIPbSI U TIOBBICUTH €€ a/IeKBATHOCTb, HO U y4eCTh
BJIMSHNE MOMAYU BOABI B PEAKIIMOHHYIO 30HY Ha akK-
TUBHOCTb KaTajau3aTopa.

Paspab6oTka maTemaTuyecKon moaenu
npouecca aeruapupoBaHus
BbICWIMX NapaduHoB

B ocHoOBy mocTpoeHusI MaTeMaTUYECKOW MOJEIu
peakTopa Obljia IMOJIOXKeHa M3BECTHasl Mepapxuyeckasi
CcTpyKTypa [5, 6]: MOJIEKYJISIpHBIA YpPOBEHb (TepMOAU-
HaMUKa U KWHETHUKa peakIuif) — 3epHO KaTaju3aTopa
(KMHETUYEeCKMEe ypaBHEHUS U BHYTPUIAUGEPY3UOHHbBIE
IIPOIIECCHI) — CJION KaTanau3aropa (HabromaeMast KHHe -
TUKa VM TUIPOIMHAMMKA ITpoliecca) — TeXHOJIoTu4ecKast
cxeMa (ONTUMaJIbHBIE YCIIOBUS 9KCITIyaTallun).

[lepBBIM 3TAaIOM MCCIEAOBAaHUI CTaJIa OIICHKA TeP-
MOAMHAMUYECKUX TTapaMeTPOB peakIUii B XolIe Mpo-
1ecca v BBIOOp ypOoBHS (hopMaiu3alluii CXeMbl IIPeBpa-
meHni. s TepMOIMHAMHYECKOTO pacyeTa mpoiecca
JerngpupoBaHus Beicliux mnapaduHoB Cy—Ci4 OBLI
HCTIOJIb30BaH METONl KBAHTOBO-XMMUYECKOTO MOJIC/I U -
poBaHus. [Tocie aHam3a BO3MOXHBIX METOIOB pacue-
Ta (monysMmnupudeckue, Heammnupuueckue, DFT, ab
initio) OBLJIO OMpeneaecHo, YTO U3 IUPOKO MIPUMEHsIe-
MBIX TTOJIY3MITMPUUECKUX METOIOB JIJISI pacueTa opra-
HUYECKUX MOJIEKYJ Haubosiee mpueMieM Meton PM3,
npepocxonsamuii meton MNDO/AMI1 1mo ToyHOCTHU
IMpeacKa3biBaeMOl SHTAJIBIIMU 00pa30BaHUS M DHEP-
ruu 'm66ca [7]. Pe3yabpTaThl pacyeToOB MPeACTaBICHBI
B TaOI. 1.
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Pe3ynbrarsl pacyeToB ITOKa3ajiu, YTO peakKIIuu apo-
MaTHU3alluM SBISIOTCA HauboJiee TepMOAMHAMUYECKU
BeposITHBIMU (AG, = —330 k/Ix/monb). IlporekaHue
peakuuii u3oMepu3aluu ajJKaHOB, 00pa3oBaHUE aue-
HOB C KYMMYJIMPOBaHHBIMU ABOMHBIMU CBAA3AMU (AG, =
=~ —5 xJIx/Moib) MasioBeposiTHO. Hanunure nsomMepHbIX
aJIKCHOB B ITPOYKTE OOYCJIOBJICHO ITpoIleccaMy JeT U/~
pPUPOBAHUS M30aJIKaHOB, IMPUCYTCTBYIOIIUX B CHIPbE.
Bce ocranbHbIe TepMOAMHAMUYECKU BEPOSITHBIE pe-
aKIIM1 UMEIOT IPUMEPHO OMMHAKOBHIN N300apHO-U30-
TepMUuecKuil noreHuunan (AG, = —70 xJx/moab). K
OCHOBHBIM ITOOOYHBIM PEaKIIMSIM OTHOCUTCSI KPEKUHT
(AG, = —140 x/[Ix/Moib) U Kokcoobpa3oBaHue (AG, =
=~ —510 xJIx/MOJIB).

Ha ocHoBe pacueToB Obljia BEIOpaHa cxema IpeBpa-
meHui (puc. 1), BKaoyawas npeacTaBieHUs O Me-
XaHU3ME KaTaJUuTUYECKON HeruapolMKIU3aluud aj-
KaHOB, COTJIACHO KOTOPBIM apoMaTHW3allus H-aJKaHOB
MMPOUCXOOUT 4Yepe3 oOpa3oBaHUE aAJKEHOB, ajiKaaue-
HOB M LIMKJOaJKaHOB. Takoe HampaBjeHUE peaKIIMU
SIBJISIETCSI OCHOBHBIM KaK Ha OKCUIHBIX, TAK U Ha Me-
Tajqnnyeckux katanauzatopax [8]. IIpu aTOoM BeliecTBa
OBbLIM OOBEAMHEHBI B TPYIIIBI TICEBIOKOMIIOHEHTOB T10
peaxKIMOHHOM CTOCOOHOCTH, KOTOpasi OILIEHUBATACh IO
U300apHO-U30TEPMUYECKOMY NoTeHInany AG,. 3Haue-
HUS TEPMOAMHAMUYECKUX MTapaMeTPOB BHYTPU OMHOM
TOMOJIOTMUECKOM TPyl MPAaKTUIECKHN HEe OTINIAI0T-
CsL IPYT OT ApyTa. DTO CBUIETENbCTBYET 00 OMMHAKOBOM
pPeaKIMOHHO# CIIOCOOHOCTH YTIJIEBOAOPOIOB, ITO3BOJIS S
00BEIMHUTD UX B ONUH IICEBIOKOMIIOHEHT IpHU (popMa-

JIM3AIMU CXeMbI IpeBpalleHuii. B BeiOpaHHoI cxeme 11
T'PYIII NICEBAOKOMIIOHEHTOB YYacTBYIOT B 22 TUMAX XU-
Muyeckux peakuuii. [lomoOHbIN ypoBeHb (hopManusa-
LIMY MeXaHU3Ma MO3BOJIMJ COKPAaTUTh MaTeMaTUYeCKOe
OMUCaHUe MPOTEKAIOIINX peakKUid U BpeMsl pelIeHus
COCTaBJIEHHBIX JJISI HUX YpaBHEHUI MaTepuaabHOTO U
TeTJIOBOro 0ajaHca, a TaKXKe COXpPaHUTb YYBCTBUTEJb-
HOCTb OTHOCHUTEIbHO ChIPbEBBIX KOMIIOHEHTOB U WH-
(bopMaTHBHOCTH OTHOCUTENHHO MTPOJYKTOB MPOTEKAIO-
IIMX PEAKLIUA.

KuneTtnueckas Mmoaenp mpoiiecca, IOCTPOEHHAsT Ha
ocHOBe (hOpMajM30BAaHHOW CXeMbl, U KMHETUYECKUE
napaMeTpbl peakIUii IpencTaBiaeHbl B Tada. 2, 3. 3Ha-
YeHMsI KOHCTAHT CKOPOCTEM peaKLnil ObIIN MOJTyYEHBI
pelleHueM 00paTHO KuHeTu4eckoil 3amaun. [1pu Ha-
JIMYUU TaHHBIX O COCTaBE ChIPhS U MTPOAYKTOB ITpoliecca
JIETUIPUPOBAHU S YTIIEBOIOPOIOB U YCIOBUI €r0 MPOBe-
JleHusl (Temreparypa, naBjieHue, CKOPOCTh MOAaUM Chi-
DPbSl B PEaKTOpP) OMpPEAesIIOTCSI KOHCTAHTBl CKOPOCTEN
peakuuii c TOYKU 3peHu st MUHUMYyMa hyHKIIMOHAA:

‘MKQJH=;KX%0—%0ﬂHa

rae z;(x,f) — GyHKLUMS pacnpeaesieHus cocTaBa IpoaykK-
Ta, HaOomaeMast B oiHOM a3KcrnepumeHTe; C(x,f) — pac-
IpeaeiceHe KOHIEHTPAaLMi YIJIEBOJOPOAOB B MOMEHT
BpPEMEHHM [, paCCYUTAHHOE IO YPAaBHEHUSIM MOIEJIU;
X — TIOPSIAKOBEIN HOMEP YIVIEBOAOPOA; f — BpeMs.
IIpu 3TOM 3HaYEHUSI KOHCTAHT CKOPOCTE SIBJISIIOTCSI
3GbGEKTUBHBIMU, TaK KAK YUUTHIBAIOT IIPOLIECCH TOP-

MpopyKTbl KPeKUHra

kll
Ky ki,
| | k | |
1 | Nsoankan |- : —>| M30ankeH !
i | k; E i
| : v ! i
E LK LuknoankaH |2  Apen ks Ek3
' | i | 83—
| H ! - /
i A/’:—* Anken-1 y
: FE—_ | :
' | H-ankaH N : ! ka2
; T ——————1—L | Anken-2(n)
[ i Kig i !
i E Kis
Ky T l@;;

MpoayKTbl KOKCOOBPA30BaAHUS

Puc. 1. PopmanuszoBaHHas cxema npespalenuns yrnesogopofos Cq—Cy,: ky—k,p, — KOHCTaHTa CKOpOCTH

COOTBETCTBYIOLEN peaKLuu
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NHxkeHepHble npobnembl. IKCnyarauus U NpomM3BoACTBO

Tabnuua 1

CpeaHue 3HauYeHUA TEPMOANHAMUYECKUX XapPAKTEPUCTMK PeaKLmii B npolecce AeruapMpoBaHMA BbICILIUX

yrnesopgopopos Co—Cy, (T=753 K, P = 0,20 MNa)

Homep N3meHeHne N3meHeHne N3meHeHue
Peakums 3Heprum [n66ca, | 3HTanbnuu, AH, aHTponuu, AS,
peakuan AG, k[1/Monb k/mMonb k[x/(Monb-K)
1 AnKaH <> ankeH-1+H, -4794 49,89 0,13
2 AnkaH <> ankeH-2(n) + H, -70,34 33,04 0,14
3 AnkeH-2(n) <> ankagueH (kymm) + H, -5,44 90,37 0,13
4 AnkeH-2(n) <> ankaaueH (conp) + H, -69,26 32,49 0,14
5 AnkeH-2(n) <> ankaaueH (u3on) + H, -47,69 49,89 0,13
6 AnkeH-1 <> ankaaueH (kymm) + H, -8,28 78,56 0,13
7 AnkeH-1 <> ankaaueH (conp) + H, -67,49 29,59 0,13
8 AnkeH-1 <> ankaauveH (u3on) + H, -47,29 49,92 0,13
9 N30ankan — n3oankeH + H, -81,14 24,50 0,14
10 N30ankeH <> nzoankaamex + H, -6791 33,38 0,14
11 AnKkeH <> n3oankeH -2,27 0,94 0,0009
12 AnKaH <> n3oankaH 3,06 2,51 0,0009
13 AnKaH <> umnknoankaH + H, -64,21 -33,12 0,04
14 AnkaH — apeH + 4H, -331,21 -58,68 0,36
15 ANKeH <> UMKNoanKaH -7,86 -64,51 -0,07
16 AnkeH — apeH + 3H, -289,29 -90,07 0,27
17 Uuknoankan — apeH + 3H, -333,12 -25,52 0,36
18 AnkapueH — apeH + 2H, -251,07 -137,45 0,15
19 N30ankaH — uuknoankad + H, -76,48 -37,15 0,05
20 N3o0ankan — apeH + 4H, -353,6 -49,66 0,40
21 N30ankeH — apeH + 3H, -289,56 -67,64 0,30
22 M30ankeH — UMKNoOaNKaH -12,44 -55,13 -2,04
23 ANKaH — NPOAYKTHl KPEKWUHTa -137,77 84,03 1,05
24 AnKeH — NPOAYKTbI KPEKMHra -137,76 84,05 0,14
25 AnkagmeH — NPOAYKTbl KPEKUHra -137,22 83,26 0,17
26 M30ankaH — NpoayKTbl KPEKUHTa -138,74 84,39 0,16
27 MN30ankeH — NpofyKTbl KpeKUHTa -140,03 81,69 0,16
28 MN30ankagmeH — nNpofyKTbl KPEKUHTa -137,75 98,31 0,16
29 ApeH — npoayKTbl KOKCOOOPa30BaHUs -510,66 —-425,15 0,56
30 AnkeH — NpoayKTbl KOKCOOOPA30BaHMS -508,64 —-423,12 0,56
31 AnkapmeH — NpoAyKTbl KOKCOOOPa30BaHUs -509,35 —424,17 0,56

MOXEHUA U OTIUYAIOTCA OT «UCTUHHBIX» HAJIUYUEM

3HaAMC€HaTeJIAd
E.
Ky,e - —I
K?‘b — RT
/ 14+By Py, +BF’

rie E;— oHeprusi ak TMBaLiK, OLICHEHHast 110 hopMyiam
banannuna n Cabo; By,, Py,, B;, P; — ancopObLnoHHbIe
KO3(pGULIMEHTHI U NaplMaibHble JaBJASHUS BOAOPOAA U
i-TO KOMITOHEHTa B CMECH COOTBETCTBEHHO.

B Tabn. 2 nmpuBOAsITCS KMHETUYECKME IMapaMeTphl
IJIS HAHECEHHOTo IIaTMHOBOTO KaTajiu3aTtopa, HucC-
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Tabnuua 2
3|-|aqeL||:m;| OCHOBHbIX KUHETUYECKMX NapaMeTpoB npouecca AernapupoBaHua sbicimx napacduHos Co-C,,
KoHcTaHTa ckopoctu 3Ham.mee KoHcTaHTa ckopoctu %Haqeume
peaKum 3(h(EeKTUBHOM KOHCTAHTHI peaKunm 3 (HEKTUBHON KOHCTAHTbl CKOPOCTH
CKOpPOCTK peaKuuu peakuunmn
k, 4,1556 ¢! ki, 1,79:107° ¢*
k, 4,1556 ¢! ki3 1,63-107° ¢!
ks 0,0031 ¢} kig 0,0007 ¢!
k, 0,0020 ¢! kys 2,67-107° ¢!
ke 0,0033 ¢* kig 0,0007 c*
ke 3,3-1077 ¢! ki 13,7602 m3.c"L.monp !
ky 3,14-1073 ¢! kig 13,7602 m3.c L-monp™?
kg 0,0001 ¢! ki 0,0097 m3.c"L.monp™?
kg 1,34.1079 ¢* ko 0,0081 m3-c"L.monp™?
k1o 0,0013 ¢* ' 0,0031 ¢?
kg 6,68-1078 ¢! Ky, 0,0077 m3.c L.monp™?

TOJIb3yeMOT0 Ha IIPOMBINUICHHOM ycTaHoBKe. Hocure-
neM aBagercs Y-Al,Oz, MmaccoBas 10715 NJIaTUHBL B CO-
crase Karaausaropa 0,92 %.

[Ipu cocraBieHUM MOIENIN peakTopa W Ompenec-
HUU KUHETUYECKHMX ITapaMeTPOB ONMMCHIBAEMEIX pPeak-
LMl HEOOXOAMMO OILICHUTH BIHMSIHUE BHYTpUIAUDDY-
3MOHHBIX OCJIOXHEHWI Ha mpolecc. Monyns Tune u
dakTop 3P HEeKTUBHOCTU UCIIOJIL30BAHUSI BHYTPEHHEH
MOBEPXHOCTH 3€pHA KaTajiu3aTopa 3aBUCIT OT FeOMeT-
PUYECKHNX XapaKTePUCTUK KaTaJIn3aTopa U KOHCTAHTHI
CKOpPOCTHM paccMaTpuBaeMoit peakiuu [9].

B nannom cnyyae ¢akTop 3¢pHEKTUBHOCTU U MO-
nynbp Tuie pacCUYMTBHIBAAMW IJISI 3¢pHA KaTaJiM3aTopa
chepuueckoit ¢opmbl. Pe3ynbraThl pacdeTa IMmoKasa-
JI, 4TO Monyab Tuie mjis peakuuil neTuaApupOBaHUS
napacdHOB U 0JIe()MHOB, a TaKXe PeaKIUU ACTUIPO-
HUAKJIW3AIUKA H30TapadHOB OCTaeTCsT JOBOJBHO BHI-
CoKMM. MakcumasbHasl CTeleHb UCIOJIb30BaHUS 3ep-
Ha Karajam3aTopa OJIsl TaHHBIX peaKInii HabIromaeTcs
IpU MaccoBOM cofepxXaHuu Kokca 0,27 %. I1pu atom
dakTop apdexTBHOCTU cocTaBiasgeT okoJio 50 %. Ta-
K1M 00pa3oM, peaKIInu AeTUIPUPOBAaHMS HMapadnHOB
¥ oJe(PMHOB, a TaKXe peakKIUW JeTUAPOLNKIN3alN
n3onapadMHOB IMPOTEKAIOT B IEPEXOAHOM 00JacTH.
B aTOM cirygae cCKOpOCTh peakKIUM pacCUYMTHIBACTCS C
Y4eTOM BHYTPUIN(DDY3MOHHBIX OCIOXHEHM, KaK Ha-
omromaemasi BenmumHa. Monynb Tuie peakiuii uaome-
pu3anuy mapachuHOB, THAPOKPEKWHTA W JCTUIPOIINK-
JIM3aI K JUOJIe(DMHOB 3HAYNTEILHO MEHbIIIC eIMHUIIHI.
CreneHb HMCHOJb30BaHMS 3€pHA KaTajuzaTtopa s

Takux peakuuit nocturaet 99 %. CienoBaTebHO, pe-
aKIMKU U30MepU3aluu nmapauHOB, TUAPOKPEKUHTA U
IEeTUAPOLIMKIN3AINUA TUO0JIe(PUHOB MPOTEKAIOT B KU-
HETHYECKOI 00JIacTH.

Hns oumeHKU BHelIHenud@y3MOHHBIX OCJIOXHE-
Hult 1 000CHOBaHUS BBIOOpA MOJEIN peaKTopa Obl-
JIM pacCUYMTAHBI 3HAUYCHUS TEMJOBOTO M AU Py3U-
oHHoro kputepus Ilekne. PacueTsl mokazanu (Pe =
= 2494), 4yTO KOHBEKTUBHBIC IIOTOKHU IIepeHOCa TeIljia
1 BEIIECTBA B CJIO€ KaTajau3aTopa 3HAYUTEIBHO IIpe-
obOnagaT Had AMG@PY3MOHHBIMU U TUMOTE3a O TOM,
YTO B peaKkTope HabJiogaeTcs TUAPOAMHAMUYCCKUI
peXuM UAealbHOTO BBITECHEHUS, IMOATBEPXKIaeTCH.
Ha ocHoBaHUYM 3TOT0 MpU MOJAEAMPOBAHUY TPEATIO-
JIarajaoch, YTO BHEIIHeAMMGY3MOHHBIE OCIOXKHEHUSA
OTCYTCTBYIOT.

OOwmuii BUJ ypaBHEHMI MaTeMaTUYeCKOW Moaeau
Impolecca IeTUAPUPOBAHUS C YUYETOM TEIJIOBOTO Oa-
JIaHCA BHITJISIIUT CICAYIOIINM 00pa3oM:

-

. N
G£ G£=Zri,i=l...M,j=1...N,
0z j=1"
S (aHr,)
£ il
G8T+G8T :_/=l ,
| oz av c,p

rae G — 4acoBOM pacXof ChIpbs, M3/q; C; — KOHLEHT-
pauus i-ro yrieBogopoja, Monb/M3; V — ob6bem kata-
m3aropa, M; Fj — CKOpPOCTb j-ii peakuuu, MOJIB/M>"d;
7 — <«IIpUBEIEHHOE BpEMs» WJIM CYMMapHBLIA 00BEM

repepaboTaHHOIO CHIPhS MOC/IE PereHepaluy KaTaau-
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Tabnuua 3
KuHetuyeckas mMopaesib npouecca aernapuposaHua H-napanm-los
rpynna BellecTB 3aBUCMMOCTb KOHUEHTpauuu BeLecTB OT BpEMEHU
Cems _ e +k,,C Cyy, —ksC +
I'IapanMHbl dt 1~C,H,,,, (n-ankan) 17~C,H,, (anken-1)~H, 2~C,H;, ., (n-ankan)
FRigCe, iy, amen-2n) Crty ~ kéCCnHM( > amcan) ky Ce (S wman) ™ kllcanw( 3, amcan)
dCec
n_"2n+2 — — —
Vl30|'|apa¢)MHbl dt - k4CCnHzn+z(W3(’aﬂKaH) k6CC”H2n+2(ZaIIKaH) k7CCnH2n+2(2anKaH) kllCCnH2n+2(zaﬂKaH)
dCec u
nti2n  __ _ _
Onechutbi-1 a kiCe n,,.,(n-amcan) ~ k17Cc 1, (amen-1Cri, = K3Cc 1, (n-ancen) +
+ k19CCnH2n—2(”'3~HKaﬂHCH )CHz - kgCCnHzn( Y aikeH) - klZCCnHzn( Y aikeH) - leC'CMHZ,,( Y aikeH)
dCec
non _ _ _ -
OﬂedJMHbl-Z(n) dt - kZCCnH2n+2(H—aJTKaH) kl8CC,,HZ,,(aJTKeI—I—2(n))CI—I2 kZICC,,HZ,,(anKeH—Z(n))
- k‘)CCnHz"( Y anken) leCC,,HZM( S anken) klZCanZn (Y anmxen) +hky CCnHzn_z(H-aﬂKaaﬂeH )CHz
—= k4CC,,Hz,,+2 (130a1KaH) _kSCC”HZW(I/BOBJIKCH) + kZOCC"Hz”,Z(legzoanlc'a}:u/le}l)CH2 -
N300nedunHbl dt
~k9Co (3 amen) TF12Ce m,, (5 ameny TF15Cc m,, (5 aneen)
non2
ﬂ,MOﬂerVIHbI dt - kSCC,,Hz,,(aﬂKCH—l) _leCC,,HZW,Z(u—anKaﬂMCH)CH2 +k21CC,,H2,,(am<0H—2(n)) -
- kl?’CCnHzn,z(z ankamuen) k22 CCnHZn—z (n-ankaauen )CHz - klOCCnHzn,z(Z ankamien ) kléCCnHZ,,,z( Y ankazueH )
dC
Cllons = kSCC,,th(HSOaJ'IKeH) _k20CC,,H2,7_2(1/13oam<a,zmeH)CH2 _k13CC H,, (Y anazuen ) -
N3oanoneduHsl dt (e
~k10C¢, 1, (3 amamen) ~K16CC 1, (3 ancamen)
Uuknuueckne dCe u,, —kC C
yrNeBoopoab! dt -6 C,H,,.» (Y ankan) "8~ C,H,, (mmxnoanka )
HCens _yc +k,C Cy, +koC, +
Apomatuyeckue dt — "8~ C,H,, (mxnoankan ) T T~ C H,, o (Y ankan) “Hy 19N CoH,, (T anken)
VINeBOfOPOAbI 3
+ klOCCnHZ,H(Z ankayven ) k14CCnH2n—6 (apen)

er'IEBOJJ,OpOJJ,Hble dCHpOﬂyKTbl Kp eKHHra =k C
— M1

rassl dt C,Hps (3 amca) © klZCCnHzA 3 amcen) k13CCnHzn_z( Y, ankazen )
dc,
TP OJTY KThl KOKCOOOPa3oBaHUs
Koke dt - k14CCnH2n—6 (apen) T k15CCnH2,, (Y anken) + klécC,,Hz,,,2 (Y anxammen )
dCy,
dr =K C,H,,,, (n-ankan) _k17CCnHM(a.m(e]-r—])cl-l2 +k2CCnH2n+2(H—aJIKaH) _leCC”HM(a_nkeH—Z(n))CI-I2 +
BOp,OpO,U, + k3CCnH2n(a.ann—l) - leCC”HZWZ(n—anka;mcr{)CH2 + k21 CCth (ankeH-2(n)) + k4CCnH2n+2(u30ankaH) -

_kZZCC"Hzn_Z(H-aHKBJIHCH)CHZ +k5CC,,H2,,(I/BOaIIKeH) _kzOCC,,th_z(I/I3OaHKa£[I/lCH)CH2 +k6CCnH2”+2(Zam<aH) +

+3k,C. +4k,C

C,H,, (Y aiken) C,H,,.» (Y ankau) + 3k8CCnH2n (wikoaskaH ) + 2kl OCC,,HZ,,_z( Y, ankamuet )

MpumeyaHue. HayanbHele ycnosus: t =0, C;= Cy; TAe 7 — COOTBETCTBYIOWMIA YINEBOLOPOS (anKaH, aNkeH, ankagueH u T.4.).

3aropa, M°, 7 = Gt (IIpUBeLEHHOE BPEMsI MUK TTapaMeTp  Typa mpouecca, K; AH; — TernioBoii aGdexT peakuuu,

Ie3aKTUBALlUN); ¢ — BpeMs, 9; M — KOIU4YeCcTBO KOM-  [[K/MOJIb; ¢, — TEIJIOEMKOCTb CMECH, Ax/xrK; p —
MOHEHTOB; N — KOJIMYecTBO peakuuii; T — Temmnepa- IJIOTHOCTb CMECH, KF/MS.

Karanus B npombiwneHHoctu, N2 1, 2012 45
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HavanbHbie u T'PaHUYHBIC YCIIOBUA:

2=0:C;=0,T=T,

-
V=0:C=Cj g, T= Ty

IMpoBepka Mozmenu Ha afeKBaTHOCTh MOKa3aia, 4To
€€ MOXHO HCIIOJIb30BaTh JJIsl ONTUMU3AIIMOHHBIX pac-
YeTOB, IMOCKOJIbKY €€ IMOrPeIHOCTh He MmpeBbiiaeT 4 %
(Tabm. 4), 4TO COMOCTABUMO C MOTPEUTHOCTHIO METONA
xpomaTtorpauyeckoro aHanausa, TPAAUIIMOHHO UC-
MOJIb3YeMOT0o JJIs1 OTpeAeeHUsT KOHLIEHTPAluil KOM-
MMOHEHTOB B MPOAYKTOBON CMECH.

VyeT HeCTaLUMOHapHOCTHM NpoLecca
npu paspaboTke MaTeMaTUYECKOI Moaenu

I'maBHOI1 YepTOil KMHETUYECKUX, (PU3UKO-XUMUYEC-
KUX U XMMHUKO-TEXHOJIOTMICCKUX CUCTEM SIBIISICTCS HE-
JuHeitHocTs [10]. HenrHeHOCTh MPOMBIIIJIEHHBIX TTPO-
LieccoB HeTernepepaboTKM U HePTEXMUU 00YCIOBJIeHA
Ie3aKTUBaILIMEN KaTajan3aropa 1, Kak CIIeICTBHE, HecTa-
IMOHAPHOCTHIO MTPOTEKAHU ST XUMHYECKHUX peaKIINiA.

HecranmoHnapHoCTh Impoliecca NeruapupoBaHus Ma-
pa¢dUHOB BhI3BaHA OIBYMS (DaKTOpaMM: TIOCTOSITHHO Me-
HSIOITUMUCS TEXHOJOTUUECKUMU YCIOBUSIMH 1 3aKOK-
COBBIBaHMEM KaTanuzartopa [11].

B nmanHO# paboTe mpu ONMHMCAaHWU Ipoliecca Ae3aK-
TUBAIIUM KaTaju3aTopa IeTHAPUPOBAHUS YUUTHIBAIU
CHUXXEHUE ero aKTUBHOCTHU 3a CYET OTJOXEHUS Ha HEM
KOKCOTEHHBIX COCOUHEHMI, UYTO NMPUBOIMUT K OJIOKM-
pPOBKE aKTUBHBIX IIGHTPOB M, COOTBETCTBEHHO, U3-3a NX
HEOAHOPOAHOCTU — K CHUXEHUIO CEISKTUBHOCTH [12].

[Ipn ommcaHmm me3aKTWBALUM (OJISI OIpeIeICHUS
BUJIa 3aBUCHMMOCTH, CBSI3BIBAIOIIEH aKTUBHOCTh C KOH-
ueHTpauueit xokca a = f(Cc)) Pt-karannsaropa mpo-
mecca JeTUAPUPOBAHUS BHICIINX YIJIIEBOOOPOIOB OBLIN
clieJIaHbl CJIeAYIOIIHE TOTYIEeHUS:

1. O0pa3oBaHUe KOKca B ITpoliecce JernAPUPOBAHU S
IIPOUCXOLUT 10 MEXaHU3MY «KOMITEHCUPOBAHHOTO pac-
maga» 9epes «psia IMPOMEKYTOYHBIX ITOJTYPa3pyIIeHHBIX
¢ opM yriaeBomopoaa» BIJIOTH 0 yIiiepoaa, ClIoCOOHOro
BHEAPSATHCS B IIPUIIOBEPXHOCTHBIN CIIOM MeTaJla WA
rpaduTU3npoBarbed. JJaHHBIM MEeXaHU3M XapaKTepeH
JIJISI METaJIJIOB MJIATUHOBOM Tpynmnsl [12].

2. Inst onmucaHWs Oe3aKTUBAIIMM MOXHO BOCIIOJb-
30BaThCsl MOJIETbIO OECKOHEUHOTO KOKCOOOpa3oBaHM S,
KOTJIa POCT KOKCOBBIX OTJIOXKECHU U BO3MOXKEH HA BCEM UX
noBepxHocTu [11].

[MockonbKy wWccienyeMblii KaTaau3aTop SIBJISIETCS
HaHECeHHBIM (IJJaTMHA HaHeCceHa Ha OKCHUJ aJlOMU-

Tabnuua 4

CpaBHeHMe pacCYUTAHHbIX U IKCNEPUMEHTAJNIbHbIX
3HaYeHMI KOHLeHTPaLMin NPOAYKTOB Npouecca
AernapuposaHua Bbiclimnx napaguHos Co-Cy,
(T=753 K, P=0,20 MNa, dakTtop 3¢htheKTUBHOCTH
80 %)

KoHueHTpauus
KOMMOHEHT KOMMNOHEHTOB, Mac. % | [OrpeLHoCTb
pacuerta, %
Pacuetr [3kcnepumeHT
AnkaH 86,94 86,93 0,01
AnKeH 9,28 9,27 0,11
AnkagueH 0,49 05 2,00
N3o0ankaH 2,71 2,69 0,74
MN3o0ankeH 0,28 0,29 3,45
M3oankagueH 0,02 0,02 0,00
ApeH 0,28 0,29 3,45
[poayKTbl KOKCO-
o6pasoBaHus  55,72:107% 55,94.1073 0,40
MpoayKThl

KpeKuHra 6,17 5,94 3,77
Bogopog, 93,83 94,06 0,25

HUS), JaHHOE IOOIYIIeHHWEe COEaHO IJISI TOTO, YTOOBI
MIPY MOACTUPOBAHUM HE YIUTHIBATH Pa3jIMUKe CKOPO-
cTeit 00pa3oBaHMs KOKCA HA METATINYECKUX U KUCIOT-
HBIX IIEHTpaX KaTtamum3aropa. CmelaHHOe NOIMYIICHUE
MTO3BOJISIET IPU3HATh 3TH CKOPOCTH PAaBHBIMM.
JepuBaTorpacduueckuii aHaJIu3 Karaauzaropa (CM.
puc. 2) TToKa3all: Ha ero IMOBEPXHOCTH 00pa3yeTcs KOKC
aMOp(®HOM CTPYKTYPHI, UTO SIBJISICTCS IIPOMEXYTOUHOM
¢dopmoii mpu 06pa3zoBaHUU rpaUTOOOPA3ZHOrO KOKCA.
IMocie 06pabOTKM 3KCIIEPUMEHTAIbHBIX JAHHBIX C
YYETOM CIOEJTAaHHBIX JONYIIEHWN BBISIBUJIACH 3aBUCH-
MOCTb aKTUBHOCTHU KaTajau3aTopa AeruaApUpOBaHUS OT
KOHIIEHTPAIlMM KOKCa Ha eT0 IMTOBEPXHOCTH, KOTOpas 1
OblLJ1a 3aJ10KeHa B MaTeEMaTUYECKYI0 MOJIe/b Ipoliecca:

a; = exp(=b,Co),

Tlie a; — aKTUBHOCTb KaTan3aropa, 0...1; bj — KWUHETHU-
yecKuil KoaPuIMeHT Ae3aKTUBallMU j-peaKIuu, j =
= 1+22 (cm. puc. 1), Co — KOHLEHTpaLus Kokca, Mac.%.

ITpaBuJIbHOCTE pa3pabdOTAaHHOW HeCTallMOHAPHOU
MOJIEJIM TIPOlECcca, BKJIIOYAIOIIEW MOJEIb AE3aKTUBA-
LIMU, OLEHUBAJIU CPABHEHHWEM PACUETHBIX KOHLIEHTpa-
LU KOMITOHEHTOB MPOAYKTOBOI CMECH C TaHHBIMU J1a-
0OpaTOpPHBIX U3MEPEHUIT HAa KOHEIl ChIPhEBOr0 LIMKJIA.
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Macca, % Tennosoit notok, W/g ;
0 :
100,01 95,47 %
(6,847 wr) |
99,71 5381 °C "ra
99,4 - -3
99,11 1,702 % -2
98,81
0,1187 % 1
787 \192 °C , 04é96 % £
98,2 1 10140 J/g : ' )D/o,z:rjg% 0
97,9 r ; ; ; ; -1
0 200 400 600 800 1000 ¢t °C

Puc. 2. lepusatorpamma niaTMHOBOro KaTtanamu3aropa
AernppuposaHuna sbiclumx yrnesogoponos Co—Cyy.
Maccosas ponsa Pt — 0,92 %, Hocutenb — y-Al,04

KoHLeHTpaus KokKca Ha KOHell LIMKJja, pacCYUuTaHHas
Ha MOJEJM U MOJIydeHHasl ¢ MCIIOJIb30BaHMEM METOaa
nepuBaTorpaduu, COBIaaaloT ¢ TouHOCThIo 10 0,01 %.

AHanu3 BAMAHUA NoAaBaeMoi BOAbI
Ha npouecc

[IIupoko M3BECTHBIM CIIOCOOOM IIOBHIIIEHUS 3(P-
(EeKTUBHOCTH TIPOMBINIJIIEHHBIX TIPOLIECCOB JIETH-
pupoBaHUS IMapadUHOB SBJISETCS IMogada BOABI WU
BOISTHOTO IMapa B PEaKIIMOHHYIO 30HY KaK MHEPTHBIX
pasbaBuTeliel MJIM TSI CHUKEHU ST KOJIMYecTBa KoKca,
oOpasylolllerocsd Ha IOBEPXHOCTM Karanuszatopa [13,
14]. B cBs13M ¢ 5TUM BTOPBIM (haKTOPOM, TTPUBOASIINM
K HECTallMOHApHOCTM IIpoliecca, SBJSETCS TMepUOIU-
yeckas Imogada BoJbl B peakTop AeruapupoBaHus. [1pu-
YeM OINTHMMAaJIbHOE KOJIMYECTBO ITOTaBaeMOM B peaKTop
BOJIBI JIOJIKHO 00ecIiedrnBaTh YCTOMYMBOE paBHOBECHUE
peakIuy KOKCOoOpa3oBaHMSI U TUAPUPOBAHUS TIPOME-
KYTOUHBIX ITPOAYKTOB YIIJIOTHECHUS W YBEIMUNBATHCSI
C TIOBHIIIIEHUEM TeMITepaTyphl, a TaKXKe KOHIICHTpaIlu
nuoneduHoB. Kpome Toro, KoamyecTBO MomaBaeMoid
BOIBI 3aBHCHUT OT THIIA KaTaJal3aTopa U YIJIEBOZOPOI-
HOTO COCTaBa CHIPbs U PELMPKYJUPYIOIIETO BOAOPOI-
colepxXallero rasa.

AHaJIN3 3KCIIEPUMEHTAJNbHBIX MaHHBIX, ITOJY4YeH-
HBIX Ha IPOMBINIJICHHON YCTaHOBKE HETHAPUPOBAHMS,
MoKa3saj, 4TO CYILIEeCTBYET 3aBUCMMOCTH ONITUMAJIBHOI'O
KOJIMYECTBA BOABI OT TeMIlepaTypsl. [IpmueM OTKIIOHE-
HUS OT 3TOT'0 ONITUMAaJIbHOTO 3HAYeHM ST KaK B OOJIBIIIYIO,
TaK ¥ B MEHBIIIYIO CTOPOHY YXYIIIAIOT KAa4YeCTBO MOJIY-
JaeMoTO IIPOOYKTa.

C wucnonb3oBaHUWEM pa3padOTaHHOW MaTeMaTu-
YEeCKOM MOJIEIM, YUYMTHIBAIOIIECK HECTAILIMOHAPHOCTh

MPOTEKaHUs Tpoliecca AeTMAPUPOBAHUS MapadUHOB,
MOCJIeJOBaTeIbHO pacCMaTpUBAJIUCh BO3MOXHBIC Ba-
PUAHTHI ACUCTBUS BOIBI Ha MPOLECC NeTUAPUPOBAHMS
¥ Ha OCHOBAHMWU TMPOBEAECHHBIX PACUETOB MpPeIJIoXeHa
METOIMKA ONpeNeIeHNsT ONTUMAJIbHOM TMHAMUKHY TI0-
Jlau¥ BOJABI B PEAKTOP B 3aBUCMMOCTHU OT TEMIIePaTypPhl
npouecca. [IpennoxeHHas MeTOAMKa Obljaa Mporpam-
MHO peaJin30BaHa W BHeJIpeHa Ha yCTaHOBKE IMPOMU3-
BOJICTBA CHHTETUYECKHMX MOIOIIUX CPENICTB.

Bopa KaK MHepTHbIN
pa36aBuTenb cucTembl

Kak mokazanm pe3yabraThl pacuyeTa, KOHBEPCHUIO
IIpoliecca MOXHO YBEJIMUUTH, ITOBBIIIAS TEMIICPATypy
WJU KOJMUYEeCTBO moaaBaemoi Boabl (puc. 3). OmHako,
KakK cJIenyeT U3 pe3ybTaToB pacyeTa TEPMOAUHAMUKU
MTAaHHOTO IIpoIlecca, YTOOBI MMOBLICUTH KOHBEPCUIO T1a-
papuHOB B ojie(UHBI pa3daBIEHUEM ChIPbEBON CMe-
CH BOJZIOM, €€ KOJIMYECTBO JOJKHO OBITH CYIIECTBEHHO
0oJIbIIIe, YeM IIPEAYCMOTPEHHOE B JaHHOM TEXHOJIOTHHU
(momaeTcs 4 71/9 BOABI, YTO COOTBETCTBYET pa30aBIcHUIO
coipbe : Boga =20 : 1).

Bopa KaK peareHT B peakuum ruagpmpoBaHus
KOKCOreHHbIX CTPYKTYp

B nanHoli paboTe OBLIO MPOBEPEHO MPEANOJIOXKE-
HUE, YTO BOJAa MOXET NEWCTBOBAaTh KaK peareHT B pe-
aKIMY TUAPUPOBAHUS TTPOMEKYTOUHBIX KOKCOTEHHBIX
ctpykTyp (KI'C). TepmoagrHaMu4ecKre pacueThl peak-
LU TUIPUPOBAHUS IpadUTOOOpPa3HOrO KOKca BOMOit
no CO u CO, nokazanu, 4to np ., = 470 °C (= 750 K)
u p = 0,2 MIla ata peakuius He MpoTeKaeT (KOHBEPCU S
KOKca cocTapisgeT npuoausuteabpso 0,05 u 0,87 % co-

X, % 6
38-/ 5
_/ 4
28-///
— 3
184

_/2
) 1

8
440

450 460 470 480 490 t °C

Puc. 3. 3aBncumocTtb KOHBEpcun napaduHa B oneduH
OT TeMMepaTypbl Npouecca Npu pasaMyHoM pa3basieHuu
CbipbA BOAOM

Be3s Bogpl (1), cbipbe/Boga 1/1 (2), 1/5 (3), 1/10 (4), 1/15 (5), 1/20 (6)

Karanus B npombiwneHHocty, N2 1, 2012

47



MH)i(eHeprle I'Ip06J'I€MbI. 3KcnnyaTau,m| M Npon3BoAcCTBO

oTBeTCcTBeHHO). OnHaKo rpadpuToo0pa3HbIil KOKC 00pa-
3yeTCs CTYIEHYATO IO peaKU WU MOJUKOHACHCALUU U3
aMop(HOT0 KOKCa, IIPEICTaBIISIONIeTo cO00i B IIEpBOM
MPUOJMKEHUW CTPYKTYpPY 3aMEIIeHHOro aJIKuJIOeH-
3071a. PaHee Ipu uccienoBaHUU KMHETHUKU KOKCOO0-
pa30BaHMS B XOA¢ peaKINU HeTHUAPUPOBAHUS BBICIITNX
napaduHoB [15] ObLIO YCTaHOBJIEHO, YTO CTPYKTypa
aMop(dHOro Kokca He MMEeT OIPEeNeICHHOTO COCTaBa
M XapaKTepU3yeTcs B OCHOBHOM COOTHOIICHHEM KO-
JIMJecTBa aTOMOB BOAOPOJA K YIVIEPOIY, Ha3bIBAEMBIM
MHACKCOM BOAOpPOIa, 3HAYEHHE KOTOPOro KoJieOaeTcs
ot 0,2 mo 2. Hyst maHHOTO Ipoliecca ObIO BHICKA3aHO
MPEnToJIOXKEeHNWEe, MOATBePKIEHHOE pe3yabTaTaMM Jie-
puBaTorpaguyecKoro aHajau3a mpoob KataiauzaTopa (CM.
puc. 2), 9To cocTaB aMOP(PHOro KOKca COOTBETCTBYET
dopmyie CH 5.

Hanee paccMaTpuBaIdCh BO3MOXHOCTU ITPOTEKa-
HUS PeaKIIny TUIPHPOBAHUS aMOP(PHOro KOKca BOIOM
C YYeTOM IIPUHSTOrO AJS HEro cocraBa. B KadecTse
Moaenu KI'C ¢ yka3zaHHBIM COOTHOIIEHUMEM yTIieponaa
K Bozopony (CHy s5) BbIOpaHa CTpYKTypa, MPeACTaBICH-
Has Ha puc. 4.

MeTtogamMu KBaHTOBO-XMMHUYECKOTO MOIEJIMpPOBa-
HHUS TIpOBEIECH TePMOAWMHAMHWUYCCKUIN aHAIN3 peak-
UV KOHBEPCUM KOKCOT€HHOM CTPYKTYpPBI BOmou. st
peakuun CygHyy + 28H,0 = 28CO + 35H, paccuura-
HBl TepPMOIUHAMMNYCCKNE XapaKTCPUCTUKU TIPU CPEeI-
Hell TeMnepaType Tpoliecca. PaccuutaHHoe 3HaYeHUE
sHepruu I'mb6oca (AG, = —2100 xIx/Moyb) yKa3bIBaeT
Ha BO3MOXHOCTh IPOTCKaHMs TAHHOW peakIUW IpHU
3aJaHHBIX TEXHOJIOTMYECKMX YCJIOBUSX Ipoliecca Ie-
TUAPUPOBAHUS.

Jnsg paboyero TeMmnepaTrypHoOro MHTepBaiga oT 723
1o 773 K Obly1a paccurMTaHa KOHCTaHTA paBHOBECU S pe-
aKIIMU U CTeNIeHb KOHBEPCUM KOKCOT€HHON CTPYKTYPHI
BOJIO#1 (puc. 5).

Puc. 4. Mogenb KOKCOreHHOW CTPYKTYpbI

KoHsepcus, %

264
24 -
221

201

18
720

740 760 T.K
Puc. 5. 3aBUCMMOCTb KOHBEPCUM peaKLun rnapupoBaHus

KOKCOTeHHbIX CTPYKTYP OT TeMnepaTypsl npouecca

Kak BUIHO M3 MOTYyYEeHHBIX TaHHBIX, YBEIWUYCHHE
paboueit TeMIepaTyphl Mpoliecca CHUXaeT KOHBEPCUIO
peaknny THAPUPOBAaHMS KOKCa BOHOI, ClIeHOBaTEeIbHO,
CKOPOCTb HAaKOTUIEHU ST KOKCA YBEJIMUUBACTCS, UTO TIPU-
BOJIMT K OOJIBIIIEMY €TI0 OTJOXECHHUIO Ha KaTaJu3aTope 1
SIBJISICTCST HeXeJaTeAbHBIM. I pelneHust 3Toi IIpo-
67eMBI OBIJIO TIPEIJIOKEHO TMOBHIIIATEL ITOady BOIHBI B
XOJle peaKIIMOHHOTO IIMKJIA, IOAIePKUBAS TEM CaMbIM
koHBepcuio amopdHoit KI'C Ha MakcMaIbHO BO3MOX-
HOM YPOBHE, YTO MTO3BOJIUT CHU3UTH KOKCOHAKOIIJICHIE
U OPOMJIUTh CPOK CIyKObI KaTanausatopa. Mcxons us
9TOTO pa3paboTaHa METOAMKA pacdyeTa OINTUMAaJIbHOTO
KOJIMYECTBA ITOJaBaeMoil B peaKTOp BOABI, OCHOBaHHAasI
Ha HEOOXOOMMOCTU TOAAEPXKUBATh KOHBEPCHUIO peak-
uuu rugpupoBanuss KI'C Bomoit Bo BceM MHTepBale
TeMIiepaTyp NMOCTOSHHON W paBHOWM 3HAYEHWIO, COOT-
BETCTBYIOIIEMY IepBOHAYaJbHOMY. TOorma OTHOIIIEHHUE
KOHCTAaHTBI paBHOBECH S IIPY U3MEHEHU U TEMIIePaTyPhI
K KOHCTaHTE paBHOBECHSI IIPY HadaIbHON TeMIIepaType
JIOJI)KHO OBITH paBHO 1:

63 28

* *
K1 | Pcogi+ny nin,0 ~Mco)

:
My,0(i+1) ~ Pco(i+l)
35

*
nco(i)
X
Nig,o0 + 125”00(1’)

X = = 1’
ny,06+1) T 1257004

rne K;,; — KoHcTaHTa paBHOBecus nipu Ty, [a®!; K} —
KOHCTaHTa paBHosecus mpu T, TTa®!; Ny,0(+1) — Ha-
yajpHOe KonudecTso Bewectsa H,O npu 7,4y, Moub;
n;y,0 — HavalbHOe KonyecTso Betectsa H,O mpu 77,
*
MOJIb; 1 co(+1) — PABHOBECHOE KOJIMYECTBO BEILIECTBA
*
CO nipu T}y, MOJIb; 1 () — PaBHOBECHOE Ko/Mect-
Bo BeuectBa CO mpu T, MOJB; (My,0¢+1) — M cogi+1) —
paBHOBecHOe KonnyecTso BewecTsa H,O nipu 7}y, MOJIb;
*
(nH,0 — M co@)) — PaBHOBECHOE KO/IMECTBO BELLECT-
Ba H,O nipu 7', MOstb; (ny,0¢+1y T 1,257 co+1)) — paB-
HOBecHOoe KosndecTBo BeuwiectBa H, npu Ty, MOJb;
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Tabnuua 5

[lHaMMKa KOKCOHAKONNEHNA NPU NOCTOAHHOW (4 N1/4)
1 yBenuyusaiouieica (ot 4 fo 9 n/4) nopave sopbl
B PeaKkTop AerMapupoBaHUA NPy 3arpy3Ke KaTanu-
3aTopa K[1-3M (0,92 mac.% Pt) u hmukcupoBaHHoM
COCTaBe CbipbA

KokcoHakonneHue
Mpu yBenMYMBakoLLeics Koke

e | e | e

nogava sogpl, KOKC, mac.%

n/y mac.%

467 4,00 0,009 0,009
468 4,00 0,302 0,302
469 4,00 0,431 0,431
470 4,00 0,517 0,517
471 4,20 0,521 0,574
472 4,58 0,566 0,623
473 5,01 0,614 0,675
474 5,36 0,653 0,717
475 5,62 0,680 0,747
476 6,04 0,725 0,795
477 6,35 0,757 0,829
478 6,51 0,774 0,847
479 6,87 0,810 0,886
480 7,28 0,849 0,929
481 7,50 0,871 0,951
482 1,74 0,893 0,976
483 8,00 0,917 1,001
484 8,28 0,943 1,029
485 8,59 0,971 1,058
486 8,93 1,001 1,090

(mp,0 T 1,25”*(:0(1')) — PaBHOBECHOE KOJIMYECTBO Be-
mwectBa H, pu T}, Monb.

ITon6op HauaabHOTO KOJUUYECTBA MOJaBaeMOii BOAbI
B PCaKLMOHHYIO 30HY Ny,0(+1) NPU Temmeparype 7Ty
TIPOBOINJICS M3 YCJIOBUS BHITIOJTHEHM ST YKa3aHHOTO BEI-
1IIe paBEHCTBA.

C ucnonb3oBaHMEM pa3pabOTaHHON METOAUKU ObI-
JIN TIPOBEACHBI PacyeThl U BHIAAHBI PEKOMEHIAIINY TI0
Tojaye BOJIbI B peaKTOP IeTUIPUPOBAHUS B 3aBUCUMOC-
TH OT TeMIIepaTyphl Ipoliecca (Taoi. 5).

[Ipn m3MeHeHNN THUITA 3arpyKeHHOTO KaTaJan3aTo-
pa M YIJIEBOJOPOMHOTO COCTaBa IepepadaThiBaeMOTro
ChIPbS HEOOXOAMMO IIPOBOIUTH KOPPEKTUPYIOIIHE pac-

YeThl Ha TIpOTpaMMe IJIs ONpeAceHUs] ONTHMAabHOM
JUHAMMKM IOJA4Yu BOABL B PEaKTOP AETUIPUPOBAHUS,
TaK KaK KOJIMYEeCTBO KOKCa, 00pa3yoIerocs Ha ITOBep-
XHOCTH KaTaJiM3aTopa, CUJIbHO 3aBUCUT OT COCTaBa I1e-
pepabaTsIBaEMOro Chipbs (puc. 6).

PaccumranHas Ha MoAesIM ONITUMAajIbHasI TUHAMMU-
Ka MoJIavyy BOJbI B peaKTOp yBEIUIMBAET pecypcoad-
(beKTUBHOCTb TEXHOJIOTHMU OETUAPUPOBAHMUS BBICIIUX
yraesogoponos Cq—Cjy 3a cyeT yMEHBIIEHUS MPO-
Iecca Ie3aKTUBAIlMU M, COOTBETCTBEHHO, ITPOAJICHU ST
cpoka ciyxXO0bl Katanusatopa. g Tekyuiero pado-
Yero IUWKJa ONTUMaJIbHasg TWHAMWKA IMOJaYd BOIBI
¢ 4 n/4 ipu HayaabHOU Temnepatype 740 K mo 9 /4

CopepxaHue Kokca, Mac.%

1,0 1
Mo cbipblo
0,81 28.11.2008
Mo ceipbio
0,6 1 14.07.2009
0,41
0,24
0 50 100 150 200 250

06beM NPONYWEHHOTO CbIPbs, ThIC. M

Puc. 6. [JuHamnka KOKCOHAKOMIEHMA NPU pa3HbIX COCTaBax
Cbipbs

CopepxaHue Kokca, Mac.%

1,2
1,01
0,8
0,6
0,4
0,2

U 1

100 200 300 CyTkm
Puc. 7. Temnbl KOKCOHAKONNEHUA HA NOBEPXHOCTU KaTanu-
3aTOpa AETMAPUPOBAHUA NPU NOCTOAHHOI (1) M yBEMYMUBAIO-
weiica (2) nopaye Boabl

t, °C -
4841

480 1

4761

/

472

0 100 200 300
Puc. 8. Temnul nogbema TemnepaTypbl B peakTope Aerng-

pupoBaHuUA Npu nocTosHHOM (1) U yBennyusaioweics (2)
nofaye Bofbl

CyTkm
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py KoHeuHoli Temrepatype 760 K mo3Bosut yBenu-
YUTh €ro AJUTEIbHOCTh 10 390 mHeli Mo CpaBHEHUIO C
MOCTOSTHHOM MoJayeid BOABI B p€aKTOp, IMTPU KOTOPOH
IJAUTEIbHOCTh paboyero uukiaa coctaiasieT 320 qHel
(cMm. puc. 7, 8).

BbiBOoAbI

1. Pa3zpaborana MaTeMaTuudecKkasi MoJejb IIpoiecca
JeruaApupoBaHus BhICIIMX MapacUHOB, YUYUThIBAIOIIAS
oOpa3oBaHUe OJIe(PMHOB C Pa3JIMUHBIM ITOJOXEHUEM
JIIBOMHOM CBSI3U, AMOJS(MUHOB C COMPSIXKEHHBIMU U U30-
JIMPOBAaHHBIMU CBI3SIMU, YIJIEBOAOPOJA0OB LIMKJINYECKOM
CTPYKTYPHI.

2. YcTaHOBJICHO, UTO MomaBaeMasl B IIpoliecce Boma
JIeCTBYET KaK peareHT B peaKluu TUaApUpoBaHUs 00-
pasyiolierocs aMop@HOro Kokca.

3. PazpaboraHa 1 mporpaMMHO peajin30BaHa METO-
IIMKa pacyeTa ONTUMaJbHOW AMHAMUKHU TOIAYM BOIbI
B PEAKTOpP AETUAPUPOBAHMS, TTO3BOJILIONIAS TOBBICUTH
pecypco3dPEKTUBHOCTb TEXHOJIOTUU B LIEJIOM.

Paborta BeITIoJTHEHA B paMKax peaansanun DenepaibHoOH
1eJ1IeBOH MporpaMMbl «HaydHble H HAyYHO-IIearornieckie

Kaapbl HHHOBALIHOHHOH PoccHi».
Toc. kouTpakT Ne 14.740.11.0548.
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Introduction

La-based catalysts with ABO; perovskite-like struc-
ture [1—4] have been proposed as a valid alternative for the
low temperature catalytic flameless combustion of meth-
ane (CFC). Indeed, perovskite catalysts combine low cost,
thermo-chemical stability at high operating temperature
and satisfactory catalytic activity [5—8]. Interest is grow-
ing for these materials because of their interesting trans-
port properties [9—20], such as oxygen mobility, impor-
tant for their activity as catalysts in the catalytic flameless
combustion of methane [18—20] and for solid oxide fuel
cells. Transport properties are strongly dependent on the
nature of the ions partially substituting for La** [19] as
well as on the preparation procedure [20].

A common way to tune catalytic activity is the partial
substitution of one of the ions constituting the structure,
which bring to different cell parameters of the perovskite
lattice or the addition of a small amount of noble metals
[21—23]. Furthermore, catalytic activity may be improved
by the increase of specific surface area of catalysts.

One of the key problems dealing with catalytic conver-
sion of natural gas is the presence of sulphur compounds,
added as odorisers in the distribution grid, possibly lead-
ing to catalyst poisoning [24—26]. As all heterogeneous
processes poisoning start from the adsorption of SO, on
the surface of the catalysts, which may simply block the
active sites or modify their chemical nature. Indeed, once
adsorbed, unstable SO, surface species can react with ac-
tivated oxygen, which leads to formation of different sul-
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fur species (SO,, SO;, SO32’, SO‘%’ and Sz’) [1]. In addi-
tion, prolonged exposure to SO, can lead to a complete
destruction of the perovskite structure. Doping with noble
metals or the introduction of transition metal ions forming
stable sulfates (e.g. Ti, Zr, V, Sn, Sr, Ce) in catalyst for-
mulation are possible means to improve the resistance to
sulphur poisoning. Rosso et al [5, 27—28] also showed the
beneficial role of MgO, which acts as a protective shield,
forming stable sulphates and hence competing with the
active phase for SO, adsorption. Its protective action is
however provisional, due to its consumption. In a previ-
ous investigation [29] intraframework Sr doping proved
an interesting mean to improve catalyst resistance to poi-
soning, as well as the addition of noble metals, such as Pd
or Pt. However, the former method showed beneficial for
LaMnO; based catalysts, whereas LaCoO; showed de-
creasing activity upon Sr addition, besides being intrinsi-
cally less resistant to S poisoning.

In our work we summarise the results of different at-
tempts to modify the perovskite structure to impart higher
activity for the catalytic flameless combustion of methane
and resistance to sulphur poisoning. For this purpose dif-
ferent series of catalysts were synthesized with schematic
formula La;_ A MeOs, were A = Sr, Ce, Ag; Me = Co,
Mn; x=0.05; 0.1; 0.2. In addition, samples promoted with
noble metals were prepared (LaMeO; + 0,5 % NM were
Me = Co, Mn; NM = Pt, Pd, Ag). Two preparation pro-
cedures have been followed: the traditional sol-gel method
compared with flame pyrolysis (FP, [2—4]), leading to na-
nostructured catalysts.

Experimental part

2.1. Samples preparation

Since only partial Ag incorporation in the LaMeO; lat-
tice can be reached (vide infra), the formula La;_ Ag MeO;
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should be better represented by y-Ag/La;_,_,Ag,MeO;3,
where x represents the fraction of Ag incorporated into the
perovskite framework, whereas y is the Ag molar fraction
in extraframework position. However, to avoid complex
notations, the nominal composition only will be used in
the following.

2.1.1. Flame pyrolysis

All the precursors solutions were prepared by dissolv-
ing in propionic acid (Aldrich, pur. 97 %) salts of the se-
lected metals La(CH;CO0);2H,0 (Aldrich, pur. 99.9 %),
Co(CH;CO00),4H,0 (Fluka, pur. 99 %), Mn(CH;COO),x
x4H,0 (Aldrich, pur. 99 %), Sr(CH;COO), (Aldrich,
pur. 99 %), Ce(CH;COO), (Aldrich, pur. 99.9 %),
Pd(CH;COO), (Fluka, Pd 47 wt.%), Pt(AcAc), (Aldrich,
pur. 97 %), Ag(CH;COO) in the desired ratio and metal
concentration. The FP apparatus has been described in
detail elsewhere [30]. Briefly, it consists of a capillary tube
(inner diameter 0.6 mm) ending in the centre of a verti-
cal nozzle and connected with a syringe pump (Harvard,
mod. 975), feeding the solution of the mixed oxide precur-
sors. The nozzle was co-fed with oxygen (SIAD, purity >
>99.95 %, flow rate 5 L/min), acting both as oxidant and
as dispersing agent, able to form micro-droplets of solu-
tion. Gas flow rate was regulated by MKS (mod. 1259C)
mass flow meters, controlled by a MKS (mod. 247C) con-
trol unit. The synthesized nano-particles were collected
by means of a 10 kV electrostatic precipitator [31].

2.1.2. Sol-gel method

Appropriate amounts of La(NOs3);6H,0 (Chem-
Spectr, pur. > 98 %), Co(NOs),"6H,O (Reachem, pur. >
> 98 %), Mn(NO3),6H,0 (Reachem, pur. > 98 %) and
AgNO; (Reachem, pur. 99.95 %) were dissolved in dis-
tilled water. Citric acid (Reachem, pur. 99.9 %) was added
to the solution as complexing agent with a 1.5:1 molar ratio
with respect to the sum of metal cations. After evapora-
tion of the solvent, a bulk powder was obtained, which was
consecutively ignited at 300 °C for 1h and at 550 °C and
700 °C for 3h.

2.2. Catalyst characterization

The crystal structure of the prepared samples was de-
termined by X-ray powder diffractometry on a Philips
PW3020 diffractometer operating with Cu-K, radiation
(A= 1.5418 A). Patterns were collected in the range 5° <
<20 < 80° with A20 = 0.02° steps. The patterns obtained
were compared with literature data for phase recognition
[32]. The surface area of the synthesized powders was meas-
ured by N, adsorption/desorption at —196 °C on a Mic-
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Fig. 1. XRD patterns of Lay gAg, ,Co0; catalysts prepared
by flame pyrolysis (1) and sol-gel (2) methods. Reflection
of metallic silver indicated with cross (O)
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Fig. 3. Temperature-Programmed Reduction (TPR) pattern

of selected samples: FP-LaCoOj; (1), FP-Lag g5Agg.05C005 (2),
FP-LaMnO; (3) and FP-Lag gAgy 1Mn0; (4)

romeritics ASAP2010 apparatus, after outgassing at 300 °C
overnight. Scanning electron miscoscopy (SEM) analysis
was carried out on a LEICA LEO 1420 instrument.
Temperature programmed reduction (TPR) was car-
ried out on ca. 0.15 g of catalyst, pretreated in He (40 cm3/
min) from room temperature up to 8§00 °C (10 °C/min)
and kept for 1h, then presaturated by oxygen in air flow at
750 °C for 1h, by flowing 40 cm?/min of 10 vol.% H,in He
gas mixture and by increasing temperature from r.t. up to
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800 °C by 10 °C/min. The analysis was accomplished by
on line quadrupolar mass spectrometry, by using the same
apparatus described for activity testing.

2.3. Catalytic activity testing

Catalytic activity tests were carried out by means of a
continuous quartz tubular reactor on ca. 0.15 g of catalyst,
pelletized, ground and sieved to 0.15—0.25 mm particles.
Prior to each run, the catalyst was activated in flowing air
(20 cm?/min), while increasing temperature by 10 °C/min
up to 600 °C, then kept for 1 h. The activity tests were car-
ried out by feeding a mixture composed of 0.34 vol.% CHy,
33.3 vol.% air, He balance, while increasing temperature
by 10 °C/min from 200 °C up to 600 °C. Gas flow rate was
regulated by means of mass flowmeters (Brooks Instru-
ments, mod. 5850) governed by a control unit (Brooks,
mod. 0154). The total gas flow rate was 30 ml/min. The
outcoming gas was analyzed in line by means of a quadru-
polar mass spectrometer (MKS, PPT Residual Gas Ana-
lyzer), selecting proper mass fragments.

Catalyst poisoning tests were carried out in the same
apparatus at 450 °C by injecting 4 doses of 0.15 mg of tet-
rahydrothiophene (THT, Fluka, pur. > 97 %) per lg of
catalyst, each group of four injections being defined as
cycle (corresponding to 0.6 mg THT per g of catalyst).
The catalytic activity was monitored «in operando» dur-
ing poisoning, by continuously analyzing the relevant
mass fragments (CHy, THT, SO,, SO;, CO, CO,, H,0)
and plotting them as partial pressure versus time. The data
have been further elaborated by calculating the slope of
some descriptive lines, indicating the transient response of
the catalyst during poisoning, as better detailed in the fol-
lowing. The standard activity test was then repeated after
each poisoning cycle.

Results and discussion

3.1. Catalysts characterization

For the Sr- and Ce-containing catalysts, all the present
samples were characterized by high phase purity, since no
reflection of extraneous phases has been ever observed for
the fresh samples. Thisindicates dopant incorporationinto
the framework or at least very high dispersion as small ag-
gregates, whose size was lower than the detection limit of
the XRD technique. Peak broadening has been observed
for every sample due to the small particles size imparted
by the FP preparation technique. Sometimes a bi-modal
crystal-size distribution has been observed, i.e. fitting of
the reflections described by two overlapping distributions.
BET surface area ranged between 43 mz/g for LaCoO; to

70 m?/g for La, ¢St ,MnO;, due to the flash calcination
characterising the FP technique, which limits a deep sin-
tering of the powder. No significant correlation was found
between surface area and the nature, or the concentration
of the various components. The particle size, determined
by SEM analysis, was rather uniform and its mean value
ranged between 20 and 50 nm.

According to the XRD (Fig. 1) data for all the samples
ofthe La;_, Ag, CoOj series the main phase was the rhom-
bohedral LaCoOj; (characterized by a double reflection at
20 = 33°). Typically, the reflections of metallic silver were
also observed (20 = 38.1°, 44.6° and 64.6°), whose inten-
sity increased with increasing Ag loading. This allowed to
conclude a low Ag incorporation in the LaCoO; frame-
work [33, 34]. Due to poor silver solubility, the lattice pa-
rameters of the host perovskite did not change dramati-
cally, i.e. no relevant shift of the maximum reflection was
observed for Ag-doped samples when compared with the
undoped LaCoO;. Silver doping lead to opposite effects
on surface area for SG and FP samples. For SG catalysts
silver doping led to a slight decrease of specific surface
area and increasing crystal size, likely due to silver segre-
gation as separate phase.

For the La;_,Ag, MnOs; series a lower specific surface
area was obtained with the SG-prepared catalysts than
with the FP ones, silver doping increasing the surface area
in all cases. However, also in this case no clear relation-
ship between surface area and silver loading was drawn.

According to the XRD data for SG samples the main
phase corresponds to rhombohedral (non-stoichiometric)
LaMnOs, 5, whereas for the FP samples the main phase
corresponds to monoclinic LaMnOs. Reflections of me-
tallic silver (20 = 38.1°, 44.6° and 64.6° were sometimes
observed) for the doped samples, with increasing intensity
at high Ag loading, in line with the much lower solubility
of Ag in the LaMnO; framework with respect to differ-
ent dopants, such as Sr [33, 34]. The FP-prepared sam-
ples (Fig. 2) showed a small reflection of metallic silver
even after 5 % Ag loading, whereas it was almost unde-
tectable for the SG prepared ones. An evident broaden-
ing of Bragg’s peaks was observed also in this case for the
FP samples due to nanostructuring. Regrettably, it was
impossible to ascertain whether or not Ag,O was present
in the perovskite-structured samples, because the main
Ag,0 (1 1 1) reflection (26 = 33°) perfectly overlaps the
main LaMnO; phase.

3.2. Catalytic activity

All the catalysts exhibited a very high activity. Indeed,
under the adopted reaction conditions full methane con-
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version was attained below 600 °C and carbon dioxide +
+ water were the only detected products. Mass spectro-
metric data showed sometimes a small drift of the base-
line, which led to uncertain determination of 7y, i.e. the
temperature at which methane conversion started. Hence,
the same activity tests were repeated while analysing the
effluent gas by gas-chromatography, in order to check da-
ta accuracy. The results were comparable within =10 °C.

The activity data collected on fresh catalysts are pre-
sented in Tables 1 and 2. T5,was chosen as the main indi-
cator of activity (75, = temperature at which 50 % conver-
sion of methane is achieved), the lower is this parameter,
the higher is activity. At difference with what reported
elsewhere [35], doping at A position for the FP samples did
not bring about very significant effects on catalytic activ-
ity, i.e. Ty were similar for differently substituted samples,
at least within the detection limits of the detection appa-
ratus (vide supra). This is also due to the high catalytic
activity of the whole set of samples, which flattens small
differences in conversion.

Table 1

10 % Sr substitution moderately enhanced the activ-
ity of Mn-based perovskite and slightly decreased the
activity of Co-based one. Further Sr addition in Mn-
based perovskite did not show any positive effect on ac-
tivity. By contrast, Ce*"-containing samples may show a
La,_,Ceyd, ,MeO; formula, & being a cationic vacancy
formed upon CeO, segregation in extraframework posi-
tion. In our Ce-substituted catalysts y = x, since the re-
flections of the CeO, phase were never detected by XRD.
In this case, Ce*" in framework position can force an
equivalent portion of the trivalent B metal ion to reduce
to a formally divalent oxidation state. This usually stabi-
lises the catalyst in reducing atmosphere and makes the
formation of oxygen vacancies uneasy. However, Ce can
act as oxygen buffer and its own 4+/3+ redox cycle, occur-
ring at temperature near to that of the B metal, can give a
contribution to the whole catalytic reaction. By contrast,
Sr-doping should lead to the increase of oxygen vacancies
concentration, as well as to the increase of the B metal
ion formal oxidation state, depending on its nature. The

Activity data of fresh and poisoned La;_,A,Me0; and LaMeO; + 0.5 % NM catalysts (after 4 poisoning cycles,
if not specified differently). 75, = temperature of 50 % CH, conversion; Conv,sq - = CH, % conversion

at 450 °C. Activity data for poisoned samples given as residual CH, % conversion at 450 °C. A = activity
loss due to poisoning (conversion of fresh sample - residual conversion after the last poisoning cycle)

expressed in points %

Fresh catalyst Poisoned catalyst
Sample A%
Tso Convyggoc | Icycle Convyggoc | Last cycle Convygg oc
LaCoO, 449 52.3 43.0 35.7 16.6
Lag ¢Srg 1C005 453 48 46.6 44.2" 3.78"
Lag oCep 1004 447 52.5 53 bbb 8.2
LaMnO, 435 59.4 54.1 49.9 9.5
Lag oCep 1MnO; 433 59.5 55.5 45.7 13.8
Lag ¢Sy ;MN05 419 70 66.5 63.6 6.8
Lag ¢Sy ,MN0; 434 60 57.4 53.7" 6.3
0.5 % Pt + LaCo0j 435 60.4 52.25 40.3 20.1
0.5 % Pt + LaMnO, 426 64.55 67.1 55 9.55
0.5 % Pd + LaCo0, 441 56.7 52.6 35.4 21.3
0.5 % Pd + LaMnO, 445 53 50 41.5 11.5

" After 5 cycles.
" After 6 cycles.
" After 9 cycles.
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Table 2

Activity data of fresh and poisoned (4 cycles) La,_,Ag,MeO0;. T, = temperature of 50 % CH, conversion;
Conv,sq oc = CH, % conversion at 450°C. Activity data for poisoned samples given as residual CH, % con-
version at 450 °C. A = activity loss due to poisoning (conversion of fresh sample - residual conversion

after the last poisoning cycle) expressed in points %

Fresh catalyst Poisoned catalyst
Sample Method A, %
Tso Convysg % | Icycle convygsy % | Last cycle convygg, %

LaCoO4 FP 450 50 43.0 35.7 14.3
LaCoO4 SG 490 30 22.9 17.5 12.5
Lag. 95Agg 05C005 FP 457 44,5 32.3 29.1 15.4
Lag 95Ad 05C005 SG 456 46.9 45.0 35.9 11
Lag.9Ago €005 FP 480 32.9 22.5 21.3 11.6
Lag 9Agy ;€005 SG 482 33.2 22.7 25.8 7.4
Lag gAgo ,C00; FP 435 58.6 47.3 40.6 18
Lag gAgo ,C00; SG 480 36.6 17.2 16.7 19.9
LaMnO; FP 435 59 54.1 49.9 9.1
LaMnO0, SG 583 7.5 4.0 2.0 5.5

Lag.95Adg gsMn0; FP 427 66 60.5 58 8
Lag 95Adg gsMNn0; SG 479 36.3 27.5 17.0 19.3
Lag oAgo 1MnO; FP 395 84 82.0 75.0 9.0
Lag oAgg ;MnO; SG 464 43.6 30.1 22.1 21.5
Lag gAgo ,MnO; SG 535 15.4 15.0 14.0 1.4

former effect is more likely with B = Co, though Naka-
mura et al [36, 37] showed that in some cases oxygen va-
cancies did not form up to x = 0,4 with B = Mn.

It was reported that catalytic activity of perovskites can
be increased through the addition of small amounts of no-
ble metals [23, 38, 39]. This is confirmed by the present
data (Table 1) for Co-based perovskites doped with either
Pt or Pd. By contrast, for Mn-based catalysts Pt doping
led to an activity improvement, while Pd doping decreased
methane conversion. Furthermore, as for undoped sam-
ples, catalytic activity for Mn-based perovskite was gener-
ally a bit higher than for the Co-based ones.

The total activity of silver containing series may be
defined by the correlation of 4 factors [40]. Silver incor-
poration in framework position increases the concentra-
tion of lattice defects, which in turn affect oxygen mobility
through the framework. This factor improves the intrafa-
cial mechanism of the reaction and the catalytic activity.

Onthe other hand, TPR data (Fig. 3) shown that the reduc-
tion temperature of Co** to Co*™, represented by the first
TPR feature, increased of ca. 50 °C with the FP-prepared
Laj 95Ag( 05C005_g5 sample with respect to the undoped
catalyst and of further 10 °C for the La, gAg, ,C0oO5_5 SG
catalyst, confirming a lower reducibility. It can be noticed
the particular shoulder at ca. 530 °C for the latter sample,
likely due to the reduction of Ag containing species and
present only at high Ag loading. Thus framework silver
decreases Co reducibility and lead to slower redox cycle,
which in turn lead to a negative effect on activity.

Silver in extraframework position may also play two
opposite roles. It was reported in literature [41—44] that
silver particle larger then 5 nm show catalytic activity for
methane combustion by itself and thereby increase the to-
tal activity of the catalyst. By contrast, small silver particle
would lead to too strong Ag—O bonds, so decreasing the
number of active sites for methane oxidation under mild
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conditions [44]. This type of silver is catalytically inert
and plays the role of inert additive thereby decrease the
total activity of catalyst per mass of catalyst loaded. In all
particular case one of these factors is prevailing and deter-
mines the activity of sample.

Partial substitution of Ag for La led to moderate contri-
bution to activity in the case of Co-based sol-gel samples,
an evident improvement of conversion appearing only at
low Ag-loading. By contrast, the FP samples showed an
activity improvement only with 20 mol.% Ag doping, low-
er silver addition inducing even negative effects on catalyst
performance (Table 2). This can be explained considering
the poor Ag incorporation in such samples leading to well
dispersed extralattice small Ag particles.

For the Ag doped Mn-based catalysts, the activity
of FP-prepared samples was always higher than that of
SG-prepared ones with identical nominal composition
(Table 2). At the contrary than for cobaltites, the partial
substitution of Ag for La led to increasing activity both
for SG- and FP-prepared Mn-based catalysts and the
catalytic activity always increased with increasing Ag sub-
stitution. Another interesting difference with respect to
La;_,Ag,Co0O; systems is that the partial substitution of
Ag" for La’" led to a decrease of the onset temperature
of the first reduction peak and enlarged the reducibility
range of Mn ions. Indeed, by comparing with Co-based
catalysts, a higher solubility of Ag in the manganite frame-
work can be deduced with respect to the cobaltite one, as
supported by XRD data. This likely excludes or limits the
catalytic effect of extraframework metallic Ag in the Mn-
based catalysts. The attention must be then focused on
the effect of lattice Ag™ ions on Mn reducibility and oxy-
gen mobility. The higher Mn*" reducibility, witnessed by
TPR analysis, improved catalytic activity and the growing
Mn*" reduction with higher Ag loading showed beneficial
to oxygen mobility. This was particularly relevant for the
nanosized FP samples, for which a short bulk to surface
pathway for framework oxygen is present. The latter fea-
ture favours methane oxidation by increasing the avail-
ability of bulk oxygen and easing catalyst reoxidation in
the second step of the Mars van Krevelen mechanism.

Finally, it should be noticed that the present FP-pre-
pared Laj gAg, ;MnO;; catalyst showed the most active
among the wide series of cobaltite and manganese per-
ovskites prepared and tested for this application.

3.3. Resistance to sulphur poisoning

Tetrahydrothiophene (THT) has been selected as poi-
son due to its wide use as odorising agent in the methane
distribution grid (where its concentration is ca. 8 ppm).

The common poison used in the literature for poison-
ing tests is SO,, because many papers dealing with this
topic focus on catalytic mufflers, where exhaust combus-
tion gases are the feeding mixture of the catalytic reactor
(muffler). In the present case we concentrated on the use
of odorised methane as feed for catalytic combustors and
hence we took into consideration also the decomposition
mechanism of the S-containing species under operating
conditions as near as possible to the operating ones. It
should be underlined that this is relevant not only to cen-
tralized power generation, but, most of all, to distributed
micro-generation, where the natural gas grid provides the
feed without the possibility of very efficient pretreatment.
A preliminary set of experiments allowed concluding that
THT instantly decomposed to SO,, CO, and H,O in the
presence of every catalyst at 450 °C. This temperature has
been selected because most samples exhibit the highest re-
action rate around this value and the conversion curve is
very steep, so to magnify the effect of poisoning.

All samples lost part of their initial activity for methane
combustion after poisoning (Table 1, 2). However, the de-
gree of activity loss varied considerably with composition.
For the estimation of the resistance against poisoning we
have chosen to compare methane conversion at 450 °C for
the fresh and poisoned samples.

Sr substitution improved the resistance to sulphur poi-
soning for both Co- and Mn-based perovskites, the resist-
ance increasing with increasing the substitution degree.
Sr-doping may force the B site cation to its highest valence
state and/or increase the number of oxygen ion vacan-
cies, so increasing the mobility of lattice oxygen. The acid
character of a metal ion increases with its oxidation state
and therefore the SO, bonding with the surface might be
weakened. On the other hand, Ce*"-substitution showed a
different effect. In the case of Co-based perovskites it led
to improved resistance to poisoning, while the opposite
effect was observed for Mn-containing perovskites. The
addition of Ce** brings about a partial reduction of the B
ion, i.e. to less acidic B ions.

Among the set of noble metal doped samples 0,5 % Pt/
LaMnO; showed the highest resistance to sulphur poison-
ing. For Mn-based perovskites the resistance was higher
than for the Co-based one, as observed for the non-sub-
stituted samples (Table 1). However, the most evident ef-
fect has been observed after the first poisoning injections,
suggesting that noble metals protect the surface sites by
reacting more promptly with sulphur [22], Pt doping being
more effective than Pd.

For the (La, Ag) CoOj series, sol-gel prepared sam-
ples seemed a bit more resistant to sulphur addition than
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the FP-synthesised ones. Indeed, when comparing the re-
sidual conversion at 450 °C after THT injection, the SG
samples lost in average one point % of conversion less than
the FP samples (Table 2, column A%). The difference of
conversion levels between the fresh and the poisoned sam-
ples increased with Ag loading, except for a minimum
with Lag gAg CoO; for both the FP and SG preparation
methods (—10...—11 points %), up to 20 points % with the
highest silver amount. The relatively lower impact of the
poison on SG-prepared samples can be explained on the
basis of their lower surface area.

For (La, Ag) MnOsj series silver substitution did not
change appreciably the resistance to poisoning for the FP
prepared samples (Table 2), methane conversion decreas-
ing by ca. 8—9 points % as for the unsubstituted sample.
On the other hand, a higher absolute drop of conversion
was visible for the SG-prepared Ag-doped samples with re-
spect to the unsubstituted sample. Nevertheless, due to the
very poor catalytic performance of sample SG-LaMnO;,
the residual activity after poisoning was less than
30 % of the initial value (Table 2).

As already mentioned, silver doping changed the lat-
tice parameters and the properties of the perovskite, but its
effect on the resistance to sulphur poisoning is controver-
sial. On one hand, the difference of valence state between
La and Ag brings part of Mn3" to a higher valence state,
namely to Mn**, which is more acidic with the conse-
quence above stated. On the other hand, framework Ag*
substitution increases the amount of oxygen vacancies,
as in the case of Co-based perovskites that in turn makes
easier SO, adsorption. It should be also mentioned that
extraframework metallic silver may directly act as a sul-
phur guard by reacting more promptly with sulphur com-
pounds than the main perovskitic phase. The latter effect
showed less sensitive for the present catalysts with respect
to the (La, Ag) CoO; samples, due to the already men-
tioned higher solubility of Ag in the manganite structure
than in the cobaltite one. However, it may explain why the
FP-prepared samples showed much more resistant to sul-
phur poisoning than the SG ones.

For the SG-prepared samples with low Ag loading,
in which silver was mainly in lattice position, the partial
oxidation of Mn®** to Mn** helped improving the re-
sistance to poisoning. FP-prepared catalysts, even with
a low substitution level, were characterised by a lower
Ag incorporation into the lattice with respect to the SG
samples, extraframework silver exploiting its beneficial
effect as sulphur guard rather than as activity enhancer,
since Ag® particle size was too small from that point of
view.

However, it should be underlined by looking at the
present data that Ag showed less effective than Sr from
the point of view of catalyst protection against poisoning.
With the present Ag-doped samples the main advantage is
the improved initial activity of some of them, which leads
to satisfactory results even after more or less severe poi-
soning. Indeed, when the comparison between the activ-
ity on fresh and doped samples is carried out by consider-
ing the whole activity curve, one may observe that even
after poisoning the FP prepared Laj gAg,,CoO; sample
showed satisfactory activity, e.g. lower than the undoped
FP prepared LaCoOs, but higher than the SG prepared
one, even when considering the fresh samples. Further-
more, the FP-Laj¢Ag, ;MnO; sample was still able to
convert 75 % of methane at 450 °C after four poisoning
cycles, a catalytic performance much better even than that
of the fresh FP-LaMnO; sample.

Conclusions

A set of doped La;_,.4,MeO; samples have been pre-
pared by different preparation methods, namely sol-gel
and flame pyrolysis, leading to variable surface area and
crystal size. Some dopants, like Sr*2 and Ce*, showed a
good substitution degree for La into the perovskite lattice,
while silver incorporation was generally poor. This pos-
sibly left extraframework metallic silver, showing its own
catalytic activity provided that proper Ag crystal size was
reached. However, silver solubility strongly depended on
preparation procedure.

All the present perovskite-like catalysts prepared by FP
showed good activity for the CFC of methane, the best re-
sults being achieved with silver doped Mn-based catalysts
(namely Laj gAgy ;MnO3,5). Good results have been also
obtained with Laj ¢Sty ;MnOj; and by adding 0,5 wt.% Pt
to LaMnO; or LaCoO;.

Upon sulphur doping, a more or less evident conver-
sion decrease was always observed except upon doping of
manganites with Sr*2. Also noble metals provide some
protection, at least after addition of a small amount of sul-
phur. Silver is not very effective from the point of view of
protection against poisoning, but initial improvement of
activity leads to a satisfactory results even after poisoning.
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B pabGore mnpeanoxeHO pelleHue 3KOJOTMYeCKOi
po06IeMBl OeCIIaMEHHOTO CKMTAHMS METaHa 110 Tep-
MOKAaTaJIUTUYECKOU TEXHOJIOT M.

Katanutuueckoe 6ecnimamenHoe cxkuranue (KbC)
MeTaHa UMeeT IIPEUMYIIEeCTBA 0 CPaBHECHUIO C OOBIU-
HBIM CKMTaHUEM: CONTPOBOXIAETCS MEHBIIINM BhIIEJIE-
HUEM 3arpsI3HSIONIMX aTeHTOB (HEe OKMCJICHHBIE YTJIEBO-
moponsl, CO u OKCHIBI a30Ta); 00eCIIeYnBaeT ITOJHYIO
KOHBEPCUIO MeTaHa Mpu 0ojiee HU3KON TeMIieparype.
TpanuIIMOHHO MCIOJIb3YeMbIe B IPOMBIIIJIEHHOCTH Ka-
TaJaU3aTOPhl, OCHOBAHHBIC HA OJIATOPOAHEBIX MeTajjiax,
TaKuX, Kak IIaTUHA ¥ Majjaanii, 06ecrneduBaloT BEICO-
KYI0 aKTUBHOCTb, OHAKO SIBJSIIOTCS] TOPOTOCTOSIIIUMU
¥, KpOME TOT'0, UMEIOT HU3KYIO TEPMO- U XMUMUIECKYIO
CTaOMJBHOCTh. AJNBTEPHATUBON MOTYT OBITH JaHTa-
HOBBIE KAaTaJIU3aTOPbl C IIEPOBCKUTHON CTPYKTYpOM
(ABOs). OHu obxoxmsTcst AelleBie, UMEIOT OONbIIYIO
CTaOMJILHOCTh M TEPMOCTOMKOCTD IPU paboyeit TeMIie-
paType W yIOBJIEeTBOPUTEIbHON aKTMBHOCTU. HecMoT-
psI Ha 3TO, IO CHUX IIOP OCTAIOTCS HEPEIICHHBIMH IIPO-
0JieMbl, OrpaHUYMBAIOLINE IMPOKOE MPOMBIIIICHHOE
MpUMEHEHUE 3TUX KaTaau3aTopoB. OmHONH M3 TaKMX
po0yIeM SBIISIETCS YYBCTBUTEIBHOCTH IIEPOBCKUTOB K
Pa3JMYHBIM KaTaJUTUUYECKUM SI1aM U B TIEPBYIO OYe-
penp K cepocoiepXalluM coeuHeHusiM. B HacTosiee
BpEeMSI MEXaHU3M OTPaBJICHU S TAHTAHOBBIX IICPOBCKUT-
HBIX KaTaJIM3aTOPOB M3yYeH W MpPeNCcTaBjieH B JIUTepa-
Type HeIOCTaTOUHO.

YacTuuHoe 3aMeIIeHUEe MEeTAJIJIOB KPUCTALINUECKOM
peLIeTKY IEPOBCKUTOB SIBJISIETCSI OMHUM M3 BaXKHEU T X
NyTel peryJupoBaHUs KaTaJUTUUYECKON aKTHMBHOCTHU.
W3 nuTepaTypbl M3BECTHO O MHOTHX HMCCIIEIOBAHUSIX
10 U3YYEHUIO BJIUSTHUS 3aMeIleHU S YacTu JaHTaHa Ha
JIpyTrue MeTaJbl ¢ BaJeHTHOCThIo 11 u IV.

B Hamrm nHM MHOTO BHUMAaHMS yIESIeTCSI KaTaIn3a-
TOpaM, XapaKTepU3YIOIMMCS HaHOpa3MepaMu YacTHII.
YMeHblIeHHe pa3Mepa MOCIeAHUX IIPUBOIUT B YBEJIU-

1 Kadbenpa husmnyeckoit Xumum u aneKTpoxumumn, MunaHckuit yHuBepcuTeT
2 PoccUCKUIT XUMUKO-TeXHUYeCKUit yHuBepcuTeT um. .M. MeHpeneesa

YEHUIO YIEJAbHOI MOBEPXHOCTU U AcdeKTaM KpucTai-
JINYECKOM pelIeTKH, YTO 00JIerdyaeT MoaABUXKHOCTh KHC-
Jlopojia B Hell, TTOBBIIIAsT aKTUBHOCTH KaTajanu3aropa. B
paboTe mpeacTaBlieHa CKOHCTPYHMpPOBaHHasl aBTOpaMu
YCTAHOBKA IIJISI TOJTYIeHU S IIEPOBCKUTHBIX CMEIIIaHHBIX
OKCHJIOB METOAOM IIJIJaMeHHOTro muponn3a. OCHOBHOM
y3eJI YCTaHOBKM — CIellMaJbHasl ropejika, B KOTOPYIO
MMOJAaeTcsa KUCJIOPON M OpPraHMYECKHUiIl pacTBOp IIpe-
KypcopoB. TormmBoM a1l 00pa3oBaBIIErocs MIaMeHU
SIBJISIETCSI OPTAaHUYECKUI pacTBOPUTEb. [IepOBCKUTHI,
CHHTEe3UpPOBaHHBIC JAHHBIM CIIOCOOOM, MMEIOT BBICO-
KYIO CTeNeHb YMCTOTHI, MaJIbie pa3Mephl YacTUIl, pa3-
BUTYIO YACJIbHYIO IMOBEPXHOCTH (B HEKOTOPHIX CIyda-
ax 6onpiie 100 MZ/F; JUJISI CpaBHEHMS: TpaaAULIMOHHBI
30JIb-T€JIb METOJ ITO3BOJISIET MOJYyYaTh MEPOBCKUTHI C
yAeIbHOM TMTOBEPXHOCTBIO TTopsiaka 10 M2/F). Kpowme To-
r'o, BBICOKAS TeMIlepaTypa CHHTe3a TapaHTUPYET J0CTa-
TOYHYIO TePMOCTAOMJIBHOCTD MOJy4YaeMbIX 00pa31ioB.

MeTtonmoM IJIaMEHHOTO MMpPOJIn3a Oblia MPUTOTOB-
JIeHa cephs o0pas3moB, OTBEYAIOIINX oOmIeit dopmyire
La;_,A,MeO;, rne A = Ce, St, Ag; Me = Mn, Co, x = 0;
0,1; 0,2. O6pa3ubl UCCIeTOBAIUCh KaK B YUCTOM BUJE,
TaK U ¢ moOaBlIeHHeM OyaropomHbIXx MetaainoB (Pt, Pd
u Ag). Cepedbpocoaepxalliye MepoOBCKUTHI ObLIU MPU-
TOTOBJICHBI TPAIUIIMOHHBIM 30J1b-TeJIb MeTonoM. Kara-
JIMTUYECKast aKTUBHOCTB OIIpeIessIach METOIOM Macce-
cnektpomeTpuu. Ocoboe BHMMaHHE OOpallajoch Ha
YCTOMYUBOCTH 00Pa3IOB K CEpOCOAEPKAIIUM COSIUHE-
HUSIM. B KauecTBe OTpaBJIsIOLIEro areHTa Obl1 BbIOpaH
TeTParuApOTHOPEH, YACTO IMIPUMEHSIEMBI B IPOMBIIII-
JICHHOCTHM KaK OJOPaHT IJIsI IPUPOIHOIO rasa.

Kak m oxumanoch, KaTaau3aTOpbl, ITOJYYCHHBIC
IJIAMEHHBIM TTHUPOJIN30M, MMEJIN BBICOKYIO CTEIeHBb
yucTtoThl; Ha XRD crnekTpax OTCyTCTBOBalu ITMKH,
CBOIICTBEHHBIC MHINBUIYAJIbHBIM OKCHUIAM METAJLJIOB,
BXOIOSIIIUM B CTPYKTYpy ITepOBCKMTA. MCKITioueHUe
COCTaBMJIM CEPUM KaTaJau3aTOPOB C JOOABJIECHUEM Ce-
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pebpa. BeaencTBue HU3KOM pacTBOPUMOCTHU cepebpa B
KPUCTaIJINYECKON pellleTKe B CIIEKTPe IIPUCYTCTBOBA-
JIM TUKW WHINBUIYAJIBHOTO cepedbpa Jaxe mpu 100aB-
JIEHMH €r0 MUHUMaIbHOM KoHLeHTpauuu (5 %). Kpome
TOro, MOAUMUIIMPOBAHUE NPAKTUIECKU HE M3MEHUIIO
napaMeTPOB KPUCTAJTUICCKON PEIICTKH.

Bce o0Opa3subl, cMHTE3UpOBAaHHbBIE TJIAMEHHBIM TH-
POJIM30M, IPOSIBJISLIA BEICOKYIO aKTUBHOCTD B peaKIIU1
OecrnmaMeHHOTo CXXUTaHUsI MeTaHa. [ToTHast KOHBepCHU s
MeTaHa BO BCeX ClIydyasix TOCTHTajach Ipu TeMIlepaTy-
pe Huxe 600 °C, npuyeM eqUHCTBEHHBIMHU ITPOAYKTaMU
peaknuu SIBJISJINCh BOJAa M ABYOKHCH yriepoma. Yac-
THUYHOE 3aMeIleHNe JJaHTaHa Ha CTPOHIIUHN MW Lepuii
HE JaJI0 CYyIIECTBEHHOI'O YBEIUYCHUS aKTUBHOCTH, T.€.
TeMIiepaTypa, coorBeTcrByiomias 50 % KoHBepcuu, Obl-
JTa TIpUMEPHO OAMHAaKOBa KaK JJIST 3aMEIIeHHBIX, TaK 1
IUISI ICXOMHBIX 00pa3IloB, IO KpaliHel Mepe B IIpeaeaax
YYBCTBUTEIBHOCTH MeToma. Hambonee 3amMeTHEIN 3(-
(beKT TTOBBIIIEHUST aKTUBHOCTH OTMEUEH IJIs oOpasia
Ha OCHOBe MapraHiia, rae 10 % yjaHTaHa 3aMelIeHo Ha
cTpoHnuii. JlobaBIeHNe MIATUHBI U MaJIIaaus YBEJIHN-
YUJI0 aKTUBHOCTH OyIarofapsi «COOCTBEHHOMY» BKJIAIY
0JIarOpOIHBIX METAJJIOB B KaTaJMTHMUYECKHUI Ipoliecc.
ITpu noGaBkax cepedbpa U3MEHEHUS KaTaJIUTUYECKOU
AKTMBHOCTM He CTOJb ONHO3HA4YHBI. M3-3a HU3KOI
pPacTBOPMMOCTU cepedpa B KPUCTATIMUYECKON pelIeT-
K€ CcyMMapHass aKTHMBHOCTb o00Opasma OIlpemelsieTcs
HECKOJBKMMHU (pakTopamu. [Ipy HMCITOIB30BaHUU KO-
0anbTOBBIX 00pa3loB AO0OaBIeHUE cepedpa MpUBENIO K
3aMEeTHOMY yBeJIMYeHMIO TeMiepatyphl 50 % KOHBepCcUU
TOJIBKO TIPU KOHIIEHTPalluK, paBHOM 5 % B ciiydae 30J1b-
resib 00pa3ios. g 00pa3loB, CHHTE3UPOBAHHBIX Me-
TOIOM TJIAMEHHOT'O IUPOJIN3a, 3aMEeTHOE yBEJIMUYCHUE

aKTUBHOCTHM HabJronanoch B ciydae 20 %-Hoil KOHIIeH-
Tpalluu cepedpa B KOMITO3UIIMU. CTOUT OTMETUTD, YTO
JUTS MapTaHIIeBBIX KaTaaInu3aTOpPOB BBEJICHUE cepedpa B
CTPYKTYPY IIPUBEJIO K 3HAUMTEJIbHOMY MOBBIIIEHU IO aK-
THUBHOCTHU, 00Jiee TOro, aKTUBHOCTh BO3pacTaja C yBe-
JIMYEHUEM KOHIIEHTpAIlM U cepedpa.

Bce 00pa3ibl BHE 3aBUCMMOCTU OT COCTaBa U CIO-
coba cMHTe3a Mocjie OTPaBICHUS ITOTEPSIJIM YacTh Ha-
yaJibHOM akKTUBHOCTH. OMHAKO CTETNEHb 1e3aKTUBAIINY
KaTaJu3aTOpOB CYIIECTBEHHO pas3juyajiach B 3aBU-
CHUMOCTU OT KOMITO3ULIMHU. CTONKOCTh K OTPaBICHUIO
cepoil oka3zajach HauOOJbIIEH MPU 3aMEIIEHUN YacTU
JIJaHTaHa Ha CTPOHULMA, MpUYEM YCTOMUYMBOCTb KaTa-
JIN3aTopa BO3pacTaja ¢ yBeJIMUYCHUEM KOJINIEeCTBa BBe-
JneHHoro ctpoHuud. braroponusie metamnsl (Pt u Pd)
TaKXe pearupoBaiv ¢ CepocoaepKalliMu COeTUHEH -
sIMU OBICTpEe, YeM IMePOBCKUTHAS (hpa3a, mpeaoTBpalias
TakuM obpa3oM paspyliueHue nocieaHei. Cepedpo He
MOBBIIIAJIO0 YCTOUYMBOCTD K OTpaBjeHUIO cepoit. OmHa-
KO CTOUT OTMETHUTD, YTO B HEKOTOPBIX CIyJasiX YBEIU-
YyeHUMe KaTaJlUTUIeCKOW aKTUBHOCTH B pE3yJbTaTe J0-
0aBKM cepedpa ObLIO CTOJIb CYIIECTBEHHBIM, UTO JaXe
IOCJIe OTpaBJCHUSI aKTUBHOCTh 00pa3ila COXpaHMJIaCh
OJM3KOM K HayaJIbHOW aKTUBHOCTU HE3aMEIIeHHOTO
KaTtajauzaTopa Mogo0HO CTPYKTYPHI.

[puBeneHHBIC B HACTOSIIIEM UCCASIOBAHUY TaHHBIC
MOKAa3bIBAIOT BO3MOXHOCTH TOJyYEHUST KaTajanu3aTo-
pPOB /i OecnaMEHHOI0 CXXMUraHWsl MeTaHa, KOTOphIe
COYETaIOT B ce0e HU3KYI0 CTOMMOCTD, BBICOKYIO KaTa-
JIMTUYECKYI0 aKTUBHOCTD J]aKe IO CPaBHEHUIO C Tpaau-
LIMOHHO MCITOJIb3YEMBIMM B IIPOMBIIIJIEHHOCTU 0J1aro-
POTHBIMHU METaJIIaMHU, a TaKXe YIOBJECTBOPUTEIbHYIO
CTOWKOCTH K OTPABJISIIONINM areHTaM.
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H.H. PocTaHuH?

BBepeHue

B cBsI31 ¢ BHICOKMMM LIeHaMU Ha He(GTb U HedTem-
pPOOYKTHl Bce 0oJiee aKTyaJbHBIM CTAHOBMTCSI TTOMCK
aJIBTCPHATUBHEIX MCTOYHUKOB YIJICBOOOPOIHOIO ChI-
PbS 71 IIPOM3BOACTBA NCKYCCTBEHHOTO XHMIKOTO TOTI-
JIMBA.

B Hacrtosimiee BpeMs BeoyTcsS pabOTHI IO IOTyYe-
HUIO OEH3MHOBBIX (PpakKlMil U3 CMHTEe3-Ta3a (Ipolecc
MOBIL OIL) [1—3]. [To60o4yHBIM TTPOAYKTOM Ipoliecca
SBJISICTCSI peaKIIMOHHAs BOJa, 3arpsi3HEHHAs] METaHO-
JoM. KanmurajabHBIE BJIOXEHMS B OUMCTKY CTOYHBIX BOI,
no nHdopmauuu Gupmel «Mobil», cocrasasior 1o 30 %
OT 00IIIero 0ObeMa KaIUTaJIbHBIX BIIOXKCHUIN B TIPOMU3-
BOJICTBO CUHTETHYECKUX TOIIJIUB.

M3BecTHB XMMUUYECKHUE TTPOU3BOACTBA, TaKUe, KakK
CMHTE3 aMMMaKka, rmaponast KoHBepcust CO, [IMD, BbI-
CIIWX CITMPTOB W T.A., B KOTOPEIX METAHOJ U JIpyTue
OKCHUTEHAThI, SIBJSISICH IMOOOYHBIMU MPUMECSIMU, 3a-
TPS3HSIOT IPOAYKTHI U CTOYHBIC BOAHBL. Tak, IIpu HU3-
KoTemIiepaTypHoii KouBepcun CO BOOSHBIM MapoM B
KOHJeHcaTe MocJje cenapatopa npucyrctyet ot 200 1o
600 Mr/n MeTaHOJa, YTO OrPAaHMYMBAET BO3MOXHOCTH
BO3BpaTa KOHJAeHcaTa B TEXHOJOTMYECKM A LMK [4].

Lens maHHOI paboThl — MoKa3aTh BO3MOXHOCTh
WICITOJIb30BAaHMS IIPOMBINIJICHHOTO KaTaIn3aTopa KOH-
Bepcun CO HTK-4 a1 OYMCTKM BOJOMETaHOJbHON
¢dpakuauu ot metanosa npu 250 u 300 °C. UcnbiTanus
KaTaJlm3aTopa IIpu 3TOM IIPOBOASATCS B peakKTope CIie-

LWapkuta B.U. — kaHO. mexH. Hayk, 8ed. Hay4. compydHuk 000 «HUAT-
KATAJIN3ATOP», E-mail: vesat@yandex.ru
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LMAaJTbHOM KOHCTPYKI MU, MO3BOJISIONIEH OIIPEACINTD
AKTHUBHOCTb KaTaJin3aTopa B KMHETUYECKO# 00J1aCTU Ha
CbpaKHI/II/I, a TaK2>Ke€ UCCJICA0BaTb UBMEHCHMUEC ITPOYHOCTHU
MOCJIE UCTTBITAHU I Karajiu3aTropa Ha TabJaeTKax.

JKCcnepuMeHTaNbHAA YacTb

1. Cxema ycmaHosKu

Jlnst pelieHUsI TIOCTaBJIEHHO 3aga4u Obiia pa3pabo-
TaHa cCXeMa M CMOHTHpPOBaHa YCTaHOBKA, MPEICTaBICH-
Hasl Ha puc. 1, KoTopasl BKJIFOYaeT y3JIbl 0Ja4Y1 BOAOPOIa
M a30Ta, TO3MPOBAHMS KOHICHCAaTa U PEaKTOPHBII OJIOK.

Ilepen ucnbiTaHMEM oOpasel, KaTajau3aTopa aKTU-
BUPYIOT BomoponoMm. [Ipu HeoOXonMMOCTH BOCCTaHOB-
JICHWsI KaTaJan3aTopa B peakTop IMOJA0T BOTOPOI 1 a30T
13 0aJIJIOHOB Yepe3 3alOPHbIE BEHTUJIM U PETYJISTOPHI
pacxona.

VY3en momadym BOmOpoIa BKIIIOYAeT 0AJUIOH C BOIO-
poaoM, 3alOPHBIA BEHTUJIb (16), peryasiTop JaBJICHUS
(28, 26), perynsatop pacxoaa (36), uamMepuTeab pacxona
ra3a (4), peryasitop nepemnana gaBjieHUS (6) 1 BEHTUIb
TOHKOI peryaupoBKu (7a). ¥Y3es nogauyu a3oTa COCTOUT
U3 OaljioHa ¢ a30TOM, peryisitopa maBieHus (la), 3a-
IIOpHOTO TyMOJIepa (2a) 1 peryasTopa pacxoma rasa (3a).
IIpn BoccTaHOBIEHUM TPEAYCMOTPEHA BO3MOXHOCTH
MOJaYM YMCTOTO0 BOAOPOJA UJIU a30TOBOAOPOIHON CMe-
CH, a TaKXe IIPOIYBKHU PEaKTOpa a30TOM.

B kauecTBe BOmMOMETaHOJIBHOU (DPAKIIMKM MCIIOJIb-
30BajJId MOIEJbHYIO BOIOMETAHOJbHYIO CMECh U3 KOH-
JIeHcaTa ¥ MeTaHoJIa, COIepXKaHNe KOTOPOTro MEHSIJIOCh
B npeaesax 49000—52000 ppm.

CucteMa O03MpPOBaHUS KOHAEHcCaTa BKJIIOYAeT
koMmIipeccop (9), dunsrpsl (8 a, 6), 3aIIOpHBIC BEHTIIIN
(11 a, 6), eMKOCTU C KOHJEHCATOM, 3aIllOpHbI TyMOJIep
(2 e) u npoccenb-kanuansp (14).
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Puc. 1. lpuHuMnnanbHas cxema yCTaHOBKM NO UCMbITAHMIO
Ha aKTMBHOCTb KaTannu3atopa OYUCTKM BOLOMETAHONbHOM
dpakuum oT MmeTaHona

B peakTopHBIi 0JI0K BXOOAT HcITapuTelb (16) ¢ 060r-
peBoM (15), peakTop (1§) ¢ 06pa3ioM, TOMEIIEHHBIM B
TepMocTart (/7) 1 XOJOAMJIBHUK CO COOPHUKOM KOHICH-
cata (20). PeakTop BBINOJHEH U3 HEPXKABEIOIIEH CTalu,
CHAOXeH BMOHTHPOBAaHHBIMM KapMaHaMU IJISI TEPMO-
map U COCTOUT M3 HEMOABMKHO 3aKPEIJICHHOI B Tep-
MOCTAaTe KPBIIIKHA M ChEMHOIO «CTaKaHa» JTHAMETPOM
20 mM. [1Ipu UCTIBITAHMY TPAHYJIMPOBAHHOIO KaTaau3a-
TOpa B CTaKaH peakTopa IOMOJHUTEILHO BCTABIISCTCS
HUIAHIPUYECKUN BKJIAABIII U3 HEpKaBEIOIIEH CTaIn
auamMeTpom 10 Mm.

2. Memoduka ucnsimaruti

[ns ucnpiTaHu ¢pakUUKU KaTajJlu3aTopa B CheM-
HYIO 4aCTh PEAaKTOpa BCTABISIETCS BKJAIbILI U B HErO
MEXIY CITIOSIMU KBaplia 3arpykaeTcs (hpaKIns KaTalln-
3aropa 1,0—1,6 mM. IIpu ucnbITAHUM LETBIX TaDJIETOK
BKJIAIBIII CHUMAETCsl. 3arpyKeHHbI CTaKaH BCTaBIIs-
JOT B KOPITYC peakTopa B TEPMOCTATe U MOAKIIIOUAIOT K
ra3oBOi JMHUM YCTAaHOBKH. [lajiee BKJIIOUYAIOT 00OTrpeB

WCTapuTelsl W TepMocTaTa, TeMIlepaTypa B KOTOPOM
n3meHsercs ot 100 go 350 °C u mognep:KuBaeTcsl pu
HEoOXOIMMOCTH ¢ TOYHOCThIO * 0,1 °C, B ncmapureie
noaaepxXuBaeTcsl MocTosiHHas TeMmIiepatypa 190 °C,
yTO oOecIeunBaeT IOJHOE HCIIapeHue KOHIeHcaTa ¢
obpa3oBaHMEM ITapoTa3oBOM cMecH. TemIepaTypa B
peakTope yCTaHaBJIMBAETCSI PETYISITOPOM TeMIlepaTry-
pbl MeTtakoH-613. KoHTpoab TeMIlepaTypbl Ha BXOIE U
BBIXOZIE M3 peaKTopa M B TEPMOCTATE OCYIICCTBISCTCS
tepmorapaMu Tuna XK, MogKIouYeHHBIMY K perucTpa-
Topy MeTpaH.

ITo mMepe HarpeBaHUS peaKToOpa IJISI MOATOTOBKH
CHCTEMBI TO3WPOBAHMUS KOHIEHCATa BKJIOYAIOT KOM-
peccop, U 4epe3 OJOK OUYMCTKM IIPU NaBiACHUU 7,5—
9,0 aT™M TIomaeTCs BO3MYX Ha BXOJ 3aIIOPHBIX BEHTUJICH.
C momoublo cTabuamM3aTropa JaBJeHUS B €MKOCTU C
BOJOMETAHOJILHOM CMEChIO YCTaHaBIMBAETCS MdaBJie-
HHUe, paBHOE MJIM HEMHOTO BEIIIIE TaBJICHUS B peaKTope.
IMocie BeIIEPKKYM 00pa3iia Ipyu 3alaHHOM TeMIiepaType
OTKPBIBAIOT 3allOPHBIIl BEHTUJIb, IIOIaBast Yepe3 Ipoc-
celb (KarmnJUISIp) BOOOMETAHOJIBHYIO CMECh B CUCTEMY.
Pacxon cmecu perymupyercss M3MEHEHHEM DPa3HOCTHU
JaBJICHUS Y KOHTPOJHMPYETCs IO CAUBY KOHAEHcaTa Ha
BBIXOJZI€ U3 YCTAHOBKMU.

KonnyecTBo momaBaeMoil XKUAKOCTH OMNpenesieT-
cd ¢ TIOMOIIBIO Kamnmuiiisgpa (HepxXaBerwlas Tpyoka ¢
BHYTpeHHUM auaMmeTpoM 0,5 MM); ompeneacHHOE AaB-
JIEHUE YCTaHaBJIMBAETCS TI0 MAaHOMETPY Haj 3epKaJioM
pactBopa. [IponyKThl peakliiu KOHACHCUPYIOTCS B XO-
nogunbHUKe. Yepes 15—20 MHMH OT MOMEHTa MOJAYM
HMCXOIHOI CMeCH 00pa30BaBIIMIACS KOHIEHCAT CIMBAIOT
U3 XOJOOMJIbHUKA, U MOMEHT CJIMBa CUYMTAETCS Hada-
JIOM UCTIBITaHUS. B TeueHMe Bcero meproaa NCITBITAaHU It
KaXIbIil Yac KOHJEHCAT CIIUBAETCS, OIPEACIISIETCS ero
KOJIMYECTBO U aHAJIU3UPYETCS OCTAaTOYHOE COEepKaH1e
MeTaHoOJIA.

AHau3 KOH/IeHcaTa JI0 U TTOCJIe UCITBITAHUSI KaTaJlu-
3aTOPOB MPOBOAMUTCS Ha Xpomarorpade JIXM-2000 M
¢ TUTAMEHHO-MOHU3AIIMOHHBIM AETEKTOPOM Ha KaIlW-
JISPHOI KOJIOHKE IUIMHOM 45 M, dazoit Se-54 ¢ ucnonb-
30BaHUEM KOMITBIOTEPHOI IporpaMMBbI Z-1ab.

VYcinoBus aHanusza: o0bemM mpobsl — 1 MKII; ras-
HOCUTENIb — Telinii; TeMIiepaTypa KojoHku — 70 °C;
temriepatypa ucnapurenss — 200 °C; maBiaeHue rasa-
HOCHUTEJIS Ha BXoJe B KOJIOHKY 0,8 aT™M; pacxol raza-Ho-
cutenst Ha copoc 30 HCM3/MI/IH; pacxod azoTa Ha Moj-
1yB — 30 HCM®/MUH.

Juis TpoBedeHUST pacyeToOB COAEpPKaHUSI METaHOJIa
B KOHJICHCATe BBITIOJIHEHBI PabOTHI 10 OMpPeAesIEHUIO
Koa(ppulIMeHTa YyBCTBUTEIBHOCTH XpoMaTorpada K
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KOHLI,eHTpaLI,I/Iﬂ MeTaHONa, ppm

45000 - y2= 3,8004x + 789,86
R =0,9997
25000 A
5000 T T
2000 6000 10000 14000

Mnowapb nuka, mB

Puc. 2. KanubpoBoyHas kpuBas B nana3oHe KOHLEHTpaLuil
metaHona 5000-52000 ppm

MeTaHoJy. IJIsi TOCTPOEHUST KaJTuOPOBOYHBIX KPUBBIX
MIPUTOTOBJICHBI CMECU MeTaHOJa-peKTudukara ¢ auc-
THUJTMPOBAaHHOM BoAo# ¢ KoHueHTpanusmu CH;OH ot
16 1o 52000 ppm.

Ha puc. 2 npuBeneHa KanuOpoBoyHas KpuBasl, KO-
Topad B JMalla30He KOHIEeHTpaumii MetaHosa 5000—
52000 ppm ¢ BBICOKOI TOUHOCTBIO allIIPOKCUMUPYETCS
ypaBHEHUEM:

y=3,8004x + 789,86,

rae y — KkoHueHTpauus meranona (C,,) B Mac.%; x — 1mio-
wajib XxpoMmarorpaduyeckoro nuka MetaHona (S,,). Ko-
adduureHT Koppeasiuuu paseH 0,9997, uto cBUAETENb-
CTBYET O BBICOKOI1 TOCTOBEPHOCTH allIIPOKCUMAIIHN.

DPheKTUBHOCTh KaTaau3aTopa B MIPOLIECCE OUMUCT-
KM BOIOMETAaHOJIbHOW (hpaKIMM OT MeTaHoJa OIrpee-
JISIIU TIO CTENEHM MpeBpallleHUsI MeTaHoJIa, KOTOPYIO
paccYMThIBaIU 10 (popmyJie:

rae Cy — KOHLEHTpalusd METaHoJa B UCXOJHOM KOH-
neHcate; C,, — KOHLIEHTpalMs MeTaHoJia B KOHAEeHcaTe
TOoCJe peakTopa.

HcneiTanusa karanuszatropa HTK-4 npoBoaunau Ha
dpakuun (1,0—1,6 MM) U 1eaBIX TabneTKaxX (IMaMETp
5 MM, BbICOTa 4 MM). YCIIOBHS MCHIBITAHUS: OOBbeMHas
CKOPOCTb TTOIa41 BOIOMETaHOIbHOI cMecht — 1 4! 1o
)unkocty win 1250 u~! o maporasoBoii cMecu; TeMm-
neparypa 200, 250, 300 °C; BpeMs UCIIBITAHUIT — 8 4,
KOHIIEHTpAIlMsI MeTaHoIa B KoHaeHcate 5,1 mac.% Ge3
BOCCTaHOBJIEHUsI. B mpeaBapuTeabHBIX OMbITaX OBLIO
YCTaHOBJIEHO, 4T0 akKTuBHOCTL HTK-4 mocne aktusa-
1IUU U 0e3 aKTUBAIMU COXPAHSETCS Ha OJHOM yPOBHE.
OueBUIHO, B Ipoliecce UCIbITAHUN aKTUBAILIUS KaTa-
JIN3aTOpa OCYIIECCTBIISIETCS METaHOJIOM, KOTOPHIM, KakK
W3BECTHO, MOXET OBITh BOCCTAHOBUTEJIEM. YCJIOBUS
ucneiTanusg HTK-4: ¢pakuus 0,1—1,6 MM; o0beMHast

CreneHb pa3noxeHus metaHona, %

0,9 HTK-4, dpakuus, 200
0,74

i HTK-4, Tabnetka, 200
0,54
0,3 T 1 1 1 1 1 1

1 2 3 4 5 6 7 8
Bpems ucnbitaHui, Y
Puc. 3. 3aBUCMMOCTb CTENEHU PA3NIOKEHMUSA MeTaHONA
oT BpemeHu (ucneitanue npu 200 °C)

CKOPOCTb TOIaYN BOJOMETAHOIbHOI cMecn — | 4! 1o
xuakoctu uian 1250 u~! no rasy; temneparypa 200—
300 °C; BpeMs UCITBITAHUI — 8 4; KOHLIEHTpalus MeTa-
HoJsa B KoHaeHcaTte 52104 ppm.

Ha puc. 3 npencraBiieHbl pe3yJabTaTbl UCIBITAHUMA
karanuzatopa HTK-4 Ha ¢ppakiiuu u Ha TabieTKkax npu
200 °C.

Kak BuaHo u3 puc. 3, npu ucnbitanuu npu 200 °C
MOCTUTaeTCs] HOCTATOYHO BBICOKAs CTEMEHb OYHUCT-
KM OT ¢pakuuy MeTaHosa Ha ¢pakuuu (o = 0,962),
Ha IeJIbIX TabjeTKax cTelneHb ounucTkKu Huxe. [Tocie
8-4acCOBBIX HCIBITAHUIN CTENEeHb IMpPEeBpalIeHUs CO-
craBisia 0,695, 4To 00yca0BIeHO BausiHUueM nuddy-
3MOHHOTO TOPMOXKEHMS Mpolecca IMpU NCIBITAHUN B
LIeJBIX TabJeTKaxX.

C yBeIMUYeHHEM TeMIIepaTypbl HCIBITaHUS (250,
300 °C) moBbILIAeTCsl CTEIEeHb pa3oXeHUs MeTaHoJia
(cM. TaGaMIly) MPU MCHOBITAHUM (paKIUWM U TabJeT-
K. W3 TaGIUIIBl BUIHO, YTO CTEIICHb Pa3JIOKCHUS Ha
¢pakuuu npaktuyecku cosmagaet npu 250 u 300 °C
nocjie 8-yacoBbIX ucnbiTaHuil. [Ipu ucnbelTaHUSX Ta0-
JIeTKH 0oJjiee BBICOKAs CTEIICHb pa3JIOKEHUST MeTaHOoJIa
nocturaetcs rpu 300 °C.

He mMeHee BaxkHO M3y4yeHUE BIUSHUS TeMIEPaTyphbl
W BpeMEHHU UCHBITAHUSI Ha IPOYHOCTHEIC XapaKTepHC-
Tuku HTK-4, yTo sgBisieTcs caeayolmumM 3TarnoM JaH-
HO¥ pabOTHI.

TakuMm 00pa3oM, ¢ HUCHOIB30BAaHWEM OITMCAHHOMN
BBIIIIE METOIMKHM ITOKa3aHa BO3MOXHOCTb U3yUYEeHU ST aK-
TUBHOCTHU KaTaJu3aTOPOB B OUMCTKE METaHOJICOAEPXKa-
meil BomHoU (pakumu. CleayolIuM 3TalloM paboTHI
TUTAHUPYIOTCA MCCIIEIOBAHUS APYTUX CYIIECTBYIOIINX
MeIbCOAepXKaIINX KaTaau3aTOPOB, pa3iMYalomnxcs
XUMHUYECKIM COCTaBOM M TEXHOJIOTWEH ITPUTOTOBJIC-
HUS B OYMCTKE OT METAHOJIa, YTO ITO3BOJIMT BEISIBUTH
OINTHUMAaJbHBIN MO aKTUBHOCTH M ITPOYHOCTU 0Opa3ell.
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Pe3ynbratbl ucnbitaHuint HTK-4 npu 250 n 300 °C

CreneHb pa3noxeHus metaHona (o)
[AUTeNbHOCTb Opakums | Tabnetka
UcnbITaHNi, 4 Temnepatypa ucnbitaHuin, °C
250 | 300 | 250 300
1 0,978 0,974 0,836 0,899
2 0,985 0,985 0,863 0,952
3 0,985 0,984 0,900 0,953
4 0,986 0,985 0,900 0,953
5 0,988 0,985 0,903 0,974
6 0,989 0,986 0,907 0,980
7 0,989 0,987 0,911 0,984
8 0,990 0,988 0,914 0,984
BbiBoAbI

1. Pa3paboTaHa cxemMa U CMOHTMpPOBaHa yCTaHOBKa
C pPeakTOpOM IJIST UCIIBITAHWI KaTaJlm3aTopa, 0COOCH-
HOCTb KOTOPOTO 3aKJII0YaeTCs B UCMOJIb30BAaHUU ChEM-
HOrO BKJAaIbIIla, KOTOPBIA MO3BOJSIET OCYIIECTBISTD
UCTIBITAHUS Ha (ppakuuu U 1eabix Tabnerkax. Kpome
KaTaJUTUUECKON aKTMBHOCTU, MOXHO M3ydyaTb U3Me-

Y[IK 66.081.3

HEeHUe MPOYHOCTU IO W MOCJe UCIbITAHWUN MpPU BO3-
JIEWCTBUU Ha KaTaJ13aToOp 3HAYUTEIbHOT'O COEPXKAHU ST
(mo 95 Mac.% napora3oBoii cpenbl).

2. TlokazaHo, YTO MPOMBILJIEHHBIN MelbCoAepXKa-
muii karaauzatop Tunma HTK-4 mposBisier nocTaTouHO
BBICOKY0 KaTAJIMTUYECKYI0 aKTUBHOCTH 0€3 aKTUBALIUU
Ha dpakMu 1 Ha TabjaeTKax, MpU UCTIBITAHUU obecrie-
yuBaeT cTerneHb ounctKu 1mpu 250 °C Ha ppaxkuuu 0,990
u Ha TabseTkax 0,988 mpu NCXOAHOM colepXKaHUU MeTa-
HoJja 5,1 Mac.% B BomoMeTaHOJbHOU (hpaKIin.
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1 MOAM(MULIMPOBAHUH yIiel. BONbIIMHCTBO yriiei co-
JEPXKUT MaJIyIo OO0 ME30TIOp, XOTsI UX POJIb B aJCOP-
OLIMOHHBIX IIpolleccax, OCOOEHHO MPHU aaCcopOLIMU Op-
raHMYECKMX BELIECTB M3 BOAHBIX PACTBOPOB, BEIMKA.
Kpowme Toro, yBenmueHe MMOBEPXHOCTH ME30IIOp STBITSI-
eTCs OMHUM U3 COCO00B CHUXEHUS NU(GEPY3UOHHOTO
COIPOTUBJIEHUSI B 00beMe OPUCTHIX MAaTEPUAIOB IIPU
SKCIIJIyaTallid B aICOPOLIMOHHBIX MM KaTaJIUTUUIeC-
KMX IIpolieccax.
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OTeyecTBeHHbIE KaTan n3atopbl

PerynupoBaHue mopucTOll CTPYKTYpPHl U CO3JAaHUE
JOTIOJTHUTEIbHBIX TIOBEPXHOCTHBIX aKTUBHBIX LIEGHTPOB
MPOUCXOAUT NPU MOAUDUIITUPOBAHUU aACOPOEHTOB. Pa-
Hee [1] HamMu ObLI0 OTMEeUYeHO MoauGULIMpYIollIee aeiic-
TBUE e-KamponaktaMa (KJI) B mpolecce Tepmudeckoit
pereHepalnu aKTUBHBIX YTJei nocie ancopbuuu KIJI
YIJIEPOIHBIMU COPOEHTAMU U3 BOAHBIX PACTBOPOB.

Hacrosiiast pabota nocssiiieHa uccaeqoBaHUI0 MO-
IUGUIUPYIONIETO BIUSHUS €-KanpojakTama Ha To-
PUCTYIO CTPYKTYpPY M alCOpOIIMOHHBIE CBOWCTBA MPO-
MBIIIJIEHHOTO aKTUBHOTO yrias. MonuduimposaHue
BKJIIO4aJo Tpu atamna. [lepsoiit aTan — ancopouus KJI
13 BOAHBIX pACTBOPOB C MOCEAYIOIIMM HU3KOTEMIIepa-
TYPHBIM IMpOrpeBaHueM aJcopOeHTa; BTOpoil — Kapbo-
HU3aIUs U TPETU M dTal — aKTUBALMSI.

Dransl mpoiecca MOTUMDUITMPOBAHU S

AT'-OB-1MkuJ
> Ancop6Oumst KJT + >
+ mporpesanue

ATI'-OB-1
Ucxonueiii AY

AT'-OB-1Mk

| | AL -OB-1Ma
Kap6onuzarus

AxTuBanus

Ancopbuusa KJI Oblna npeaBapuTebHO U3yUeHa Ha
pa3IuyYHbBIX copOeHTax [2]. B ux 4yucio BXOAWJIU MPoO-
MBILJICHHBIE aKTUBUPOBaHHBIE YN (AY) Mapok AI-3,
AT-OB-1, F-200, TexHu4eckuil yriepom, yrjiepomHbie
TKaHble M HETKaHble MaTepuasabl Ha OCHOBE TMApaT-
1eJTt0103b1. [{J1st JaHHOTO UccienoBaHus ObLT BBIOpaH
mpombitieHHbI AY mapku AT-OB-1 ¢ HaubGonbieit
nmpeneabHoi BenuuuHoi amcopouuu KJI 7,6 mmons/T
(860 Mr/T).

B mpouiecce mommubuimpoBanus [3] mpoBomuiach
ajgcopOIMs e-KalpojakTamMa U3 BOTHOTO pacTBopa, 3a-
KperJieHHe ero Ha MoBepXHOCTU AY myTeM HU3KOTEeMIIe-
patypaoro (300 °C) mporpeBaHus B aTMocepe Bo3ayxa,
B pe3yJibTaTe 4ero 4yacthb agcopoupoBaHHoro KJI gecop-
OGupoBaack, a Apyras — MoLBeprajach MOJIMMEPU3ALUNA
Ha moBepXHOCTH y1iis [4, 5]. 3aTeM cienoBaia kapooHU3a-
U AY B TOKe MHEPTHOIO ra3a (aproH) Ipu TeMIieparype
900 °C u, HakoHel, aktuBamus mpu 900 °C B atMochepe

mapoB Boabl. MaccoBas noist KJI, ancop6rpoBaHHOTO U3
BOIHOI'O pacTBOpa Ha MEPBOM 3Talle, COCTaBJIsIIa MPU-
MepHO 2 %, rocJie nepBoro nporpeBanus ~ 1 %.

B pesynbpraTe ObLIM MOJy4YeHBI 3 BUaa MOAUGUIII-
poBaHHBIX yrieii (YM): mepBblil — C TOBEPXHOCTHBIMU
bparmenramu nmonumepHbix cTpyktyp KJI (AT-OB-
1Mxku1), BTOpoit — nocjie KapooHuzanuu (AI-OB-1Mk),
Tpetuii — mnocie akTuBauuum (AI-OB-1Ma). Ilomy-
YeHHBIC YIJIW OTIMYAJINUChH IO MapaMeTpaM IMOPHUCTOMU
CTPYKTYPbI U aJICOPOLIMOHHBIM CBOMCTBAM.

XapaKTepuUCTUKU TOPUCTOM CTPYKTYPHI YIJIEpPOd-
HBIX aICOPOEHTOB MCCIENOBAINCH MO aacopouum N,
npu —196 °C Ha ycraHoBke ASAP-2400 ¢oupmbl «Mic-
romeritics» (CILIA). U3 u3orepMm aacopOumu azora pac-
CUMTHIBAINCH 3HAUYCHUS: CyMMapHO# (hopMaJIbHOM Be-
JMYMHBI YIETbHO MoBepxHOCTH 110 MeTony BOT Apqyt,
CYyMMapHBbIii 00beM Nop paguycom 1o 150 um — Vs (1o
MpenebHOMY HachlllleHUIo npu p/p, ~ 0,95). O6beMm
MUKPOIIOP ¥}y o ¥ TIOBEPXHOCTD ME30TIOP Ayye0, OCTA-
IOIIMXCS TI0CJIe 3aMOJIHEHUsT MUKPOIOP, OIpenesisiv
CPaBHUTEJIBHBIM METOIOM [7]. V05, HAXONMIIN KAK pa3-
HOCTb Vs U V) po- TPEHMPOBKa (ierasanusi) o06pasuos
ocyuiectBasiachk rpu 300 °C 10 0oCTaTOYHOTO AaBJIEHU S
4 T1a, 3a MCKJII0YEHUEM 00pa3I1IoB C aICOPOMPOBAHHBIM
KaIpoJjakTaMoM, IJIsI KOTOPbIX TPEHUPOBKA MPOBOAU-
nach ripu 200 °C. Pe3ynbTarhl aicOpOLIMOHHOIO MCCIIE-
IOBaHM S IPUBEAECHHI B Ta0. 1.

AJZICOpPOLIMOHHAsS aKTUBHOCTb aJCOpPOEHTOB MO OT-
HOIIIEHUIO K TMapaM OeH30J1a ¥ BOZHOMY pacTBOpY ioaa
OIIpEeIeIISUTICH IT0 CTAaHAAPTHBRIM MeTonuKaM. Ilpenenb-
HYIO BeJIMUMHY aacopbiuy OeH3oJ1a MpU TeMIiepaType
22 °C paccuMTBIBaJIM IO MPUBECY HABECKM YIS B aT-
Mocdepe mapoB 6eH301a. Bpems agcopounu 24 4.

ConepxaHue ilona B BOIHOM pacTBOPE B MPUCYTC-
TBUM Hoauaa Kajausl 10 U IOcJie aACOPOILMM Onpeaesi-
JIK flomoMeTpUIeCKUM MeTomoM. Bpems amgcoponnu co-
ctraBisiao 15 muH. [MonyyeHHbIe JaHHbBIE TPEACTaBAEHbI
Ha cienyoueit nuarpamme (cm. puc.l):

Tabnuua 1

NapameTpbl NOpMCTON CTPYKTYPbI afcopbeHTOoB
VenepoHbii 06wasn yienbHas | YoensHasa nosepxHocTb | 06wwmii 06'be3M nop, 06bem 06bem
ancopbext I'IOBerH;)CTb, Mesonozp, Vs nopr M°/T MVIKpOI'IOap, Me3on0?,

Sgam M/T Swesor M/T (r o 150 Hm) Vinkpor CM /T Viesor CM7/T
Alr-0B-1 710 51 0,403 0,318 0,085

AT-0B-1kn 409 43 0,267 0,190 0,077
AT-0B1Mk 565 54 0,437 0,268 0,169
Ar-0B-1Ma 673 49 0,401 0,316 0,085
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Copbuus, %

80 ,

[ Von
60- [ Benson
404

AT-0B-1 = AT-O0B-1kn AT-OB-1Mk Ar-OB-1Ma
Puc. 1. Apcopbuus itoaa 1 6eH3ona yrnepoaHbIMU aacop-
GeHTamu

A, MMonb/T

! 3

2,04 4
1
1,51
1,01 2
0,54
0 10 20 30 40 50 C, MMONb/AM’

Puc 2. Apcop6uus KanponakTama U3 BoLHbIX paCTBOPOB
YrNepoaHbIMU aacopbeHTamu

1 - ATl-0B-1; 2 — Al-0B-1Mkn; 3 — Al-0B-1Mk; 4 — Al-0B-1Ma

[Iporecc ancopOb1My €-KalpolaKTamMa u3y4Jajiu cTa-
TUYECKUM MeTOmOM ITpu TemmepaTtype 22 °C. JIas moc-
TPOEHUST U30TEPM aJCcOPOIMM Opasu CEpUI0 HaBECOK
yruist Maccoii 1 1 1 pactBopsl KJI o6bemom 0,100 v ¢
cogepxanueM KJI B unrepBaie 1—100 MMOJ'IB/,E[M3. Ku-
HETHMYECKUE WCCIIeNOBaHUS, IPOBEACHHBIE paHee Ha
npombliaeHHbIX yrasax AI-OB-1 u F-200, nokasanu,
4YTO aJCOPOLIMOHHOE paBHOBECHUE B CUCTEME C Hadajlb-
HOW KOoHUeHTpauuein 10 MMOJ‘IB/ILM3 MIOCTUTAETCS Yepes3
7 4. YTOoOBI UCKIIOUUTH BIUSHUE BHYTPUAUDPY3MOH-
HBIX (DaKTOPOB, IIPOIECC aACOPOLMU OCYIIECTBIISIN
244, mpu 3TOM B TeueHUe 12 4 pacTBOPHI C aACOPOECHTOM
PaBHOMEPHO BCTPsIXMBajiu. PaBHOBECHYIO KOHILIEHTpA-
LMio €-KarposnakTama B pactsope (C,) mocie ancopo-

Tabnuua 2
Apcop6uusa novos meau (II) U3 BopHLIX pacTBOpPOB

LIUM OTPEeAeISUIN (DOTOMETPUIECKHN METOIOM HUTPO3H-
poBaHus [2]. Pe3ynbTaTsl McceqoBaHUS MpeacTaBACHbI
B BUIE M30TEPM aIcOPOINM Ha PHUC. 2.

AICOPOIIMOHHYI0O aKTUBHOCTH HCXOIHOI'O YIJIs
AT-OB-1 u MoguduuuMpoBaHHBIX yIJIel MO OTHOIIE-
Huwo K nonam meau (I1) uzyvanu B pactBOope cynbda-
ta Meau (II) ¢ ucxomHoOUl MOJSIPHOU KOHIEHTpaluen
250 MMOJIb/[[M3 B PaBHOBECHBIX YCJIOBUSIX CTATUYECKUM
MeTomoM mipu Temmeparype 22 °C. O6beM pacTBOPOB
6611 pasen 0,100 1m3, macca HaBecku yrist 1 . Bpems
aJCcoOpOLIMU TaKKe COCTaBJISIIO 24 U MPU MOCTOSTHHOM
nepemeliuBaHuu. PaBHoBecHble KOHLIEHTpaLuu CuSO,
onpenensuin poromeTpuuecku. IlosydyeHHBIE TaHHBIE
MpeacTaBJIeHbI B Ta0J. 2.

IIpuBeneHHbIe B TabJ. 1 JaHHBIE KUCCIIETOBaHUS Ta-
paMeTpoOB MOPHUCTOM CTPYKTYPHI MMOKAa3bIBAIOT, YTO Ha
MnepBoM 3Tane MoauduuupoBaHUsA i1 obOpas3ua Al-
OB-1MKJ IpOUCXOONT CHMUXEHIE CYMMapHOTI'o 00beMa
nop oyt Ha 30 % u 06beMa Mmukponop Ha 40 %; Takke
YMEHBIIIUIACh 00111asl yaeJbHas MMOBEPXHOCTh, MOBEPX-
HOCTb U 00beM Me3omnop. Kak HaMu ObLJIO MOKa3aHo B
paborax [2, 3, 5, 6], IPOMCXOAUT YACTUYHAS ITOJIMMEDPH-
3auus KJI Ha moBepxHOCTU AY, 1 Ja3ke HeOOJIBILIOTo KO-
JIMYeCTBa €-KaIrpoyiakTaMa (B JaHHOM cJIyJae comepxKa-
Hue aacopoupoBanHoro KJI mo HarpeBaHusI COCTaBIISIIIO
2 % OT Macchl CyX0il HaBeCKU aJcopOeHTa) 10CTaTOYHO,
YTOOBI 3HAYUTEIBHO YMEHBIIUTH KOJIUICCTBO MUKPO-
rop. BaxxHoe 3HaYeHMe 1151 00pa30BaHUSI TOJTUMEPHBIX
CTPYKTYD, 3aKpPEIJICHHBIX Ha YIJIEPOIHONW MOBEPXHOC-
TH, UMEET CTEIeHb OKHUCJICHHOCTH WMCXOMTHOTO VTS,
XapaKTepU3yeMoil KOJTMYECTBOM MOBEPXHOCTHBIX KHC-
Jiopoacoaepxamux (GpyHKumoHalbHbIX Tpynmn (K®I)
IIPEUMYIIEeCTBEHHO KMCJIOTHOTO XapakTepa. Bo BpeMst
MporpeBaHus yris ¢ aacopoupoBaHHbiM KJI ipu Tem-
nepatype 300 °C Hapgany ¢ gecopOiueld MpoMCcXOmuT,
Kak nokas3aian MK-cImeKTpocKOmMIecKne M peHTTeHOT -
paduyeckue ucciaeagoBaHus [5], obpazoBaHue aMUA-
HBIX KOBAJIEHTHBIX CBSI3€1 ¢ yyacTueM KapOOKCUJIbHBIX
MMOBEPXHOCTHBIX Tpyml. Ilpm M3ydeHUM amcopOnnu

YrnepopaHblit afcopbeHT VicxopHas KoHueHTpauus

PaBHOBeCHast KOHLeHTpaLus Benuynua agcopbuum,

noHos mepm (1I), C, MMOﬂb/p,M3 noHos megm (II), Cp, MMOJ'Ib/JJ,M3 A, MMonb/T
Ar-0B-1 250 91,2 14,1
AT-0B-1Mkn 250 57,4 24,5
Ar-0B-1Mk 250 69,6 14,7
Ar-0OB-1Ma 250 62,7 16,4
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€-KarpojlakTamMa Ha YTJEPOJHOM MOBEPXHOCTU OBLIO
OTMEUYEHO, YTO IIpU paBHOBeCHOH KoHueHTpauuu KJI
B pacTBope Gojiee 5 MMOJIb/IM> 00pasyoTCst KIacTephl
M3 MOJIEKYJI £-KallpojlakKTaMa B pacTBOpe, a 3aTeM U Ha
TMOBEPXHOCTH aICOPOEHTA, Co31aBasi TeM CaMbIM 0J1aro-
TIPUSITHBIC YCIIOBUS IJIST TIOBEPXHOCTHOM MTOJIUMEpH3a-
nuu. Crneuuduueckas agcopouus kiactepoB KJI mpo-
HMCXOMUT NPEUMYIIIECTBEHHO Ha IIOBEPXHOCTU ME30IIOp
¥ B YCThIX MUKPOIIOP, OJIOKMPYS ITOCIeIHNE TTOTO0HO
npooOke [2]. CienyeT OTMETUTh, YTO B OTCYTCTBUE KUC-
Jlopoja Bo3dyxa B pe3yJbTare MoJIuMepU3aliuu €-Kall-
pojakTaMa oOpa3yeTcs JIMHEWHBIA ITOJIUMEp, a IpHU
Hanuuuu O, NoJMaMUAHBII MOTUMEDP UMEET CeTyaToe
crpoeHue [§].

IMocne xapooHm3anum (odpaserr AI-OB-1MK) Ha-
OJIomaeTcs yBeJIMUeHUE BCeX OIpeaeIsieMbIX ITapaMeT-
POB MOPUCTOM CTPYKTYpPhI: OOILIEH YyAEAbHOU MOBEPX-
HOCTH, 00beMa MHKPOIIOp, YVACIBHOU MOBEPXHOCTU U
06beMa Mesomop (o1 25 10 120 %) no cpaBHeHuIO ¢ AT-
OB-1Mxki, u nepepacrnpeneicHue mop o pasMepam ¢
yBeIUMYCHUEM 00beMa Me30IIop B 2 pa3a II0 CPaBHEHHIO
c ucxogHbiM AY. Jlosist 00beMa MUKPOIIOP YBEIUYMIACH
Ha 40 % OTHOCUTEJIbHO MpPeAbIAYILIEro odpasiia u cocTa-
BUJIA IpUMeEPHO 84 % OT 3HaYCHUSI AJ1s1 UCXOAHOIO YIS
AT-OB-1. Ha atoit ctaguu MoauduuupoBaHUsI IPOKUC-
XOOMT ACCTPYKIIMS MOJIMMEPHON MaTpUIbl M Cpalliy-
BaHHME a30TcomepxXamux (QparMeHTOB (IIPEAOIOXM-
TeabHo, B Bune cBsadeir NO, CN u NCO) ¢ yriaeponHoi
MOBEPXHOCThHIO, KOTOpasl CTAHOBUTCS 0OoJjiee HEOIHO-
POMHOI MO CpaBHEHUIO ¢ UCXOMHOI. Momndunupona-
HUe 00pa3lioB HEIMIOPHUCTOTO TEXHMYECKOTo yIiaepoaa 1
MpPaKTUYECKH HEMOPUCTHIX MIPUPOMAHBIX yriei [1] yBe-
JINYMBACT UX YIACIBbHYIO ITOBEPXHOCTH M IPUBOIUT K 00-
pPa3oBaHMIO ME30TIOP.

Ha tpetheM sTame (o6paseun AI-OB-1Ma) B pe-
3yJabTaTe aKTHMBALIMM YBEIWYCHHEC OOIICH yIeabHOM
MOBEPXHOCTH M 00beMa MUKPOIIOpP IOCTUIJIO Ipak-
TUUYECKU UCXOAHBIX 3HaYeHMil. TakuM obGpa3om, Obljia
BOCCTaHOBJICHA IIepBOHAYAIbHAS TTOPUCTasl CTPYKTypa
ITPOMBIIIJIEHHOTO aKTUBHOTO YTJIsl, HO UBMEHEH XUMU-
YeCKMi coOCTaB YIIepomHOl MoBepXHOCTH. M3MeHeHu s
aJICOPOIIMOHHBIX CBOMCTB CBUICTEILCTBYIOT O TOM, UTO
Ha Heli TOSIBUJIMCH HOBBIE aICOPOIIMOHHBIE IIEHTPHI, Be-
POSITHO, KMCJIOPO[I- U a30TcoAepxXaliue GpyHKIIMOHAJb-
HBIE TPYIIITHL.

AHaJIN3 aJcOPOIIMOHHBIX CBOWCTB MCXOMHBIX U I1O-
JIYYEHHBIX YIJIEPOIHBIX aICOPOCHTOB MOKa3bIBAET, UTO
aIcoOpOIIMOHHASI €MKOCTD II0 OTHOIICHUIO K MCCIIeAye-
MBIM BEIlIECTBAM 3aBUCUT U OT TIOPUCTOMN CTPYKTYPHI, 1
OT XMMMWYECKOTO COCTaBa MOBEPXHOCTU aJCOPOCHTOB.

ITo cpaBHeHU1O ¢ UCXOAHBIM AY MoaubUIIMPOBaHHbIE
YIJIU, MOJTy4eHHBIe Ha iepBoM (AT-OB-1MKku1) 1 BTopoM
(AT-OB-1MK) 3Tanax, moka3ajau yMeHbllIeH1e aJIcopO-
LIMOHHBIX CBOMCTB MO OTHOLIEHMIO K ooy U OEH30.Ty.
Ho axmcopbums u iioga, m 6eH30j1a (HEOJSIPHBIX CO-
eINHEHW ) Ha aKTUBUPOBAHHOM MOIM(MUIIMPOBAHHOM
yrie AI'-OB-1Ma Bo3pocJia Mo cpaBHEHU IO C UCXOJHbIM
AT-OB-1 coorBercTBenHO Ha 20 u 50 % (cMm. puc. 1), T.e.
TocJie TMapora3oBOil aKTUBAIIMU 3HAYMTENLHO YBEIU-
YUJINUCH cIelubUuYecKrue aKTHUBHbIE aACOPOLMOHHbIE
LICHTPHI.

B uccnenyemMoM nHTEpBajie paBHOBECHBIX KOHIIEHT-
pauuii e-kanponakTama (CM. puc. 2) HauOoJIbLINE 3HA-
YeHU S BEJIMUYMH aJcOpOLMY MonydeHbI 11 yriisg AT-OB-
IMk (MoauduLIMpoBaHHBIN KapOOHU30BaHHBIN). [Ipu
ONMHAKOBBIX 3HAYEHMSIX PAaBHOBECHOW KOHIIEHTpalUu
KJI yBennuenue agcopOLuu coctaBuio npumepHo 33 %
MO CpaBHEHUIO C UCXOAHBIM yrieM AI-OB-1. Takum 06-
pa3oM, JIyullieil COpOIIMOHHOMN CITOCOOHOCTHIO MO OTHO-
meHuio K KJI o61anaoT kKapOOHM30BaHHbBIE 00pa3libl, a
HaWMEHbIIE — YTJIU C TOJNMEPU30BAaHHBIMU CTPYK-
TypaMu mocJjie nepBoro 3tana MmoauduuupoBanus (Al-
OB-1Mku1). YToOBI yOeTUTBCSI, UTO TTOTUMEPHBIC CTPYK-
TYpPEl HE MOTYT CIYXUTh aKTUBHBIMU IIEHTpPaAaMU TIpU
ancopouuu KJI u3 BogHBIX pacTBOPOB, OBLIO MTPOBEIECHO
HCCJIeNOBaHME C KallpOHOBBIM BOJIOKHOM, C KOTOPOTO
MpeABapuUTeIbHO MyTeM BoiMaurBaHUs B pacTBope CCly
OBl ynajieH 3aMaciimBaresib. Pe3ynbraThl McCienoBa-
HUS TOATBEPAUIIY TTOJTHOE OTCYTCTBUE aICOPOLIMOHHBIX
CBOJICTB ITOJIMMepa I10 oTHOIIeHIIo K KJI.

M3oTepMbl ancopbiiuu €-KarnpoyiakTamMma (CM. puc. 2)
TaKXe CBUIETEIbCTBYIOT O TOM, UYTO YBEJIUYCHHUE al-
copouuu KJI He cBSI3aHO ¢ yBeIMUYeHUEM 00beMa MUK~
porop yTJepoaHbIX anacopOeHToB. OTpeaensonmnuMu
CTaHOBATCS JApyrue (akTopsl: yBeIU4YeHUEe oObeMa U
IIOBEPXHOCTHU ME30II0p M XMMUUECKUI COCTaB IOBEPX-
HOCTH.

Ancop6uus noHos Meau (I1) uz pactsopa CuSOy
(cM. Tabi1. 2) XapaKTepru3yeT HOHOOOMEHHEBIE CBOMCTBA
AY. Hanbonpiyio cCOpOLIMOHHYI0 €MKOCTb IPU JaHHOU
KOHLeHTpauuu cyabdarta Mmeau (II) nmposiBisieT aacop-
OCEHT, MOJIYYeHHBIM Ha TIEPBOM 3Tare MOAUMPUIIIPOBa-
HUS, C 3JIeMEHTaMU MOJUMEPHBIX CTPYKTYp (AT-OB-1
Mku1). 3HayeHU s BEIUYUH aJcoOpOLMuU AJIsT UCXOAHOTO
(AT-OB-1), xap6onusoBanHoro (AI-OB-1MKk) u ak-
TUBUpPOBaHHOro o0Opas3oB (AI-OB-1Ma) npakTuyec-
KU coBnanarT. CpaBHUTEIbHBINA aHAIN3 MTOJYYEHHBIX
MTAaHHBIX ITO3BOJISICT CACIATh MPEAIIONOXKEHNE O 3aBUCH -
MocTH afcop6uny noHos Cu®’ oT comepxkaHus Ha yITe-
POIHOI TOBEPXHOCTU a30Ta B BUJAE aMUAHBIX (PYHKIIM-
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OHAJIBHBIX I'PYNN M, BO3MOXHO, O KOOPAWHAIIMOHHOM
XapaKTepe B3aUMOACUCTBUS.

Takum o6pa3oM, pe3yabTaThl IIPOBEACHHOIO MCCIIe-
JIOBaHU S MOKAa3aJIu: UCHOJIb30BaTh €-KaIPOJaKTaM s
YCOBEPIICHCTBOBAHU S TTOPUCTON CTPYKTYPHI YIJIEPOI-
HBIX aICOPOCHTOB, B YaCTHOCTH, IJISI YBEJIMUCHUS Me-
30IMOPUCTOCTH aAACOPOEHTOB, BO3MOXHO.

brina m3ydyeHa 3aBUCHMMOCTH aaCOPOIIMOHHBIX
CBOMCTB IIOJIYYEHHBIX YIJICPOOHBIX aICOPOCHTOB OT
ycioBuii MonudumpoBanus. [TokazaHo, YTO BApbUpPO-
BaHME YCJIOBUI Ipoliecca MOTUDUIIMPOBAHUS €-Kall-
pOJIaKTaMOM YTJIEPOIHBIX COPOEHTOB MO3BOJISIET IIE-
JIEHAIpaBJICHHO PETYJIMpPOBaTh KaK CTPYKTYpHBIE TTa-
paMeTphl, TaK U XMUMUYECKU I cOCTaB aacOpOLIMOHHON
MMOBEPXHOCTH, B pe3yJIbTaTe Yero MOXKHO ITOJIyJaTh ajI-
COpPOEHTHI CO CHelMaJlbHBIMU aJCOPOIIMOHHBIMM Xa-
pakTepUCTUKAMMU.

B xome mccrnemoBaHUSI OBLIM IIOJYYEHBI TPW TH-
nma MOAU(PUIIMPOBAHHBIX YTJIEPOIHBIX aJCOPOEHTOB:
ancopOeHT ¢ ¢parMeHTaMU MOJUMEPHBIX CTYKTYp
AT-OB-1Mk1, KapOOHM30BaHHBIM a30TCOmEpKAIINIA
amcopbeHT AI-OB-1MK W aKTUBU3UPOBAHHBIH —
AT-OB-1Ma. Kaxnablii 13 Mojy4eHHBIX agcopOeHTOB
3HAYUTEIBHO TPEBOCXOMMII MCXOOHBIN IPOMBIIIICH-
HBI YTOJIb B OTHOIICHU Y aCOPOILIMY TMOO HETTOISIPHBIX
ruapodoOHKIX BellecTB (0eH30J U 1ioa), TMOO0 MoIsIp-
HOTO TUAPO(PUIBHOTO, 00pa3yIoIero BOMIOPOTHBIC CBSI-
31 BelllecTBa (€-KaIpoJjlakTaM), TUOO NOHOB METAJIJIOB,
CITOCOOHBIX K KOOPAWMHALIMOHHOMY B3aMMOJEHCTBHUIO C
AMUJTHBIMHU TIOBEPXHOCTHBIMHM T'pynnaMu (Hampumep,
noHamu meau (II)).

Wcnonbs3oBaHue e€-KampoJjakTaMma s MOTU(MUII-
poBaHusl uMeeT cBou ocobeHHocTu. KJI — mpomykr
MHOTOTOHHAaXXHOTO OpraHMYecKoro cuHresa. Ilpu ero
MPOM3BOJACTBE 00pa3yeTcsi MHOIO MaJIOKOHIIEHTPUPO-

BaHHBIX CTOKOB, CO3IAIONTNX ITPOOJIEMBI C UX OMOXUMU-
YECKON OYMCTKOM M3-3a OMOPE3UCTEHTHOCTU €-KaIlpo-
naktama. [Ipouecc MogudbULMPOBAHUS MOXHO OBLIO
OBl COBMEIATh C OYMCTKOW IMPOMBIIJIEHHOTO CTOKa,
nosydyaemoro npu npousBoactse KJI, ¢ mocnenymoeit
TepMHUYCCKON pereHepamnueil UCIOIb3yeMBIX YIJIePOI-
HBIX aICOPOECHTOB.

Cnoco0 ToJiydeHus1 yKa3aHHBIX MOAUDUIIMPOBAH-
HBIX aICOpPOEHTOB HE MMEET aHAaJIOTOB 3a pyOeXkKoM,
3aIaTeHTOBAaH M MOXET MCIIOJIb30BaThCsl B TIPOMBIIII-
JIEHHOCTU. B KayecTBe UCXONLHBIX MOTYT ObITh B3SIThI HE-
JIOpOTrve IPOMBIIIJICHHBIE YT, BO3MOXHO MOJIyIeHHE
YIJIEPOMHBIX aCOPOCHTOB C 3aJaHHBIMU CTPYKTYPHBI-
MU U aJCOPOLIMOHHBIMU CBOMCTBAMMU.
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BBepeHue

TMornomenue sHeprun CBY-110J151 B TBEpABIX U KU T~
KHUX cpeaax: IU3JeKTpUKax, MoJynpoBOJHUKAX ITMPO-
KO HCIIOJIb3YeTCSl B TEXHOJOTHMYECKUX Mpolieccax Mpu
TepMUIECKOIf 00pabOTKe STUX MaTepHUAJIOB, a B ITOCIIEI-
HUE TOIBI W ISl OCYIIECTBIICHNS UX XUMHYECKUX TIpe-
BpaeHui [1—3].

Bo3MOXHOCTH OCYIIECTBIICHHSI TeTEePOreHHO-Ka-
Tanutudeckux peakuuit B CBY-mose, Hapsaay ¢ ka-
TaJIUTUYCCKUMU CBOWCTBaMU, NPOSBISIEMBIMU TBEP-
IOTEeIbHBIMM KOHTAaKTaMH, B 3HAYUTEIBHONH Mepe
ornpeneasieTcsl A0CTaTOYHBIM ISl TIPOTeKaHU s MpoLiec-
ca KOJIMYECTBOM TeIljIa, BRIACISIEMOro IMpu TpaHchop-
manun CBY-sHeprum B 06pabaThIBA€MOI TEXHOJIOT M-
yeckoit cpenae. Ilpu aToM MakcuMmaabHO AOCTUTaeMast
nuccumnanusg CBY-sHeprum B oobeMe KaTaIuTUUECKOM
IIUXTHL ABJISETCSI HEOOXOOTUMBIM yCIIOBHEM 3(DDEKTUB-
HOT'0 3HEepronoTpedieHus Mpyu MPOBEASHUU MpPOLEC-
coB [4]. Lenecoobpa3HocTh TepMOOOPaOOTKM B MOJE
CBY ompenensieTrcs psiIoM M3BECTHHIX IIPEUMYIIECTB
00paboTKM TBepaoGa3HbIX MaTepuasioB, TakKMX, Kak
pPaBHOMEPHOCTb HarpeBa, 0€3MHEPLIMOHHOCTb Harpena,
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B WHCTUTYT XumMnyeckux npobnem HaumoHanbHo akafeMun Hayk
Azepb6aipxaHa, r. baky, AsepbaiigxaH

2 IHCTUTYT He(TeXMMUYECKOrO CHHTe3a Poccuiickoil akaemMum Hayk,

OTCYTCTBHE TPaAUCHTOB B 00beMe 00pa3iia, MUHUMYM
SHEPro3aTpar Mo CPaBHEHUIO C TPATULIMOHHBIMU METO-
IaMu nepenadyu Tera. Kpome Toro, mpemMmyIiiecTBOM
pa3pabaTBEIBAaeMOTO METOHA SBISETCS YHHUBEpPCallb-
HOCTh UCTOYHMKA SHEPTUM KaK IIPH CUHTE3¢ HOCUTEIIS
IUJISI KaTajau3aTopa, TaK 1 IIPU ero KCIIyaTalluM B XOIe
KaTaJUTHUYECKOr0 IMpollecca.

Panee, B paborax [5, 6], HaMu OBIJIO YCTAaHOBJICHO,
YTO PSJ KaTaJu3aTOPOB IIPEICTABISIOT CO00i KOMITO-
3UIIMHA OKCUIOB METAJIOB IIEPEeMECHHOM BaJCHTHOCTU
Ha MOBEPXHOCTHU Hocutens y-Al,0s, B yacTHOCTH, Al/
v-Al,O3, IPOABISAIOLIMX BBICOKYI0 aKTUBHOCTb U U30U-
paTeIbHOCTh B peakLUAX NeaJlKUINPOBAHUA ajlKuUJIa-
pPOMaTUYECKUX YIJIEBOAOPOJOB, ra30(ha3HOr0 ITy00KOTo
OKMCJIEHUSI H-OyTaHa M MOHOOKCHIA yIjieponaa, XKHi-
KO(}a3HOTro OKMCJIEHUSI KCUJIOJIOB, HE CIOCOOHBI 3(-
(exTMBHO MOrNIONIATh U TPAHC(POPMUPOBATH IHEPTUIO
CBY-110/14 B TeIJIOTY, IOCTaTOUHYIO JJISI OIITUMAaJIbHO-
ro TeMIIepaTypHOIo peXMMa IMPOTeKaHUS IIPOIIECCOB.
DT0 00yCJIOBJIEHO HEAOCTATOUYHBIM YPOBHEM MOTJIONIE-
Husg CBY-sHepruu ncnojb3yeMbIMU KaTaau3aTopaMu B
o0acTu pa3pelleHHBIX K dKcIuryatauun 9actotT (0,915
u 2,45 I'T'u), a TakXe 3HAUUTEJIbHBIM pacceMBaHUEM
TEeIJIOTHl B MaTpUIle MPaKTUUYECKU HE MOTJIOIIAOIIETO
v-Al,05-HOoCcUTENs] aKTUBHOW Macchl KOHTAKTOB U B
00beMe KOHBEPTUPYEMOI peaKLIMOHHOM Cpeibl.

Pesyabrarel maHHOW pabOTHl MOATBEPXKIAIOT, YTO
IUIST TIpoBeneHUsT peaknuit B mmojie CBY-usnyueHus B
KayecTBe MHEPTHOU MaTPUIIbl JJIST KaTaau3aTOpPOB Ha-
HECEHHOTO THIIa BeCbMa IMEePCIeKTUBHBIMU SIBJISIOTCS
apMUPOBAHHBIC PATUIHBIMU METaJJIaMU aJIIOMOOK-
cuaHble Hocutenu (Me/A1,0;), mosyyaeMble Ha OCHOBE
BBICOKOJMCIIEPCHBIX TOPOILIKOB METAJJIOB, B YaCTHOC-
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TH, adoMuHus [7], 1 ob6JaagamlIMe BBICOKUM YPOBHEM
IUBJIEKTPUUECKUX TTOTEPb.

Llenb naHHOM pabOTHl — MCCEI0BAaTh BO3MOXHOCTb
nosydyeHust nopuctoix Al/Al,Oz;-HocuTeneil, aKTUBHO
TOTJIOIIAIOII X MUKPOBOJIHOBOE U3TyYeHHUe (IIPU THUI-
poTepMaibHOIi 00pabOTKE MPOMBILIJIEHHBIX MOPOIII-
KOB aJIIOMUHUS B IPUCYTCTBUM TUAPOTEIISI TUIPOKCUIA
AIIOMUHUS C TOCICIYIOIIMM PEeaKIMOHHBIM CIleKa-
HueM B nojie CBY), 4To MOXET OBITh MCTIOJIL30BAHO B
MPaKTUIECKUX 00IaCTIX HEDTEXUMUU.

JKcnepuMeHTaNbHasA YacTb

DKCNEepUMEHTHI IO apMUPOBAHUIO OKCUIA aJTIOMU-
HUSI TPOBOAMUJINUCHL Ha YCTAaHOBKE, CKOHCTPYMPOBaH-
HOIT Ha 6a3e MUKPOBOJHOBOM neunt Mapku EM-G5593V
(«Panasonic») c o6bemMoM pe3oHaTopa 23 1. Tepmoobpa-
0oTKa (criekaHue) oopas3ioB (HaBecku 1Mo 25—30 1) ocy-
IIEeCTBIISANACh TpU paboueit yactote 2450 MT'11 ¢ Makcu-
MaJIbHOW BXOAHOI MOIIIHOCTbIO TeHepaTopa U3JyYeHU s
800 Br. Texnuueckue Bo3mMoxkHocTu CBY-meum mos-
BOJISJIM MPOU3BOAUTH KaK OOBIUHYIO TepMOOOpadboT-
Ky 00pasIoB 2JIeKTpOHArpeBaeMoil CIupasblo, TaK U
MIPOrpaMMMPOBAHHO BapbUPOBATh COOTHOILIEHHUE MOIII-
Hoctu CBY 1 sanekTpoHarpesa. TemmepaTypa o0pa3iioB
U3MepsIIach C MOMOIIBIO TUCTAHIIMOHHOIO OECKOHTAaK-
THOrO MH@pPaKpacHOro nmupoMmeTpa Mapku VA6520 c
nranasoHoMm msMepenus —50+600 °C. Bo mzbexaHue
HEOXUAAHHOTO MeperpeBa 00pas3ioB B pe3oHaTOpeE Me-
YY yCTaHaBJIMBAJIACh IIYHTUPYIOIIAsI eMKOCTb C IIUPKY-
JIUPYIOLIEH TUCTUJIMPOBAHHOW BOJOM.

Cragusi TUApPOTEpMaJibHON 00pabOTKU KOMIIO3U-
LM TPOMBIIIIJICHHBIX MapOK aJTIOMUHUEBBIX TTOPOIIIKOB
[TA-1u ITA-2 (rpaHyJIOMETPUICCKH I COCTAB, COOTBETC-
TBeHHO 450—630 1 250—450 mxm o T'OCT 6058—73) B
MIPUCYTCTBUM THUAPOTENS CBEXKEOoCaxkIeHHOTO TUIPOK-
cHaa aJlOMHUHUS OCYIIECTBIISIACh B TePMETH3NPOBaH-
HOM, 000rpeBaeMOM 3JIEKTPOCIMPAJIbHON NEYbIO aBTO-
KJIaBe, BBITTIOJIHEHHOM M3 HepKaBewIlel cTaau MapKu
12X18H10T, paccunTaHHOM Ha M30BITOUHOEC HAaBJICHUE
5 MTIla. B aBTOKJaB, CHaOXEHHbBI 00pa3IlOBBIM MaHO-
METPOM, 3aIIOPHOMU CUCTEMOM BBOIAa U BBIBOAA BOASIHOT'O
mnapa, 3arpykajyu BOTHYIO CYCIICH3MIO pacueTHOTO KO-
JIMYECTBa CBEXEOCaXXIEHHOTO THAPOress TMAPOKCUIa
amomMuHuga — Al(OH);nH,0, nonyyaemoro nekomMmno-
3uLMell pactBopa ajqtoMuHara Hatpusi (NaAlO,), ko-
TOPBI TTPOM3BOANTCS [THIKWHCKUM TITHUHO3EMHBIM
komouHaTtoM (AOOT «A3sepamoMuHuym») [8], u co-
OTBETCTBYIOIIYI0 HaBECKY aJIOMHHHEBOIO ITOPOIIKA.
Komnosunuwo BblAepXUBaId NpU TeMIlepaTtype 473—
523 K B teyeHue 5—10 4 1 moaBepraau majibHeHIIei

TepMUYECKOr 00pabOTKe B 3JEKTPOMArHUTHOM IOJIe
CBUY. bonee noapo6bHO MeTOAMKA BKCIIEPUMEHTA U3J10-
JXKeHa B Halllux paboTtax [5, 6].

B xome runporepMaabHOrO CHUHTE3a Ha TOBEPXHOCTH
AJIOMUHUEBBIX KPUCTAJJIMTOB 00pa3yloTcs TceBnode-
MUT 1 OEMUT 110 peaknuu [9]:

2A1°+ 2H,0 + 0, — 2A100H + H,. ()

IIpu 3TOM B 3aMKHYTOM ITPOCTPAHCTBE aBTOKJIABa,
3a CYET yBEJIUYCHUST 00beMa, TPOUCXOIUT CaAMOYTLIOT-
HEHME peaKLMOHHOM IIMXThI ¢ 00pa30BaHUEM MacCUB-
HBIX 00pa3IoB, comepKalluX apMUPOBAHHYIO aJTIOMU-
HUEM aJIIOMOTUIPOKCUIHYIO a3y.

OTMETHUM, YTO IIPX OTCYTCTBUM JOCTYIla KUCIOPOaa
B cUCTEMY (a Tak:Ke B CIelMaIbHBIX OIbITAX C MpeaBa-
PUTETBHOM OTKAYKOM TSI CO3MaHMSI BAKYYyMa) peaKIIvsT
(1) mpoTekaeT cieayonuumM o0pa3oM:

A1+ 2H,0 — A1OOH + 3/2H,.

KonnyecTBO HempopearnpoBaBIIero aJlOMUHUS B
obpasmax onpenesiii BOJIIOMOMETPHICCKIUM METOIOM
1o 00'beMYy BOJOPOIa, BBIAESIONIErocs Mpu 00paboTKe
HaBecku obpa3sua 30 %-HbiM pactBopoMm NaOH [10].

[Mmomags MOBEpPXHOCTU CHOPMUPOBAHHBIX ITOCIIE
TepMooOpaboTku B nosie CBY xomnoznuuit Al/A1,0; on-
penensau MetrogoM bOT 1o HU3KOoTeMITepaTypHOI aIcop-
6uuu aproHa. PacnipeneneHue o6beMa Mop no paamMepam
yCTaHaBJIMBAJIM METOIOM TETIOBOIA IeCOPOIIMY a30Ta.

JduddepeHinaabHO-TepMUUECKUIT aHAINU3 00pas-
IIOB 0 CTAaIWH IIPOKAJIMBAHUS IIPOBOIMIICS B IepHBa-
torpade moaenu F.Paulik—J.Paulik-Q 1500 npu ckopo-
CTU Harpesa 7,5 rpaj/MuH.

Pentrenoda3oBeiii aHAIM3 IOPOIIKOB BBHITIOIHSI-
Ju Ha yctaHoBke JJPOH-3 no craHgapTHON MeTOaUKeE.
CremKky audpaktorpamm mnpoBogunun Ha CuKo ort-
GUIBTPOBAaHHOM M3IYYCHU U (HUKEJIECBBIN (DUIIBTP) IPU
HamnpsikKeHUU Ha peHTreHoBckou Tpyoke 30 kB u cuie
Toka 20 MA. [Insa naeHTUpUKauum a3 Mcrnoab30Baan
nmaHHBIe KapToTekn ASTM [3].

Pe3ynbrathl M 06CyKAEHME

Puc. 1 maocTpupyeT 3aBUCUMOCTD CTEIICHU IIpe-
BpallleHWs 00pas3loB MOPONIKOB AJIOMUHUS pa3iny-
HOT'O JMCIIEPCHOI'O COCTaBa OT BPEMEHU U TeMIIepaTyphbl
TUAPOTEpMaabHOI 00paboTKu. HekoTophlit MakcumMym
B oOsactu 10 % creneHu npeBpanieHust (OTKJIOHEHUE OT
JIMHEHOM 3aBUCUMOCTH) OOBSICHSIETCS HAMU HeCcTallu-
OHApPHBIMH SIBJICHUSIMH, CBSI3aHHBIMHM C JUHAMHUEC-
KUM MOBEJEHUEM CUCTEMBI, YTO TPEOYeT CIIeIMaIbHOTO
JeTaJbHOI'0 U3YUYEHU .
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oA |., %

5 T L T 1 T L] T
0 1 2 3 4 5 6 7 T,4

Puc. 1. 3aBUCMMOCTb CTeNeHN NpeBpalLeHns antoMUHUEBbIX
nopouwkos MA-1 (1, 2) n NA-2 (3, 4) oT BpeMeHu ruppoTep-
ManbHOro CMHTe3a

Temnepatypa peakuuu 200 °C (1, 2), 350 °C (3, 4)

BunHo, 4TO Mpu conocTaBUMBIX YCIOBUSIX ITPOTEKA-
HUs peakuuu (1) oOpas3ilbl MOPONIKA C OTHOCUTEIIHLHO
meakuM (10—100 MKM) rpaHyJIOMETpUYECKHUM COCTa-
BoM (ITA-2) pearupyior 6oJjiee UHTEHCUBHO, 1 Tpedye-
Mast TOCTaTOYHas CTeTleHb mpeBpalieHus 25 % mocTu-
raeTcsi B OTHOCUTEIbHO MATKUX ycaoBUsx mpu 200 °C.

N3 pesynbTaToB McciaenqoBaHusl BAUSHUS BapbUpy-
eMoit MoirHocTU TeHepaTopa CBY-u3nydyeHnust Ha au-
HaMUKy M3MeHeHus1 Temmnepatrypsl Al/Al(OH);nH,0
KOMIIO3U Ui, apMUPOBaHHBIX MOpoIlikamMu Al pazHoro
JUCTIEPCHOTO COCTaBa, a TaKxXe 00pa3IoB CBEXEeOCaXkK-
JIEHHOTO TUAPOresisi THAPOKCHIA aTIOMUHU S, BBITEKAET
(puc. 2), 4TO BCe UCXOMHBIC 00pa3Ilbl, COAePXKaIINe XH-
MUWYECKU HE CBSI3aHHYIO BOMY, U3-3a BBICOKUX JIUDJIEK-
Tpuueckux noreps (tgd H,O mpu 20 °C = 0,11), morno-
mapoT CBY-uznydyeHue npu OTHOCUTEIbHO HEBEICOKOM
3HaYeHUU MoiHocTu. [Ipu a3TOM Temrmeparypa obpas-
LIOB U3MeHsIeTCsI B cooTBeTCTBUU ¢ (2) [11]:

3 Pypt

AT : 2
- @

rae Py, — momHocts CBY-nsnyueHusi, nornoniaemast
equHuLeir oobema Al/AI(OH);'nH,0 xomnosuuuu (Br/
M%); T — BpeMst BO3IEHCTBHSI OIS (C); ¢ — YCPEIHEH-
Has TeMJOEMKOCTbh MCIBIThIBAEMBbIX 00pa3loB (KKaJ/
rpamMoib); d — TUIOTHOCTH 0Opa3lioB (r/CM3), nMeeT
3KCTpeMaJbHBIN XapaKTep, 1, 32 CYeT OajlaHca ITOTJIONIE -
HUS Y ITIOTEPU TeIlIa, CTAOMIM3UPYETCsI B 00JIaCTH 3HA-
yenuit 100—110 °C (mo moaHOTO McnapeHus Boabl). O0-
pasiibl, He coiepXallue BKJIIUEHUS MeTaJJInYecKoro
aJIIOMMHUS, a TAaKXKe 00pasiibl C OTHOCUTEIBHO HU3KUM
€ro OCTATOYHBIM COIEpPXKAaHUEM II0CIe TUAPOTEPMAlb-
Hoii 06padoTku (o =30 %), npy HEBHICOKOM 3HAYEHU M
TaHTeHca yrja AUdJIeKTpudeckux norepb (mias Al,Os

tgd = 1'10_4) MPAKTUYECKU HE TOMIONIAIOT SHEPTUIO
CBY-nong gaxke mpyu MakCUMaJIbHOM 3HAaUYEHUU MOIII-
HOCTH M3aydYeHHUs. Hanmmume Xe KPUCTaJIJINTOB aio-
MUWHUS B UCXOTHOW KOMITO3UIIUM CIIOCOOCTBYET POCTY
nusnaekTpudyeckux morepb CBU-uznyueHuss m TpaHc-
dopMaImm €ro B TEIJIOTY, YTO COIIPOBOXIACTCS TIOBBI-
IIEHUEM CPEeTHEMACCOBOI TeMIlepaTy pbl 00pa31ioB.

YcTaHOBJIEHO, YTO C YBEJIMUCHHUEM CTEIICHU JUCIIepP-
CHOCTH KPHUCTAJUIMTOB aJIIOMUHMEBOTO IOPOIIKA, IPU
PaBHBIX 3HAYEHMSX MOILIHOCTU M3JIYYEHU S, TOTJIOIIe-
Hue sHepruu CBY-nmons u ckopocTh Harpesa o0pa3lioB
BO3pACTaIOT U IIPOXOAST 4epe3 MaKCUMYM, COOTBETC-
TBYIOIIWI CTETICHM TpeBpallieHus amioMuHus = 10 %
(cM. puc. 3). BTo IpUBOAUT K 00Jiee OBICTPOMY HAarpeBy
Al/Al(OH);'nH,0 xoMno3uuuii 1o 3Ha4YeHU Temmnepa-
Typbl 700—800 K, mpu KOTOpbIX BO3MOXHBI (ha3oBbie
MpeBpalleHnsI B 00beMe IMXThI, CONPOBOXAAIOIINECS
SIIMMUHUPOBAHUEM KPHUCTAJUIM3AIUOHHON BOIBI U 00-
pa3oBaHueM (a3bl OKCUIA aTIOMUHUS. [1pr 3TOM CTpYK-
TypHble MOITMGUKALUU (POPMUPYIOLIEHCS 32 CUET MOr-
snomeHust sHeprun CBY-nmoss amoMooKcUIHOMN (a3sl B
3HAYMTEJBHOM CTEIIEHN MOTYT OTIPENeIsIThCS IIPU PO
CMEXHBIX C TTOBEPXHOCTBIO aJJIOMUHUEBBIX BKJIIOUEHU I
MeTacTabuibHbIX Kpuctawuiutos AIOOH#H,0. Dto nox-
TBepXAaeTcsl corocTaBjeHneM pesyabratoB JTI-aHa-
JIV3a CrelMaJibHO CUHTE3MPOBAHHBIX 00pa3lioB OeMuTa
u ncespobemura u obpasuos Al/AI(OH);nH,0, nony-
YEHHBIX TUIPOTEPMAJIbHBIM CUHTE30M C TIOCIIEAYIONIei
cyukoit B mojie CBY (cMm. puc. 4).

BOumo3(pdexTr B odmactu 413—423 K, oOyciioBiIeH-
HBbIE yIaJleHUeM HeCBSI3aHHOM BOJBI, a TaKXe 9HI03(]-
¢exTol Bobaactu 713—783 K yka3bIBaloT Ha BO3MOXHOE
IocjienoBaTeJIbHOE 00pa30BaHME HU3KOTEMIIEpaTyp-
HbIX opM (y-Al,O5), py geruaparaliuy CMECU yIo-

TK 5 | W, Br
600 - . | 200
500 - % 200
400+ 600
300 — — 5 |soo
2001 > - 400
100 - 300
0 5 1'0 1'5 2I0 T, MUH

Puc. 2. [luHamMuKa BapbMpoBaHUsA MOLHOCTM MarHeTpoHa (1)
¥ U3MEHEHUA TeMnepaTypbl CBEXEOCAXKAEHHOro ruaporens
AL(OH);3:nH,0 (2), komnosuuuit AL(OH);-nH,0 c nopowkom
MA-1(ct = 30 %) (3), c nopowkom MA-1(o = 10 %) (4),

c nopowkom MA-2 (o =10 %) (5)
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HauanbHas ckopoctb HarpeBa, K/(Monb-c)

0]
et 2

50

40-

304

204

10+

0 5 10 15 20 oAL%
Puc. 3. 3aBUCUMOCTb HayabHOW CKOPOCTH Harpesa 0b6pas-
uos komnosuuuit Al/AL(OH);-nH,0 nocne ctagum cyiwku

OT CTENEHMW NpeBpaleHus Kpuctannutos Al npu rugpotep-
ManbHoi 06paboTke

1 - nopowok MNA-1; 2 - MA-2

MSTHYTBIX METacTaOMJIbHBIX (OpPM OKCHIa aJIOMUHMS
nepeMeHHoro cocrtana [12]. BugHo Takxke, 4TO C yBe-
JIMYEHUEM CTETICHU TUCTICPCHOCTH aJJIOMUHHUEBOTO I10-
polka B obpa3lax MpoOUCXOAMUT CABUT SHAOTEpMUYEC-
KX MaKCMMYMOB B BBICOKOTEMIIEpPaTypHYIO 00JacThb
(dazosoro nepexona 6eMut — y-Al,Os3, 4TO MOXET OBITH
CBSI3aHO ¢ TIpeobIagaHreM Tpolecca 00beMHOM KPUC-
TaJAu3aly TUAPOKCUIA aJIOMHHUS Ha 3apOJblIIlie-
BBIX IICHTpaX OEMUTHOI IPUPOIBI, 00pa3yIOIINXCS TPU
TUApOTEepMabHONW 00pabOTKe MOPOIIKOB aJTIOMUHUS
MeHblIel pa3mepHocTH [13, 14].

CremyeT Takke OTMETUTD, UYTO C BO3pacTaHUEM CTe-
MEeHU AUCIIEPCHOCTHU aJTIOMUHUEBBIX TOpoInKoB [TA-1 <
< (ITA-1 + TTA-2) < ITA-2 na gudpakrorpammax o6-

Tabnuua 1

IK30 —>

573 673 773 873 T.K

473

373
Puc. 4. Pesynbtatel [Tl — npu HarpesaHuu o6pasiios
Al/AL(OH);5-nH,0, copepxalynx MaccoByto AONI0 antoMUHKe-
Boro nopotuoka lMA-1 (10 %) (2); cmeck nopouwkos MA-1 (5 %)
n NA-2 (5 %) (2) n nopowok MA-2 (10 %) (3), noABEPrHYTHIX
cywke B none CBY; obpasukl 6emuta (4); ncesgobemuta (5)

pa3uos Al/Al,O3, MONYyYEHHBIX HA UX OCHOBE, Hapsiay C
pedekcamu ot Passl y-Al,0; nposBiseTCs ¢ Bo3pac-
Taloleil MHTeHCUBHOCThIO TuHUSA (d/n = 1,95 A), Xa-
pakTepHas JJIs1 XOPOIIO OKPUCTATIU30BaHHOIO OeMuTa
[13], oTcyTCTBYIOIIAS B CIIEKTPE TPyOOIUCIIEPCHOTO T10-
pomka ITA-1 (ta6m.1).

B Ta6:. 2 mpuBeneHbl TEKCTYPHBIE XapaKTEePUCTUKHU
ob6pasuoB Al/Al,Oz-HocuTeneid, apMUPOBAHHBIX IO-
pomrkaMu Mapok ITA-1 u I[TA-2, cdopMUpOBaHHBIX TTPU
TepmoooOpadoTke B mojie CBY. Jl14 olleHKkU 2D HekTuB-
HOCTU MUKPOBOJHOBOTO CUHTE3a 3[€Ch Xe Mpe/icTaBlie-
HBI XapaKTepUCTUKU 00Pa3I[0B raMMa-OKCHIa aTIOMU-
HUS, TIOJIYUYEHHBIX TPaAWIIMOHHOW TepMOOOpaboTKOit
3JIEKTPOHAT PEBOM.

NlaHHble PDA 06pa3uoB oKCUAA aNIOMUHUA, APMUPOBAHHBIX NPOMBILIEHHBIMU NOPOLIKAMMU aNIOMUHUA
NA-1 1 NA-2, u nonyyeHHbIX TepMo06paboTKoit B none CBY

Komnosuuus Al/AL0; Cmerﬁ%N;;g(jry:ﬁ:—%A(lnigécosoe Komnosuuus Al/AL,0;
(nopowok MA-1) conepxanie 5 %) u NA-2 (5 %) (nopowok MA-2)
d/n’, A | I d/n, A | I d/n, A | I
4,54 4,49 7 4,46
2,76 54 2,77 52 2,81 52
2,42 56 2,40 53 2,36 53
2,30 28 2,28 27 2,27 27
1,98 74 1,99 55 1,99 55
- - 1,95 19 1,95 31
1,52 25 1,52 35 1,53 35
1,40 100 1,40 100 1,41 100
i/cnosvm: BXOJHas MOLWHOCTb MarHeTpoHa 800 BT, BpEMs 3KCNO3nLuu 15 MuH.
OTknoHeHue napametpa d/n coctaBnseT A =+0,01 A.
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Tabnuua 2

TeKCTypHbIe XapaKTePUCTUKU KOMNO3NLNOHHDbIX Al,0;-HoCUTeNei, apMUPOBaHHbIX MOPOLIKAMU aNiOMK-
HUA Pa3INYHOro AUCMEPCHOro COCTaBa, NpoleAWnX Tepmoo6bpaboTKy B nose CBY

YcnoBus TepMoo6paboTky p
acrnpeaenexue obbema nop
B none CBY Crenenb | Mnowanb 06bem no pasmepam, cm3/r
O6paszel T, K/Bpema skcnosuuu, MUH | npespa- |nosepxHoc-|  nop,
Hocutens weHua, ™, Voo
2 9P Lnametp nop, HM
cywka | npokanusanue | GAL% | Sy M/T cme/r
5-10 10-100 100-1000
Al/AL0; 378/10 723/12 5 182 058 0,30 0,22 0,06
(NA-1) 753/14 175 0,57 0,26 0,23 0,08
Al/AL0, 378/10 723/12 7 167 0,56 0,28 0,18 0,10
MA-1+MA-2 753/14 165 0,56 0,25 0,19 0,12
Al/AL0, 378/10 723/12 6 158 0,53 0,26 0,16 0,11
(NA-2) 753/14 155 0,50 0,23 0,13 0,14
Mcespo- 383/120 773/240 15 235 0,59 0,41 0,12 0,06
Gemut*
bemut* 383/120 773/240 16 98 0,43 0,10 0,15 0,18
" TepMuyeckan 06pa6oTka 06pa3Lios NPOBOAMNACK TPAAULMOHHBIM HAarpeBoM (YCIOBMUA NPOKANNBaHNA NPUBEEHbI B TabauLe).

Buano, yto npu TepmoobpadoTke B nmose CBY mpo-
Liecchl pOpMUPOBAHUSI TOPUCTOI CTPYKTYpbI Al/Al,O5-
HOCHUTEJIell TIPOTEKAIT CO CKOPOCThIO, 3HAYUTEIILHO
MPEBBILIAOIIC CKOPOCTh (DOPMUPOBAHUS aTIOMOOK-
CUIHBIX MAaTPUIl B YCIOBUSIX TPAAMLIMOHHOTO HArpesa.
BunaHo Takxke, 4TO ¢ BO3pacTaHUEM CTEIEHU THMCIIEPC-
HOCTHU apMUPYIOIIMX IIOPOIIKOB aJTIOMUHUS, a TAKXKE C
yBeJIMYEHUEM TeMIIepaTypbl U BPEMEHU SKCIO3ULKU B
CBY-noJie, cHUXaeTcs yaeJbHasi TOBEPXHOCTb U CYyM-
MapHbIil 00beM nop obpa3uos Al/Al,O; KOMIIO3UTOB.
IIpu 3TOM TaKxXe IMPOUCXOAUT IepepacipeneacHue aP-
(bexTMBHOTO pagnyca Mop ¢ 00pazoBaHUEM ITOP CPEIHE -
ro 1 00JBIIOTO0 pa3mepa.

Hab6aromaemMble 3aKOHOMEPHOCTH COTJIACYIOTCS C BBI-
CKa3aHHBIM MPEIIOJIOKEHUEM O BIUSIHUU BO3MOXHBIX
(ba3oBBIX MepexonoB (IMceBIOOEMUT—OEMUT) B Hayalb-
HBIX CTaAMSIX IIPUTOTOBIEHUSI apMUPOBAHHBIX aJTIOMHU-
HUEM aJIlOMOOKCUIHBIX HOCUTENIe Ha WX TIOPUCTYIO
CTPYKTYpPY, c(DOPMUPOBAHHYIO B MpoIEcce TEPMOOO-
paboTku B nmoie CBY. OTMmeueHHbIe (pa3oBBIe IpeBpa-
IEHU ST MTHTEHCU(PUIIUPYIOTCS C YBETUUYEHUEM CTETICHU
JHUCIIEPCHOCTU UCXOMHBIX KPUCTAIJIUTOB aJJIOMUHMS, a
Tak:Ke CTEIEeHU IIpeBpalleHs ero B CTaAuK THAPOTEP-
MaJIbHOTO OKMCJICHUSI.

CrnenyeT OTMETUTD, YTO AJIs1 3(Pp(PEeKTUBHOTO Harpena
HeoOxoauMo ucnonb3oBaTh Al,O3/Al [15], mockonbky
B HUX YaCTUIIBI METaJIjla pPABHOMEPHO pacIipe/ieIeHbl B
oKcuIHOM MaTpulie. Ha BO3MOXHOCTb UCITOJIb30BaHUS

MOoJOOHBIX 00Pa3LI0B YKa3aHO Tak:xke B paborax [7, 16],
rae copMyJMpOBaHbl Hay4YHbIe OCHOBBI MX CMHTE3a.
CokpallleHre BpeMeHU CUHTe3a HOCUTEJIST BTpoe obec-
neynBacT 3QPEeKTUBHOCTD MPEAJIOXKEHHOIO METola B
CHHTE3€ KaTaJIM3aTOPOB METOAOM T'MAPOTEPMaIbHOIO
OKMCJIEHUSI MPOMBIIIJIEHHBIX MEJKOINCIIEPCHBIX ITO-
pomikoB amoMuHusa. OOHapyXeHHBIT HaMKu 3P deKT
JOCTUTAETCs B pe3yJbTaTe XMMUYECKOTO CBI3bIBAHUS
KPUCTAJUTUTOB aJIIOMUHUS ¢ 000JOYKOM TUIPOKCHIA
anoMuHus nox aeiictsuem CBY.

3aKnyeHue

I[IpuBenmeHHBIe pPE3YJIBTATHI CBUICTEIBCTBYIOT O
BO3MOXHOCTU IMPaKTUUYECKHU MCITOJb30BaTh MPEIJIO-
KEHHBIN CITIOCO0 TUAPOTEPMaIbHOIO OKUCICHM S ITPO-
MBIIICHHBIX MEJIKOIMCIIEPCHBIX IMOPOIIKOB aJIOMH-
HUS B NpUcyTcTBUU o0beMHON (aser Al(OH);nH,O
¢ nociaeaymwueir Tepmoodbpadorkoii B moje CBY nmng
nosyyeHust apMupoBaHHbIX Al/Al,O; KOMMO3UTOB,
3G GEKTUBHO TOMIOMAIOIINX 3JIeKTPOMAarHUTHOE W3-
nyyenue CBY-guamna3oHa. YuuTsiBasi TEKCTYpHbIE Xa-
PaKTEePUCTUKH, CHHTE3NMPOBAHHBIE KOMITO3UTHI MOXXHO
HCTIOJIb30BaTh B KayeCTBE IMOTEHIIMAJbHBIX HOCUTE-
JIeW IJISE KaTaJlu3aTOPOB peakKlUMid, CTUMYJIUPYEMbIX
BJICKTPOMATrHUTHBIM TI0JIEM CBEPXBBICOKOM YAaCTOTHI
(2,45 IT'T).

CuHHTE3 KepMeTOB, OMMCAaHHBIM B CTaThe, OTIMYa-
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eTCST OT MeTOlla CUHTE3a, OITMCAHHOTO B JINTEPATyPHBIX
ccoinkax [15—17]. ABTopbl yKa3aHHBIX pabOT UCIOIb-
30Bajii B Kau4eCTBE MCXOOHOTO CHIPhSI aTIOMHHUEBBIN
TOPOIIIOK, ¢ KOTOPEIM ITPOMCXOINUT THAPOTEPMAIbHOE
OKHCJIeHUEe. Mbl IpUMEHWIN TUIPOKCUA aJIOMUHUS,
CBeXeOoCaXICHHBII aMMHMAaKOM M3 pacTBOpa CEpHO-
KHCAOTO aJloMUHMS. B 3TOM ciiydyae ruaporepmaib-
HOE OKMCJIEHHE aTIOMUHUEBOTO MOPOIIKa IPUBOIUT K
XUMHWYECKOMY CBSI3BIBAHUIO KPUCTAIJINTOB aTIOMUHU S
¢ 000JIOYKOM THMIPOKCHUIA aJTIOMUHHUS TIOH JCUCTBUEM
CBU. Ilepen Hamu cTosIa 3a1a4a MOJTYYUTh HOCUTE b,
noryomaonuit CBU-uznygyenue. B padborax npyrux aB-
TOPOB TaKas 3ajada He CTaBUIach. MBI TIPUMEHUJIN Ma-
TepHaJibl, KOTOPBIC MCIOJb3YIOTCS KaK KaTaJIu3aToOphI,
paboratomue B moyse CBY. PaHee, Kak BUITHO M3 JINTE-
paTyphbl, TogoOHas 3ajaya He pelagach HU 3a pyoeKoMm,
Hu B Poccuu.

[MpemToxkeHHBI METOI CHHTE3a aJIlOMOOKCHIHBIX
HOCHUTeJIeH TTPaKTUUEeCKN 3HAYMM IIPA COBEPIICHCTBO-
BaHMM TEXHOJOTHMM TeTePOTreHHBIX KaTajau3aToOpoOB,
IIMPOKO MCIIOIB3YeMBIX B HE(DTEXMMUICCKUX IIpeBpa-
meHusx. [Ipy onTuMU3aUMKM TeMIepaTypbl MIPoKaJIu-
BaHMsS MOJNOOHOTO poma CUCTEM B OOJBIIMHCTBE CIIY-
yaeB ee ONTUMYM HaxoguTcsd B guama3oHe 550—700 °C.
HMcnonb3zoBanrne CBY-usznydyeHus Mo3BoJisieT CHU3UTh
TeMnepaTtypy npokainubBanusg no 200—350 °C, yrto cy-
IIECTBEHHO YMEHBIIIAeT SHEPro3aTparhl 3a CYET COKpa-
IIEHWS ITPOIOIXKUTEITLHOCTH ITPOKAJNBAaHUS U TIPOBE-
NIEeHUsI CUHTe3a B 00Jiee MATKHMX YCTOBUSIX.
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POCCUACKUNA KOHTPECC MO KATANIU3Y «POCKATAJIU3»
(3-7 okTA6pa 2011 r., MockBa)

3—7 okTa6ps 2011 r. B MockBe cocrosiics Ilepsbiit Poc-
CUMCKUI KOHIpecc Mo KaTtaausy «Pockaranuz». OpraHusa-
TopaMM KOHTpecca BeicTynuian MHetutyT Katanusa um. I.K.
BopeckoBa CO PAH, xumuueckuii pakynaprer MI'Y um. M.B.
JlomoHocoBa, MHCTUTYT He(hTEXUMUUYECKOTO CHUHTE3a HUM.
A.B. TonuueBa PAH 1 MHCTUTYT opraHMYecKOi XUMUU UM.
H.J. 3enunckoro PAH. ®uHaHCOBYI0 MOAAEPKKY KOHTpECC
MOJIY4HJI cO CTOpOHBI PODU, MuHuCcTEepcTBa 00pa30BaHUS
" HayKu, «PocHaHo», a TaAK:Ke MHOTUX KOMIIAHU 1, B TOM YHC-
Jge OO0 «CanaBaTcKuii KaTaJu3aTOPHbBIN 3aBOM» (TeHepaib-
HBI crioHcop) u koMIaHuu «TexHouHdo JIta.» (opuumanb-
HBIH CIIOHCOP KOHI'pecca).

Ilpencenarens CoBeta KoHrpecca, AupekTop MHcTuTyTa
katanusa akaa. B.H. IlapMoH B cBoeM pUBETCTBEHHOM CJIO-
Be cienymouuM oopa3oM chopMyIMpoBal OCHOBHbBIE 3a1a4u
koHrpecca: «[IpoBeneHre TaHHOTO MEPOINPUITUS — OYEHb
BaXXHBIU 1Iar K BOCCTAHOBJICHUIO aKTUBHOCTU M KOHCOJIUAa-
LIMY OTEeYEeCTBEHHOMI HayK U, OM3Heca U BbICIlIero o0pa3oBaHUS
B 00s1acTh DyHAAMEHTAJIbHOTO KaTaau3a U KaTaJUTUYeCKUX
npoueccoB. BniepBbie B ycioBusix HoBoi Poccuu nenaercs
nonbiTKa coOpaTh BCE aKTUBHbBIE U 3aMHTEPECOBAHHBIE CTO-
POHBI, YTOOBI OOCYIUTH COCTOSTHUE JeJT M TIEPCIIEKTUBHI pa3-
BUTHUS pabOT MO BCEM HampaBlieHUSIM KaTajan3a U HAaMeTUTh
BaxxHelue 3a1auu B chepe uccienoBaHuil, pa3paboToK U UX
MocJieayIollleil MPOMBILIJIEHHOW pealu3aluu, a TakxXe IMoj-
TOTOBKY KaJpOB IJISI TAKOTO CTPATETNYeCKN BaXXHOTO U Ha-
YKOEMKOTO HaIlpaBJIeHWS MOIEPHU3AINY SKOHOMUKY CTpa-
HBI, KaK KaTaJJUTUUECKHNE TEXHOJIOTUW».

B xoHrpecce mpunsiu yuactue 429 yen. B ocHoBHOM 3TO
COTPYIHUKY POCCUMCKUX aKaTeMUIECKUX MHCTUTYTOB, YHU-
BEPCUTETOB, MMPOMBIIIICHHBIX TPEANIPUSTUN, KOMIAHUUN U
dupm. Kpome Toro, mpucyrcrBoBasio 6omee 40 pyccKOroBopsi-
WX YYaCTHUKOB U3 14 3apy0GeskHbIX CTPaH, CITUCOK KOTOPHIX
mpuBeneH B Tabi. 1. HekoTopsle 13 MHOCTPaHHBIX YYaCTHU-
KOB — Hallll COOTEUYEeCTBEHHUKU, OKa3aBIIMeCs 3a Tpeesia-
MU coBpeMeHHOI Poccun, paboThl KOTOPBIX MOTYyIUIIH TITU-

pOKO€ MEXIyHapoaHOe MpU3HaHWE, — ObIIU MEePCOHATBHO
MPUTJALIEHBl OPTKOMUTETOM IJISI TPOYTEHUSI MICHAPHBIX U
OCHOBOIIOJIararouIuX JEK I M.

B pabote koHIpecca yyacTBoBaiu 142 opraHuzauuu (Tadi.
2), u3 kotopbix 109 — poccuiickue, BKIOYAIOIINE YHUBEPCU-
TeThl (45), uccienoBaTebCKre UHCTUTYTHI (35), MpeanpusiTus
u upmsl (29). DTu opraHuzaly pacnojaratorcs B 32 ropoaax
crpaHbl oT Bnaguoctoka no Cankr-IletepOypra u ot Maxau-
KaJibl 10 ApXaHTeIbCcKa.

HayuHas mporpaMmma BKJodasa 6 TiieHapHBIX JJeKIui, 30
KJIIOYEBBIX JIeKIIUI U 195 yCTHBIX NOKJIaJA0B, KOTOpbIE ObLIN
MpeacTaBJeHbl Ha CIAEAYIOUIMX YeThIpeX NapaijieJibHO pabo-
TAIOLIMX CEKIUSX:

— (pU3UKO-XMMUYECKHUE OCHOBBI KaTaJUTUUYECKUX IPO-

LIECCOB;

— Hay4YHbIE€ OCHOBBI TPOM3BOJCTBA KAaTaJIU3aTOPOB;

— MepCHeKTUBHbIE KATAJIUTUUYECKHE TTPOLIECCHI;

— MPOMBIIJIEHHBIE KaTaJu3aToOpbl W KaTaJlUTUYeCcKue

MPOLECCHI.

Kpowme Toro, cnenagiuctaMu MpOMBILIJIEHHbIX TPEATIPU-
STUI 1 GUPM OBLIO TIpenCcTaBeHO 16 Mpe3eHTallMOHHBIX J10-
KJIaZioB. B paMKax KOHrpecca COCTOSJIOCH 1BA CUMIIO3UYMa:
«KaranuTuyeckuit opraHUYeCKUN CUHTE3», MOCBSIIEHHbIN
150-netuto co nHs poxaeHus akana. H.Jl. 3ennHckoro, n «Ka-
TaJUTUYECKHE TTPOLIECCH MAJIOTOHHAXHOW XUMUU». YCTHBIE
JIOKJIaIbl JOTIOJIHSIMCh BECbMa MaclITaOHOI CTEHA0BO cec-
cueit, BKimovaronieit 349 pabor.

B xone KoHTpecca rmpu 60TbI10i aKTUBHOCTY YYaCTHUKOB
OBLIO IPOBEIeHO 4 KPYTIThIX cToJa: «OO0pa3oBaHMe M KaTaTu3»
(npencenarenb akan. B.B. JlyHun); «[IpobiemMbl poccuiickux
MMPOU3BOANTENEN KaTaJlnu3aTOPOB U POJIb TOCYNapCTBEHHOM
nioanepxku» (mpencenatenbnpod. A.C. Hockos); «KoHKypch
PODU u npoekTht OAO «PocHaHO» (TIpeacenaresib 4jI.-Kop.
B.W. ByxtusipoB) U KpyIJIbIiA CTOJI, TOCBSAIIEHHBIN 10-1eTHIO
xKypHana «Karanus B mpoMbIIIIEHHOCTH» (TIpeacenaTesb I-p
TexH. HayK B./l. KanbHep).

Tabnuua 1 Tabnunua 2
Yucno paboT, npeAcTaBieHHbIX CTPAaHAMMU-YYACTHULAMU  YMCNO OpraHU3aLMil-yyaCTHUL KOHrpecca
Yucno Yucno . [pyrue
o o Tun opranu3auui Poccua Bcero
N CTpaHa pabor N CrpaHa pabor p u CTpaHs
1 Poccus 461 9 ApmeHus 3 YHusepcutersl 45 9 54
2 praMHa 29 10 BEHFpVIH 2 VlCCJ'Ie,U,OBaTeJ'IbCKVIe
3 AsepbaiigxaH 25 11 Cepbus 2 VHCTUTYTBI:
4 Monbuwa 15 12 CLUA 2 aKagemuyeckue 29 13 42
> benapyce 4 13 ®PT ! HeaKagemumyeckue 6 8 14
6 Y36eKucTaH 6 14 JlatBus 1
7 KasaxcraH 4 15 TapKuKMCTaH 1 MpeanpusTUs, Grpmbi 29 3 32
8 OuHnanaus 3 O6wee uyncno pa6or - 559 Utoro 109 33 142
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IlepeunciieHHbIE BbIIIE MEPOINPUSITUS CBUIETEIbCTBY-
IOT O HachIlIEHHOU mporpamMme KoHrpecca. [lonpobHoe ux
OINMCaHUe U aHaJIM3 UTOr'OB €[1Ba M BO3MOXEH Ha CTpaHUIlaX
JIaHHOTO 0030pa. HekoTopkle foKJIaabl, IIpeacTaBIeHHbIE Ha
KOHTIpecce, OyayT ony0JMKoBaHbI B XXypHanax «KuHeTuka u
Katanu3» u «Katanus B npombilieHHOCTU». Huxe npenia-
ralTCcs KpaTKMe aHHOTAIM U MJAEHAPHbBIX JIEKIIM A, TPOYMTaH-
HBIX IpUTJIallIeHHbIMU aBTOpaMU. [1o MHEHU IO OPTKOMUTETA,
JIEKIIMUA OTpaxkaloT OCHOBHbBIEC MPOOJEMbl U TEHACHIIUU COB-
peMeHHOro Katanu3a B Mupe u B Poccunu.

B nexnuu akan. U.M. MouceeBa «['oMOreHHbI MeTa10-
KOMIIJIEKCHBIM KaTaau3: BUepa, CErofaHs, 3aBTpa» ObLJI JaH I1IH1-
POKMI aHaJU3 COBPEMEHHOW KOOPAMHAIIMOHHONW XMMUM Tie-
PEXOIHBIX U TOCTIEPEXOAHbIX 2JIEeMEHTOB. KooparHanoHHas
XUMUS SIBJSIETCS OCHOBOM MHOTMX CUHTETUYECKMX METOAOB
M TEXHOJIOTMYECKHMX IPOIECCOB TOHKOM OpraHMYecKoil XH-
MUK, MeTombl MeTaJJIOKOMIIJIEKCHOTO KaTajn3a IMO3BOJISIOT
HE TOJIBKO JeTaJIbHO ONKMCATh CTPYKTYPY aKTHUBHOTO LIEHTPa U
OCHOBHBIX WHTEPMEINATOB peaKIIMi, HO M CKOHCTPYHUPOBaTh
MOJTHBIA KaTaJIUTHYeCKUI UK. B mokiame paccMOTpeHBI
BasKHEMIIIME 3TAaITbl CTAHOBJICHU ST 3TOM MepCIIeK TUBHOM 06JTac-
TH KaTaJn3a, 00CyXKIarTcs JaTbHEHIINe TTyTU ¢ Pa3BUTHSI.

Axkan. B.H. [TapmoHom 6bl1a TpounTaHa jeknus «dusn-
YyecKast XMMUST M COBpeMEeHHBIE TTPOOJIeMbI TeTepOreHHOT O Ka-
TaJun3a», B KOTOPOW aBTOP OCBEIIaeT BaXKHbIE 3a1a4uy, pelae-
MbIe METOTaM U1 COBpEeMeHHOM hn3ndeckoii xumuu. Hanpumep,
3aBUCUMOCTD KaTaJIUTUYECKUX CBOMCTB METaJNIMYECKUX Ha-
HOYACTUII OT UX pa3Mepa, pojib MPOIECCOB IeCOPOLINY 1eie-
BBIX TIPOJYKTOB B CEJICKTUBHOCTH KaTaTUTUISCKUX peaKIIuit
u np. [TokazaHa BO3MOXHOCTH YIIPaBICHUS CEJICKTUBHOCTBIO
HEKOTOPBIX peakIuil 6e3 M3MEHEeHUST cocTaBa KaTajln3aropa.
TIpakTUyecKuM pe3yIbTaToOM B 3TOM HampaBJIeHUU CTajla K-
CIIEpUMEHTAJIbHO TOATBEPKICHHAST BO3MOXHOCTH ITPSIMOTO
BCTpauBaHUs MeTaHa B TMHEHHBIC aTKaAHBI.

I'maBHasg uaes nekuuu 4di.-kop. B.A. JluxonoboBa «TeH-
NEHIINU TTPUTOTOBJIEHU ST KaTaIu3aTopoB HedTenepepaboTKm»
3aKJII0YAeTCSl B TOM, YTO COBPEMEHHBIN YPOBEHb 3HAHU U TT03-
BOJISIET UCCJIEAOBATEIIIO B 3HAYUTEJbHON Mepe MEPENTHU OT UH-
TYUTUBHBIX TOMCKOB, OCHOBAaHHBIX Ha METOJIE IIPOO 1 OIITHUOOK,
K HAyYHOMY aHaJIN3y TIPOIIECCOB, MPOTEKAIONINX ITPU CTHTE3¢e
KaTajan3aTopoB. DTOT MOAXOMA ObLI YOSTUTEIBHO MPOACMOHC-
TPUPOBAH IPU pa3pabOTKe psia MePCIIeKTUBHBIX KaTaInu3aTo-
POB IS BaXXHEHIIMX MPOLIECCOB HedTernepepaboTKH, BKIIO-
yast pu(OPMUHT, U3OMEPU3ALIMIO, IETUAPUPOBAHNE U JIP.

IlepcrieKTUBHOIM 00JIaCTH KaTajau3a IOCBSIIEHA JCKIIUS
npod. M.B. LHonukosa «'mubpuaHbie MeMOpaHHBIE PEaAKTOPBI
IS CEJIEKTUBHOTO U CKOPOCTHOTO MPOTEKAHUS IPOIECCOB
Hedrexumum». Takue peakTopbl JAIOT BO3MOXHOCTH COYE-
TaTh CTAAWM KaTaJUTUIECKOTO TPEeBPAIICHUST C MOJIEKYJISIP-
HBIM pa3Ie/ieHUeM POAYKTOB, a TAKKe MHTCHCU(DUIIUPOBATH
3aTpyIHEHHBIC peakinu. [Toka3zaHbI pe3yabTaThl 1O OKMC-
JIUTEJIbHOU IMMEepHU3alluy MeTaHa W PSIIY APYTUX peakIIUid.
Karanutuyeckme KaHajibl MeMOpaH MOXHO paccMaTpuBaTh
KaK aHCaMOJIb «<HaHOPEaKTOPOB», KOTOPhIE ITO3BOJISIIOT IIPO-

BOJIMTH BEICOKOCKOPOCTHEIE ITPOIIeCChl pu(pOpMHUHTa MeTaHa,
JIETKUX YTJIEBOAOPOIOB ¥ CIUPTOB B CUHTE3-Ta3 U BOAOPOI.

Jleknust «MOHOCIIOMHBIE KaTaan3aTOPhl: HOBbIE TIEPCITEK-
TUBBI C TOYKH 3pEHUS HAYKH O TTOBEPXHOCTH» ObLJIa TPOYMTA-
Ha 1-pom HayK III. [I1aiiXyTAMHOBBIM, OBIBIIMM COTPYIHUKOM
HMHucTutyTa Katanusa. B HacTosiee Bpems a-p LllaitxytnnHoB
SBAsAeTCA BenylmuM ydeHbIM MHcTUTyTa mM. ®@puna labdepa
(BepauH). DTOT MHCTUTYT, OCHAIIIEHHBI CAMBIMU COBPEMEH-
HBIMHW HayYHBIMU ITPUOOPAMH, OTHOCUTCS K YHCIIY MUPOBBIX
JIMAEPOB B 00JacTH (yHIaMEHTaJbHBIX MCCIEAOBAaHUI Ka-
Tanu3a U GU3NYECKOl XUMUU. TepMUH «MOHOCIOIHBIE Ka-
TaJanu3aTOPbl» MCIIOJb3YeTCs s 0003HAYEHMsI MOMAETbHBIX
CHUCTEM, B KOTOPBIX HOCUTEIb MOJHOCTHIO MJIY YaCTUIHO MOK-
PBIT CBEPXTOHKHMM CJIO€M OKCHUJa, MPEACTaBIISIONIEr0 co00it
akTUBHYIO (pa3y. Takas cuctema, B YaCTHOCTH, ITO3BOJIMIIA aB-
TOPY MOJYYUTb UHTEPECHBIC BHIBOABI O MEXaHU3ME NEUCTBUS
HAHECEHHOI0 OKCHIa BaHaIMs, KOTOPBII ITUPOKO HCMOJIb-
3yeTcsl B KaueCTBE KaTajiu3aTopa B pa3HOOOPa3HBIX OKHCIIM-
TeJbHBIX mpoueccax. [1omoOHbINM MoaX0A, UCIOIb30BaHHBIM
MpU MOKMCKE KaTaJM3aTOPOB Ha OCHOBE IOJYIIPOBOJHUKOB, B
HacTos1Iee BpeMs 00peTaeT HOBOE 3ByYaHue Oiaarogaps mpu-
MEHEHU 0 YHUKAJIbHBIX (PU3NIYECKHUX METOOB UCCIIEIOBAHU .

Jlexuus npod. A.C. HockoBa «BbluucaurenbHast TMIAPONM-
HaMMKaBpa3pabdoTKe KaTaTuTUYECKUX PEaKTOPOB» ITOCBSIIIIEHA
npobyieme co3gaHus 3(PPEeKTUBHBIX KOHCTPYKLIMI peaKTOpPOB,
aJleKBaTHBIX COBPEMEHHBIM KaTaJiu3aTopaM. ABTOp IMpeacTa-
BUJI P IPUMEPOB YCTEIITHOTO MPUMEHEHHU ST METOI0B BbIUMC-
JIMTEJIbHOW TUIPOAMHAMUKHU B PAa3AMYHBIX OOJACTAX XUMMU-
YeCKOW TeXHOJOruu. B yacTHOCTH, 3T METONbl HE3AMEHUMbI
MPU U3YYEHUU OBICTPOINPOTEKAIOIIMX MPOLIECCOB C yYacTHEM
XMMUYECKMX peaKklivii, Tae 3KCIepUMEHTaJIbHOE HCCenoBa-
HUE BJIUSIHUS TUAPOAMHAMMKU IOTOKA Ha TeMIlepaTypHbIi
PEXUM B YaCTUIIE KaTaau3aTopa MpeAcTaBiseT onpeaeaecHHbIe
cJoxkHOCTH. OCOOEHHO YETKO 3TO MTOKa3aHO Ha IpUMepe aHa-
JIM3a CTapTOBBIX PEXXMMOB aBTOMOOMJIbHBIX HEHTPAIU3aTOPOB.
[IprMeHeHue BBIYMCIAUTEIbHON THUAPOAMHAMUKM ITO3BOJISIET
clesiaTh KaYeCTBEHHbBIN 1Iar Briepen B pa3paboTke 3(hdekTuB-
HBIX PEaKTOPOB, a TaK>K€ 3HAYMTEJIbHO COKPAaTUTh 3aTpaThl Ha
ONTUMM3ALUIO CYIIECTBYIOIIMX KOHCTPYKIIMI U pa3zpabOTKy
HOBBIX 00Jie€ COBEPIICHHBIX aMIapaToB.

TemaTrKka KOHrpecca oxBaTbiBaja MPaKTUYECKU Bce 00-
JIacTHM KaTaju3a. PaGoThl, BBIMOJHSIEMbIE B YHUBEPCUTETAX U
aKaJleMUYeCKUX WHCTUTYTaX, IOCBSIICHBI HE TOJBKO YUCTO
byHIaMeHTaIbHBIM BOMpPOCAaM KaTaju3a, HO TakKXe MCClIe-
MOBAHUIO TaKUX peaKIWii, KaK puOPMUHT, N30MEPU3aIINS,
OKMCJIEHUE, TUIpUpOBaHUe, TToIuMepu3anus u ap. [imybokoe
MIOHUMaHUe MeXaHW3Ma W Cco3laHue 6ojiee COBEPIICHHBIX
KaTaJnu3aTOPOB IJISI 3TUX PeaKIMii MMeeT OOIbIIoe MPaKTH-
yeckoe 3HaueHMe. CyliecTBeHHas HOJIs MPe3eHTaluii cBsi3a-
Ha ¢ TepepaboTKON MeTaHa W APYTMX HU3IIMX aJIKaHOB, YTO
BaxkHO TSt Poccuu ¢ ee orpoMHBIMU 3armacaMiy IPUPOTHOTO 1
TOMYTHBIX Ta30B. B KauecTBe mpuMepa CpaBHUTEIHHO HOBOM
U TIEPCIIEKTUBHOMN TEMaTHKH CJIEAYET OTMETUTh XUMUUYECKYIO
nepepadoTKy BO30OHOBJISIEMOTO (pacTUTENbHOI0) Chipbsi. Co-
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IIaCHO MUPOBBIM IPOrHO3aM, 4yepe3 15 jeT 00beM TomJuBa,
BbIPabaThIBAEMOT'O U3 BO30OHOBIISIEMOIO ChIPhs, CPABHSIETCS C
o0beMoM Jo0bIBaeMoii He(pTu. [ToaToOMy 0co60e BHUMaHUE K
TaKUM MCCIETOBAHUSIM CO3BYYHO C OOIIEMUPOBOI TEHACHIIU-
eii. [IpaBaa, Mo MHEHUIO HEKOTOPBIX YUEHBIX, BOIIPOC O TOM,
cniocobHa 1 Poccust B cuity cBoeii ceBepHoit reorpaduu ObITh
KOHKYPEHTOCIOCOOHOM B 3TOM 001aCTH, OCTAETCS OTKPBITHIM.

Huxe OyayT npuBeneHbl HEKOTOPbIE CTaTUCTUYECKHUE pe-
3yJIbTaThl, MOJYYEHHbIE HAMU MPU aHAJK3e MaTepUaJoB KOH-
rpecca, OTHOCUTEIbHO TOTO, TI€ M B KAKMX OpraHU3alMsIX Be-
IIyTCSI OCHOBHbIE KaTaJUTUUYECKUE MCCIIEeIOBaHUSI, KaKOB UX
00beM, U T.1. KoHeuHo, 3T JaHHbIE HE MOTYT OTpaxkaTb TaKOU
BaXkKHBII TOKa3aTeslb, KaK KauyeCTBO MCCJIEAOBATEIbCKUX pa-
00T. 'eorpacduueckoe pacnpeneaeHue Takxe MpeacTaBiseTcs
He BIOJIHE OOBEKTUBHBIM B CHJIY TOrO, YTO IO (PMHAHCOBBIM
MpUYMHAM yoaJeHHble OT MOCKBBI OpraHM3allMi WUMEIU Or-
PaHWYEHHYIO0 BO3MOXHOCTb YU4acTBOBaTh B KOHrpecce. TeM He
MeHee, o0l1ee CyXAeHHe O CUTYallui MOXET ObITh COCTaBJIEHO.

B tabi. 3—5 Ha3BaHbBI YHUBEPCUTETHI, aKaIeMUYECKUE UHC-
TUTYTHI U bupMbl Poccuu, tuaupyroniye o yucay pabor, mpe-
CTaBJICHHBIX Ha KOHTpecce. B Tex ciyyasx, Korma ucciaeaoBa-
HUSI IPOBOIUIMCH COBMECTHO HECKOJIBKMMU OPTaHU3aISIMH,
MpU TMocYeTe Yucaa paboT Mbl OTHOCUJIM UX K OpraHU3alllu,
B KOTOpPOI1 padoTaeT nokjaanuuk. Cpenu yHUBepCcUTeTOB (TalJI.
3) ¢c 6onbIMM oTpbiBoM auaupyetr MI'Y (55 pa6or). lanee cie-
nytoT PXTY um. Menpeneena (16 paot), PTYHT um. I'yokuHa
(11 pa6ort), Tomckuii u TBepcKoil yHUBEPCUTETHI (110 9 padoT).
3ambikaeT aecdaTky jauaepos KOxHo-Poccuiickuit rocymnapc-
TBEHHBIN TEXHUYECKU YHUBEPCUTET (4 pabOTHI).

Jlunepom cpeau unctutytToB PAH (Ta6. 4) sBnsercsa UH-
CTUTYT KaTaju3a, MpeIcTaBUBIINIi Ha KOHrpecce 68 pabor.
3a HuM cieaytoT MHCTUTYT HEPTEXMMUUECKOTO CUHTE3a UM.
A.B. TonuueBa (MHXC PAH) (33 pa6otsl), MHCTUTYT npo-
61eM niepepaboTku yriaesogoponaos (UITITY CO PAH) (28 pa-
60T1), UHcTuTyT opranuyeckoit xumuu (MOX PAH) (21 pa6o-
ta), UHcTutyt pusnueckoii xumuu (MXD PAH) (18 pabor).
3ambikatoT criucok Muctutyt xumuu [IBO PAH (Branusoc-
ToK), UHCTUTYT DU3MUYeCKON XUMUU U BJIEKTPOXUMUU UM.
A.H. ®pymkuna (MOXUD PAH) (110 3 paboThr).

SpKkoit 0coGEHHOCThIO KOHTpecca, IO CPaBHEHUIO C
OOBIYHBIMU HAYUHBIMU KOH(EPECHIMSIMU, SIBJISICTCS yU4acTHe
GOJIBIIOTO YKCIa IPEeATPUSI TN U GUPM, CBI3aHHBIX C TIPOU3-
BOJICTBOM M IIPOMBIIIJICHHBIM ITPUMEHEHHUEM KaTaIu3aTOpPOB.
Bcero umu npenioxeHo 48 mokaanos. JIMaephsl 3TOro cnucka
oTMeudeHbl B TabJ1. 5. Haubobliiee yuciao pabot npeacTabiie-
HO OO0 «Poctxum» 1 OO0 «<HUATI-KaTtanuzarop» (1o 5 pa-
60T), a Takxe OAO «HuxkHekaMcKHeDTexnum» (3 paboThI).

CyMMapHoOe pacrpeneieHue poCCUUCKUX paboT MoKasa-
HO B Tab:1. 6. BUgHO, 9YTO OCHOBHBIE HCCIIEAOBAHUS B 00J1aCTH
Karanusa npoBonsatcs B uHctutytax PAH (51 %) u yauBepcu-
tetax (37 %). Jlonst paboT, BHIMOTHSIEMbIX HA TTPEANPUSITASIX U
¢upMax, 3HaUNTEIbHO MeHbIIEe — 10 %.

KoHrpecc cobpall orpoMHBIII MHTEJIEKTYaJIbHBINA TIO-
TeHIIMaJ, paboTapIIuii B 00JJaCTU POCCUMCKOrO KaTalln3a,

Tabnuua 3
Yucno paboT, npeacTaBneHHbIX yHUBepcuteTamu PO
Ne Ha3saHue yHusepcuteta Hucno
pa6ot
1 MIYum. M.B. JlomoHocoBa 55
2 PXTY um. .. MeHpeneesa 16
3 PIYHI um. U.M. TybkuHa 11
4 TBepCKOW rocyfapCTBeHHbI TEXHUYECKUHt 9
VHUBEpCUTET
5  TomcKui rocyaapcTBeHHbIN YyHUBEPCUTET 9
6  MIATXT um. M.B. JlomoHoCOBa 8
7 KasaHckuii hepepanbHblit yHUBEpCUTET 5
8 HauunoHanbHbI nCCNeaoBaTeNbCKUiM 5

TOMCKMII NOAUTEXHUYECKUI YHUBEPCUTET

9  VBaHOBCKMII rOCYAapCTBEHHbI 4
XUMUKO-TEXHOIOTMYECKUIA YHUBEPCUTET

10  HOxHo-Poccuinckmit rocyRapCTBEeHHbI TEXHUYECKUA 4

yHuBepcutet (HoBouepKacck)

Tabnuua 4
Yucno pabort, npeacTaBneHHbIx MHCTUTYTamu PAH
Yucno
Ne Ha3BaHue nHcTHTyTa
pabot
1 WHctutyT Katanusa um. I.K. bopeckosa 68
2 WHcTuTyT HedTexumnyeckoro cuHTesa uM. A.B. Tonunesa 33
3 WuctutyT npobnem nepepaboTku yrnesoaoposoB 28
(Omck)
4 WHctuTyT opraHunyeckoit xumuu um. H.[. 3enuHckoro 21
5  WHcTutyT Xumuyeckoin ¢husuku um. H.H. CemeHoBa 18
6  WHcTUTyT Npobnem xummuyeckoi gusuku (YepHoronoska) 13
7 WHCTUTYT XMMUM U XUMUYECKON TEXHONOT UK 10
(KpacHospck)
8  WHcTutyT Xxumun Hedtun (Tomck) 5
WHctutyT xumun [1BO (BnapusocTtok) 3

10 WHcTuTyT 3. xumum u anektpoxumum um. A.H. @pymknHa 3
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Tabnauua 5
Yucno pabot, npescTaBAEHHbIX NPEANPUATUAMU U HUpMaMU
Ne Ha3BaHue opraHu3sauum Hucno
pabot
1 000 «HWAI-Karanuzatop», HoBomocKoBCK 5
2 000 «Poctxumy», MockBa 5
3 0AO «HuxHekamckHedTexumy, HuxHekamck 3
4 3A0 «Bcepoccuitckuit HUW opraHnyeckoro cuntesa», 2
HoBokKyitbbilweBck
5  0AO «Makcam-Yupumnk», Ynpunk 2
6 000 «HNOCT», Tomck 2
7 OAO «HNM Hedrtexnumy, KpacHopap 2
8 000 «CapatoBoprcuHTesy, CapatoB 2
9  0AO «CuHTe3-Kayuyk», Crepnutamak 2
10 000 «MHxeHepHO-TexH. LeHTp «TexnpoekT», Mockea 2
77
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Tabnuua 6
Dlona pa6ort, npeacTaBneHHas Ha KOHrpecce
POCCMIACKUMU OPraHU3aLUAMM

Dons
. Yucno
Ne Twun opranusauui ot obuwero
pa6ort ;A

uncna, %
1 WHcTtutyTel PAH 235 51
2 YHuBepcuteThbl 169 37
3 Mpeanpuatus u Gupmel 48 10
4 [ocynapcTBeHHble 9 2

uccnefoBaTebCKUe MHCTUTYThI

BKJTIOYAsl aKaIeMUYECKUX U YHUBEPCUTETCKUX YUCHBIX, pa-
OGOTHUKOB 3aBONOB, IMpeiacTaBuTeieil dupMm. B otnmmuue ot
paHee MPOBOMNMMBIX HAYYHBIX KOH(MEPEHIINA, pabounM sI3bI-
KOM KOHTpecca ObLJT TOJIBKO PYCCKUIA, YTO MO3BOJISIIIO YUYCHBIM
U IIpaKTUKaM JIETKO 00LIAThCsI MeX 1y co0oil. B Liesiom cnenyer
OTMETUTh aTMochepy I00poXenaTebHOCTH, LIAPUBLIYIO Ha
KOHTpecce, 9TO OCTABJISIIIO Y YIACTHUKOB UyBCTBO TTPUHAJICK-
HOCTHU K €IMHOMY COOOIIECTBY, BHITIOJTHSIONIEMY 00IIIee IeJIo.
Oco0eHHO OJaronpusTHOE BreYaTIeHUEe MPOU3BOIUIIO MPU-
CYTCTBHE GOJIBIIIOTO YKMCIIa MOJIOJBIX YISHBIX, OOJTBITUHCTBO U3
KOTOPBIX MPEACTaBUIN CTeHI0BbIe paboThl. CBbiliie 15 % ycr-
HBIX TOKJIAJIOB TAKXe OBLJIO CIEIAHO MOJIONBIMU YYSHBIMU.

[To MHEHWIO MHOTUX YYaCTHUKOB, Pe3yJbTaThl KOHTpecca
TpeB30IIIN oxXunanus. KoHrpecc mokasai, 4To, HECMOTpSI Ha
HaJINure MHOTHUX TPOOJIeM, B CTpaHe COXPaHSIIOTCS U Pa3BU-
BalOTCS HayKa, TIOATOTOBKA KaIPOB U KaTaJIN3aTOPHOE TTPOU3-
BozicTBO. K coxaneHnto, Ha KOHTpecce OTCYTCTBOBAJIU ITpeacTa-
BUTENV MUHVCTEPCTB U BEJIOMCTB, OTBETCTBEHHBIX 32 pa3BUTHE
HayK¥ U TIPOMBINIIJIEHHOCTH B Poccru, 4To XapakTepu3syeT He-
JOCTATOYHOE TIOHMMaHUe TOCYIapCTBOM HEOOXOMMMOCTU pa3-

KPYIbIA CTON

BUTUS KaTaiu3a, 6€3 KOTOpOro HEBO3MOXHA MOIEPHU3ALIU S 1ie-
JIOTO psifia BaXKHEMIIUX OTpaciieid MPOMBIIIJIEHHOCTA — XUMUU,
HedTenepepabOTKU U HEPTEXUMUU.

Juckyccuu Ha KpyrjoMm ctojie ¢ npeiacraButensimu Poc-
cuiickoro oHaa ¢pyHIaMEeHTadbHBIX UcciienoBanuii (PODU)
u «PocHaHO» OCTaBUJIM HE BIOJHE OJAaronpusiTHOE BIieyatse-
Hue. Uro kacaercs PODU, To 3a cBoif yke TOBOJTBHO JTUTEIb-
HBII Tiepron paboThl GOHI TPUOOpET 3HAYNTETHHBIN aBTOPHU-
TET Cpean yueHbIX. Jlaxke TIpU oUueHb CKPOMHBIX (PUHAHCOBBIX
cpenctBax nmesatenbHOCTh PODU crmocobna BecbMa adek-
TUBHO CTUMYJIHUPOBAaTh TBOPUECKYI0 WHUIIMATUBY YYEHBIX,
0COOCHHO MOJIONECKU. DTO MOATBEPAU U JaHHBIM KOHTpECC.
Cpenu Bcex Tpe3eHTAIMil, TPEACTaBICHHBIX Ha KOHTpecce,
nmonst pabot, moanepkaHHbIX PO®U, B cpemHeM cocTaBuja
10 %. Cpeny yCTHBIX JOKJIAIO0B, IPEACTABIEHHBIX MOJIOIBIMU
Y4EeHBIMH, 9Ta JOJIs IIOYTH B IBA pa3a Bhilile, 0koJo 19 %. OnHa-
KO TIpoaoJIKalIileecsl COKpalleHue 6romkeTa poHIa, a TaKxKe
MTOITBITKY OPTraHM30BaTh €r0 COTPYAHUYECTBO MJIM JaxXKe Jac-
TUYHOEe 00benuHeHue ¢ apyrumu dhonmamu (Poccuiickue xe-
JIe3HBIE TOPOTH, 000POHHAS ITPOMBIIIIEHHOCTh, KOCMOC U T.1I.),
03BYUYeHHBIEC Ha BCTpeue nmpeactaButeasamu PO®U, BeI3bIBalOT
OITaceHHU ST OTHOCUTEIBHO ero Oyayineit 3pPeKTUBHOCTH.

Y4YaCTHUKHU BBIPA3WINA €IUHOMYIIIHOE MHEHHUE O HEOOXO-
ITUMOCTHU TIPOBENCHMS TIOTOOHBIX KOHTpeccoB B OyayiieM. [1o
MTPEIIOKEHUIO TIpeiceIaTel s 3aKTI0UNTEIbHOM CECCUU aKall.
B.H. [TapmMoHa Bommpoc 0 BpeMeHU IMPOBEIEHUS CIeAYIONIEeTO
KOHTpecca nepefnaH Ha paccmoTpeHue CoBeTa Mo KaTaiausy
PAH, xoTopsiii mpUMET COOTBETCTBYIOIICE PELICHUE C yue-
TOM paclycaHus KaK POCCUICKUX, TaK U MEXIYHAPOIHBIX
KOH(epeHIIUH B 00J1aCTU KaTaaun3a.

ABTOpBHI BhIpaxaioT 61aroqapaocts B.K. /I[poHOBO¥ 3a moMoIip
B CTATHCTHYECKOM 00pabOTKe MaTepHaioB KOHIPecca.

I'.. I1anos

«10 JIET C HAYKOW WU NPOMbILUIEHHOCTbIO»
HYPHANA «KATAJIU3 B NPOMBILLJIEHHOCTW»

(Poccwmiickuit KOHrpecc no Katanusy «Pockatanus»;

6 oKkTAGpa 2011 r.)

IIpencenarens peacoBeta mnpesugeHT 3A0 «KanBuc»
B.JI. KanbHep BBICTYNMII ¢ HOKJIaJAOM 00 MCTOPUU CO3AaHUS
JXKypHaJia i ero OpraHu3aTopax, y4eHbIX U HayYHO-MCClIeI0Ba-
TeJbCKMX LIEHTPAX, MOMIePXKAaBIINX HEOOXOIUMOCTh €r0 M3-
MAHUS 1151 Pa3BUTUS MPUKJIaTHOM KaTaIUTUYECKOM HayKU.

TosiBnenue xypHaia «Karaianus B IpOMBIIIJIEHHOCTH» He
ob1710 cnyvyaiitHbiM. Elie B cepeaune 80-x I'T. MPOILIJIOTO CTO-
JIETUSI CTAJIO SICHO, YTO B CTPaHe, MPOU3BOAUBIICH B TO BpeMs

MOYTH IIECTYIO YaCTh BCEX KaTaIM3aTOPOB B MUPE, OCTPO He-
00X0IUM CHelMaTu3uPOBaHHBIN PYCCKOSI3BIYHBIN XYpHAUI,
OPUMEHTUPOBAHHBIM Ha MPOOJEMbl MPOM3BOJCTBA KaTaau3a-
TOPOB U UX UCTIOJIb30BAHU S B TPOMBIIIIJIEHHOCTH.

DTy WAC0 BbIHAIIMBAJIU OYEHb JOJTO, U MEpel CaMbiM
pasBajsioM CoBerckoro Corwo3a HayYHO-TEXHUYECKUN KOM-
miekce «KaraauzaTop», KOTOPHIY BO3IJIABJISIJ TOTIA aKa.
B.H. ITapmMoH, nony4uj HEOOXOAUMOE B T€ BpeMeHa pa3pelie-
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Ha ¢oto: B.M. [MapmoH — rn. pepgakTop, akag., AMpeKTop
WHcTutyTa katanusa CO PAH (cnpasa); B.[. KanbHep —
npefcenartenb pefjakUMOHHOro coBeTa, npod., Npe3naeHT
nzgatenbctea 3A0 «Kansuc» (cnesa)

Hue LIK KITCC Ha coznanue xypHana «[exHUUecKue U Tpu-
KJIaJHbIe TPOOIeMbI KaTain3a». OMHAKO NU3BECTHbBIE COOBITHSI
Havaia 1990-x rT. moMenraau peaau3auu 3a1yMaHHOTO.

W nest o ie1ecoo6pa3HOCTH BhITTYCKA MOJO0OHOTO MepUOI1-
YeCKOTO0 M3JIaHU sl BOBHUKJIA HE3aBUCUMO B KOHIIe 1990-X IT. y
usaarebctBa «Kansuc». UHULIMATUBY MOAAEPXKaJ KPYITHbI
MPOU3BOIUTEb KATaJIU3aTOPOB — «AJIBUTO» U

BeNyIIUI WHCTUTYT 1o KaTanu3y — MHAcTutyT karanmuza CO

KOMIIaHU A

PAH, nupektop kotoporo B.H. [lapmMoH cTan riaBHBIM pe-
JAaKTOPOM XypHama.

B urone 2001 r. BBILIE TIEpBBIIT HOMEp XypHaia ¢ Jaib-
Hejillel MepuoMYHOCThIO BbIx0oAa 6 pa3 B roa. B cocras pe-
MAaKIIMOHHON KOJUIETUH Ky pHaJia BOILIY U3BECTHBIE CTIeI[ha-
JucTbl U3 MHCTUTYTOB PAH, Boiciiei ko, mpeacTaBuTen
MPUKIaaHOM HayKu, Gupm u ipeanpusituii. B cocras penco-
BeTa OblJ1 BBElleH peruoHaJibHbI MpeacTaBuTenb A.A. Jlam-
06epoB, O-p XUM. Hayk, npod. Kazanckoro (IIpuBoskckoro)
denepanbHOrO YHUBEPCUTETA.

CocTaB penkosyernu (popMupoBacs ¢ y4eTOM TeMaTUKU
XypHaja (TeopeTu4ecKue OCHOBBI TPOMBIILIEHHOTO KaTaiu-
32, KHUHETUKA MPOMBIIUJIEHHBIX PEaKIMii, COBMEIIEHHbIE Ka-
TaJIUTUYECKNE MPOLECCH, TPOMBIIIIEHHBIE PEaKTOPBI, MaTe-
MAaTUYeCKOe MOAETMPOBAHUE BCEX CTANMi KAaTaTUTHUIECKOTO
Tpolecca, BOMPOCH! KCILTyaTalluy KaTaJinu3aTopos, 3arpy3Ka,
MYCK Y BBITPY3Ka, Ie3aKTUBAIMs, pereHepalus, maccuBauus,
BOCCTAHOBJIEHUE, YTUJIU3AIUS U PELUKIUHT OTPaOOTAaHHBIX
KaTaau3aToOpoB, METONUKW W ammnaparbl AJsl WCIBITAHUI,
KOHTPOJISI KayecTBa U (PU3MKO-XUMUYECKUX HUCCIEIOBaAHUN
KaTaau3aTopOB, KaTallu3 U OXpaHa OKpyKatollel cpensl, dep-
MEHTBI KaK KaTaJln3aTopbl OMOXMMUYECKUX ITPOLIECCOB, KaTa-
JIU3 ¥ HOBBIM TUN KOHCTPYKLMOHHBIX MaTepUaaoB, BOIPOCHI
SKOHOMUKM U Ou3Heca B MPOMBILLJIEHHOM KaTaju3e, UCTO-
pus ¥ ePCIIEKTUBBI TPOMBIIILIEHHOTO KaTajln3a, TEXHOJIOTUYN
TMPUTOTOBJIEHUSI KaTaJlu3aTOpOB, HOCUTENEl U COPOEHTOB,
obopyioBaHUe JJis MPOM3BOIACTBA M BOIPOCHI KauyecTBa Chl-
pbsi), MpencTaBIeHHON OCHOBHBIMM pasieiaMu (0OLIKre BOI-
pOCHI KaTaju3a, KaTajau3 B XUMUYecKol U HeDTexuMuieckoi
MPOMBIIIJIEHHOCTH, KaTajau3 B HedTenepepadaThlBaloIIeii

MIPOMBITIIJICHHOCTH, KaTaJlu3 M OXpaHa OKpYyXKalolleil cpeisl,
OTEUECTBEHHBIE KaTaIN3aTOPhl, MHKEeHEePHBIE TTPOOIEMBI, IKC-
TUTyaTaiys 1 Ipou3BOICTBO, OMOKaTaimn3, WHHOPMallMOHHbIE
COOOIICHN S, XPOHUKHU).

C 2009 r. 4 pa3a B roJ BEIXOAUT aHTJIOSI3bIYHAS JIULIEH-
3MOHHAasl Bepcusi XypHaja. [lepeBonuTcsi Ha aHIIUHACKUN
36k u3narenbctBoM «MAWMK/Hayka WMHTepriepronnkas.
PacnpocTpaHsieTcs 3a pyOexxoM U3MaTENbCTBOM «Springers.
Crarbu 60see 1000 aBTOpoB OnyO0JIMKOBAHBI B XXYpHaJe TOJIb-
KO 3a TIOCJIeTHUE 5 JIeT.

OCHOBHBIE UTOTU paOOTHI XXypHaJia MoaABeJ TJI. peaakKTop
akan. B.H. [TapmoH. B ero BeICTymjieHUM MpoaHaIU3UpOBa-
HBI 00IIMe TeHACHIIMY Pa3BUTHU S XypHaJia 3a 10 mpomeammnx
JIET ¥ TUTaHBI Ha TIOCTENYIOMWN TIEPUOoN; aKIeHTUPOBAHO
BHMMaHUE Ha YKpeIJeHUEe CBSI3eil ¢ MPOMBIIIJIECHHOCThIO U
MOAJEPXKKY OTEUeCTBEHHOT0 Mpou3BoauTes. Pa3HocTOpoH-
HsIs TeMaTUKa XXypHaJja IIpu3BaHa OTpaxkaTh yCIIeXH U JOCTH-
JKEHUS TPOMBIIIJIEHHOTO KaTaI1l3a; HOBbIE TEXHOJIOTUYECKHE
pelleHNs B TPOU3BOACTBE U SKCILIyaTallMy KaTaJau3aTOPOB 1
KaTaJUTUYECKHNX PEaKTOPOB; KOHKYPEHTOCIIOCOOHOCTh OTe-
YeCTBEHHBIX KaTaJN3aTOPOB HA MUPOBOM PHIHKE; KaTaJIUTH-
YeCKUe TEXHOJIOTUU TIepepaboTKM OMOMACCHI 1 IIp.

B Ne 3—53a 2011 . B pa3nuaHBIX pa3fenax XypHaja omyo-
JIMKOBaHBI 0030pHI PabOT BEAYIINX YUYECHBIX U CIICIINATUCTOB
B 00JIaCTH KaTajau3a.

['maBHBII pegakTop OTMETUJ PACTYIIU MHTEpeC K Xyp-
HaJly OTEYeCTBEHHBIX M 3apyOeXHBIX uuTareneit. Pyccko-
SI3pIYHAs BEPCUS XXypHaJia paclpocTpaHseTcs B 24 cTpaHax.
Bonee 100 yyeHBIX-CTIEIMATUCTOB PEAKOIICTUN U PELICH3EH-
TOB YYacTBYIOT B pabore XypHana. Cpeau aBTOPOB XypHa-
Jla — TIPeACTaBUTENN aKaAeMUIeCKO HayKH, YHUBEPCUTETOB,
3aBOJIOB U3 Pa3JIMUYHBIX TOpoaoB Poccuu, cTpaH OJMXKHEro u
IaJbHETO 3apyOeXKbsl.

Ha crpanuniax xypHaJja peryaspHO OCBEIIAIOTCS U aHAJIH-
3UPYIOTCS PEe3yJbTaThl pA0OTHI BAXKHBIX POCCUNCKUX U MEXTY-
HapOIHBIX KOHTPECCOB, HAYYHBIX KOH(MEpEeHIIUH, padoInX ce-
MuHapoB, opranusyembix B Poccun (MK CO PAH, UX® PAH,
MTY um. M.B. JlomoHOCOBa).

Bo Bpemsi 3acenaHus KpYTJIOro CToJIa C IOKJIagaMU BBICTY-
muau A.C. HockoB, 3aM. TJ1. penakTopa, I-p TeXH. HayK, 3aM.
nupektopa MK CO PAH; J1.}O. Myp3uH, 4jieH peaKOoJIeTUH,
I-p XMM. HayK, Ipod. Abo Akademi University; b.Bb. Yec-
HOKOB, 3aM. IUI. peaakTopa, I-p TeXH. HayK, aupektop 3A0
«CuHIeT».

Boictynienue npod. A.C. Hocko-
Ba «MaremaTuyeckoe MOMAEIMpPOBaHUE
KaTaJIUTUYECKUX TIpoleccoB: XX U
XXI Bek» ObIJIO MOCBSIIEHO UCTOPUU
CTaHOBJICHUS W Pa3BUTHUSI METOIOB Ma-
TeMaTHU4YEeCKOro MojaeaMpoBaHus B MH-
crutyTe Katanusza CO PAH, uto Hepa3-
PBIBHO CBSI3aHO ¢ UMeHeM 4Ji.-Kop. PAH
M.T. Cnunbko. VUM ObLI TIpeasioXeH U
pPa3BUT UEpapxXUueCcKUil MOIXod K MaTeMaTHYeCKOMY OIlH-

A.C. Hockos
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CaHMIO MPOLIECCOB B KaTaJUTUYECKUX peakTopax: 1-il ypo-
BeHb — KMHETUYECKasi MOJeNb; 2-if — MPOLIECChl B 3epHE KaTa-
nu3aropa; 3-il — mpoLeccsl B cJIoe KaTalu3aTtopa U, HaKOHell,
4-ii — MatemaTuyeckasi MOJeb KaTaJUTUIECKOTO peakTopa
B 1IesIoM. B Xozne BeICTYNJIeHU S ObLIM MPOJEMOHCTPUPOBAaHbI
TUMWYHBIE PEaKTOPbI AJISI IPOMBILIJIEHHBIX TPOLECCOB U UX
MareMaTuyeckKue MoJeau. MeToasl MaTeMaTU4ecKOro Moje-
JIMPOBAHU S LIMPOKO MPUMEHSIIOTCS IJIsI CO3JaHUsI MHHOBA-
LIMOHHBIX MPOEKTOB — OT MPOLIECCOB OYUCTKU OTXOASILIUX
ra3oB A0 MpoleccoB HeDTeXUMUU (OKUCIUTEIbHBIA aMMO-
HOJIU3 IPOMUJIEHA).

CTaHOBJIEHME U Pa3BUTHE METOIOB MaTEMaTHUYeCKOrO MO-
JIeIVPOBAHMSI KaTaIUTUUYECKUX PEAKTOPOB COMPOBOXIAJI0Ch
HayYHBIMHM KOH(GbEpeHUMSIMU N0 XMUMHUYECKUM peakTopam
«XumpeakTop». UMeHHO Ha KOH(DEpeHLUsIX OTTayuBaIaCh
apryMeHTalusl, OLleHUBaJach aJeKBaTHOCTb MCIOJb3YeMBbIX
mopaesei. U3 poccuiickux KoHbepeHIU «XHUMpeaKTop» C
2001 r. mepewies B cTaTyC MeX1YHapOIHbIX, TPOXOASLIUX IO
aruaoil EBponeiickoil peaepaiuu mo XuMmu4eCcKoi TeXHOJO0-
ruu. B 2012 1. cocTouTcs yxe obuneitHas XX KoHbepeHIIUs
«XuMmpeakTop». MecToM nMpoBeaeHU ST KOHPEPEHIIMU OPrKo-
MUTET BBIOpaJ JIlokceMOypr.

TlonBonst utoru ceoero BoicTyrieHus, A.C. HockoB npu-
3BaJl yY4aCTHUKOB KPYTJIOTO CTOJIa K AajIbHENUIIIEMY Pa3BUTUIO
MPOMBIIIIJIEHHBIX KaTaJIUTUYECKUX MPOLIECCOB C MaTeMaTu-
YEeCKUM MOJICIMPOBAHUEM U COTPYAHUYECTBY C XYpHaJIOM
«Karanus B IpOMBIIIJIEHHOCTW».

B noxknane M.FO. Myp3una «Hayu-
Hbl€ OCHOBBI IPUTOTOBJIEHUSI KaTaJiu3a-

TOPOB: OT SMIIMPU3MaA K UHXXWHUPUHTY»
OCBCIIAJIOCL COBPEMEHHOEC COCTOAHUC
INPUTOTOBJICHUA KaTaJlu3aTOPOB M HEC-
00XOIMMOCTb UCITOJIb30BAHU ST MUHXKUHU-
PHUHTOBBIX ITOAXOO0B.

B Hactosiiiee BpE€Md, HECMOTPA Ha

[0.10. Myp3uH

HUIO KaTaJn3aTopoOB, JOBOJbHO PEAKO UCCICAOBATE/IN MPU-

00JIbIIOE YUCIO pabOT MO MPUTOTOBJIE-

MEHSIOT JeTaJbHBI KOTUYECTBEHHBIN aHaJin3, udydyasd BJIU-
AHUE I1apaMETPOB IPUTOTOBJICHUA KaTalM3aTOpOB Ha HX
cBoiictBa. Takue nmapaMeTpbl, KaK THUII IIPEAIICCTBEHHUKA,
€ro KOHUCHTpauud, TeMII€paTypa, CKOPOCTb Oca)KI[GHI/IH/
IIPOMUTKH, BPEMA IPOIIUTKHU, CKOPOCTbH CYUIKU, CKOPOCTb
BOCCTAHOBJIEHUSI W BJIMSIHUE TUIA BOCCTAHOBUTEJSI OOBIYHO
OGCy)KI[aIOTCH B paMKax MMpocToro onucaTreJibHOro nmoaxojia.
bruio OTMEYEHO, YTO IPUTIOTOBJICHUE KaTaJIM3aTOPOB, HE-
CMOTpA Ha 0oabIION nporpecc B IOHMMAaHUU Ha KOJIMNYECT-
BCHHOM YPOBHE€ CHMHTE€3a APYIrMX HaHOMaATepualioB, €LIC HE
NEPEBCACHO HA A3bIK MAaTEMAaTUKU.

O6pamaﬂ001> BHUMAHUEC, YTO METOAbLI IIPUTOTOBJICHUA Cy-
HIECCTBCHHO BJIMAIOT Ha pa3MEp 4YaCTHUI[ KaTaJInu3aTopoB U pac-

MpeaeeHre o pa3mMepam. B rmocieqHee BpeMs Tak Ha3bIBaeMOMY
KJIacTepHOMY 3¢ (MEKTY B KaTaJan3e WIN CTPYKTYPHOM YYBCTBHU-
TEJILHOCTH YIEISICTCS OUYeHB OOJIbIIIOe BHUMAHME, TTIOATBEPXKIC-
HUEM YeMY TIOCTYKUIA HECKOJIBKO ITPUMEPOB M3 IOKJIaa.

O6cyXIanuch HEKOTOPHIE MOIEIH, KOTOPhIC MCITOJIb3Y-
I0TCA B IUTEpaType, A KOJUYSCTBEHHOI'0 OIMmMcaHus op-
MUPOBaHUS KJIACTEPOB METAJIJIOB B 3aBUCMOCTH OT YCJIOBUIA
IIPUTOTOBJICHUS.

OTMevanoch TakXe, YTO MPAKTUIECKN HUKAKOTO, 3a pel-
KWM UCKJIIOUEHUEM, BHUMaHUS He yIeIsIeTCsI MHXUHUPUHTY
B TIPUTOTOBJICHUH 3€peH U TpaHyJ KaTaJu3aTopoB, a UMEHHO
BJIMSIHUIO TIepEeMEITMBaHM S, €T0 CKOPOCTH, CKOPOCTH HarpeBa,
TernJonepeHoca, MaccorepeHoca, THAPOIUHAMUKY B IICJIOM,
CKOPOCTH (bMIIBTPALIMHU, TTApaMeTPOB (POPMOBAHUS U T.1I.

B 3akiioueHue aBTOpPOM OBLIO OTMEYEHO, UTO CHHTE3
COBPEMEHHBIX KaTaJu3aTOPOB, OCTaBasICh Ha CETONHSIIHUIA
IeHb SMIMUPUUYECKUM M TIOJYSIMIMPUUYECKUM, TPEOYET BBI-
0opa HOBBIX MHXWHUPUHTOBBIX TOIXOIOB IS pa3paboTKu
palMoOHaJIbHBIX METOMIOB CUHTE3a HOBBIX BHICOKO3((EKTUB-
HBIX KaTaJIn3aToOpPOB, YAOBJIETBOPSIOIINX TPEOOBAHUSIM COB-
pPEeMEHHOM MPOMBIIIJIEHHOCTH.

b.b. UecHOKOB B C0OaBTOPCTBE C
A.B. JleploruHbIM (KaHIA. TEXH. Hayk,
1. uHxeHep «CubypHedrexum», 13ep-
XKWHCK) TpeACcTaBUI AOKAal «DKCIy-
aTalMsl KaTaJIUTUYECKUX pPEaKTOPOB
B YCJIOBHUSX B3PbIBOOMACHBIX CHUTYya-
1uii». B HeM paccmarpuBajach oaHa U3
BaXXHEUIIUX MPoOJIeM 3SKCIUIyaTalluu
MMPOMBIIIJIEHHBIX KaTaJIUTUYECKUX pe-
aKTOPOB — BO3MOXHOCTb BO3HMKHOBEHUS B3PbIBOOMACHBIX
CUTyallMi TIPU 3K30TEPMUUECKUX PEAKIIUAX U HEOOXOAUMO-
ro noxdopa ycJaoBuii, 00ecrednBaloX CTabUIbHYIO U 6€30-
MacHy10 paboTy KOHTAKTHOI'O y3Jia IpU peaJu3aliu mpolec-
ca. [Ipu aTOM cTaHOBUTCS HauboOJee CIOXHOI 3a1a4a, KOraa
HeoOXOAMM MOMCK KOMIpOMMUCCA MeXIy 0e30MacHOCThbIO U
CTpeMJIEHHEM YBEJIMYUTh MOIIHOCTb MPOM3BOACTBa. B mo-
KJIaJie aHaJIU3UPYIOTCS: a) OCHOBHbBIE YCJIOBHUS s oOecre-
YeHUs HavyaJbHON CTAOMJIBLHOCTU PAabOThl MPOMBIIIIEHHOTO
TpyOYaToro peakTopa NPOU3BOACTBA STUJIEHOKCUIA OKMC-
JICHUEM dTUJIeHa KucjaoponoM B JI3epxxuHcke; 0) ¢hakTophl,
CTUMYJIMPYIOLIME BEPOSITHOCTb B3PHIBOOMACHBIX CUTYallMi
MPU AJTUTETbHOMN 3KCIyaTallM v MIPOMBILIJIIEHHOTO peakTopa;
B) MCITOJIb30BaHHbBIC TEXHUYECKUE PELIEHM S, 00eCIeyuBIIre
0€e30IMacHY0 3KCMJIyaTallMIo MPOMBIIIJIEHHOTO peakTopa npu
OJTHOBPEMEHHOM YBEJIMYEHUU MOIIHOCTH 0e3 H3MEeHEHMU s
BEJIMUMHBI 3aIrpy3KM KaTaJiu3aTopa; r) HOBbIE 1Iarv 1o Aajb-
HelllleMy MOBBIIIEHUIO CTAOMJILHOCTU M IMPOMBILIJIEHHbIX
TpyOYaThIX PeaKTOPOB JUISI ITPOU3BOJACTBA OKCHIa STUJIEHA U
OJHOBPEMEHHOMY MOBBIIIEHUIO MOIIIHOCTH ITPOU3BOICTBA.

b.b. YecHokoB

P.B. YecHokoBa, med-peaakTop

80

Katanus B npombiwneHHocty, N 1, 2012



Siid-Chemie co3paeT HOBble Opur1HasibHble peLleHns, KoTopble GopmupytoT Balle BuaeHue 6yayuiero.

Hawwn nHHOBauumM B katannm3e NOMOraloT CHU3UTb NOTPeBNEHNE SHEPIUX, YBENNYUTL OOBbEMbI NPOM3BOACTBA,
NMoBbICUTb 6€30MaCHOCTb NPOMbILLIEHHBIX BbIOPOCOB.

OTkpoiiTe nepcnekTuBbl ANng Bawero 6usHeca Ha www.sud-chemie.com

CO3LABAA 3PDEKTUBHBLIE TEXHOJIOIMI
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