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Abstract 

The conversion of biogas to syngas through the dry reforming process is important to valorize biogas 

while reducing the harmful effect of greenhouse gas emissions. Our work involved testing the 

performance of a series of Pt/CeZr catalysts containing different loadings of Ni/Mg for low temperature 

dry reforming. We evaluated the isolated effects of the metal loadings on the catalyst activity, selectivity 

and stability. Our findings indicate that increasing the Ni content aids the catalyst activity while an 

increasing Mg content improves the H2:CO ratio and limits coke formation. This resulted in the design of 

an optimum catalyst (2.68Ni-0.5Mg-CZO) with improved selectivity and activity. This optimum catalyst 

showed activity at low temperature (10% and 50% methane conversion) at 455 °C and 581°C with a 

H2:CO molar ratio of 0.36. In addition, the presence of Mg improved catalyst stability as no coke 

formation was detected after a 10 h TOS study. The low temperature performance of this catalyst 

indicates that it may be potentially employed in intensified process that involves the direct conversion of 

biogas to liquid hydrocarbons. 
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Introduction

Environmental concerns about the effect of greenhouse 

gas emissions and the need to reduce the dependence on 

fast depleting fossil fuels has generated wide research on 

alternative energy production. Biogas, which is widely 

obtainable from municipal solid waste, agricultural waste, 

sewage etc., contains a large amount of methane (CH4). 

CH4 is a gas with high heating value that is also present in 

fossil energy sources. All these makes biogas a viable 

source of alternative energy production. In addition, the 

second largest gas in biogas is carbon dioxide (CO2). 

Considering the large amount of CH4 and CO2 contained in 

biogas, dry reforming of methane (DRM) appears to be a 

logical approach to valorize biogas through its conversion 

to useful syngas (CO and H2). This process would also 

avoid the additional CO2 removal cost.  

DRM involves a reaction between CH4 and CO2, both 

of which are already contained in the biogas. Syngas (H2 

and CO) which is produced from DRM can be converted to 

valuable chemicals and liquid hydrocarbons. It typically 

occurs on the surface of metal supported catalysts at high 

temperatures (> 700 ℃). Such high temperatures require a 

huge energy requirement and can cause catalyst sintering. 

It is imperative to develop active and stable metal 

supported catalysts that can reform biogas at much lower 

temperatures. A previous work done by our group (Elsayed 

et al. 2015) involved the study of the low temperature dry 

reforming of methane using a series of Pt-Ni-Mg/ceria 

zirconia catalysts. These catalysts had various loadings of 

Pt (0.07 – 0.64 wt. %), Ni (1.34 wt.%) & Mg (1.00 wt.%). 

The best performing catalyst in terms of activity was 

0.16Pt-1.34Ni-1Mg/(Ce0.6Zr0.4)O2. The high performance 

of this catalyst was attributed to a balance between the 

catalyst reducibility and basic sites, which occurred due to 

the synergistic effect between Pt and oxide phases.  

The objective of our present work is to evaluate the 

isolated effect Ni and Mg have on the activity, selectivity, 



  
 

and stability of the catalyst in the DRM process. In 

addition, the optimum loading of these metals will be 

determined. 

Experimental 

The catalyst support (CeZr) with ceria to zirconia ratio 

of 0.6:0.4 was prepared using similar method described by 

(Walker et al. 2012). The metals were loaded unto the 

support using the incipient wetness method. The prepared 

metal supported catalysts were characterized using PXRD, 

H2-TPR, N2 physisorption, TPD-CO2, SEM and TEM.  

Temperature-programmed and steady state experiments 

were performed with prepared catalysts. The experiments 

were carried out in a quartz u-tube reactor with internal 

diameter of 4 mm. The inlet and effluent gases were 

analyzed using a mass spectrometer. The temperature-

programmed experiment was carried out at a temperature 

range of 200 °C to 900 °C (Table 2). Steady state 

experiments of the Ni catalyst series were carried out from 

430 °C to 470 °C while that of the Mg catalyst series were 

carried out from 470 °C to 510 °C. A stability test (TOS = 

10 h) was carried out at 430 °C using the 2.68Ni-CZO and 

2.68Ni-0.5Mg-CZO catalysts. 

PXRD and N2-physisorption analysis were used to 

check changes in the structural parameters of the spent 

catalysts. TPO study was performed to identify the 

presence of coke on the catalysts used for the stability 

tests. 

Table 1. Sample notation and reduction 
temperatures data. 

Sample Notation Reduction 

temperature (°C) 

0.16%Pt-

0.5%Mg/Ce0.6Zr0.4O2 

0.5Mg-

CZO 

351 

0.16%Pt-

2.68%Ni/Ce0.6Zr0.4O2 

2.68Ni-

CZO 

242, 391 

0.16%Pt-2.68%Ni-

0.5%Mg/Ce0.6Zr0.4O2 

2.68Ni-

0.5Mg-CZO 

288 

 

Results & Discussion 

The Mg catalyst series exhibited two reduction peaks, 

the lower temperature peak is attributed to the reduction of 

the metal oxide support while the higher temperature peak 

is due to the reduction of the nickel oxide to Ni metal. 

Increasing the Mg content in the Mg catalyst series 

resulted in the reduction of the metal oxide support at 

higher temperatures. Increasing the Ni content in the Ni 

catalyst series lead to the reduction of the metal oxides at 

lower temperatures. Addition of Ni to the 2.68Ni-CZO 

resulted in a single reduction peak (see Table 1). 

  The catalyst with the highest Ni loading (2.68Ni) 

gave the highest conversion at a given temperature 

compared to other catalyst in the Ni series while the 

catalyst with the lowest loading of Mg (0.5Mg-CZO) gave 

the best conversion compared to other catalyst in Mg 

series.  All the catalysts gave 10 % conversions at 

temperatures < 500 °C. An average CH4 conversion of 

8.0% and 3.8% was obtained from a 10 hr stability test 

performed on 2.68Ni-CZO and 2.68Ni-0.5Mg-CZO 

catalysts at 430 °C. The coking rate from the 2.68Ni-CZO 

was 5.5E-4 g/gcat/h while no coke was detected on the 

2.68Ni-0.5Mg-CZO. 

Table 2. Temperature-programmed reaction 
results of various catalyst samples. 

Sample X10CH4 

(%) 

X10CO2 

(%) 

H2: CO 

@ 450 °C 

0.5Mg-CZO 490 472 0.28 

2.68Ni-CZO 411 449 0.17 

2.68Ni-

0.5Mg-CZO 

455 447 0.36 

Conclusions 

Synthesized and evaluated the performance of series of 

Pt/CeZrO2 catalysts containing various loadings of Mg/Ni. 

Increase in Ni content favored catalyst activity while Mg 

content favored reaction selectivity. The presence of Mg 

reduced carbon formation during the reforming. We found 

the optimum metal loading to be 2.68 wt.% Ni and 

0.5wt.% Mg and determined both metals need to be 

present in the catalyst composition to maintain a balance 

between catalyst activity, selectivity and stability. Catalysts 

can potentially be employed in intensified processes that 

involves reforming and Fischer Tropsch synthesis. 
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