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SELECTIVE CATALYTIC OXIDATION AND STEAM OXYGEN
CONVERSION OF METHANE INTO SYNTHESIS GAS

Abstract. The results of the stability study of the developed dispersed optimal composition Pt-Ru = 1 : 1
(Pt: Ru =0.7 : 0.3, at.% ) of the catalyst in the reaction of selective catalytic oxidation (SCO) and steam oxygen
conversion (SOC) of methane into synthesis gas at millisecond contact times are presented. Methods of catalyst
regeneration were determined. During the study of the stability of a low-percentage granular sample of 1.0%
Pt-Ru/2% Ce/(0+a)AI203 catalytic system in the process of oxidation of methane, regeneration methods were found
that allow stable conduct of the process of SCO and SOC of methane for 410 hours. As a result of the process, a
synthesis gas was obtained with a ratio of H2/CO = 2.0 without the formation of CO2, which is most suitable for its
use in the Fischer-Tropsch synthesis of methanol and hydrocarbons. It is assumed that the reaction of SCO of CH.
proceeds by a direct mechanism involving reduced Pt0, Ru0 and Pt-Ru nanoclusters detected by TEM research after
testing the stability of the developed Pt: Ru (1:1) catalyst on a carrier.

Keywords: Pt-Ru catalyst, selective catalytic oxidation, steam oxygen conversion, methane, synthesis gas.

Introduction. Synthesis gas is the main raw material for producing a wide range of petrochemical
products. Correlation of the ratio of H. and CO in the composition of synthesis gas makes it possible to
obtain liquid hydrocarbons or oxygenates, CHsOH, CH:COOH, CH20 and C:HsO. The process of SCO of
methane which proceeds with a molar ratio of hydrogen to carbon monoxide equal to 2 .o, could become a
reaction, an alternative reaction of steam reforming of methane for the production of synthesis gas. An
alternative reaction of steam reforming of methane to obtain syngas can be the process SCO of methane
which proceeds with an optimal molar ratio of hydrogen to carbon oxide equal to 2 .o .

The creation of large-scale production in natural gas production areas would significantly reduce the
cost of target products and reduce environmental pollution. Obtaining a synthesis gas by direct oxidation
of CH4 with a lack of oxygen and millisecond contact times is a relatively new reaction, first performed by
M. Pretre, which plays an important role in petrochemical syntheses. Researchers returned to the study of
this process in the 90 years thanks to the use ofa reactor with block porous catalysts during the process in
a micro-reactor when secondary reactions are prevented.

In 1992, Schmidt investigated reduced Pt, Pd, and Rh catalysts in selective catalytic oxidation at an
excess of methane, high temperature, and a contact time of 0.01 - 0.004 sto form a synthesis gas with high
selectivity for hydrogen and carbon monoxide. Among the studied compositions, the best results were
shown on Rh catalysts carried to AhOs [1-3].

It is known that platinum group metals are more active than Fe, Co, Ni, and are less prone to carbon
deposition. Most of the known compositions of catalysts for SCO of methane include noble metals with a
content of >1% of metals in the active phase. To achieve high performance in the production of synthesis
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gas in the process of methane co-production at high volume velocity without the formation of CO. with a
ratio of hydrogen to carbon monoxide equal to 2, the catalyst must provide both a high conversion of
methane and selectivity for the target product [4-15].

We studied Pt, Ru, and Pt-Ru/2%Ce/(0+a)-Al203 catalytic systems with varying Ptto Ru ratios in the
reaction of SCO of methane into synthesis gas at millisecond contact times [16-20]. Determined that at
contact times of 3.0 - 4.0 millisecond the conversion of methane at 1173K varies from 96 to 100%, the
selectivity for hydrogen is 100% and for CO is 95-100%. It was found that 100% conversion of methane
by direct mechanism into synthesis gas with 100% selectivity for hydrogen and carbon monoxide was
achieved at the atomic ratio Pt : Ru =2 : 1or 1:1(32.4 and 45.3 at.% Ru in a mixture of Pt-Ru) and the
contact time is 4.0 millisecond. Physical and chemical methods determined that the introduction of
ruthenium in a platinum catalytic system with a ratio of metals Pt : Ru =2 : 1(0.68 Pt: 0.32 Ru. weight.%
) increases oxygen adsorption in the second temperature region, and the surface is stabilized in a uniform
state. It is assumed that on Pt: Ru (2:1. 1:1) catalysts, the reaction of SCO of CH4 proceeds by a direct
mechanism with the participation of reduced Pt-Ru clusters that have the greatest ability to absorb atomic
hydrogen.

This paper presents data on the stability of the developed Pt-Ru = 1: 1 (Pt : Ru = 0.7 : 0.3 at.%)
catalyst. The activity of the catalyst was studied in the reactions of SCO and SOC of methane into
synthesis gas at low contact times. As a result of the conducted research, the methods of catalyst
regeneration were determined.

Experimental

Catalystpreparation

Pt-Ru catalysts supported on 2%Ce/(0+a)-Al203 have been prepared by incipient wetness on (0+a)-
AhO3 (100-200 “m, S = 57.7 m2g) from water solutions of salts with subsequent heating and reduction
with H2+Ar at 623-1023 K. Tests were carried out in a continuous flow quartz micro reactor by a literature
technique.

The activity of the developed catalytic systems in the process SCO of methane was determined in a
catalytic flow unit at atmospheric pressure in a quartz microreactor with an internal diameter of 0.45 cm.
10 mg ofthe catalyst suspension was thoroughly mixed with quartz powder (particle size 0.2 mm in a ratio
of 1: 43, height 20 mm). Then, larger quartz particles (122 mm) were added to the reactor from above to a
total layer height of 70 mm. After that, the initial reaction mixture was fed under the following conditions:
CH4:02:Ar = 2.0 : 1.0 : 97.0. (%) T = 1173K, V = 9105h'] 7 = 0.004 s. In the process the SOC of
methane: CHs : 02 :H20 :Ar=2.0:1.0:2.0 :95.0, %, T = 1073 - 1173 K, V = 1 105- 9 105h"L

Characterization techniques

Analysis of the initial mixture and the reaction products was performed using "Chromos GC-1000"
(Russia) chromatograph, which was equipped with packed and capillary columns. The packed column is
used for the analysis of Hz, Oz, N2, CHa, C2Hs, C2H4, C3-Ca hydrocarbons, CO and CO:. A capillary
column is used to analyze of liquid organic substances, such as alcohols, acids, aldehydes, ketones and
aromatic hydrocarbons. Temperature of the detector by thermal conductivity - 2000C, evaporator
temperature - 2800C, column temperature - 400C. The speed of the carrier gas Ar is 10 ml / min. The
chromatographic peaks were calculated from the calibration curves plotted for the respective products
using the "Chromos" software for pure substances. Based on the measured areas of the peaks
corresponding to the amount of the introduced substance, a calibration curve V = f (S) was constructed,
where V - amount of substance in ml, S - peak area in cm2. Concentrations of the obtained products were
determined on the basis of the obtained calibration curves. The balance of regulatory substances and
products was + 3.0%.

Physico-chemical research

Electron microscopic characteristics of the catalysts were obtained using the EMK-125 K microscope
(1990, USSR) at an accelerating voltage of 75 kV. The morphology, particle size and their chemical
composition was investigated by increasing to 120,000 times by using the replica technique with
extraction with the use of microdiffraction of electrons. Carbon replicas were sprayed in a vacuum
universal post, then the catalyst carrier was dissolved in HF. ldentification of micro-diffraction patterns
was carried out using the jspds card file of 1986.
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Results and discussion. A priori, it is known that the addition of water vapor to the reaction mixture
reduces the formation of carbon on the surface of the catalysts. In modern installations at a pressure of
2 MPa or higher, the residual content of CH4 after steam conversion is 8-10%. In order to achieve a
residual content of methane within 0.5% the conversion is usually carried out in 2 stages. Stage 1. under
pressure and stage 2: steam-air conversion in the presence of air oxygen. This results in a sin gas of
stoichiometric composition and eliminates the need for separation of products after the reaction.

To study the activity of catalytic systems synthesized by capillary impregnation in the SOC reaction
the effect of the concentration of added water vapor in the initial reaction mixture in the SOC was first
performed by 2.0% CH.+ 1.0% Oz + Ar + H20 at V = 9-10s h-1, T = 4,0 ms. It was found that when adding
small amounts of water vapor to the reaction system with a ratio of CHs : H.O = 1. 0.5 with an increase in
temperature from 1023 to 1173 K, there was a gradual increase in the conversion of methane from 70 to
90%, S for H2> from 23.8 at 1023 K to the maximum 100% value at 1173 K, without the formation by-
product ofa CO:. The ratio of hydrogen to carbon monoxide vary from 3.3 to 5.0. At higher ratio of CH4 :
H.O = 1: 1with increasing the temperature of reaction from 1023 to 1123 and 1173 K was also observed
an increase conversion of methane and selectivity of Hz respectively, from 97.5% and 18.8 to maximum
100% ofthe values without the formation of CO: with a ratio of H2/CO from 3.0 to 3.6.

When the added water vapors increased to the ratio CH« : H2O = 1. 2, as the temperature increased
from 1023 to 1123 K, all parameters of process also increased. The conversion of methane and selectivity
ofhydrogen increased from 62.5 and 26.6 to the maximum 100% values, and the selectivity for CO ranged
from ss.s - 98.2% with the appearance of small amounts of CO: in the reaction system (0.013 - 0.023%).
As the temperature increased, the H2/CO ratio decreased from 10.0 to 4.6.

Thus, determined that the preferred process for converting of methane is SOC of CH« with a ratio of
CH4 : H20 = 1: 1. The addition of 2.0% water to the reaction system increases to the maximum values
conversion of methane, selectivity for H> and CO (100%) at a temperature 500C lower than at the SCO of
methane to produce a synthesis gas with a ratio of H2/CO = 3.0 without the formation of COa-.

A study of the effect of changes the volume velocity and temperature of the process SOC of methane
CHs : 02 :H20 : Ar = 2.0 : 1.0 : 2.0 : 95.0,% on the conversion of methane, the concentration of H2 and
CO by the catalytic system 1.0%Pt-Ru (::1)/2 %Cel/(e+a)-AhOs at T = 1073 - 1173 K, V = 1105 - 9-10s h'L
As can be seen from figure 1, the reaction of SOC of methane at 1073 K with an increase the volume
velocity from 1TOs ha to 9TOs ha XcH4, the concentration of H. and CO decreases. However, when the
temperature of process increases to 1123 and 1173 K, all the parameters of process increase again to the

initial maximum values. The ratio H2CO was 3.0-4.5.
T, E

Space velocity, h'

Experimental conditions: SOC of CHs : Oz : H.O : Ar=2.0:10:2.0 : 95.0.%, T = 1073 - 1173 K, V=1105- 9 105h4

Figure 1- Influence of the volume velocity on change of X cw4, [He], [COJ in the SOC
of methane by 1.0%Pt-Ru (1:1)/ 2%Ce/(e+a)-AkO3
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Thus, determined that the process of SOC of methane with the optimum ratio of CHs : H.O0 = 1:1
proceeds with complete conversion of the initial methane and maximum selectivity for the main products
of the reaction without formation of CO. at 1123 K and volume velocity of 9-105h-1 and decreasing the
temperature of the reaction to 1073 K and volume velocity of 1T0O5h-1on 1.0%Pt-Ru (1:1)/ 2%Ce/(0+a)-
M 203 catalyst.

It is known that one of the most important characteristics of catalysts is their stability. We tested the
stability of the developed optimal composition of Pt-Ru = 1 : 1 of the catalytic system in the processes of
SCO and SOC of methane in synthesis gas at low contact times. From the data in figure 2 shows that up to
225 hours the developed catalyst does not lose its activity in the reaction of methane SCO. Then the
conversion of methane was gradually reduced and the test was performed with a change in the
concentration ofthe initial reaction mixture at CHs : 02 = 3 : 1and CH4:02=4: 1.
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Time, h

Condition the process of SCO of methane: CHs : Oz : Ar=2.0:10:97.0,%, T=1173K, V=9105h-1, T=0.004 s
and SOC of methane CHa : Oz : H.O : Ar=2.0:10:20:950, %, T=1073K, V=1105h-1, T=0.036 s

Figure 2 - Change conversion of methane, selectivity of H. and CO, ratio of H/CO on
1.0 % Pt-Ru (1:1)/2%Ce/(0+a)AkO3 catalyst intime

After that updating of catalyst was performed by regeneration in mixture of H2+Ar. Determined that
the most optimal is adding in the reaction mixture of water vapors. Then only the activity returned to its
starting value. Next, the process of SOC of CHs was conducted at the concentration of water vapors found
experimentally, which was optimal. It should be noted that in these processes use only 10 milligrams of a
catalyst diluted four hundred times with quartz.

Thus, it is established that the developed catalytic system 1.0%Pt-Ru(at. %)/2%Ce/(0+a)-AhO3
selectively works without losing its activity for 414 hours in the reaction of SCO and SOC of methane into
synthesis gas.

The following data are presented for 1.0% Pt-Ru catalyst, which is the most active with a ratio of 1: 1
at a regeneration temperature of 573 K (figure 3). It can be seen that the catalyst contains from phases of
both platinum and ruthenium, as well as their oxides, but also with adsorbed platinum and ruthenium by
diffractograms, it was determined that bimetallic Pt-Ru nanoclusters are formed. These data indicate that
the active catalyst among the compositions studied by us differs in that separate adsorption occurs on the
detected Pt-Ru clusters. It is assumed that dissociation of methane can occur on one side of the platinum
cluster, and oxygen activation can occur on the other side ofthe ruthenium cluster.
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Figure 3 - Electron microscopic photos of various phases reduced in H2 at 573 K
1.0% Pt-Ru/2%Cc/(0+a)-Al203 (a, b, ¢, d, e, f) catalysts

Conclusion. During the study of the stability of a low-percentage granular sample of 1.0% Pt-Ru/2%
Ce/(0+a)AhO3 catalytic system in the process of oxidation of methane, regeneration methods were found
that allow stable conduct of the process of SCO and SOC of methane for 410 hours. As a result of the
process, a synthesis gas was obtained with a ratio of H2/CO = 2.0 without the formation of CO2, which is
most suitable for its use in the Fischer-Tropsch synthesis of methanol and hydrocarbons. It is assumed that
the reaction of SCO of CHs proceeds by a direct mechanism involving reduced Pt0, Ru0 and Pt-Ru
nanoclusters detected by TEM research after testing the stability of the developed Pt: Ru (1:1) catalyst on
a carrier.
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METAHHbIV, CUHTE3-FA3FA AEV1H CENEKTUBT1
KATANNTUKANBIK TOTbITY bl )KOHE BY OTTEKT1 KOHBEPCUANTAHYbI

AHHOTauus. CuHTE3-ra3 MyHail-Xxmmmsi eHiMAepiHiH KeH CMeKTpw eHgipy YLWiH Heri3ri wuklsar 60bin
caHanagbl. CuHTe3-ra3 kypambiHgarbl Hz: >xaHe CO apakaTblHaCbIHbIH KOPPEeNsAuMsCbl CyMblK KeMipCyTeKTepgi
Hemece CHsOH okcureHattapbiH, CHCOOH, CH:O »3He C:HesO. CwuHTes-rasfibl a&l1ymMeH MeTaHHbIH 6y
PUOPMUHTIHIH 6anamanbl peakuusachl CyTenm OKCUAIHE OHTaWfbl MOAAPAbIK KaTblHACbiHA 2.0 TeH 60MaTbiH
METaHHbIH s eNiHy Yaepici 601ybl MYMKIH.

Tabwrv ras eHgipy aygaHaapbiHia ipi ayKsiMabl eHAIPIC Kypy MaKcaTTbl EHIMHIH e3iHAiIK KyHbIH aiTap/ibiKTai
TEeMeHZETYre >3He KopLlaraH OpTaHblH facTaHyblH TeMeHZeTyre MYMKIHAIK 6epep eai. o TTEriHiH >XeTicneyi
6apbICbIHAA XX3He KOHTaKTIHIH MUNMCEKYHS YaKbITbiHAA CH4 TiKenei TOTbIry XONbIMEH CUHTE3-ra3fbl any MyHai-
XUMWS CUHTE3LLAE MaHbI3Abl pes aTkapaTbiH M. TMpeTpe anraw peT XY3ere acbipraH CasibICTbIpMasibl XKaLa peakuus
6onbin caHanagpl. 3epTTeywwiep 90-xbingapbl 6yn Y[epicTi 3epTTeyre 610K Keyekn Katanusatopnapbl 6ap
peakTopabl MrKpopeakTop Y/epici 6apbIiCbiHAa eKiHLI peakuuanapabiH angbiH any 6apbicbiHAa NainganaHy apKbibl
Hasapra a/iraH 601aTbIH.

3eptrey XYprizy y™~n >%Cel/(o+a)-Al20s TacbiMangarbilibiHa KOHAbIpbINraH Pt-, Ru 3He Pt-Ru
KaTanUTUKanbIK XYVlenepail, cepuscel faiibiHaangbl. KatanuTukansik YWenep snemeHTTepi TacbiManjarbiiika
/(o+a)-Al20s (100 - 200 mkm, Syn = 57,7 M2/r) mMeTann Ty3gapblHbL, anfblH ana faiibiHganraH cy epiTiHginepi
HerisiHge Ce(NOs)ssH20, Ru(OH)Cls 3He H:PtCls+sH20 apkbinbl ayaHbiH biAran CblibIMAbIIbITbI GOAbIHLA
Kanunnapnbl CiHAipy 3sgicimeH xY3ere acbin, 873 K 3 carat 6olibl ayaga s ipTiHAen KenTipinin, ayaga e ipTiHaen
Kbl3abIpblnagpl. 10 Mr KaTanu3aTopfblH YArici KBapL, YHTarbiMeH MyKUAT apanactbipbliagbl (6eniuektep enwemi
1:43 kaTblHacbiHAa 0,2 MM, KabarT s MikTiri 20 MM). “AaH KeliH XorapblgaH peakTopra KocbliraH 6enwekrep ipi
kBapy, (12 MM) AeLHM Xannbl s NIKTIri KabaTblHbIH 70 MM. 601aTbIH YHTaKMEH >xabblnagp!.

Ao aH KeliiH MMKpOpeakTopra MeTaHHbIH Ta/iramMmfbl KaTaMTuKa/blK TOTbIry Y/epiciHiL 6acTankbl peakumsanbiK
Kocnacbl MblHafal xargainapga Xis epinesi: CHas:02:Ar =20 : 1,0 : 97,0, (%), T = 1173K, V = 9105car-], T =
0,004 c. MeTaHHbIH By OTTEKN KOHBepcus npouectu XYprisy kesiHge: CHs: 02 :H20 : Ar=2,0:1,0:2,0 : 95,0, %,
T=1073- 1173 K,V =110s-9 10s car-1

bacTankbl peakuuanblK KOCMaHbl X3He anblHraH Y/epic ewmgepwt tangay «Xpomarak Kpuctann 5000.1»
XpomatorpadblH naifganaHa oTbIpbin, «XpPOMaTak AHaIMTUK 2,5» 6arjapnaManblK KamTamacbi3 eTy apKblibl
XKYprisingi. Xbiny eTKisriwTiri 6oibiHWA AeTeKTOpbl 6ap AMaTOMMT TackiMangarbita rentagekaHHbliH 20%
KypaMblHbIH (pa3acbiMeH TONTLIPbUIFAH Kanuansapnbl 6araH naiganaHbingpl. CelHamanapipl ipiktey peakums
bacTanraH caTTeH, 1 MWHYTTaH KeiliH aBToMaTTbl TYPae XYprisingi. AnblHraH eHiMaepAiH KOHLUEHTPaUMAChl Ko
XKETLU3LUTEH Kanmbprey rpadukTepi HerisiHAe aHbIKTangbl.

KartanusatopnapbiH 3M1eKTPOHAbI-MUKPOCKONUANbLIK cunattamanapbl 75 kV YJeTkiw kepHey kesiHge SMK -
125 K (1990, KCPQ) MukpockonbiHAa anbiHabl. Mopthonorusacsl, GeniekTep eflemi X3He onapablH XUMUAbIK
Kypambl 3M1EKTPOHAAPAbIH MUKPOANDPAKLMACHIH KOMAaHA OTbIPbIN, SKCTPAKUMUAMEH PENVK 3AICIMEH 120000 ECETE
JewH ynrato 6apbicbiHAa 3epTTenat Kemip pennvkanapbl BakyymablK ambeban MocTTa LaHgbl, COfaH KeWiH
KatanusatopnapAablH TacbiMasigayibicbl HF-ga epiTingi. MykKpoandpakumanbiK KapTuHanapabl naeHTudurkaumsnay
1996 . JSPDS KapToTekachl 60iibIHLWa XY Prisingi.

Pt-Ru =1:1 (Pt : Ru = 0,7 : 0,3, ar.%) katanm3atopfblH Tanramipl KaTanutukanblk ToTbiry (TKT)
peakuusAcbiHAa >k3He Oy OTTekn KoHepcuAcbiHAa (Bo K) MeTaHHbIH CUHTEe3-rasra >aHacy YakblTbiHbIH
MUNNCEKYH[, Ke3iHAeri 3epTTey HITWKenepi KepceTinreH. TemeH naiibisabik TYWipwiktenred  YAriHiy
TypalLbINbIFbIH 3epTTey 6apbichiHaa 1,0% Pt-Ru/2%Ce/(0+a)Al.0s KaTannTukanbIk XYWeHiH MeTaHHbIH TKT aHe
BOK Y/epiciHge 410 carar iwiHge TypakTbl XYprizyre MYMKIHAIK s epeTiH pereHepauuanay Tacingepi aHbIKTanibl.
Ygepic HatwxkeciHge H2CO = 2,0 apakaTblHacbiMeH CO: TY3inMeld CMHTe3-ra3 anblHAbl, 6yn duwep-Tponw
6olibIHILIA METaHOM MEH KeMipCcyTeKTep CUHTe3iHAe MaijanaHyfja aca Konainbl ekeHi senrini. CH4-Hbiy TKT
peakumscbl Pt:Ru (1:1) kaTanu3aTopAblH TYPaKTbINbITbIH CbiHAYAaH KelliH 3M 3epTTey 6apbiCbiHAA aiKbIHAATaH
HaHOK/lacTepnepAiH KannbiHa KenTipinreH PtO, Ruo >3He Pt-Ru KaTbiCybiMeH Tikeneid MexaHu3Mm 6olibiHLWA eTegi
[ereH 60mkam xacangbl.

TYViin cesaep: Pt-Ru katanusaTopbl, Tanramgbl KaTaUTUKabIK TOTbIKTbIDY, 6y OTTEKN KOHBEpCWSs, MeTaH,
CWHTe3-ras.



News ofthe Academy ofsciences ofthe Republic o fKazakhstan

P.O. CapceHoBal3 O. MnbsicoBa2 X. YUkaHl2 ~. 364wakn2 O.A. KacbimbekoBa3,
3.H. XXaHroxuHa4, C.A. TyHratapoal2 T.C. baitxkymaHoBal2

JAO "WIHCTUTYT TOnNMBa, Katanusa v anektpoxumnm um. [, B. Cokornbckoro", Anmarsl, KasaxcraH;
ZKazaxCcKmin HaLMOHaNbHbIV YHUBEPCUTET MMEHM arnb-Papabn, AnMatbl, KasaxcraH;
FKazaxckuii HauMOHa/bHb IV MefarornyecKuin yHBepeuTeT um. Abast, Anviatbl, KasaxcraH;
41lkona-nuein Nel6, Masnogap, KasaxcraH

CEJIEKTMBHOE KATAJIMTUNYECKOE OKUCNEHWE
N MAPOKMC/TOPOAHAA KOHBEPCNA METAHA B CMHTES-I'A3

AxHoTaumus. CVHTE3-ra3 fBMISETCH OCHOBHbIM CbIPbeM A1 MPOM3BOACTBA LLMPOKOMO CreKTpa HeqTeXMMUUecKow
npoaykumn. Koppenauya cootHolleHns H. 1 CO B CoCTaBe CMHTE3-rasa Mo3BOMIAET MO/yyaTb XUOKWE YIeBoAopoab! Win
okenreHarsl CHs OH, CH3COOH, CH.O n C:HsO. IMpougecc nosmyyeHnst MeTaHa, NPOTEKAIOLLMIA MPY MOIIPHOM COOTHOLLIEHMM
BOZOPOJA K MOHOOKCUAY Yrfiepofa, paBHOM 2,0, MOXET CTaTb peakLyiel, anbTepHATVBHOWA peakLyn NapoBoro puthopMUHra
MeTaHa AN1A MOMyYeHVs CUHTE3-rasa. ANbTEPHATVBHON peakLyeil MapoBoro puhopMyHIa MeTaHa C MOMyYeHUeM CUHTE3-rasa
MOXET 6blTb MPOLECC BblAENeHWs MeTaHa, MPOTeKAloLWMiA C ONMTUMa/bHbIM MOSAPHBIM OTHOLLIEHVEM BOAOPOLA K OKCUdy
yrnepoga, pasHbiM 2,0. Co3gaHve KpYNHOMACLLITaBHOrO MPOM3BOACTBA B palioHax [00bIuM MPUPOAHOrO rasa no3somio Obl
3HAUMTE/NBHO CHU3UTL CEBECTOMMOCTb LIENEBOM NPOAYKLMAM W CHU3WUTL 3arpsisHEHVE OKPYXatoLLe cpedpbl. [onmyyeHre cuHTes-
rasa MyTem MpaMoro okucreHus CHs npu HefoCTaTke KMCMopoda W MWUIMCEKYHAHOM BPEMEHW KOHTaKTa AB/SETCA
OTHOCUTENbHO HOBOW peakLivield, Briepsble OCYLLECTBEHHOM M. TpeTpe, KOTopas UrpaeT BaxkHYHO POfb B HE(ITEXVIMMYECKOM
CUHTe3e. ViccriefioBaTenn BEpHY/IMCb K U3yyeHUHO 3toro npouecca B 90-e rogbl Gnarofaps WUCMOMb30BaHWIO Peaktopa C
6/104HbIMM NOPUCTBLIMY KATa/M3aTOPamy BO Bpems NMPOLECCa B MAKPOPEaKTOope, KOrfa BTOPUUHbIE PeaKLyv MPpefoTBPaLLarOTCA.

[na nposeseHWs uccneoBaHuiA Gbuia MpUroToBneHa cepust Pt-, Ru- 1 Pt-Ru KaTa/mMTUYeCKMX CUCTEM, HaHECEeHHbIX Ha
2%Ce/(0+a)-AkO3. Kata/iTuyecKkme CUCTeMbl BblM MPUIOTOB/IEHbI METOAOM MOC/EA0BATE/ILHOMO BHECEHWS 3/IEMEHTOB Ha
HocuTenb (0+a)-AkO3 (100 - 200 mkwv, Sw = 57,7 M2r) 13 3apaHee MPUroTOB/IEHHbIX BOAHLIX PAaCTBOPOB COJEl METa/UIoB
Ce(NOB)3-6H20, Ru(OH)CI3 1 HPtCls s H-O mMeTogoM KanninspHOA NpOnMTKA Ha BO3AyXe MO BIarOEMKOCTU C MOC/EAYHOLLMM
MOCTerNeHHbIM MPOrpeBoM Ha Bo3gyxe npu 873 K 3 u. AKTMBHOCTbL pa3paboTaHHbIX KaTa/IMTUYECKUX cucTeM B npotecce CKO
MeTaHa OMpefens/iv B KaTa/MTUYECKO/ MPOTOUHON YCTAHOBKE MpU aTMOC(IEPHOM [aB/eHV B KBapLEBOM MUKPOPEAKTOpe C
BHYTpeHHUM auavetpom 0,45 cm. 10 Mr HaBecKa kaTtasmsaropa TLUATEbHO MepeMellnBaiach C MOPOLLKOM KBapua (pasmep
yactu, 0,2 MM B COOTHOLLEHUM 1:43, BbicoTa cnios 20 MM). 3aTeM CBepXy B PeakTop [06aBnsymch YacTuLbl 60/ee KpynHoro
kBapua (1+2 MM) o o6Lueli BbicoTbl criost 70 MM. Tlocne 3Toro nogaBaniach UCXOfHas peakuMOHHas CMeCh MpY CEYHOLLMX
yenosusax: CHA:O2:Ir =2,0 : 1,0 : 97,0, (%), npu T = 1173K, V = 91054-1, T=0,004 c. Mpu nporiecce NMKK metaHa: CHs : Oz :
HO : Ar=20:10:20:950 %, T=1073 - 1173 K, V = 1¢105- 9-1054-1 AHan13 UCXOLHOWN PEaKLMOHHON CMECK 1
MNO/yYeHHbIX MPOAYKTOB MpoLiecca MPOBOAWIM C  UCMO/b30BaHWEM Xpomartorpaa «Xpomatak Kpuctann 5000.1» ¢
nporpaMMHbIM - 0GecrieveHeM  «XpoMarak AHAUMTUK  2,5», CHabXEHHOr0  aBTOMATWMYECKUM  TasoBbIM  [03aTOPOM,
MOAK/FOYEHHBIM HEMOCPEACTBEHHO K YCTaHOBKE MO OKWC/EHMIO METaHa B CMHTE3-Ta3. lICrosb3oBaniach KanuiispHas KOMOHKa,
3anonHeHHas iasoin coctasa 20% remTafekaHa Ha AMaTOMUTOBOM HOCUTENE C AETEKTOPOM MO TervionposogHocT. OT6op npob
MPOBOJWICS aBTOMATUYECKM Yepe3 1 MUHYTY Mocrne Hadasia peakuymn. KOHLEHTpaLWM NosmyyeHHbIX NPOLYKTOB ONpeaensiiv Ha
OCHOBE MOJTyYeHHbIX Ka/IMOPOBOYUHBIX MPatiMKOB. SMEKTPOHHO - MUKPOCKOMMYECKME XapaKTEPUCTVKW KaTa/In3aTopos MosyyeHbl
Ha Mukpockore MK - 125 K (1990, CCCP) npu yckopstoLLeM HanpshkeHnn 75 KV. Mopdonorvs, pasmep Yactul, u nx
XUMUYECKWIA COCTaB WCCNENOBa/MCh MPU yBe/MYeHMn o 120000 pa3 METOLOM PeryiK C SKCTPaKUMen C MpUMEHEHMEM
MUKPOAUMPAKLA 3MIEKTPOHOB.  YTOMbHbIE PEr/IMKY HanbUIAINCG B BaKyyMHOM YHMBEPCA/ILHOM MOCTY, 3aTeM HOCWUTESb
KaTa/m3aTopoB pacTeopsica B HF. aeHT(MKaLms MUKPOAU(PaKLYOHHBIX KapTUH NPOBOAMNACk MO KapToTeke JSPDS 1986 .

B npepacTaBneHHoi pabote NpuBefeHbl JaHHbIE MO U3YYEHNIO CTabWbHOI paboThl paspaboTaHHoi Pt-Ru = 1:1 (Pt:Ru =
0,7:0,3, at.%) KaTaIMTUYECKOI cUCTEMbI. AKTVBHOCTb KaTaim3aTopa UCCMEA0BaHa B peakLmn CENEKTVBHOTO KaTa/IMTUHECKOTO
okvcneHns (CKO) n napokucnopopHoii koHsepeun (MKK) MeTaHa B CyHTE3-ra3 mpy MasibIX BpeMeHax KOHTakTa. B npouecce
WCCIEAOBaHNSA CTaBWTbHOCTW HM3KOMPOLIEHTHOMO FpaHy/MpoBaHHOTO 06pasua 1,0%Pt-Ru/2%Ce/(0+a)AkO3  KaTaMTUYeCKoi
CMCTEMbI B NMPOLECCE OKMCTIEHWS MeTaHa HalifieHbl criocobbl pereHepaLyiv, Mo3Bo/AtoLLMe CTabubHO MPoBOAWTL npoLecc CKO 1
MKK meTaHa B TeveHvie 410 vacos. B pesynbTare npoLecca NosyyeH CMHTE3-ra3 ¢ cooTHoLweHneM Ho/CO = 2,0 6e3 obpasoBaHis
CQz, uto Havbornee MOAXOOMT [/19 €ro WCMo/b30BaHWA B CUHTE3aX METaHOMa M Yr/eBOAOPOLOB Mo Puilepy-Tponiy.
Mpepnonarercs, yuto peakums CKO CH: NpoTekaeT no npsMoMy MexaHu3My C y4acTvieM BOCCTaHOB/IeHHbIX PtQ RuOu Pt-Ru
HaHOK/acTepoB, O6HapY>KeHHbIX SM  MCCefoBaHMEM MOCME WCTbMaHWA CTabuibHOCTU  paspaboTaHHoro PtRu  (L:1)
KaTa/M3aTopa Ha HocuTere.

Kntouesble cnoBa: Pt-RU HaHECEHHbIVi KATa/mM3aTop, CeNEKTVBHOE KaTa/IMTUYECKOE OKMC/EHWe, MapOKMC/IOPOaHas
KOHBEPCUS, MeTaH, CUHras.
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