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Oxidative dimerization of methane over alkaline earth
metal oxides and phosphates has been studied. The rate-
determining step is heferolytic C—H bond dissociation
of methane on surface basic sites of the catalysts.

H3ayueHa OKHCJIMTeJIbHAsA OHMEPH3alHs METaHa Ha OKHCJaxX H
dochaTax meIOUHO-3EMENIbLHEIX MeTalnoB. [loka3aHo, 4YTO JIH-
MHTHDpYKHEe! CTaguell peakUHU ABAAETCH IeTEPOJIMTHUYECKHH
pa3pbiB C-H CBsI3M MeTaHa ‘Ha OCHOBHBIX LEHTPaX MOBEPXHOCTH

KOHTaKTa.

It has been suggested previously {1] that the first step
of selective oxidative canersions of hydrocarbons is the he-~
terolytic C-H bond activation in methyl groups with displacement
of a proton to a nucleophilic oxygen atom.

The aim of the present study is to examine the activation
character of methane in oxidative dimerization over alkaline
earth metal oxides and phosphates.

EXPERIMENTAL

Oxides of analytical grade alkaline earth metals (Mg, Ca,
Sr, Ba) and their phosphates obtained from equimolar amounts
of double-substituted ammonium phosphate and the respective
metal nitfate, with subsequent drying at 423 K and 4 h calcina-
tion at 1073 K, were used as catalysts.
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Catalytic activity was measured in a gradientless reactor
under flow conditions at 1153 K and v = 0.2 s by using 20 vol.%
0, + 80 vol.% CH,

Kinetic isotope effect measurements were carried out in a

2 reaction mixture.
gradientless reactor under pulse conditions over MgO and CaQ at
1123 X by using 10 vol.% 0, + 90 vol.$ CH, {or CD4). Several
pulses of a CH4~containing mixture were admitted to the cata-
lyst. Upon attaining a steady reaction rate, a pulse of a CD4—
containing mixture was supplied. )

Compositions of the initial mixture and reaction products
were analyzed gas-chromatographically [2].

Concentration of surface base sites on the-.catalyst was
determined like in Ref. [3].

RESULTS AND DISCUSSION

As is known, in deep oxidation and selective oxidative
conversions of saturated hYdroéarbons the rate-determining step
involves heterolytic C-H bond dissociation in the paraffin mol-
ecule [1]. It ensures a considerable kinetic isotope effect
when protium is substituted by deuterium [4-5].

To elucidate the character of the rate-determining step
in oxidative dimerization of methane, we have compared dimeriza-
tion rates of ordinary and deuterated methane on MgO and CaO.
Experimental results are listed in Table 1. Reaction products
are ethylene, ethane, CO and CO2 with small amounts of C3—C4
hydrocarbons.

As is seen from Table 1, the observed kinetic isotope
effect is close to the theoretical value at the given tempera-
ture [6]. This suggests that the rate-determining step in oxi-
dative dimerization of methane is C-H bond dissociation, which
vrequires high activation energies. This suggestion agrees with
the data [7] implying that the selectivity towards dimerization-
products rises with increasing temperature.

According to Ref. [1], the effective C-H bond activation
for low-polar bond compounds like methane is possible in the

 presence of strong basic sites on the catalyst surface.
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Reaction rates for oxidative dimerization of methane and
_concentrations of basic sites on alkaline earth metal oxides
and phosphates are listed in Table 2.

Table 2
Dependence of oxidative dimerization rates of methane on
the concentration of surface basic sites of catalysts
(T = 1153 K, t = 0.2 s, 20 vol.% 0,+80 vol.% CH,)

Basicity ’ Reaction rate
Catalysts (10 %mo1 csaéuxxnmﬁ) (10”14 molec.CH4/cm2 s)
total . C2-H4

Phosphates

Mg 4.69 1.14 0.56
Ca 5.93 6.45 2,85
Sr 6.08 1.4 5.13
Ba 13.1 26.8 12.2
Oxides
Mg 2.14 2.9 " 1.65
Ca 7.94 31.2 15.5
Sr 46.7 56.3 33.7
Ba 82.9 60.8 42.6

According to X-ray phase analysis data, Mg, Ca and Sr
phosphates are orthophosphates and barium phosphate is a mix-
ture of ortho- and pyrophosphates.

Studies of the dependence of the reaction rate on the cat-
alyst basicity have revealed that the catalyst activity depends
on its surface basicity. With increasing basicity, both the
total reaction rate and the formation rate of dimerization
products rise.

Thus, the results suggest that the rate~determining step
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of oxidative dimerization of methane involves heterolytic C-H
bond activation due to the presence of nucleophilic surface
sites on the catalyst.

The authors are thankful to L.M. Plyasova for discussion
of the X-ray phase analysis.
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