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NOTE

CO, reforming of CH,; over bimetallic

supported catalysts’

Sh. S. ltkulova,* K. Z. Zhunusova and G. D. Zakumbaeva
The Institute of Organic Catalysis & Electrochemistry of the Ministry of Education & Science of the
Republic of Kazakstan, 142 Kunaev str., Almaty, 480100, Kazakstan

Cobalt-containing catalysts promoted by noble
metals and supported on alumina have been
investigated in the reaction of interaction
between carbon dioxide and methane at various
experimental temperatures and pressures. It was
shown that catalysts have a high activity in this
reaction. At moderate conditions {[Tex, =853 K,
P=1.0 MPa) the conversion of both carbon
dioxide and methane is 30-40% depending on
the nature of the second metal. The main
reaction products are carbon oxide, hydrogen,
water and oxygenates. The yield of the latter
reaches 30%. The maximum conversion of both
methane (100%) and carbon dioxide (94%) is
reached at lower pressure (0.1 MPa) and at
1023 K. In these conditions the synthesis gas is
the main reaction product. One of the advan-
tages of the synthesized catalysts is their resis-
tance to coke formation. Copyright© 2000 John
Wiley & Sons, Ltd.
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INTRODUCTION

utilization of greenhouse gases (Eqn [1]). Both
carbon dioxide and methane are greenhouse gases.

CO, + CHy = 2CO+ 2H;, 1]

The interaction between carbon dioxide and
methane was investigated by Fischer and Tropsch
in 1926 Of all the metals studied by them, cobalt
and nickel catalysts were found to be the most
preferable for this processHowever, there is a
very strong coke formation on these catalysts. The
noble metals are characterized by a low level of
coke formation and thus are more promising for this
reaction. Nevertheless, the coke formation occurs
on all catalysts. It discourages the use of catalysts
under high pressure.

In this paper the interaction between carbon
dioxide and methane has been investigated on
bimetallic cobalt-containing catalysts modified by
different noble metals (iridium, rhodium, platinum,
palladium) and supported on alumina. The choice
of catalysts was based on the literature data about
preference of cobalt in this reactibrand noble
metals as stable to coke formatioif. Moreover,
the same catalysts have been investigated in our
previous studies and showed high activity in
Fisher-Tropsch synthesislt was supposed that
synthesis gas in the case of its formation is able to
react with formation of different organic com-
pounds under moderate temperature and pressure.

Recently, the reaction between carbon dioxide and
methane has attracted attention as a prospectVEXPERIMENTAL
process for synthesis-gas production and a way for
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Catalysts (total metal content is 5 wt%, ratio
Co:M =1:1) were prepared by the co-impregnation
method. The temperature of the catalyst reduction
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continuous flow stainless steel reactor under

pressures of 0.1-2.0 MPa and varying experimental

temperatures from 473 to 853 K, and in a quartz
flow micro-reactor in the temperature range 473—
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Tablel Theactivity of 5% Co—M(1:1)/ALOs catalysts
in the reactionof CO, 4 CH, (CO,:CH,= 1115 Toyp=
853K, spacevelocity: 1000h™?)

Conversion(%)

Secondmetal P (MPa) CO, CH,
Ir 0.1 73.8 65.8
Ir 1.0 30.0 29.5
Rh 0.1 46.5 46.7
Rh 1.0 37.3 33.3
Pt 0.1 49.9 57.4
Pt 1.0 39.0 37.1
Pd 0.1 72.6 56.4
Pd 1.0 324 31.2

1273K atatmospheripressureSpacevelocitywas
variedfrom 500to 2000h~2. Theratio of CO:CH,
wasconstantat 1:1; the contentof eachgasin the
initial reactingmixture with argonwas 10%.

The sets were combined with gas chromato-
graphgGCs)equippedwith athermalconductivity
detectorfor analysisof H,, Ar, CO, CH,, O,, CO,
(columns:molecularsievesandactivatedcoal) and
flame-ionization detector (FID) for analysis of
hydrocarbongcolumn: modified alumina) during
thereaction Analysisof oxygenatesindwaterafter
reactionandtheir collectionin a specialcooledtrap
(separatorvascarriedout by a GC equippedwith
an FID on columns Carbowax/Carbagk and
PoropakN, as well as by IR spectroscopyThe
degreeof surfacecarbonizatiorwasdeterminedoy
thermogravimetricanalysis (TGA). In addition,
after reactionthe thermo-programmedtydrogena-
tion was carried out for definition of carbon-
containingspecieson the catalystsurface.

Catalystswere investigatedby X-ray analysis,
temperature-programmeéduction(TPR) andIR-
spectroscopy.

RESULTS AND DISCUSSION

The conversion degree of initial compounds
dependson the nature of the catalyst and the
experimental conditions. Basically, an unequal
consumptionof both carbondioxide and methane
is observedon all catalysts.The main reaction
productsare carbon oxide, hydrogen,water and
oxygenatesln somecasesoxygenis formedat the
beginningof the processlt hasbeenshownthatthe
yield of oxygenatedependson the natureof the
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secondmodified metal and experimentconditions
(Tablel).

On all catalyststhe conversionof bothreactants
grows with increasingexperimentaltemperature
and decreasingpressure It should be noted that
ethaneformation and an increaseof oxygenates
yield over these catalysts are observed with
pressureincrease. There are no oxygenatesat
atmospheric pressure. The maximal yield of
oxygenates(20—30%) is observedon a catalyst
modified with palladium. Oxygenatesconsist of
C,—C, alcohols (>95%) and traces of acids
(Texp=853K, P=0.1-1.5MPa, spacevelocity =
1000 h~%). On other catalyststhe liquid fraction
consistsbasicallyof water.

It shouldbe notedthat at low pressurg0.1-0.5
MPa)thehydrogerformationis significantlyhigher
than the theoreticalyield, which was calculated
from methaneconsumptionaccordingto reaction
[1]. Thisphenomenomaybeattributedto asecond
reactionsresultingin additionalhydrogenproduc-
tion andhasto be investigatedurther.

The advantageof the catalystsinvestigatedis
their resistanceto coke formation. The coke
formationis not verified by TGA. The weightloss
with increasingtemperatureup to 1173K is less
than 4%. It occurs due to water elimination at
~373K. The formation of carbon-containingspe-
cies is not observedduring thermo-programmed
hydrogenationof catalystsafter reaction at tem-
peraturesincreasedfrom 298 to 1273K. Water,
which is alwaysproducedduring reactionon these
catalysts,may promote the suppressionof coke
formation.Accordingto Ref.[®] oxygensuppresses
coke formation to a greaterdegreethan water.
Oxygenis producedn the catalystanvestigatecht
the beginningof the reaction.

From IR spectroscopianeasurement®f both
combinedadsorptionof CO, andCH, andreaction
betweenCO, and CH, over 5% Co-Pd/A}Os;,
weak absorptionbandshave beendetectedin the
region 2800-290@&m *; these were assignedto
adsorbedCH, speciegx = 1-3).Neverthelesghese
results do not exclude the formation of ‘active’
carbide,which’s immediatelyinvolved in further
interactions.Also, in the IR spectruma bandis
presentat 2330cm ! that could be assignedto
physicallyadsorbedCO,. The bandsat 2000cm™*
and 2090cm * could be assignedto bridgely-
adsorbedand linearly adsorbedCO respectively
and intensive bandsat 1410 and 1580cm™* are
concernedvith carbonate—carboxytaspecies.

The reactions of separate decomposition of
carbon dioxide and methane over 5% Co-Pd/

Appl. Organometal Chem.14, 850-852(2000)



852

SH.S.ITKULOUA ETAL.

Al,O3 havebeenstudied.It wasshownthat 100%
decompositionof methaneoccursat T=1273K
and atmosphericpressurewhereasthe maximum
degree of CO, decompositionreaches25% at
T=673K. With further temperaturencreaseuntil
1273K the CO, conversiondoesnot increaseand
variesfrom 16 to 20%.

At interaction of CO, + CH,; the maximum
conversionof both CH, (100%)and CO, (94%)is
observedat lower temperature(1023 K). With
further increaseof temperatureuntil 1273K the
conversiondegreeof both componentsdoes not
change.

It is possibleto supposethat the processof
interactionbetweernCO, andCH, onthesecatalysts
representswo parallelreactionsof decomposition
of eachinitial compound(Eqgns[2] and[3]). The
differentconversiordegreeof bothreagentsnaybe
indirect evidenceof it in somecaseswhen only
synthesiggasis formed. Eachof thesereactionsis
promotedby intermediateshatareproducediuring
the otherreactiong(Egns[4] and[5]):

CHs — CHyads+ Hads— H2(9) 2]
CO; — COugs+ Oags — CO(Q) 3]
CHj + Oags — CHyads+ OHags [
CO, + Hags — COags+ OHags [
OHags — H20 + Oggs [6]

The results obtained are in agreementwith the
mechanism suggested by other authors for
CO, + CHﬁ interaction on supported pulladium
catalysts[”]

At mediumpressure$0.5—-1.5MPa)andnot too
high temperature$773—-873K) the CO,gsandHags
produceds involvedinto furtherinteractionon the
catalystswith alcoholandacid formation.

CONCLUSIONS

Earlierwe havereportedthat cobaltis ableto form
nano-structure®f the cluster type on interaction
with suchnoblemetalsasiridium andplatinumon
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the surfaceof alumina’ The propertiesof bimet-
allic catalystsdrasticallydiffer from monometallic
ones.It wasobservedhat bimetallic clusterswere
very stableand showedhigh activity in reactions
with participationof C; moleculesjn particularin
Fischer—TropsckynthesiandCO, hydrogenation.

The study of thesecatalystsin the CO, + CH,
reaction demonstrategheir high activity in this
procesdo0. At moderateconditions(Tex, = 853K,
P = 1.0MPa)theconversiorof bothcarbondioxide
andmethanes 30—-40% dependingn thenatureof
the secondmetal. The main reactionproductsare
carbonoxide,hydrogenwaterandoxygenatesThe
yield of the latter reaches30%. The maximal
conversionof both methaneand carbon dioxide
reachesl00%and94%r respectivelyat 1023K and
P=0.1 MPa. The advantageof the synthesized
catalystds their resistanceo cokedeposition.

The data obtainedallow are to considerthese
catalystsasbeinghighly effective onesfor reform-
ing of CH,4 by CO..
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