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Introduction 

 

Methane is the predominant component of natural gas, from which many kinds of 

chemicals can be produced. Over the past two decades, extensive efforts have been made 

in indirect and direct conversion of methane into valuable products. One of the attractive 

applications of methane is the oxidative coupling of methane (OCM) to C2 hydrocarbons, 

especially ethylene. 

The oxidative coupling of methane to form ethane and ethylene has been intensively 

investigated in recent years. This reaction typically occurs by passing CH4 and O2 over 

suitable oxide catalysts. A large number of catalysts and their reaction kinetics have been 

reported. Na2WO4 /Mn/SiO2 catalyst is one of the best catalysts, which is used in OCM 

process. 

In this work, we have performed OCM reaction in a reactor and used gas 

chromatography to obtain kinetic data. These data have been analyzed using MATLAB 

software to propose a model for OCM reaction. 
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Experimental Section 

 

The reactor was a 9 mm, fixed bed quartz tube. A thermocouple was used to control 

the reaction temperature. To minimize of gas phase reactions, the pre-reaction zone length 

of the reactor was 2 mm and the catalytic section of reactor was filled with quartz 

particles. This design served to rapidly remove the effluent gases (such as He) from the 

reaction zone as quickly as possible. We used a mixture of methane (99.999%) and 

oxygen (99.99%), as the reactant gas and He (99.999%) as the carrier gas. A gas 
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chromatograph with a thermal column detector (TCD) was used with two columns 

operating in parallel to achieve sufficient separation of the product and reactant. A 

Chrompack column was used for the separation of CO2, CH4, C2H4, C2H6 and a molecular 

sieve packed column was employed for separation of O2, CH4, and CO. The inlet and 

outlet streams were analyzed by online gas chromatography. The experiments were 

carried out at 700-850 °C and a total pressure of 1 atm. The total flow rate was chosen 

between 100-200 ml/min. A schematic diagram of the experimental equipment is given 

in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The experimental apparatus. 

 

 

 

Simulation Method 

 

It is known that, several hundred elementary reaction steps including approximately 

40 species may occur in the reaction of methane and oxygen .To reduce this number, we 

used a computer program for simulation. To simulate the reaction, it is necessary to select 

the important steps and species based on the existing experimental evidence. 

Three possible elementary reaction steps are addition reaction, substitution reaction, 

and disproportionation reaction. By using the MATLAB software, the elementary 

reaction type and its reactants can be identified. The following procedure was used to 

simulate the kinetic parameters using MATLAB: 

Multi Variable Optimization ‹ Limited Region ‹ Fmin Search (Simplex method) 

 

 
 

Result and Discussion 

 

The first two steps in the rate law of OCM reaction over Na2WO4/Mn/SiO2 catalyst 

are methane conversion and ethane formation. 
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Figure 2. Selectivity of C2 compounds as a function of temperature. 

 

From the experimental results (Fig.2), maximum C2 selectivity and 

maximum methane conversion can be obtained. By using the MATLAB 

software, the best model for the OCM reaction can be identified and be used 

to optimize parameters. 
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