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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
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BIMETALLIC Co-Pd CATALYSTS FOR DRY
AND BIREFORMING OF METHANE

Abstract. Carbon dioxide reforming of methane represents a promising method to effectively convert both
greenhouse gases — CH4 and CO; into valuable energy resources via syngas. Adding steam to a feed allow to adjust
syngas composition that is important for its following application. This work considers the bimetallic Co-based
catalyst modified with additive of noble metal — Pd and supported on alumina tested in the dry (DRM) and combined
steam-dry (CSDR) reforming so-called bireforming of methane (BRM) to produce synthesis gas with a controllable
ratio of Ho/CO. The addition of small amount of noble metal (2-5% from total metal mass) to the Co-based catalyst
caused an increase in efficiency of the catalyst in the both processes. The bimetallic 5%Co-Pd/AlLO; catalyst
revealed the high stable activity and selectivity during its long-term continuous testing. Thus, in BRM the extent of
conversion of CH4 and CO; are 93 and 84% respectively at t = 700°C, CH4:CO2:H,O = 1:1:0.5 under atmospheric
pressure. No losses of activity and selectivity of the 5%Co-Pd(4.9:0.1)/A,O3 catalyst were observed during for
100 hours of its continuous operation. The catalysts were characterized by BET, SEM, TEM, and TPR methods. The
catalysts studied can be considered as a prospective base to develop the effective catalysts for methane conversion
into valuable syngas with controllable ratio.

Key words: Dry Reforming of Methane, Bireforming of Methane, Syngas, Bimetallic Co-Pd supported
catalysts.

1. Introduction. It is known that the reserves of dominantly used fossil fuel (crude oil) are depleting.
On the other hand, natural gas, which is primarily composed of methane, is expected to last longer than oil
reserves. Current industrial processes utilize methane as a main feedstock for converting it to the valuable
synthesis gas (syngas, a mixture of CO and H») which is further used in diverse downstream processes,
such as production of oxygenated compounds, methanol synthesis, Fischer-Tropsch (FT) synthesis for
production of liquid hydrocarbons and numerous other carbonylation and hydrogenation or reduction
processes [1-2].

The most common methane reforming processes for hydrogen production are known as: “steam
reforming (SRM)”, “partial oxidation (POM)”, “dry reforming (DRM)” or combination of the exothermic
POM process with endothermic ones — SRM or DRM “autothermal reforming (ATR)” and are still
developed [2-9]. All processes represent itself oxidative reactions that collectively named in the literature
as oxyforming processes [10].

In various reforming processes, biogas can be used as a methane source, which directly depends on its
composition. In general, syngas and H, from syngas can be produced by methane or biogas reforming in a
wide temperature range of 600-1000°C (endothermic and reversible reactions), involving predominantly
catalytic processes that are often combined. Both reforming processes can be performed under low
pressure (in most cases under atmospheric pressure) in tubular fixed-bed or fluidized reactors [11-13].
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In DRM and SRM, methane, the most abundant hydrocarbon, is reformed through the reactions (1)-
(4) to Hz, CO and CO,. These reactions take place catalytically at temperatures as high as 800 °C for
satisfactory methane conversion [1, 14-15].

CH, + CO, <> 2CO + 2H, AH® 0= 247.3 kJ mol ™! (Eq. 1)
CH, + H,0 <> CO + 3H, AH®05 = 206.1 kJ/mol (Eq. 2)
CO + H,0 «> CO, + Hy AH®05 = -41.17 kJ/mol (Eq. 3)
CH, + 2H,0 < CO, + 4H, AH®05 = 165.0 kJ/mol (Eq. 4)

Although SRM producing CO and H, (Eq. 2) has great energy expenditure, this is the most
widespread industrial route to obtain H». The Ho/CO ratio produced in SRM is equal to three, therefore
this way is the most appropriate one from the H, generation point of view [11]. The Water-Gas Shift
Reaction, commonly known as “Shift Reaction” (Eq. 3), occurring in DRM and SRM processes enables to
produce an additional amount of H,. Equation 4 shows the reaction of methane SR associated with the
Shift Reaction [2, 11, 16-17].

Currently, a combination of SR with DR of methane has attracted much attention. The H,/CO product
ratio can be controlled by changing the H,O/CO, ratio in the reaction feed [18-19], thus it is feasible to
produce synthesis gas with the H,/CO ratio of about 2, which is suitable for the methanol and Fisher—
Tropsch syntheses [1-2]. Addition of steam to the feed has some practical benefits over CH4 reforming
with CO; alone: (i) the carbon formation is reduced because of the oxidation of carbonaceous species, and
(i) syngas with a broader range of H»/CO ratios can be produced by alteration of the relative
concentrations of steam and CO; in feed stream based on the final FT products [1-2, 18-19].

Transition metals such as Ni, Pt, Rh or Pd possess the catalytic activity in SRM, among them the Ni
catalysts have the advantage of having lower costs. On the other hand, Ni has greater deactivation
susceptibility by the coke formation due to the high temperatures used, which makes the Pt and Pd
catalysts interesting with regards to stability. The most active catalysts for DRM, reported in literature, are
those that use the transition metals of the group 8 of the Periodic Table, particularly Pt, Rh, and Ru. These
metals have been used as catalysts for the DRM because of their excellent catalytic reactivity and anti-
coking property [7-8]. However, these metals are expensive and less abundant and are therefore not
suitable for commercial applications. More affordable transition metals such as Ni and Co have been
studied as alternative catalysts for the DRM because of their low cost and good catalytic performance [20-
21]. Addition of noble metals in small amount can be used to enhance the catalyst stability.

Earlier we have studied the 5%Co-Pd system supported on alumina demonstrated activity in dry
conversion of methane with producing syngas and oxygenates under elevated pressure and relatively low
temperature [22]. Interaction in a bimetallic Co-Pd system supported on a solid support material can play
an important role in determining the catalytic performance to achieve high effective catalysts for syngas
production either by dry or combined dry-steam reforming of methane. In this paper we report the
experimental results on testing the bimetallic Co-based alumina supported catalyst modified with a low
amount of noble metal — Pd (2-5% from total metal content) in DRM and BRM.

2. Experimental. The bimetallic 5%Co-Pd/Al,Os catalysts were synthesized by co-impregnation
method and tested in dry and combined dry-steam reforming of methane. The total content of Co and Pd
metals was equal to 5% of the catalyst mass. Ratio of Co:Pd is varied from 98:2 to 95:5 that corresponds
to 4.75+4.9/0.1+0.25 mas.%. The processes were carried out in a tubing quartz reactor equipped with a
heating furnace, a syringe pump, and mass flow controllers. Prior to the reaction, the catalyst sample in the
amount of 6 ml was loaded into the reactor and pretreated by H» at 300°C for 1 h.

Testing the catalysts in DRM, CSDRM and SRM have been carried out using a feed —
CH4:CO,:H,0=1/0+1/0.5+1, varying temperature within 300-800°C, Pam and gas hourly space velocity
(GHSV) varying within 1000-2000 h™'. “Pure” feed without diluting by inert gas have been used. The
duration of each test under the certain conditions (temperature, feed ratio, and GHSV) was 10-12 hours.
With an aim to determine the catalyst stability, the continuous long-term test of the catalyst 100 hours was
carried out in bireforming of methane, because of it has high level conversion of methane.

Initial and final gas products were analyzed using on-line the GCs with a TCD (Chromatek-Krystall-
5000 and Chromatek-Gazochrom-2000 using columns: Hayesep N, NaX, CaX and activated carbon;
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carrier gases are Ar and air). The CHs and CO; conversion and H»/CO ratio were calculated using the
following formulas (1-3):

CHulin—|CH4lou
X(CH,) = % x 100 (1)
_ [Coz]in_[coz]out 1 2
X(C0y) = 12Tl x 100 )
H2 — [Hz]out
/co = [COlout 3)

where X(CHy) is conversion of methane (%), X(CO,) is conversion of carbon dioxide (%).

The conversion of water was not calculated because of the difficulties in differentiating unreacted
water and water formed by the secondary reaction. The yields of the reaction products, hydrogen (Y(H.))
and carbon oxide (Y(CO)), expressed in micromoles formed by 1 gram of the catalyst per second
(umol/g/s) were calculated, and thus selectivity and productivity of the catalyst were assessed and
compared.

To understand the effects of the reaction feed and process conditions on the catalyst characteristics,
the physico-chemical properties of the catalysts were characterized by BET, SEM, TEM, and TPR
methods before and after reaction.

3. Results and discussion

3.1 Catalyst characterization

XRD analysis of fresh and spent samples of 5%Co-Pd/Al>O; catalysts did not reveal phases except
v-alumina characterized by reflexes of 1.39, 1.98 and 2.42 (ASTM 10-425). This can be caused by a high
dispersion of the metal phase and/or their X-Ray amorphous state. The TEM analysis confirmed the high
dispersion of metallic particles: their sizes were less than 3 nm. No sintering of the particles was observed
after the catalyst operation.

The BET surface area of the 5%Co-Pd(4.9:1)/Al,0; catalyst was markedly decreased from 159.1 to
89.3 m%/g after its long-term operation in both DRM and BRM processes. One of the possible reasons for
this may be the presence of the residual reaction products adsorbed on the catalyst surface, which was not
treated after testing and prior BET study.

The addition of a noble metal, Pd, has a significant effect on the reducibility of cobalt oxides. This has
been demonstrated by means of TPR-study. Figure 1 shows the effect of Pd additive on Co reduction.
There is a two-step reduction via Co3;04—CoO—Co° as it was proposed earlier for a similar Co-based
catalyst [23]. It is clear from Figure 1 that the reduction temperatures of the Co oxides are significantly
shifted to lower values. The shift is enhanced with increase in Pd amount. Thus, the first and second peaks
corresponding to the reduction of Co304 and CoO respectively are shifted in the following sequence of
230 — 210 — 190°C and 410 — 380 — 328°C, respectively, while the Pd content is increased from 0.25
to 1.5 mas.% (figure 1).

=

3

Hydrogen consumption

Temperature, °C

Figure 1 — H2-TPR profiles of the 5%Co-Pd/A120; catalysts with varying content of Pd:
1= Co-Pd(3.5:1.5); 2 — Co-Pd (4.5:0.5); 3 — Co-Pd(4.75:0.25)
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3.2 Catalyst test

The Co-containing alumina supported bimetallic catalysts — 5%Co-Pd/Al,O3 were examined in dry
(DRM) and bireforming (BRM) of methane. Due to the highly endothermic nature of reforming reactions
(Egs.1-2), the temperature has the most significant effect on methane reforming. Conversion CH4 and CO;
as well as yields of H, and CO in DRM and BRM as a function of temperature are exhibited in figures
2 and 3, respectively. In DRM, the yields of hydrogen and carbon oxide are grown with increase in
temperature and are almost the same over the entire temperature range studied. Their values reach 15.03
and 15.3 umol/g-s respectively at 700°C (figure 2). Whereas in BRM under the same conditions: t=700°C
and ratio C/O=1 in a feed the yield of hydrogen is slightly higher — 15.5 and Y(CO) decreases to 11.1
umol/g-s (figure 3). These results may be explained by lower content of C and higher H in a feed:
CH4:CO2=1:1 (DRM) and CH4:CO,:H,0=1:0.5:0.5 (BRM). Accordingly, the ratio of H,/CO is higher in
BRM - 1.4 in contrast to DRM — 1.0. Extents of methane and carbon dioxide conversion are 82.7 and
85.6% and 91.1 and 78.3% in DRM and BRM, respectively. Enhanced conversion of CO; is caused by its
twice lower content in the BRM feed.

100 1 —m=X(CH4) - 40

0 | —e=X(CO2) F 35
—de—Y (H2) 30 2
s 60 - -2 2
X —e—X(CO) I
< 40 - s B
20 - - 10 >

-5

O T T T O

350 450 550 650 750 850
t, °C

Figure 2 — Effect of the temperature on the DRM over 5%Co-Pd(4.9:0.1)/Al203 under P=1 atm,
CH4:CO2=1:1, GHSV=1000 h!

100 - - 40
—m—X(CH4)

80 1 —e—X(CO2) L 30 =
o 60{ —AY(H2) %D
= —e—Y(CO) - 202
<40 - =]
20 - L 10 >

0 = T T O

350 450 550 650 750

t, °C

Figure 3 — Effect of the temperature on the BRM over 5%Co-Pd(4.9:0.1)/Al203 under P=1 atm,
CH4:C0O2:H20=1:0.5:0.5, GHSV=1000 h"!

The 5%Co0-Pd(4.9:0.1)/Al,03 has been long-term tested in BRM in order to determine the catalyst
stability. During 100 hours of testing, the catalyst retained its activity: X(CH4)=93 and X(CO;) =~84% on
average and produced syngas with the same yield and consequently selectivity: Y(H») =18.5 and
Y(CO)=15.4 pmol/g*s under the following conditions: CH4:CO,:H,0=1:1:0.5, P=0.1 MPa, T=700°C,
GHSV=1250 h™' (Fig.4). The ratio of Hy/CO=1.2.
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Figure 4 — Effect of time on stream on BRM over the 5%Co-Pd(4.9:0.1)/Al203 catalyst under P=1 atm,
CH4:CO2:H20=1:1:0.5, GHSV=1250 h"!, t=700°C

In table 1, the comparison of DRM and BRM is presented at varying ratios of reagents (CHs, COs,
H,0) in a feed. In terms of high methane conversion and hydrogen yield, the content of both O and H in a
reagent mix should be higher. Both CO, and H»O facilitate carbon removal from the catalyst surface.

Table 1 — Effect of feed composition on methane conversion and yield
of products over 5%Co-Pd(4.9:0.1)/Al205 catalyst under P=1 atm and t=700°C

Process Feed: ratio, vol. Conversion, % Yield, pmol/g*s Ratio of
H»/CO
reagents C/O/H o/C H/C CH4 CO2 H CcO
DRM CH4:CO2=1:1 2/2/4 1 2 82.7 85.6 15.03 15.3 ~1
BRM CH4:C0O2:H20=1:0.5:0.5 1.5/1.5/5 1 33 78.3 91.1 15.5 11.1 1.4
BRM CH4:CO2:H20=1:1:0.5 2/2.5/5 1.25 2.5 93 84 18.5 15.4 1.2

The synthesized Co-Pd/Al,O; catalysts have showed the high activity and stability in methane
reforming. The high activity of the bimetallic catalysts is the result of the Co-Pd interaction demonstrated
by H,-TPR. Addition of Pd facilitates Co reproducibility. As well as metal-metal and metal-support
interaction can prevent the sintering of small metal species into big particles and the coke formation. No
visible coke formation was observed after long-term testing of the catalyst. No coke and metal sintering
were revealed by TEM-study too.

Conclusions. The bimetallic 5%Co-Pd/Al,O; catalysts with small amount of Pd — 0.1-0.25 mas.%
have performed the high stable activity and selectivity in reforming of methane under atmospheric
pressure and elevated temperatures producing syngas with H,/CO ratio varied depending on the feed
composition. Conversion of CHs and CO, is varied within 78-93% at 700°C. No loss of activity and
selectivity of the 5%Co-Pd(4.9:0.1)/Al,0; catalyst was observed during for 100 hours of its continuous
operation.

The addition of Pd to the Co-based catalyst is accompanied with formation of the high dispersed state
of metals as well as increasing in Co reducibility due to the Co-Pd interaction. In summary, the Co-Pd
systems studied can be considered as a prospective base to develop the effective catalysts for methane
conversion into valuable syngas with controllable ratio by regulating steam content in an initial feed
CH43C023H20.
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METAHHBIH CYCbI3 )KOHE BUPE®@OPMUHI'THE APHAJIFAH
BUMETAJLABI Co-Pd KATAJIU3ATOPJIAP

AHHOTaUMA. MeTaHHBIH KOMIipKBIIIKBUIIBI KOHBepiieHyi KocmapHukTi ras3nael (CHs sxone CO;) cuHTE3-ra3
apKBUIBI OaFralibl SHEPTHS pecypcTapblHa afHABIPATHIH OOIamarsl 30p THIMAI o tic 00bI caHanaasl. [1lukizaTka cy
OyBIHBIH KOCBUTYBI CHHTE3-T'a3/Ibl AJIIaFbl YaKbITTa KOJIJAaHYa MaHbI3/Ibl KYPaMbIHBIH PETTeNyiHe MYMKIHAIK Oepei,
COHBIMEH KaTap KOKC Ty3uriciH Temenaeremi. by symbic Pd aceur metamn yieci Herizinme moauduiupiacares Co
KypaMpl OMMeTal[bl KaTaln3aToPAbl METaHHBIH KOMIPKBIIIKbUIAB! (Cych3 pudopmunri) xoHe Ho/CO KaThIHACHI-
HBIH pETTellyi HeTi3iH/e CHHTE3-Ta3 ajlyFa MYMKIHAIK TYJbIPAThIH OyJbl KOMIPKBIIKbULAEL (MeTaH OupudOpMHHTi)
KOHBepJIeHyiHe 3epTTeyre Herizaenred. Karamuszarop kacuerrepi BOT, CEM, XKXOM sxone TBT omicrepi apKbLibl
CHUIIaTTaJIbI.

5%Co-Pd/Al,03 GumeTanpl Katanu3aropiiapbl OIpiKKEH CIiHIpY 9JiCi HETi3iHAe CHUHTE3/AENl JKOHEe METaHHbBIH
KOMIPKBIIIKBUIIBl JKOHE OYIIbI KOMIipKBIIKbUIAE pudopMuHrinae cbiHanmbl. Co jxoHe Pd MeTanbIHBIH KajIibl
MeJIIepi KaTamu3aTop mMaccachiHbH 5%-biH Kypaiasl. Co:Pd xatemacer 98:2-meH 95:5-ke neifiH aybITKUABL, SIFHU
4,75+4,9/0,1+0,25 (%) MaccanblK KypamblHa CoMiKec Kenexdi. YAepic KbI3IbIpy Melli, IINPHIl COPFBICHI JKOHE Tra3
IIBIFBIHBIH OaKbUIAFBIIITAPMEH JKa0IBIKTATFaH KYOBIPIIBI KBApIl PEaKTOPBIHA KYPTi3UIIi.

5%Co-Pd/Al,O3 xaTamu3aTopiapbIHbIH OacTanKel KOJAaHBUIFaH ChIHAMaaapeiHbiH POA Tammamacse! 1,39, 1,98
xoue 2,42 (ASTM 10-425) peduexcTepi apKpUIbl CHIIATTaIFaH Y-aJlOMHHHH TOTHIFBIHAH Oacka (aszamapmapl
kepcerneni. bynm meramn ¢asachlHBIH KOFaphl TUCIEPCTLIINIHE HEMece OJIAPIAbIH PeHreHai aMOp(THIK KYyHiHE
OaiinanbIcThl 00nybl MyMKiH. JKOM Tangamachl MeTalAbIK ycaK OeIIeKTepiH >KOFapbl AMCIEPCTI Kyiae eKeHiH
Jonenaeiai: emmemi 3 HM-AeH Kimni Oonbin kepinai. KartanuzaTop >kyMbIChIHaH KeHiH ycak OenmektepliH Oipiry
yaepici Gaiikanmanbl. Co Kypam[sl Karanuzaropra a3 menmiepae Pd (Meramn maccachiHbIH 2-5%-bI) KOCBUIFaH-
JIBIKTaH, MeTaap KOoFaphl JUCHEepCTi Kyire keni, consiMeH Karap Co-Pd e3apa kareiHac HoTmxkeciHne Co TOTHIK-
cei3nanybIHbIH apTysl JKBT 3eprTeyi Herizinae pactanbl.

Co KypaMbl KaTalan3aTopra a3 MeJIIep/eri acbll MeTAJIIBIH KOCBUTYBI €Ki yaepic Ke3iHe KaTalu3aTop acepiH
ywrraitTeL. 5%Co-Pd/Al,O3 karanm3aTopiaapsl METaHHBIH KOMipPKBIITKBUIIEI )KOHE OYIIhl KOMIpPKBIIIKBUIIIEI KOHBEpIIE-
HyiH/e chiHaabl. KOHBepIiey peakiUsIapblHbIH KOFAPFbl dHAOTCPMUSUIBIK CHUIAThIHA OAalIaHBICTBI TEMIIEPATYp-
aHbIH METaH KOHBEpJICHYiHE alTapibIKTall eTe KOorapbhl acepi Oap. PeareHTTepiaiH KOHBEpIICHY Iopekeci jKoHe
enimMaepaid 1biFbiMbl 400-ner 800°C-re meiiiH TeMIepaTypaHbIH JKOFapbuiay OoiibiMeH aprambl. CyTteri MeH
KOMIpTEeK MOHOTOTBIFBIHBIH HIbIFbIMbI MKKK-1e 3eprrenren TeMiepaTypaHblH OapiiblK ayMarblHIa OipKeKi 00JIbIn
keneni xoHe cobikecinme 800°C-me 15,03 mxmonb/r-c-ke TeH. MBKKK-nme cyreriHiH MBIFBIMBI 15,5-ke neiiin
aprazgpl, an CO mbireiMbl 11,1 Mrmonb/r-c-ke aeiiin Temenneai (CH4:CO,:H,0=1:0,5:0,5). Coiikecinme, H,/CO
kareiHackl MBKKK ynepicinne MKKK-ine — 1,0 kaparanaa xorapsl — 1,4-ke TeH. MeTaHHBIH JKOHE KOMIPTEK KOC
TOTHIFBIHBIH KOHBepiieHy aopexxkeci MKKK xarmaiieiama 82,7 xoHe 85,6%-mb1 Kypansl, coiikecinme, MBKKK
skarnaiibiaaa 91,1 xone 78,3%-ra TeH.

5%Co-Pd/Al,0; Oumeranabl Karanu3aTop Y3aKMep3iMIi Y3IIKCi3 ChIHAYy Ke3iHIe JKOFapbhl TYPAaKThI
OCJICEHIUTIKTI JkKoHE TanFaMaeliabl  kepcerTi. 5%Co-Pd(4,9:0,1)/A1,0; kaTaim3atopiablH —OEICEHITIrT MeH
TanFamMbIHBIH TeMeHneyi 100 carar TypakThl KyMbIC aTKapradjga OafikanMansl. Opta ecenmeH X(CH4)~92 sxoHe
X(CO,)=84% ten, an xeneci yaepic (CH4:CO,2:H,0=1:1:0,5, P=0,1 MIla, T=700°C, GHSV=1250 u™!) xarnaiisinga
cuHTres-ra3 Oipkenki tarammer Y (Hz) =18,5 xone Y(CO)~15,4 mxmois/T-c ansiHaabl. Hy/CO katbiHacer 1,2-re TeH.
¥3akMep3iMi ChIHAKTaH KeHiH KOPIHETIH KOKC Ty3LIyci OaiikaiMabl.

Conpgpikran 5%Co-Pd/Al,O; Oumeranapl Katanuzarop aTMocepanblk KbICHIM Ke3iHIE JKOHE IKOFaphbl
TeMIepaTypaja IIMKi3aT KypaMbiHa OainaHbICThl ©3repin oThipaThid Hy/CO KaThIHACKI TOH CHHTE3-ra3 Ty3iTiciMeH
KYPETIH METaHHBIH KOHBEpJIEHY YIEpICIHAE JKOFapbl JKOHE TYPAaKThl OEJNCeHAUTIKTI KepceTTi. 3eTTeNreH
katamuzaropinapaa MKKK  sxeme MBKKK  yzaepiciHiH — canbICTBIpBULY  JKaFiailbl METaHHBIH —KOHBEpJICHY
TEMIIepaTypachIHbIH TeMeH eyl TyproicbiHaa Kaparanna MBKKK tuimai exennuiri kepinai. Co-Pd xapacteipsuiran
JKYHenepiH MeTaH/Ibl OaKbUIaHATHIH KaThlHacKa Me (OepileTiH MmuKizaTKa Cy OybIHBIHBIH OepislyiH peTTey apKblibl)
CHHTE3-Ta3Fa KOHBEpJIEyTe apHaJIFaH THIM/I KaTaln3aTopliap jkacay YIIiH KeJemeri Oap Heri3 peTiHae KapacThlpyFa
OoJamsl.

Tyi#iin ce3mep: MeTaHHBIH CyChI3 PHQOPMHHTI, MeTaH OumpudopmuHri, cuHTe3-ra3, Co-Pd Ommeramms
OpHATBUIFAH KaTajau3aTopiap.

— 117 ——



News of the Academy of sciences of the Republic of Kazakhstan

E.A. Boaey6aes!, T. Xiao? III.C. Utkynosa'™", K.A. Banumesckuii!, I.X. ’Ky6anoimena!

'AO «MHCTUTYT TOIIMBA, KaTanu3a U snektpoxumun uM. J1.B. Cokonbeckoro», Anmarel, Kaszaxcran;
2 Inorganic Chemistry Laboratory, Oxford University, South Parks Road, OX13QR;
3 Kasaxcrancko-bpuranckuii Texuuueckuil Y HuBepcuTeT, AnMarthl, Kazaxcran

BUMETAJVIMYECKHUE Co-Pd KATAJIM3ATOPBI
JJIAA CYXOI'O PUOOPMUHI'A U BUPU®OPMUHI'A METAHA

AHHOTAUMA. YTIICKHCIOTHAasS KOHBEPCHUS METaHa SBIIACTCS MHOTOOOEMIAIOINM CIocoO0oM 3(h(HEKTHBHOTO
npeobpa3oBanus 000uX MapHUKOBBIX Ta30B — CHy m CO; B IIeHHBIC dHEPreTHYECKUE PECYPCHI Yepe3 CHHTE3-Ta3.
Jlo6aBieHne mapoB BOABI B MCXOAHYIO CMECh I03BOJISIET PETYIMPOBATh COCTAB CHHTE3-Ta3a, YTO BAKHO JUIA €TO
JaJbHEHIero MCHOJIB30BaHUs, a TaKkKe CHU3UTh KOKCooOpaszoBaHue. JlaHHas padoTa IOCBSIIEHa HCCIIEIOBaHUIO
OMMEeTaNIMYEeCKOro  KOOaJbTCOASPIKAILIET0 KaTanu3aropa MOAU(UIMPOBAHHOTO go0aBieHHeM OJ1aropomHOro
Mmetaiia — Pd, HaHecE€HHOrO Ha OKCHZ alIOMHUHHMS, B mporeccax yriaekucnotHod (YKM) u mapoyriekucioTHOH
(ITYKM) xoHBepcun MeTaHa JJisl NOJyYeHHsl CHHTE3-Ta3za ¢ KOHTposimpyembiM cootHoureHneM H,/CO. CaoiictBa
Karanu3zaropa ObLIM oXapakrepuzoBanbl Merogamu bOT, COM, IITOM u TIIB.

Bumerammueckne 5%Co-Pd/Al,O3 karamuzaropsl ObLIM CHHTE3WPOBAHBI METOJOM COBMECTHOW INPONHTKH W
IIPOTECTUPOBAHBI B MpoOLEccaX YIIEKUCIOTHONW W IMapOyIJIEeKUCIOTHON KOoHBepcuu Merana. OOriee cojepikaHue
metamuioB Co u Pd paBnsmock 5% ot macch karanmzatopa. CootHornenue Co:Pd BapeupoBanocsk ot 98:2 no 95:5,
YTO COOTBETCTBYET WX MaccoBoMmy cozaepxanuio 4.75+4.9/0.1+0.25 (%). Ilpomeccsl MpOBOAMINCH B MPOTOYHOM
KBapILIEBOM PEaKTOpE, OCHAMIEHHOM HarpeBaTeseM, IIMPHULIEBBIM HACOCOM U PETYIISATOPAMH MACCOBBIX TIOTOKOB.

P®A anamu3 MCXOAHOTO W HCIOJIBb30BAaHHOTO 00pasioB karanu3aropoB 5%Co-Pd/Al,O; He BbISBUMI HAIUYUS
Kakux-1u00 (a3, KpoMe y-OKCHIa allOMUHMS, XapaKTepusyromerocss Hadopom pediekcos: 1,39, 1,98 and 2,42
(ASTM 10-425). D10 MOXKeT OBITH CBSI3aHO C BBICOKOH TUCIIEPCHOCTBIO METAUTMYECKOi (a3bl w/mimm eé
peHTreHoaMopGHBIM cocTosiHMeM. HccnenoBanue MeromoM I[IOM  NOATBEPAMIO BBICOKYIO JIUCIIEPCHOCTB
METAUTMYECKUX YacTHI[! UX pa3Mep cocraBui MeHee 3 HM. CIieKaHHWsI 4acTHIl OCI]E MPOBEJECHHUS MPOLIECCOB HE
HaOmonanoce. Jlo6asienue Hebonbinux konuuectB Pd (2-5% ot oOrueit Macchl METaIOB) K KOOAIBTCOIEpIKAIIEMY
KaTallM3aTopy CONPOBOXKIAJIOCH 00pa30BaHUEM BBICOKOIMCIIEPCHOTO COCTOSIHUSI METAJUIOB, a TAK)KE yBEINYEHHEM
BoccraHaBimBaeMocTH Co B pesynbrate B3ammojeiictBuss Co-Pd, uro moareBepkmaercs nanHbiMu TIIB-
HCCIIEJOBAHMSI.

Jo6asreHne HEOONBIIMX KOMHYECTB OJIAropoHOTO MeTauia B KOOaIbTCOIEpIKaIleM KaTaln3aTope MPUBEIO K
yBenMUeHHIo ero 3¢ ¢exTuBHOCTH B 00omx mporeccax. Karammzatopel — 5%Co-Pd/Al,O; Obmm ucnbITaHbl B
Iponeccax YIJIEKHCIOTHOW W MapoyTJIEKUCIOTHON KOHBEPCHMHM MeTaHa. B CBs3M C BBICOKO 3HAOTEPMHUYECKHM
XapaKkTepoM peakIuii KOHBEPCHM TEeMIepaTypa MMeeT HauOojee 3HAYMTEIbHOE BIMSHHE Ha KOHBEPCHUIO METaHa.
CreneHrn KOHBEPCHH PEAareHTOB W BHIXOABI MPOAYKTOB pacTyT ¢ pocToM Temmeparypbl oT 400 mo 800°C. Berxoasr
BOZIOPOJIa W MOHOOKCHIA yrJiepoja TNpakThuecku oamHakoBel B mporecce YKM (CH4:CO=1:1) Bo BcéMm
HCCIIEJOBAaHHOM TEMIEepaTypHOM HHTepBaie W paBHbI 15.3 mxmoins/r-c pu 700°C. B npouecce ITYKM npu takux
xe temriepatype u cootHomennn C/O=1 B ucxoxnoit cmecu (CH4:CO,:H,0=1:0,5:0.5) BbIX01 BOAOpOIa HECKOIBKO
Beimie — 15.5, torma kak Y(CO) monmxkaercss 11.1 mMxmons/r-c. CoorBercTBeHHO cootHomeHne Ho/CO Bbime B
nponecce [TYKM — 1,4 no cpasaenuto ¢ YKM — 1.0. Crenenu koHBepcHH MeTaHa U JUOKCUAA YTIEPOJa COCTABUIN
82.7 1 85.6% B cityuae YKM u 78.3 u 91.1% B cnydae ITYKM, cooTBeTCTBEHHO.

Bumerammueckuii katanmuzatop 5%Co-Pd/Al,O3 mposBriI BEICOKYIO CTaOMIBHYIO aKTHBHOCTB M CEJICKTHBHOCTD
B TCUECHHUE IPOJODKUTEIBHBIX HETIPEPHIBHBIX MCHBITAHNA. CHIKEHHUSI aKTHBHOCTH M CEJIEKTUBHOCTH KaTaJn3aTropa
5%Co0-Pd(4.9:0.1)/A1,03 ne Habmronanock B Tedenue 100 wacoB ero mocrosiHHO# padoTel. X(CH4)<92 u X(CO»)
~84% B cpemHeM, CHHTE3-Ta3 oOpasyercs ¢ oguHaKoBBIM BbxonoM: Y(Hz) =18.5 u Y(CO)=15.4 mxmomns/T-c ipu
cnenyromux ycnopusax: CHs:CO2:H,0=1:1:0.5, P=0.1 MPa, T=700°C, GHSV=1250 h''. CootHomenne H,/CO=1,2.
Buanmoro o0pazoBaHus KOKca MOCIE JUIMTENbHBIX UCTIBITAHUN HE HAa0II0/1aJ10Ch.

Takum o6pazom, bumeraiuindeckuit  kataiauzatop 5%Co-Pd/Al,Os mnposiBisieT BBICOKYI0 M CTaOHIIbHYIO
AKTUBHOCTb B IIPOIECCAX KOHBEPCHUU ME€TaHa IIpU aTMOC(l)epHOM JaBJICHUU W TIOBBIIICHHBIX TEMIIEpaTypax ¢
oOpazoBanueM cuHTe3-Taza ¢ cooTHomenneM Ho/CO, MeHsIOmuUMes B 3aBUCMOCTH OT cocTaBa Chipbsi. CpaBHEHHE
npoueccoB YKM u ITYKM Ha nccnenoBaHHBIX KaTalu3aTopax rnokassiBaet, yro [IYKM 6Gouee a¢ddexTruBen ¢ Toukn
3pEHUs] CHIDKEHHUSI TEMIIepaTypbl KoHBepcun MeraHa. llpuBenenHsle cucrembl Co-Pd MoxHO paccmarpuBarh Kak
MEPCIIEKTUBHYIO OCHOBY IJIsl pa3paboTKH 3((EKTUBHBIX KaTaJM3aTOPOB IJIsi KOHBEPCHHM METaHa B CHHTE3-Ta3 C
KOHTPOJIUPYEMBIM COOTHOIIEHHEM ITOCPEICTBOM PETyJIHPOBAHMS COAEPXKAHUS MapOB BOJBI B MOAABAEMOM CHIPHE —
CH4ZC022H20.

KiroueBble cjioBa: cyxoil pu)OpMHUHT MeTaHa, OMpu(OPMUHT METaHa, CHMHTE3-Ta3, oumerammmdeckue Co-Pd
HAHECEHHBIE KaTaJIN3aTOPBI.
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