
INTRODUCTION

Since 1993 China has been the largest coke producer in
the world. While a large number of independent coking plants
were built, a large number of coke oven gas could not be utilized
effectively1. The emission of coke oven gas not only pollutes
the environment, but also wastes precious fossil fuel resources.
However, one of the ways of chemical utilization of coke over
gas is transformation into synthesis gas (H2 + CO). Compared
with partial oxidation and stream reforming of CH4, the
synthesis gas produced from CO2 reforming methane (dry
reforming, DR) has a great advantage. Its production gas of
H2/CO ratio is close to 1, which is more suitable for F-T synthesis
for production of liquid hydrocarbons2-4. So dry reforming has
been a focus issue in recent years.

The major limitation of dry reforming is the requirement
of high temperature to reach high conversion levels because
of that the highly endothermic nature of the process. The harsh
operating conditions results in two adverse outcomes: one is
coke deposition from cracking of CH4 and the other is sintering
of the metallic phase and support. Both of the outcomes devote
to the deactivation of catalyst in a short period of time. Even
though the noble metal-based catalysts (such as Rh and Pt)
can provide high activity and selectivity with almost no carbon
deposition, they are not favorable for large scale commercial
use5-8, the main reasons are the limited availability and high
cost of their active noble metals. Thus, developing non-noble
metal-based catalyst is more imperative.
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Activated carbon has many advantages, such as developed
pore structure, giant specific surface area, sufficient heat resis-
tance at the high temperature of 500-600 ºC, acid and alkali
corrosion, which are unmatched by other carriers9. In addition,
activated carbon has a high melting point, which can minimize
the sintering of metal or metal oxide aggregates on the surface.
This work is to design and develop a bimetallic Co-based dry
reforming catalyst supported on activated carbon, to improve
the performance of the Co-based catalysts and reduce energy
consumption in large-scale commercial use.

EXPERIMENTAL

Catalyst preparation A series of Co-X/active carbon
catalysts were prepared by the wetness co-impregnation
method (X = Ni, Cu, Fe, Mg, Ca). The active carbon carriers
(15-35 mesh) were impregnated with a solution containing
cobalt nitrate and precursor of the metal additives (nickel
nitrate, copper nitrate, iron nitrate, calcium nitrate and magne-
sium nitrate) for 12 h. After the impregnation step, the samples
were dried overnight at 110 ºC. Activated carbon characteristics
are presented in Table-1 and experimental device is shown in
Fig. 1.

Catalytic activity test: The catalysts in the fixed bed
reactor was heated under normal pressure at the rate of 10 ºC/
min to 650 ºC with a flow of H2 ,and stayed for 60 min at 650
ºC, finally, a gas mixture of CH4:CO2 (1:1) was passed over
the catalyst bed at a total flow rate of 120 mL/min. The reaction
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TABLE-1 
PROXIMATE AND ULTIMATE ANALYSIS 

Proximate analysis (wt. %) Ultimate analysis (wt. %) 

Mad Ad Vad FCd Hd Nd Std Od 
1.30 7.67 1.72 80.59 0.91 0.35 0.50 0.35 
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Fig. 1. Experimental device flowchart. 1. Mass flow controller. 2. Gas
mixer. 3. Temperature controller. 4. Fixed bed reactor. 5. Soap suds
flow meter. 6. Gas chromatography

gas products were analyzed every 50 ºC with an online chro-
matograph equipped with a TCD and a 5A-molecular sieve
packed column. The conversion rate of feed gas is calculated
by
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where: X-feed gas conversion, %; Fout-product gas flow, mL/
min; Fin-feed gas flow, mL/min; Cout-content of the feed gas,
mol/L; Cin-content of product gas, mol/L.

RESULTS AND DISCUSSION

Figs. 2 and 3 show the CH4 and CO2 conversion and the
H2/CO ratio in the product gas as a function of reaction tempe-
rature, respectively. The different activity levels of the catalysts
show that the catalytic performance of promoted-Co/active
carbon strongly depends on the type of the metal additive used.
The order of methane conversion is Ni > Cu > Fe > Ca > Mg
in the temperature range of 750-850 ºC over cobalt-based
catalysts in terms of the type of promoters added. There may
be two reasons for this phenomenon, firstly, Ni is known to be
a material with high activity in reforming reaction; secondly,
Ni and Co have the similar ionic radius, which are easy to
form the Ni-Co alloy. The forming alloy inhibits the migration
of the active ingredient in the carrier surface under high
temperature conditions and increases the dispersion degree of
the active ingredient in the carrier surface. The Ni-Co alloying
during reduction renders the separate metal ensembles in metal
particles even smaller and the small metal particles enhances
the CO2 activation, all of which leads to complete inhibition
of carbon deposition without sacrificing the activity. Chen
et al.10 draw the similar conclusion from the parallel investi-
gation, the formation of homogeneous metal alloy on the bime-
tallic catalysts was observed after the reduction and catalysts
with higher Co/Ni ratios showed smaller active metal particle
sizes. In addition that, it is noteworthy that the Co-Ni/active
carbon catalyst led to the highest H2/CO ratio at 650 ºC, then
the H2/CO ratio approaching 1 with increasing reaction tempe-
rature. This is mainly due to the influence of reaction tempe-
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Fig. 2. Effect of different active composite metal on the conversion of CH4
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Fig. 3. Effect of different active composite metal on the H2/CO ratio

rature. Fig. 2 shows that the conversion of CH4 and CO2 is 73
and 60 %, respectively at 650 ºC. It is widely accepted that the
initial reforming temperature under normal pressure is 640 ºC,
so the Ni-Co alloy or single metal devotes to a lot in reducing
activation energy, which is the reason of that conversion of
CH4 and CO2 reaches so high at initial temperature. Before
650 ºC, first occurrence of methane decomposition reaction
to form carbonaceous species and H2, then carbonaceous
species react with carbon dioxide to produce CO. When the
reaction temperature is higher than 650 ºC, CO2 reforming of
CH4 began reforming reaction and which took the dominant
role in reforming reaction system. The result was that H2/CO
ratio was gradually approaching 1.
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Conclusion

The carbon dioxide reforming of methane over bimetallic
Co-X/activated carbon catalysts (X = Ni, Cu, Fe, Mg, Ca) may
be summarized as follows: The type of the metal additive used
significantly affected the metal dispersion properties and cata-
lytic performances of promoted-Co/activated carbon catalysts.
Monometallic Co/activated carbon had high initial activity but
it suffered from severe carbon deposition. Ni-modified catalyst
exhibited high activity among all the catalysts in the tempe-
rature range of 750-850 ºC. As it mainly result due to nickel-
cobalt formation alloy on the support.
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