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Abstract 

The first work on the production of synthesis gas by converting methane to carbon dioxide was 

published in 1928 [5]. In the 1990s, research on the conversion of carbon dioxide to methane 

was focused on the production of synthesis gas in various H2/CO ratios for the synthesis of 

hydrocarbons and petroleum products [18]. 

The main goal of the research of the NCM was to develop active catalysts that can work for a 

long time without renewal. In [16, 19], the catalytic activity of some metals (Cu, Fe, Co, Ni, 

Ru, Ru, Rh, Ir or Pt) was increased by using additives (Al2O3, SiC>2, TiCl, MgO, C, 

ZnO,SiC,BaO,ZrCl,GeO2 or zeolites) [5]. Precious metal catalysts are more resistant to coke 

production, but due to their high cost and limited efficiency, they are used for economical 

purposes. 

 

 

Introduction 

MgO and CaO have been studied because of their high melting points, and their temperature 

resistance is related to the surface area. In addition, their basicity is believed to reduce coke 

formation by increasing the activity of CO2, TiO2, and ZrO2. Metal oxides of active metals 

always serve to increase the activity of strong metals (SMCs).. The CMC is a very important 

factor in the resistance to coke. The ability of rare earth oxides such as GeO2 and La2O3 to 

absorb and release oxygen has been studied. Their use as additives increases the activity of the 

catalyst. The selection of active metals, along with additives for the preparation of catalysts, 

can also increase the activity of catalysts, since the activity of a catalyst depends on many other 

factors in addition to its composition, such as preparation methods, heat treatment, activation 

procedure, composition of active components, addition of active substances, and others. 

Therefore, some catalytic structures such as Ni/Al2O3 and Ni/MgO have been studied by 

different research groups and different results and conclusions have been reached.  

With the soot gas produced as a result of the catalytic conversion of a gas mixture consisting 

of methane and carbon dioxide in the gas phase hydrogen mixture opens a wide path to the 

production of various products in industry. 

There are three methods for catalytic conversion of methane into a mixture of hydrogen 

and carbon monoxide [10; pp. 39-50]. 

1. Steam catalytic conversion (steam reforming): 

СН4 + Н2О → СО + 3Н2    ∆Н= +226 кж/мол 

2. Partial oxidation of methane (partial oxidation of methane, oxygen reforming) 

СН4 + 1/2О2 → СО + 2Н2   ∆Н = -35,6 кж/мол 
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3. Catalytic conversion of a gas mixture consisting of methane and carbon dioxide into a 

mixture of carbon monoxide and hydrogen in the gas phase:СН4 +СО2 → 2CО + 2H2 

  ∆H = + 247 кж/мол. 

In industry, almost exclusively steam conversion of methane is used. The reaction is carried 

out at high temperatures, i.e. at 700-900°C, in the presence of nickel-containing catalysts.  

To obtain ammonia from a nitrogen-hydrogen mixture, a mixture of hydrogen and carbon 

monoxide with a composition of CO + H2 = 1:3 is used.. Recently, it has been proposed to use 

a 1:1 mixture of hydrogen and carbon monoxide to produce dimethyl ether (1,2). The formal 

stoichiometry of this reaction corresponds to the following equation.2CО + 4H2 → CH3ОCH3 

+ H2О   (5) 

However, if we take into account the interaction of H2O and CO (steam catalytic conversion 

of CO) under these reaction conditions, 

CО + H2О ↔CО2 + H2    ∆H=-41 кж/мол  (6) 

In practice, to produce dimethyl ether, a mixture of CO:H2 = 1:1 is required:   

3CО + 3H2 → CH3ОCH3 + CО2  (7) 

    

System (CH4 + CО2 = 2CО + 2H2) balance 

In the catalytic conversion of methane in the gas phase to a mixture of carbon dioxide and 

hydrogen in the presence of catalysts, equilibrium catalytic conversion of CO + H2 is achieved 

on nickel and platinum catalysts at 700-800°C.. The main obstacle to the use of nickel catalysts 

in the catalytic conversion of methane with carbon dioxide in the gas phase in the presence of 

catalysts is their rapid poisoning by the formation of coke on their surface. There are two ways 

in which coke is formed in methane decomposition [11;55-72-б]. 

 

1. Separation of methane into elements 

СH4 →C+ 2H2;   ∆H = + 74,8  кж/мол  (8) 

 

2. Budsar's reaction 

2СО → С + СО2   ∆H = -172  кж/мол  (9) 

 

The first of these is a chemical catalytic reaction, which involves the absorption of heat, and 

the second is a chemical catalytic reaction, which involves the release of heat. One way to solve 

the problem is to add or remove heat when obtaining a mixture of hydrogen and carbon dioxide. 

СH4+СО2 +H2  The generalization of the mixture consists in carrying out reactions (1), (2), (3) 

and (6) without additional heating, creating a catalytic change in the presence of catalysts. Such 

a thermoneutral (the necessary heat is obtained by burning part of the raw material in 

atmospheric oxygen) catalytic change is carried out in the presence of methane СH4+СО2+О2 

can be carried out through the generalization of catalytic changes in the system with the 

presence of carbon dioxide (3) and oxygen (2) catalysts.  
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Summary 

In the catalytic conversion of methane in the gas phase to a mixture of carbon dioxide and 

hydrogen in the presence of catalysts, equilibrium catalytic conversion of CO + H2 is achieved 

on nickel and platinum catalysts at 700-800°C.. The main obstacle to the use of nickel catalysts 

in the catalytic conversion of methane with carbon dioxide in the gas phase in the presence of 

catalysts is their rapid poisoning by the formation of coke on their surface 
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