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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the study 

 

In recent years, considerable attention has been paid to global warming due to 

the greenhouse effect. The reduction and utilization of greenhouse gases such as 

carbon dioxide and methane is therefore becoming more and more important. In 

addition to the declining of crude oil reserves, the low natural gas prices coupled 

with discoveries of abundant shale gas reserves have replaced the depending on 

crude oil as energy supply with natural gas. According to BP Statistical Review of 

World Energy June 2015, the total world proved natural gas reserves is 187.1 trillion 

cubic meters whereas Malaysia contributes 1.1 trillion cubic meters (BP Statistical 

Review of World Energy 2015). However, the consumption is relatively small 

compared to the production rate which is subsequently leads to abundance of natural 

gas in storage. As the methane is the major component of natural gas (70-98%), 

many researches have been carried out with the catalytic methane reforming under 

different experimental conditions with different catalysts types as a way to valorize 

the natural gas to more valuable products by transforming it to syngas (Ross, J. R. H., 

et al. 1996). As a sequence of that, it is founded that suitable to be transformed 

through Fischer-Tropch and oxo-synthesis (Albarazi et al. 2013).  

 

Technically, carbon dioxide can be used as a carbon source and the exhaust 

will be decreased as it is the most abundant waste produced by human activities. This 

is significant for the thrifty use of resources and the circulation economy (Li, B., & 

Zhang, S. 2013). Thus, the carbon dioxide reforming of methane to produce syngas is 

considerably gain more attention in the past few years. The consumption of two 

major greenhouse gases (CO2 and CH4) by dry methane reforming and their 

conversion to syngas gives this process a great interest for environment protection 

and natural gas valorization (Li, B., & Zhang, S. 2013). Dry reforming of natural gas 

is a process where methane reacts with carbon dioxide in over a catalyst yielding 
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syngas with H2/CO ratio of close to 1 (Bentley, R. W. 2002). Transformation of 

natural gas and CO2 into valuable syngas by effective utilization of low-grade natural 

gas resources add on the advantages to the process. Therefore, the carbon dioxide 

reforming of methane is researched as a good route for producing high added value 

fuels such as hydrogen (Liu et al. 2009). But, there are some major drawbacks in this 

reaction should be well-balanced in order to increase the rate of profitability. The 

temperature needed for dry reforming reaction is higher than 800 ℃ to achieve 

acceptable conversions (Wang et al., 1996).  

 

CO2 + CH4  2CO + 2H2  [ΔH298 = 247 kJ/mol] 

 

This is an expensive process due to more energy is being consumed as the 

process is endothermic reaction (Tang et al. 2000). The main challenge of the 

industrial application of methane dry reforming is the development of active catalytic 

materials in order to optimize the catalytic activity and minimize the deactivation 

rate which is mainly due to sintering and coking.  

 

This paper reports to synthesize Zirconium promoted Ni/SBA-15 catalyst for 

syngas production from CO2 reforming of methane. On the other hand, the effect of 

different promoter loading on the Ni/SBA-15 catalyst was studied at normal reaction 

temperature. Using SBA-15 instead of any other support like carbon, alumina or pure 

silicate able to provide better stability to catalyst and also able to withstand the high 

temperature. The SBA-15 support with metallic catalyst possibly results in higher 

catalytic activity by resisting the sintering of metal species. Improving the properties 

of a catalyst by adding a promoter is most common technique in industries. In 

general, promoters can be categorized, according to their purpose which is 

facilitating the desired reaction or suppressing the unwanted processes. ZrO2 have 

been known able to oxidize stored carbon. Furthermore, they are equipped for taking 

part in the catalytic reaction by oxidizing or diminishing reaction intermediates 

(Dong, et al., 2002). Zirconium, can store, discharge, and exchange oxygen species, 

which brings about an upgraded capacity to avoid carbon formation (Dong, et al., 

2002). Dry reforming of natural gas is a process where methane reacts with carbon 

dioxide in over a catalyst and yield a syngas with H2/CO ratio of close to 1. The 

advantages of this process are mitigation of CO2 and natural gas, transformation of 
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natural gas and CO2 into valuable syngas and effective utilization of low-grade 

natural gas resources consisting of natural gas and CO2. The temperature needed for 

dry reforming reaction is higher than 800 ℃ to achieve acceptable conversions 

(Wang et al., 1996). This is an expensive process due to more energy is being 

consumed as the process is endothermic. The main disadvantage of dry reforming is 

the significant production of coke, which are deposited on the surface of the catalyst 

as CO2 is used as reagent in the process. This leads to the reduction in the activity of 

the reaction and also reduction of the useful life of the catalyst. The main challenge 

of the industrial application of methane dry reforming is the development of active 

catalytic materials as coke formation rate is high in dry reforming process. Therefore, 

the carbon dioxide reforming of methane is researched as a good route for producing 

high added value fuels such as hydrogen. But, there are some major drawbacks in 

this reaction should be well-balanced in order to increase the rate of profitability. 

This paper reports to investigate effect of different Zr-promoter Ni/SBA-15 catalyst 

for the CO2 reforming of methane to syngas. The catalytic results obtained in this 

study were compared with those between previous researches related to this study. 

 

1.2 Motivation 

1. CO2 reforming of methane reaction itself is an environmental friendly approach 

with utilization of two major greenhouse gases. Besides, the availability of raw 

material for the reaction also more promising.  

2. Analysing the most suitable composition of promoter enable higher catalytic 

activity at specified temperature.  

3. Using SBA-15 instead of any other support like carbon, alumina or pure silicate 

able to provide better stability to catalyst and also able to withstand the high 

temperature. The SBA-15 support with metallic catalyst possibly results in higher 

catalytic activity. 

 


