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Abstract: The coal-based synthetic natural gas process mainly includes two processes: 

coal gasification and methanation of syngas. Methanation catalysts for synthetic 

natural gas were reviewed. Research status of methanation catalyst in the active 

components, supports and promoters was introduced. In addition, the deactivation of 

catalyst was discussed. To develop excellent performance methanation catalyst and 

supporting technology with the independent intellectual property rights, the 

development direction of synthetic gas methanation catalyst is to make the catalysts 

with higher catalytic activity and better thermal stability. 
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1. Introduction 

With the rapid economic growth and the continuous improvement of people's living 

standards, the demand for natural gas is increasing. Under the national strategic 

deployment, China's natural gas production has grown rapidly, but in the future, 

China's natural gas will still be in short supply, and the import volume will increase 

year by year. According to statistics, in 2020, China's natural gas supply gap will climb 

to about 2× 1011m3, and the proportion of net imports will be about 40%. The 

domestic natural gas supply and demand pattern and the country's energy strategy 

have led to the development of coal-derived synthesis gas from syngas methanation. 

The coal-to-gas process mainly includes two processes of coal gasification and syngas 

methanation. Generally, inferior coal resources such as lignite are used to produce 

synthetic natural gas through processes such as coal gasification, CO shift, impurity 

removal, and CO high-temperature methanation. The core technology of coal-based 

natural gas is coal gasification technology and methanation technology. Among them, 

high-temperature methanation of natural gas to syngas is an effective method for 
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synthesizing natural gas. The methanation reactors of the industrial gas produced by 

the synthesis gas are all fixed bed adiabatic reactors. The CO methanation reaction is 

a strong exothermic reaction. During the industrial operation, the rapid removal of the 

reaction heat and the stability and activity of the catalyst at high temperatures are the 

bottlenecks of the synthesis gas methanation in the coal-to-natural gas process. 

Researchers at home and abroad have conducted a large number of basic research 

and application development to improve the high temperature activity of the catalyst 

and the high temperature resistance to deactivation. 

In this paper, the research status of syngas methanation catalysts at home and abroad, 

the research progress of methanation catalysts in the past decade and the reasons for 

the deactivation of methanation catalysts are reviewed for the research of syngas 

methane catalysts in order to synthesize methane. Provide guidance for the research 

and application of catalysts. 

 

2. Research Status of Methanation Technology 

The development of foreign high-temperature methanation catalysts and technologies 

is aimed at producing synthetic natural gas. Companies that can provide high-

temperature methanation technology include: British David, Topsoe, Denmark, Great 

Plains, and Lurgi. These companies can provide high temperature methanation 

catalysts and high temperature methanation process technology. In addition, foreign 

methanation technology is still under continuous research and development. According 

to reports, in April 2016, the VESTA methanation new technology pilot plant jointly 

built by Wison Engineering, Ameco Fosters and Clariant has been successfully 

implemented. Pass various performance tests. At present, there are many domestic 

coal-to-gas projects. As of 2013, a total of 59 projects are in preliminary work, with a 

total capacity of nearly 2.6× 1011 m3/a. However, due to the fact that there is no 

large-scale syngas methanation process technology in China, the main process 

technologies and catalysts still need to be purchased from Topsoe, Rouge, and David. 

 

3. Research Progress in Methanation Catalysts 

3.1 Active Components 

Metals such as Ru, Fe, Co, and Ni have high catalytic activity in the methanation 

reaction, and Ni has the highest selectivity. Studies have shown that Fe-based catalysts 

are easy to accumulate carbon, and Co-based and Ru-based catalysts exhibit higher 

catalytic activity than Ni-based catalysts in syngas methanation, but because Ni is 

cheap and readily available, it becomes Mainstream catalyst. Most industrial 

methanation catalysts are supported on the support by using microcrystalline Ni as 

the main active material. The catalysts are high-metal content Ni-based catalysts with 
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high temperature resistance and high stability. Based on the strong exothermic nature 

of the synthesis gas methanation reaction, the Ni grains in the catalyst will be sintered 

at high temperatures, resulting in a decrease in catalyst activity. Therefore, it is 

important to improve the anti-sintering ability of Ni. Lakshmanan et al. prepared a 

Ni/SiO2 core-shell catalyst by wet chemical method. The core-shell structure has the 

advantage of protecting Ni nanocrystals and avoiding high-temperature sintering. 

Moreover, the Ni nanocrystals prepared by the wet chemical method have smaller 

particle sizes, larger metal active surface area, and the catalyst exhibits good CO 

methanation activity. 

The bimetallic Ni-based catalyst has attracted much attention due to its excellent 

catalytic performance. The addition of the second metal contributes to the dispersion 

of the active component Ni and can change the interaction between Ni and the support, 

so that the catalytic activity is better. Single metal catalyst. In the synthesis gas 

methanation reaction, the Ni-Fe bimetallic catalyst can effectively improve the activity 

of the Ni catalyst. Wang Ning et al. prepared Ni-Fe/γ-Al2O3 catalyst by impregnation 

method. Ni and Fe formed Ni-Fe alloy. The alloy increased the hydrogen adsorption 

capacity of the catalyst and could completely convert CO into CH4. Tada et al. studied 

the properties of TiO2-supported Ru-Ni bimetallic catalysts. The results show that Ru-

Ni/TiO2 catalysts have higher low-temperature CO methanation activity and lower CO2 

methanation activity than Ru/TiO2 catalysts. 

 

3.2 Carrier 

Since the CO methanation reaction is a strongly exothermic reaction, the thermal 

stability of the support is important for the methanation catalyst. The porous structure, 

high specific surface area and good thermal stability make Al2O3 one of the commonly 

used carriers for Ni-based catalysts. The main role of Al2O3 in the catalyst is to 

disperse the active component and hinder the crystal phase growth of the active metal 

Ni. The Al3+ and O2- ions on the surface of γ-Al2O3 have strong bonding ability and 

interact with Ni2+ in nickel oxide to form surface ionic bonds, which is beneficial to 

the dispersion of nickel oxide particles on the surface of porous alumina. Active Ni 

crystal grains having a uniform particle size distribution and small particle size can be 

obtained. In addition to the Al2O3 support, the carrier of the Ni-based catalyst is also 

TiO2, SiO2, ZrO2, CeO2 and the like. Le et al. compared the CO and CO2 methanation 

activities of Ni-based catalysts supported by five different supports (γ-Al2O3, SiO2, 

TiO2, CeO2, ZrO2), and the activity of Ni/CeO2 was higher than that of other catalysts. 

SiO2 has a high specific surface area and good mechanical strength, and is also a 

widely used industrial catalyst carrier, but has not been widely used in industrial 

methanation catalysts. Tao et al. prepared a highly dispersed Ni-based supported 
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porous catalyst using SBA-15 as a carrier. The results show that in the presence of 

surfactant, Ni nanoparticles are uniformly distributed in the pores of SBA-15 

mesoporous molecular sieves, and the surfactant can avoid the aggregation and 

sintering of NiO particles in high temperature reduction. The catalyst exhibits high 

catalytic activity and thermal stability due to the large Ni metal specific surface area, 

the confinement of the carrier pores, and the weakening of Ni-support interaction. 

In order to improve the high temperature stability of the catalyst, many studies have 

carried out the process of preparing the catalyst by doping the metal Zr or the metal 

Ti to form a composite carrier. The composite carrier allows the NiO on the surface of 

the catalyst to exist in a free state, and at the same time, the catalyst is elevated at a 

high temperature. Stability under conditions. When Ni/Al2O3-TiO2 composite 

supported catalyst is used for CO methanation, the addition of TiO2 enhances the 

methanation activity of the catalyst. The composite carrier has the advantages of TiO2 

and Al2O3 carriers, which can effectively avoid the formation of nickel-aluminum spinel. 

It causes monodisperse Ni grains to form in the reduction. In addition, the surface 

charge of TiO2 can migrate to the surface of the Ni atom, increasing its charge density 

and contributing to the dissociation of CO molecules on the Ni surface. Zhan Jishan et 

al. found that doping the proper amount of TiO2 in the support can inhibit the 

formation of nickel-aluminum spinel, increase the surface dispersion of NiO, and avoid 

the formation of large NiO particles, thus obtaining higher CO methanation activity. 

They also found that the addition of ZrO2 to Al2O3 can improve the thermal stability 

of the support. When the ZrO2 mass fraction of ZrO2-Al2O3 composite carrier is 20%, 

the Ni-based catalyst prepared has the highest hydrogenation activity. 

 

4. Reasons for the Deactivation of the Methanation Catalyst 

4.1 Sintering 

Catalyst sintering is one of the main engineering problems in methanation equipment. 

In industrial production, the synthesis gas methanation reaction mostly uses adiabatic 

fixed-bed reactor. Although the inlet reaction temperature is 300-350 °C, the 

methanation reaction is a strong exotherm. The reaction can instantly raise the 

temperature of the reactor to 800 ° C. In the case of such a strong exotherm, the 

catalyst is sintered. There are two sintering mechanisms for Ni: Ostwald ripening 

mechanism and Coalscene mechanism. The Ostwald ripening mechanism assumes 

that the metal particles A capture the metal atoms released by the metal particles B, 

and the metal particles A continue to grow and cause sintering. The Coalscene 

mechanism assumes that the metal particles themselves can migrate on the surface 

of the support and combine into larger metal particles to cause sintering. At 

temperatures above 700 ° C or higher, the probability of atomic migration is large; at 
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less than 700 ° C, the probability of particle migration is high. Increasing the anti-

sintering ability of the methanation catalyst can be started from both the catalyst 

carrier and the auxiliary agent. After Hu Zeshan introduced the metal La additive, a 

barrier to La was formed around the Ni grains, which prevented Ni from growing further. 

Song et al. showed that the additive La can inhibit the sintering of the catalyst. With 

the addition of La, the active site loss of Ni is less and less. 

 

4.2 Carbon Deposit 

The reason for the carbon deposition is related to the surface properties of the carrier 

and the reaction temperature. In the high-temperature methanation of syngas, CO 

disproportionation is the main cause of carbon deposition. The accumulation of carbon 

continues to accumulate, covering the active site of the catalyst or blocking the pores 

of the catalyst, so that the activity of the catalyst is lowered, and even the catalyst is 

pulverized, thereby blocking the reactor and causing a safety accident. High CO 

concentrations tend to form carbon deposits. Liu et al. studied the effect of process 

conditions on the carbon deposition of Ni-based methanation catalysts. The results 

show that the low hydrogen-to-carbon ratio leads to carbon deposition on the catalyst 

surface. The coke oven gas is used as the raw material, and the reaction pressure is 

2.0 MPa. The addition of 10% (φ) water vapor can significantly inhibit the formation 

of carbon deposit, which has important guiding significance in the operation of 

industrial plants. However, Czekaj et al. pointed out that the carbon species produced 

during the hydrogenation of CO to form methane reacts weakly with the catalyst carrier, 

and its structure is loose, and gas diffusion is not greatly affected. Therefore, carbon 

deposition is considered to be a synthetic gas methane. The impact of the reaction is 

small. The results show that the type and location of carbon deposition have a great 

influence on the activity of the catalyst. Bartholomew et al. summarized the carbon 

type and morphology of the methanation catalyst surface, and formed adsorption 

carbon atoms below 325 °C. This type of carbon atom is active carbon, which can 

react with H2 at lower temperature, and The extension of the reaction time and the 

increase in the reaction temperature further generate amorphous colloidal carbon or 

worm-like carbon. If the rate of formation of the adsorbed carbon atoms is too fast, 

when the surface of the active metal is too late to dissolve or diffuse or hydrogenate, 

an amorphous colloidal carbon is formed on the surface of the active metal Ni, and 

the carbon belongs to the coated colloidal carbon. It will cover the active site of the 

catalyst, resulting in deactivation of the catalyst, which is the main reason for the low 

temperature deactivation of the catalyst. Nguyen et al. studied the effect of 

temperature on the colloidal carbon on the catalyst surface. The temperature range 

of the study was 330-370 °C. The colloidal carbon formed on the catalyst surface 
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decreased and the catalyst deactivation was alleviated. Barrientos et al. found that the 

catalyst stability is not good under the reaction conditions below 310 °C, and changing 

the process conditions can slow down the catalyst deactivation. Wei Xuemei et al. [60] 

discussed the reasons for the deactivation of the catalyst and found that the deposition 

of amorphous colloidal carbon leads to the deactivation of the catalyst. Under high 

temperature and high pressure conditions, the colloidal carbon will change to more 

stable graphite carbon and worm-like carbon. Catalyst stability is enhanced. 

 

5. Conclusion 

As one of the key technologies in the field of coal chemical industry, the production of 

methane from coal by syngas is an important research direction concerning the 

national economy and people's livelihood. Methanation catalysts have been extensively 

studied. However, due to the high CO content in the methanation reaction of synthesis 

gas, the exothermic heat of the reaction process is large, which puts higher 

requirements on the catalyst and requires the catalyst to have better high temperature 

stability. Anti-loss activity. In recent years, research hotspots for carriers have 

gradually turned into ZrO2 and CeO2 and corresponding composite carriers. The 

research hotspots for additives have focused on rare earth metals and Fe. It is possible 

to consider doping modification with rare earth metals to make the catalysts better. 

Catalytic activity and thermal stability. It is expected to develop a syngas methanation 

catalyst with independent intellectual property rights and supporting technologies to 

promote the development of China's coal chemical industry, natural gas and other 

related energy and chemical industries. 
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