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ABSTRACT
A series of Ni-Ce/SBA-15 catalysts with 6 wt% Ce and 5 wt% Ni were synthesized using conventional impreg-
nation (Ni-Ce/SBA-15(C-IM)), ultrasonic-assisted impregnation (Ni-Ce/SBA-15(US-IM)) and reflux-assisted im-
pregnation (Ni-Ce/SBA-15(R-IM)) methods The samples were characterized using XRD, TEM, SEM, BET, FTIR, H2-
TPR, XPS and TGA. The characterization results showed that Ni-Ce loading methods greatly influence the 
properties of Ni-Ce/SBA-15 whereby the homogeneity of metal dispersion and strength of metal-support in-
teraction followed the order of Ni-Ce/SBA-15(C-IM) < Ni-Ce/SBA-15(R-IM) < Ni-Ce/SBA-15(US-IM). The smaller 
metal particle size and higher metal dispersion in Ni-Ce/SBA-15(US-IM) have led to the stronger metal-support 
interaction and further decreased the surface area and porosity of the catalyst. The activity and stability of catalysts 
followed the order of Ni-Ce/SBA-15(C-IM) < Ni-Ce/SBA-15(R-IM) < Ni-Ce/SBA-15(US-IM), with the conversion 
of CH4 and CO2 over Ni-Ce/SBA-15(US-IM) was about 96.3% and 93.5%, respectively, and H2/CO ratio of 1.02 at 
reaction temperature of 800 °C and almost remained constant during 48 h of reaction. The superior catalytic 
performance of Ni-Ce/SBA-15(US-IM) probably was related with the smaller metal particles, stronger metal-
support interaction and more homogenous metal dispersion, which altered the properties of catalyst towards an 
excellent catalytic performance. The characterization of spent catalysts showed the lowest carbon formation in Ni-
Ce/SBA-15(US-IM) catalyst, demonstrating the positive role of ultrasonic effect on al-teration of catalyst properties 
towards carbon resistance. This study provides new perspective on the preparation of Ni-Ce/SBA-15 towards an 
excellent performance of CO2 reforming of CH4. 

1. Introduction

The global warming due to greenhouse gases emissions is a major
concern of modern societies. In order to combat the problem of global
warming, researchers had proposed the idea of producing the syngas from
greenhouse gases. There are several ways can be used to produce syngas
such as ethanol dry reforming [1], glycerol steam reforming [2], partial
oxidation of CH4 [3,4] and CO2 reforming of CH4 [5–8]. Among the
proposed synthesis routes, CO2 reforming of CH4 is the most promising
process whereby two major greenhouse gases (CO2 and CH4) are con-
sumed to produce syngas (CO and H2). In addition, the syngas produced
has low equimolar ratio (1:1) which is preferred for the production of
liquid hydrocarbon through Fischer-Tropsch synthesis [6]. The CO2 re-
forming of CH4 is expressed in the equation as below [9]:

CH4+CO2→ 2CO+2H2 ΔH°=247.3 kJ/mol ΔG°=61770
− 67.32T kJ/mol (1)

The CO2 reforming of CH4 has been studied extensively using nu-
merous types of catalysts including noble metal-based catalysts and
transition metal-based catalysts [10]. However, transition metal-based
catalysts, especially Ni-based catalyst is more feasible as it exhibits high
catalytic activity, readily available and cost effective. In particular, Ni
supported on SBA-15 has attracted intense interest for CO2 reforming of
CH4 owing to the properties of SBA-15 that possesses hexagonal
structure of mesopores with size of 4.6–30 nm, large surface area
(600–1000m2/g), thicker walls (3.1–6.4 nm) and high thermal stability
[8,11,12]. However Ni-based catalyst is always accompanied by coke
formation and sintering of Ni metal particles, which causes a severe
deactivation of the catalyst [5]. Therefore, it is highly necessary to
design stable and active Ni-based catalysts.

It has been reported that the addition of promoters such as cerium
oxide (CeO2) [5,7,13,14] and lanthanum oxide (La2O3) [15] played a
significant role in improving the catalytic activity of the Ni-based cat-
alyst and inhibit carbon deposition through modification of surface
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