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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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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/(6+a)AL,O3 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 Ho/CO = 2.0 without the formation of CO,, 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 CHy
proceeds by a direct mechanism involving reduced Pt’, Ru® 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, CH;OH, CH;COOH, CH,0O and C,H¢O. The process of SCO of
methane which proceeds with a molar ratio of hydrogen to carbon monoxide equal to 2.0, 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 2.0.

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 of a 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 s to 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 Al,O3 [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)-Al>O; catalytic systems with varying Pt to 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

Catalyst preparation

Pt-Ru catalysts supported on 2%Ce/(8+0a)-Al,O3; have been prepared by incipient wetness on (0+a)-
ALO; (100-200 um, S = 57.7 m*/g) from water solutions of salts with subsequent heating and reduction
with Hy+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 of the 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 (1+2 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:O02:Ar = 2.0 : 1.0 : 97.0. (%) T = 1173K, V = 9-10° h'!, T = 0.004 s. In the process the SOC of
methane: CHs: O5: HO : Ar=2.0:1.0:2.0:95.0,%, T=1073-1173 K, V=1:10°-9-10°h"".

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 H», Oz, N2, CHs, CoHg, C2Hy4, C3-Cs 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 — 200°C, evaporator
temperature — 280°C, column temperature — 40°C. 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 cm®. 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. Identification 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 CHy 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% CHs+ 1.0% O2+ Ar+ H,O at V=9-10°h"", t = 4,0 ms. It was found that when adding
small amounts of water vapor to the reaction system with a ratio of CH4: 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 H, from 23.8 at 1023 K to the maximum 100% value at 1173 K, without the formation by-
product of a CO,. The ratio of hydrogen to carbon monoxide vary from 3.3 to 5.0. At higher ratio of CHy:
H,O =1 : 1 with increasing the temperature of reaction from 1023 to 1123 and 1173 K was also observed
an increase conversion of methane and selectivity of H, respectively, from 97.5% and 18.8 to maximum
100% of the values without the formation of CO, with a ratio of H»/CO from 3.0 to 3.6.

When the added water vapors increased to the ratio CH4 : H,O = 1: 2, as the temperature increased
from 1023 to 1123 K, all parameters of process also increased. The conversion of methane and selectivity
of hydrogen increased from 62.5 and 26.6 to the maximum 100% values, and the selectivity for CO ranged
from 88.8 — 98.2% with the appearance of small amounts of CO; in the reaction system (0.013 — 0.023%).
As the temperature increased, the H,/CO ratio decreased from 10.0 to 4.6.

Thus, determined that the preferred process for converting of methane is SOC of CH4 with a ratio of
CHs: H O =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 50°C lower than at the SCO of
methane to produce a synthesis gas with a ratio of Ho/CO = 3.0 without the formation of CO..

A study of the effect of changes the volume velocity and temperature of the process SOC of methane
CHs: O2: H;O: Ar=2.0:1.0:2.0:95.0,% on the conversion of methane, the concentration of H, and
CO by the catalytic system 1.0%Pt-Ru (1:1)/2%Ce/(6+0a)—AlLOs at T = 1073 — 1173 K, V = 1-10°- 9-10° h™".
As can be seen from figure 1, the reaction of SOC of methane at 1073 K with an increase the volume
velocity from 1-10° h™' to 9-10° h™! Xcpa, 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 H»/CO was 3.0-4.5.
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Figure 1 - Influence of the volume velocity on change of Xcns, [H2], [CO] in the SOC
of methane by 1.0%Pt-Ru (1:1)/ 2%Ce/(0+a)-AL203
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Thus, determined that the process of SOC of methane with the optimum ratio of CHs: H,O =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 9-10° h' and decreasing the
temperature of the reaction to 1073 K and volume velocity of 1:10°h™ on 1.0%Pt-Ru (1:1)/ 2%Ce/(0+a)-
AlOjs 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 of the initial reaction mixture at CH4 : O, =3 : 1 and CH4:0,=4: 1.
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Condition the process of SCO of methane: CH4: O2: Ar=2.0:1.0:97.0, %,
and SOC of methane CHs4: O2: H2O : Ar=2.0:1.0:2.0:95.0, %,

T=1173K,V=9-10°h"!,1=0.004 s
T=1073K,V=1-10°h",t=0.036's

Figure 2 — Change conversion of methane, selectivity of H2 and CO, ratio of H2/CO on
1.0 % Pt-Ru (1:1)/2%Ce/(6+a)AL2O3 catalyst in time

After that updating of catalyst was performed by regeneration in mixture of Ho+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 CH4 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/(6+a)-Al>O3
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 of the ruthenium cluster.
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Figure 3 - Electron microscopic photos of various phases reduced in Hz at 573 K
1.0% Pt-Ru/2%Ce/(6+a)-ALl20s (a, b, c, 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)Al>O; 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 Ho/CO = 2.0 without the formation of CO,, 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 CH4 proceeds by a direct mechanism involving reduced Pt’, Ru’ 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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METAHHBIH CUHTE3-T'A3FA JEAIH CEJTEKTUBTI
KATAJIUTUKAJIBIK TOTBIFYbI )KOHE BY OTTEKTI KOHBEPCHUSAJIAHYBI

AnHorauusi. CHHTE3-ra3 MyHaW-XHMHS OHIMAEPIHIH KeH CIEKTPIH OHAIPY VIINIH HEri3ri MIMKi3aT OOJIBII
canananpl. CuHTe3-ra3 KypambiHgarsl Hy sxoHe CO apakaThIHACBIHBIH KOPPEJSILMSCH CYHBIK KOMipCyTeKTepi
nemece CH30OH oxcurenarrapein, CHCOOH, CH,O xone C;H¢O. CuHTe3-ra3fapl aayMeH METaHHBIH Oy
pUGOPMHHTIHIH OajlaMalibl PEeaKIMIChl CyTeri OKCHJIHE OHTAWIbl MOJSPJBIK KaThiHAchiHa 2,0 TeH OoJaThiH
METaHHBIH 0eJliHy yzaepici 00Iybl MYMKiH.

Taburu ra3z eHaipy ayaaHaapblHIa ipi ayKbIMABI OHIIpiC KYpY MakKcaTThl ©HIMHIH ©31H/IK KYHBIH aiTapibIKTai
TOMEHJIETyre >KOHE KOpILIaraH OpTAaHBIH JIACTaHYBIH TOMEHJIETyre MYMKIHIIK Oepep eni. OTTeriHiH xericreyi
OapbICBIH/A KOHE KOHTAKTIHIH MUJUTMCEKYH YaKpIThIHIA CHy4 Tikelel TOTBIFY JKOJIBIMEH CHHTE3-Ta3]bl Ay MYHai-
XHMMHUS CHHTE31He MaHbI3/bI pen atkapaTtbiH M. [Iperpe anrar per xKy3ere achIpFaH CalbICTHIPMAIIBI KaHA PeaKus
0osbin caHamanel. 3eprreyiriiep 90-xpumapel Oyir yaepicTi 3eprreyre OJ0K KEyeKTi Karajau3aTtopiapsl Oap
PEaKTOpABl MUKPOPEAKTOpP YAepici GapbIChIHAA eKIHIII peaKnusIIapIblH ajlabH aly OapbIChIHAA NaliallaHy apKbUIbI
Hazapra ajFaH 00JaThIH.

3eprrey oxkyprizy ywin 2%Ce/(0+a)—Al,O3; TaceiManiarbinibiHa  KoHAbIppuUFaH Pt-, Ru xone Pt-Ru
KaTaJIMTUKAIIBIK JKYHENIEpAiH cepusichl NalblHAanpl. KaranuTuKaiblK KyiHenep 3JIeMEHTTEpl TachIMallAarbIlIKa
/(6+a)—ALO3 (100 — 200 MxM, Syn = 57,7 M?/r) MeTal Ty3JapbIHbIH aljblH ajda JalbIHAAIFaH Cy epiTiHainepi
Heriziagme Ce(NOs3)3-6H,O, Ru(OH)Cl; xone H,PtCle-:6H>O apKpuIbI ayaHBIH BUFall CHIABIMIBUIBIFEI OOWBIHIIA
KanuuBipibl CiHIIpy oxiciMeH xysere acwin, 873 K 3 carar Ooiibl ayana OipTiHAen KenTipiiin, ayana OipTiHzen
KbI3IBIPbUIaAbL. 10 M KaTaau3aTopblH YJTICI KBAapl YHTaFrbIMEH MYKHAT apalacThIpbuiaabl (Oeimexrep esmeMi
1:43 xarpHaceiHaa 0,2 MM, kabat Omikriri 20 mMM). ComaH KeliH JKOFapbliaH peakTopFa KOChUIFaH OeliiekTep ipi
kBapI (12 M) geiinri xKanmel OUiKTIri KabaTeHBIH 70 MM. OOJAaTHIH YHTAKICH XKa0bLUTa b,

CopaH KeliH MUKpOPEaKTOpFa METaHHBIH TAIFaMIbl KATAIUTHKAIBIK TOTBIFY YACPICiHIH OacTalKbl peaKIHsITBIK
KOCIIACHl MBIHajal »xarmainapaa xidepinemi: CHa:Ox:Ar = 2,0 : 1,0 : 97,0, (%), T = 1173K, V = 9-10° car’!, 1 =
0,004 c. MeranHbIH Oy OTTEKTI KOHBepcus mpoliecid xkyprizy kesinae: CHs: Oz : H,O : Ar=2,0:1,0:2,0 : 95,0, %,
T=1073-1173 K, V=1:10°- 9-10° car".

bactankpl peakuusUIBIK KOCIAHBI JKOHE albIHFaH ylepic eHiMiaepiH tangay «Xpomardk Kpucramt 5000.1»
XxpoMmarorpadblH MaijganaHa OTBIPBIN, «XpOMaTdK AHAJIUTUK 2,5» OarjapiamMajblK KaMTamachl3 €Ty apKbLIbl
xyprizingi. JKeily eTKi3rimriri OoibIHIIA AETEKTOphl 0ap AMATOMHTTI TachIMalJarbluTa rentagekanHbiH 20%
KypaMbIHbIH (Da3acbIMEH TOJITHIPbUIFAH KalnWUIApJIbl OaraH mnakjananeuinsl. ChlHaMaiapibl ipiKTe€y peakuus
OacranmraH coTTeH, | MMHYTTaH KeHiH aBTOMATTHI TYpJE >KYPTi3iiami. AJIBIHFaH O©HIMJAEPIH KOHIEHTPAIHMICH KOJI
JKETKI3UIreH Kannopiiey rpaduKTepi Heri3iHAe aHbIKTaJIbL.

Karanuzaropnap/pIH 3JI€KTPOHABI-MUKPOCKOIUSUIBIK, cUraTTamanapsl 75 kV ynerkim kepuey kesinne DMK —
125 K (1990, KCPO) mukpockombiHIa anbHIEL. Mop(hoIoTHiICH, OeIeKTep oJIIIeMi KOHe OJapAbIH XUMHUSIIBIK
KYpaMBbI 3JIEKTPOHIAPIBIH MUKPOAH(PPAKISICEIH KOJIIaHa OTBIPHII, SKCTPaKIUsAMeH perntk oxicimer 120000 ecere
neitin yrFato OapeIckIHAA 3epTTenmi. Kemip pemnmukamapbl BaKyyMABIK omMOeOam mocTra IIaHABI, COAaH KeWiH
KaTanu3aTtopiapsiy TackiManaayisickl HF-na epitingi. Mukpoaudpakiusuislk KapTHHAIAPIBl HACHTH(OUKALAIAY
1996 . JSPDS kaproTexacsl OOMBIHINA JKYPIi3iii.

Pt-Ru=1:1 (Pt : Ru = 0,7 : 0,3, ar.%) xatanu3zaTOpAblH TanFamIsl KataauTuKanblK TOTeFy (TKT)
peakuuscbiHIa >koHEe Oy otTekTi KoHBepcuschiHAa (BOK) MeTaHHBIH CcHHTE3-Ta3Fa jKaHAcCy YyaKbITBIHBIH
MWUIMCEKYHJl KE3IHJErl 3epTTey HOTWXKenepi KepceTuireH. TeMmeH mnailbI3AbIK TYHIPUIKTENreH YJITiHIH
TYPaKTBUIBIFBIH 3epTTey Oapbichinaa 1,0% Pt-Ru/2%Ce/(6+a)ALOs kaTanurukanbik xyienin MmetaHHblH TKT xone
BOK ynepicinne 410 carar imiHAe TypakThl XKyprisyre MyMKIHIIK OepeTiH pereHepanysuiay Tacuiaepi aHbIKTaJ bl
Yaepic Hotmxkecinge Ho/CO = 2,0 apaxarsiHaceiMeH CO, Ty3iunMmed cuHTe3-ra3 ajbHAbl, Oyi1 Pumep-Tpormm
OOHBIHIIIA METAaHONI MEH KOMipCyTeKTep CHHTE3iHIe NHaijamaHyda aca Konaimel ekeHi Oenrimi. CHs-mpIH TKT
peakmmsicel Pt:Ru (1:1) xaranm3aTopaplH TYPaKTBUIBIFBIH CHIHAYIAH Keifin OM 3epTrey OapbIChIHIA alKBIHOATFaH
HaHOKJIAcTepaepain Kammbina kenripimren Pt’, Ru® sxome Pt-Ru KaTeICybIMEH TiKelell MeXaHH3M OOMBIHINA ©TEmi
Jiered 00JDKaM JKacasbl.

Tyiiin ce3mep: Pt-Ru karanu3aTopsl, TalramIbl KaTATATHKAIBIK TOTBIKTBIPY, Oy OTTEKTI KOHBEPCHS, METaH,
CHHTE3-Ta3.
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CEJIEKTUBHOE KATAJIMTUYECKOE OKUCJIEHUE
N MMAPOKHCJIIOPOJHASI KOHBEPCHUSI METAHA B CUHTE3-T'A3

AHHoTanus. CHHTE3-Ta3 SBISIETCS OCHOBHBIM CBHIPHEM JUI IIPOM3BOACTBA IMHPOKOTO CHEKTpa HEePTEXMMHUIECKOt
npoayknuu. Koppemsnns cootnomenuss Hx u CO B cocTaBe CHHTE3-Ta3a MO3BOISIET IOMYYaTh XKUIKHE YTIEBOJOPOIBI MIIH
oxcurenatsl CH3OH, CH;COOH, CH20 u C:HeO. IIponecc nomydeHus MeTaHa, IPOTEKAIOMUI IPH MOISIPHOM COOTHOIICHUH
BOJIOpOJa K MOHOOKCHIY yriepoaa, paBHOM 2,0, MOXET CTaTh peakiieil, albTepHaTUBHOW peakIuy MapoBOro pudopMuHra
MeTaHa JUIsl TIOJyYeHMs] CHHTE3-ra3a. AJIPTEpPHAaTUBHOM peakmuell mapoBoro pudopMuHra MeTaHa ¢ IOJy4YeHHEM CHHTE3-Tasa
MOXET OBITH IIPOLIECC BBIACICHUS METaHa, NMPOTEKAIOMIMI C ONTHMAaJbHBIM MOJISIPHBIM OTHOIIEHHMEM BOJIOPOIA K OKCHIY
yriepona, paBaeiM 2,0. Co3naHue KpyImHOMAcIITaOHOTO IPOW3BOACTBA B paioHax MOOBIYM IPUPOIHOIO ra3a MO3BOJIHIO OB
3HAUUTENBHO CHU3UTh CEO0ECTOMMOCTh LIENIEBOM MPOAYKIMU M CHU3UTh 3arps3HEHue OoKpykaromeil cpeapl. IlomydeHue cuHTes-
raza mytem mpsmoro okucinenus CH4 mpu HemocTaTke KHCIOpPOAAa M MMIIMCEKYHIHOM BpPEMEHHM KOHTAKTa SIBIISETCS
OTHOCHTETIFHO HOBOW peakiyeil, BIepBbie ocymiecTBIeHHOW M. IIpeTpe, KOTOpas WrpaeT BaKHYIO pojb B HEQTEXUMHUECKOM
cunTe3e. MccmemoBaTenn BepHYNHCh K H3YyYeHHIO 3Toro mporecca B 90-e romsl Omaromapst MCHONB30BAaHHIO PEaKTOpa C
OJIOYHBIMHY ITOPHCTHIMHA KaTaJIM3aTOpPaMH BO BpeMsI Ipoliecca B MUKPOPEaKTope, KOTrja BTOPHYHbIE PEaKIHH IIPEJOTBPAIIAIOTCSI.

Jlns mpoBeneHns McciIenoBaHHi Obuta IpHroToBiIeHA cepus Pt-, Ru- m Pt-Ru karanmmTnueckux cucTeM, HaHECEHHBIX Ha
2%Ce/(0+0)—Al203. KaTanutuueckue CHCTEMbI OBLIM MPHUIOTOBJICHBI METOAOM IOCIEIOBATEILHOIO BHECCHUS 3JICMCHTOB Ha
nocutens (0+a)~AlOs (100 — 200 mkm, Sy, = 57,7 M?*/r) u3 3apaHee NPUIOTOBIEHHBIX BOJHBIX PACTBOPOB COJIEH METAIOB
Ce(NOs3)3:6H20, Ru(OH)Cl3 n H2PtCle:6H20 MeTooM KanmimIsipHOH MPONMUTKK Ha BO3JYXE IO BIATOEMKOCTH C ITOCIIEAYIONINM
MOCTEIIEHHBIM TPOrpeBoM Ha Bo3xyxe mpu 873 K 3 4. AKTHBHOCTH pa3pabOTaHHBIX KaTalMTHYeckux cucteM B mporecce CKO
MeTaHa ONpENeNsad B KaTaJMTHYECKON NMPOTOYHON YCTAHOBKE MPH aTMOC(HEPHOM JaBIEHHM B KBAapLEBOM MHKPOPEAKTOPE C
BHyTpeHHHM auameTrpoM 0,45 cm. 10 Mr HaBecka KaTaim3aTopa TIIATENbHO IEPEMENINBajach C MOPOLIKOM KBapua (pa3mep
gactun 0,2 MM B cooTtHomieHnu 1:43, BricoTa cios 20 MM). 3aTeM CBEpXy B PEaKkTOp AOOABISIIMCH YaCTHLHI 0ojiee KPYITHOTO
kBapua (1+2 mm) mo oOmeii BeicoThl cnos 70 mM. [locie sToro momaBanach MCXOAHAS PEAKLMOHHAS CMECh MPU CIEAYIOIINUX
yemousix: CHa:02:Ar = 2,0 : 1,0 : 97,0, (%), mpu T = 1173K, V.= 9:10° a’!, 1 = 0,004 c. IIpu npouecce IIKK merana: CHs: Oz :
H20 : Ar=2,0:1,0:2,0:950, %, T=1073 — 1173 K, V = 1-10° - 9-10° u'!. AHanu3 ncxomHON PEaKIMOHHON CMECH M
MONYyYeHHBIX IIPOAYKTOB IMpollecca MpPOBOJWIM C HCIOJIB30BaHMEM Xxpomatorpada «Xpomatdk Kpucramr 5000.1» ¢
IpOrpaMMHEIM ~ obecriedyeHHeM «XpoMaTdK AHAIMTHK  2,5», CHA0KEHHOTO aBTOMAaTHYECKHM Ta30BBIM  J[03aTOPOM,
MOAKJIFOYSHHBIM HETIOCPEICTBEHHO K YCTAHOBKE 10 OKHCIICHHIO METaHa B CHHTe3-Ta3. lMcrmonb3oBaiach KanmuULIpHAsh KOJIOHKA,
3anonHeHHas ¢asoli coctaBa 20% renTangekaHa Ha AUATOMHUTOBOM HOCHUTEJIE C AETEKTOPOM IO TEILIONpoBoaHOCTH. OT6Op 1Mpod
MPOBOJUJICS aBTOMATHUECKM uepe3 | MUHYTy Hocie Hayana peakuuu. KoHLEHTpanuy moTyueHHBIX MPOAYKTOB OMpEAEIIsId Ha
OCHOBE TOJIy4E€HHBIX KaTHOPOBOYHBIX IPaHKOB. DIEKTPOHHO - MUKPOCKONUYECKNE XapaKTEPUCTUKH KAaTaIH3aTOPOB MOIY4EHbI
Ha mukpockorie DMK — 125 K (1990, CCCP) mpu yckopsiromeMm HamnpspbkeHnn 75 kV. Mopdonorus, pasMep dacTull H UX
XUMHUYECKUI COCTaB HCCIeAOoBalUCh mpH yBennueHnn 10 120000 pa3 METOIOM peIUIMK C AOKCTPAKIUEH C MPUMEHCHHEM
MHUKpPOAN(PAKIUKN ICKTPOHOB. YTONBHBIE PEIUIMKM HANbULUINCE B BaKyyMHOM YHUBEPCAIBHOM IIOCTYy, 3aTe€M HOCHTEIb
KaTanu3aTopoB pactBopsuics B HF. Vnentudukanns MUkpoanpaknroHHEIX KapTHH IIPoBoAMIack 1Mo kaproteke JSPDS 1986 .

B npencrasnenHoi paboTe NpUBEIEHB! JaHHBIE [0 U3YYEHHIO cTaOMiIbHON paboThl paspaboranHoii Pt-Ru = 1:1 (Pt:Ru =
0,7:0,3, ar.%) KaTaIUTHYCCKON CUCTEMBbI. AKTHBHOCTh KaTalM3aTOpa HUCCICIOBAHA B PEAKIMH CEIICKTHBHOTO KATAIUTHYCCKOTO
okucienus (CKO) u mapokucnoponnoii konsepcun (IIKK) metana B cuHTe3-ra3 mpu MajbIX BpeMeHax KOHTakTa. B mpouecce
HCCIIEA0BaHMs CTaOMIPHOCTH HU3KOIPOLICHTHOTO rpanyiupoBaHHoro obpasua 1,0%Pt-Ru/2%Ce/(0+a)Al203 katanuTudeckoit
CHCTEMBI B IPOLIECCE OKHUCICHHIS METaHa HAalIEHBI CIIOCOOBI pereHepaliiy, MO3BOoJISIoIUe cTabmibHO mpoBoaAnTs nporece CKO u
[IKK metana B Teuenue 410 gacoB. B pe3ynbrate mporecca momydeH cuaTtes3-ra3 ¢ cootHomenuem Hz/CO = 2,0 6e3 oOpa3zoBaHus
CO2, 4to Hamboyiee IOAXOOWT UL €r0 HCIIONb30BaHUS B CHHTE3aX MeTaHola W yrieBomopomoB mno dumepy-Tpommry.
[penmnonarercs, uro peakuus CKO CH4 mporekaer mo npsaMoMy MexaHusMmy ¢ yuactueMm BoccraHoBieHHbix Pt?, Ru® u Pt-Ru
HAHOKJIACTEPOB, OOHapyXXEHHbIX OM HccleoBaHMEM IIOCNIE WCHBITaHHWs CcTadwibHOCTH pas3paboranHoro Pt:Ru (1:1)
KaTaJIM3aTopa Ha HOCUTEIIE.

KinroueBble cioBa: Pt-Ru HaHeceHHBIN KaTanu3aTop, CENEKTHBHOE KaTaUTHUECKOE OKHCIEHHE, MapOKHUCIOPOIHAs
KOHBEPCHSI, METaH, CUHTa3.
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