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Brief Communications 

Concerning the dependence of the selectivity of the formation 
of ethane and ethylene on the degree of methane conversion 

during its oxidative coupling 
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The dependences of the maximum selectivity and the limiting yield of C 2 hydrocarbons 
on the degree of methane conversion during its gas-phase oxidative coupling were calculated 
by means of kinetic simulation. The correlation between the results of the calculations and 
the rersults obtained in the experimental studies dealing with catalytic oxidative coupling of 
methane is discussed. 
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The dependence of the selectivity of the formation of 
C 2 hydrocarbons (ethane and ethylene) on the degree of 
conversion during the oxidative coupling of methane 
(OCM) is an important criterion for determining the 
maximum achievable yields of these products and the 
practical perspectives of the process. The fact that the 
selectivity of the formation of C 2 hydrocarbons de- 
creases as the degree of methane conversion increases in 
both gas-phase and catalytic OCM is of no doubt. Based 
on the analysis of the experimental data published, it has 
been suggested that a limiting value for the yield of C 2 
hydrocarbons in this process, which is equal to ~25 %, 
exists. 1 However, more recently, higher yields, of up to 
32 %, have also been reported. 2 It has been suggested 
many times that the limit observed has a kinetic nature. 

The yield of C 2 hydrocarbons in gas-phase OCM is 
low and does not exceed several percent. The most 
generally accepted mechanism for catalytic OCM, in 

which considerably higher yields are achieved, involves 
the catalytic activation of methane on the surface and 
the ejection of methyl radicals into the gas phase, where 
all of the subsequent transformations occur. 2 

We analyzed the mechanism of gas-phase OCM 
under the conditions of the additional generation of 
methyl radicals) The analysis was carried out for the 
experimental conditions 4 P = 0.1 MPa, T = 1073 K, 
CH4/O 2 = 5. It was found that when the rate of the 
generation of methyl radicals increases, the yield of C 2 
hydrocarbons only increases to a definite limit, which 
virtually coincides with the limit of the yield of C 2 
hydrocarbons in the catalytic experiments. 

The purpose of the present work has been an analysis 
of the dependence of the selectivity of the formation of 
C 2 hydrocarbons in initiated OCM on the degree of 
methane conversion. The dependence obtained is shown 
in the known plot in Fig. 1 (curve 1). It can be seen that 
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Fig. 1. The dependence of the selectivity of the formation of 
C 2 hydrocarbons (S) on the degree of methane conversion (c0 
(T = 1073 K, P = 1 arm): The kinetic calculation for initiated 
gas-phase OCM (1); the limit of the 25% yield of C 2 hydrocar- 
bons (2); the kinetic calculation for non-initiated gas-phase 
OCM (3); the calculation of the dependences of the degree of 
methane conversion and the selectivity of the formation of C 2 
hydrocarbons during the variation of the effective rate of the 
generation of methyl radicals in a CH4 : O2 : N 2 = 
10 : 2 : 12.5 mixture (4). The dots correspond to the experi- 
mental results obtained for catalytic OCM. I 

this dependence  differs from the hypothet ica l  hyperbolic  
dependence  suggested in Ref. 1 (Fig. 1, curve 2). The 
calculated yield of  C 2 hydrocarbons  increases as the 
degree o f  me thane  conversion increases and reaches 
~36 % at high degrees of  conversion (Fig. 2, curve a). 

When  compar ing  the results of  the  calculat ions car-  
ried out  for the  gas-phase process with those repor ted 
for the catalyt ic  process,  one should take into account  
that  in the s imula t ion  we assumed that  the  addit ional  
g e n e r a t i o n  o f  m e t h y l  r ad ica l s  o c c u r r e d  u n i f o r m l y  
throughout  the reactor  bulk. The catalyt ic  generat ion of  
methyl  radicals  on the  surface and the subsequent  diffu- 
sion of  the  reactants  under  the condi t ions  of  quick 
recombina t ion  of  the  radicals may  lead to somewhat  
different values o f  the  yields. 

The  presence o f  the  kinet ic  l imi t  of  the  gas-phase 
format ion  of  C 2 hydrocarbons  actual ly sets the same 
l imit  for catalyt ic  O C M ,  if  one assumes that  the catalyst 
only par t ic ipates  in the  genera t ion  of  the methyl  radicals 
and has no effect on the  subsequent  processes that  
inf luence the  format ion  of  C 2 hydrocarbons.  A jux tapo-  
sition o f  the  dependence  obtained with the  results o f  
kinetic  studies shows that  the overwhelming majori ty of 
the  results lie below curve 1 or near  it  (Fig. 1). 

Figure 1 (curve 3) and Figure 2 (curve b) also show 
the dependences  of  the selectivity and yield of  C 2 hydro-  
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Fig. 2. The dependence of the yield of C 2 hydrocarbons (]9 on 
the degree of methane conversion (c0 (T = 1073 K, P = 
1 atm): The kinetic calculation for initiated gas-phase OCM 
(a); the kinetic calculation for non-initiated gas-phase OCM 
(b). The dots correspond to the experimental data taken from 
Ref. 1:Sm203 (1); CaO (2); MgO (3). 

carbons on the degree of  methane  conversion calcula ted 
for the non- in i t i a ted  reaction.  It is no tewor thy  that  the 
exper imental  results obta ined with the  least  active cata-  
lysts (CaO, MgO) lie near  the  curve ca lcula ted  for the  
non- in i t ia ted  reaction. At  the same t ime,  the yield ob-  
ta ined exper imenta l ly  for Sm203, which is one of  the  
most  active catalysts in this process,  falls on the  plot  of  
the yield vs. the  degree of  conversion ca lcula ted  for the 
ini t iated process (Fig. 2). All  of  the  exper imenta l  results 
were taken from Ref. I. 

The kinetic mode l  used in the calculat ions and the 
results of  the s imulat ion for a number  o f  exper imenta l  
works on gas-phase O C M  have been publ ished previ- 
ously.5, 6 
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