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Abstract: A new monolithic Ni/ CeO2-ZrO2/γ-Al2O3 catalyst for combined partial oxidation and 
CO2 reforming of methane was prepared. The result shows that the addition of O2 to the feed can 
improve the activity of the catalyst and adjust the H2/CO ratio of the productive gases. 
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Due to the growing concern about the effective utilization of natural gas, the conversion 
of natural gas into hydrogen and carbon monoxide (syngas) which may be used 
industrially for the synthesis of chemical products, such as hydrocarbons, oxygenated 
compounds, and polycarbonates, has received extensive attention in recent years1.  
Traditionally, syngas has been produced by the steam reforming of methane (SRM).  
However, this reaction is highly endothermic and produces a syngas with an H2/CO ratio 
higher than that required for the Fischer-Tropsch synthesis and for the production of 
methanol (H2/CO=2 ) 2 . 

Partial oxidation of methane (POM) to syngas is a mildly exothermic reaction, 
which has high reaction rate and affords syngas with a H2/CO ratio of about 23, as CO2 
reforming with methane is a highly endothermic process and the yields syngas with 
H2/CO ratio of ≤14.  They both are interesting alternative for the production of syngas.  
The combination of these two reaction can improve the reactor temperature control, 
reduce the formation of hot spots and make the process energy more efficient, besides 
allowing the production of syngas with a wider range of H2/CO ratio (H2/CO can be 
varied between 1 and 2 by manipulating the relative concentrations of O2 and CO2 in the 
feed )5. 

Nickel based catalysts have shown an excellent behavior in the conversion of 
methane, with an activity comparable to noble metal catalysts6.  It was also reported 
that CeO2-ZrO2 solid solution showed a high catalytic activity, particularly for oxidation 
of CH4

7.  In this paper, a new monolithic Ni/ CeO2-ZrO2/γ-Al2O3 catalyst was prepared 
and used for combined partial oxidation and CO2 reforming of methane. 

The CeO2-ZrO2 mixed oxide was prepared by using a co-precipitation method.  
The CeO2-ZrO2 mixed oxide and a commercial γ-Al2O3 was impregnated separately with 
an aqueous solution of Ni(NO3)2, and then dried at 393 K for 2 h, calcined at 873 K for 2 
h. The two kinds of powders were blended in ration of 1:9, and some water was added 
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into the mixture to ball milling.  The resulting slurry was wash-coated onto a monolithic 
substrate, then dried at 393 K for 2 h and calcined at 873 K for 2 h.  The catalyst 
contained 8wt% of nickel. 

The combined partial oxidation and CO2 reforming of methane reaction were 
performed at atmospheric pressure in a fixed-bed reactor.  The feed gases consisted of 
CH4, O2 and CO2.  The catalytic reactions were conducted at 1123 K and a flow rate of 
50 cm3/min.  The product gases were analyzed by an on-line GC equipped with a TCD 
detector. 

Partial oxidation of methane and CO2 reforming of methane using different gas 
compositions over the monolithic Ni/CeO2-ZrO2/γ-Al2O3 catalyst were carried out, and 
the C:O ratio was held constant of 1. The effect of oxygen content on catalytic 
performance is shown in Table 1.  When there was no O2, CH4 and CO2 conversion 
were only 30.7% and 36.1% respectively.  The addition of O2 to the feed increased CH4 
and CO2 conversion, this implies that O2 is better than CO2 in activating CH4.  When O2 
content reaches 25~30vol%, the catalyst shows good activity, CH4, CO2 conversion and 
H2 selectivity are above 90%.  The H2/CO ratio of the products varied from 0.9 to 1.8 
with increased amounts of O2 in the feed stream.  It is just one of the advantages of the 
combined reaction. 

 
Table 1  The catalytic performance over 8wt% Ni/CeO2-ZrO2/γ-Al2O3 catalyst for combined 

partial oxidation of the methane and CO2 reforming of the methane using feed with 
different compositions monolithic 

 
O2 content (vol %) XCH4(%) XCO2(%) SH2(%) H2/CO 

0 30.7 36.1 94.2 0.9 
5 47.2 44.8 93.7 1.1 
10 59.0 51.8 93.2 1.2 
15 70.3 65.5 92.6 1.3 
20 85.8 86.4 95.7 1.4 
25 90.6 93.5 97.0 1.6 
30 94.4 93.8 98.2 1.8 
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