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A B S T R A C T   

The spherical mesoporous nickel− loaded fibrous silica zirconia (Ni/FSZr) were successfully synthesized utilizing 
hydrothermal system followed by impregnation technique and catalytically assessed in CO2 hydrogenation for 
methane production, a valuable alternative renewable fuel. The Ni/FSZr catalyst, including Ni/SiO2-ZrO2 and 
Ni/ZrO2, were tested in a fixed-bed reactor at 150 to 500 ◦C while sustaining atmospheric pressure. Results 
showed that Ni/FSZr outperformed the other catalysts, with 91.32% CO2 conversion and 91.31% CH4 yield 
achieved at 500 ◦C. The catalyst’s surface area was found to significantly impact their performance, with Ni/FSZr 
exhibiting a surface area 28 times higher than the other catalysts. The Ni/FSZr also have moderate basicity and 
greater amounts of reduced Ni0 which can enhance CO2 methanation activity. Importantly, all catalysts exhibited 
exceptional stability with no deactivation observed, but the thermal stability of Ni/FSZr was superior, indicating 
that the fibrous morphology may possibly withstand the formation of coke and resist deactivation. These findings 
suggest that Ni/FSZr is an effective catalyst for efficient CO2 methanation, which can be beneficial in reducing 
greenhouse gas emissions and providing a sustainable alternative to traditional fossil fuels.   

Introduction 

Since Sabatier and Senderens discovered methane creation by the 
process between carbon oxide and hydrogen, the methanation reaction 
has been well investigated. It plays a vital role in chemical production, 
including removing COx residue from the rich hydrogen feed gas, 
reformate gas refinement for fuel cells, and generation of alternative 
energy resources, substitute natural gas (SNG) [1,2]. In terms of 
cost-effectiveness, SNG can be distributed utilizing the existing pipeline 
infrastructure. Furthermore, several national and worldwide strategies 
to minimize CO2 emissions have been implemented by international 
governments [3]. Consequently, the exigency for natural gas has 
increased, which is regarded as a more environmentally friendly fuel 
than other fossil fuels since it offers more substantial environmental 
advantages than those provided by other fossil fuels. The increased 

affordability of natural gas in recent years has made it more accessible to 
consumers and a more attractive and sustainable alternative to other 
forms of energy, with positive impacts on the environment [4]. The 
mineral-free nature of natural gas makes it a more environmentally 
conscious fuel choice than coal, since it burns cleaner and leaves behind 
no ash residue, which helps reduce pollution and greenhouse gas 
emissions [5]. Hence, due to its lower concentration of carbon, natural 
gas has the potential to outperform coal and other liquid fuels, making it 
a more viable and sustainable energy source with promising environ-
mental benefits [5]. 

CO2 methanation is an efficient means of producing methane, which 
is the primary component of natural gas, and typically necessitates the 
use of a catalyst to lower the activation energy and enhance the con-
version of CO2 to methane, as the process is highly exothermic. Many 
investigations have been conducted to determine the specific reaction 
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