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Abstract—In the oxidative coupling of methane over lead oxide, reaction temperature is a critical
variable which determines the reaction pathway of methyl intermediates on the surface. Low temperature
favors oxidation to carbon oxides, while high temperature favors desorption as methyl radicals.

Among potential routes of direct methane conver-
sion, oxidative coupling to higher hydrocarbons over
solid surfaces has been an active area of research in
the past several years [1,2]. Various metal oxides have
been employed, either as catalysts or as reagents. In
the latter case, the materials were first reacted with
methane in a stoichiometric manner and were then re-
generated by dioxygen treatment in a separate step
3L

Evidence in the literature suggests that the critical
process in both the catalytic and stoichiometric ma-
terials involves the generation of gas-phase methyl
radical intermediates. Thus, from the fact that the
distribution of C,-C; hydrocarbon products are essen-
tially identical for all catalyst systems they studied
(mostly transition metal oxides), Jones et al. [4] have
postulated that the gas phase methyl radical CH;-is the
first species to be formed upon methane activation.
This is followed by gas phase hydrocarbon building
steps. This mechanism contradicts the mechanism
proposed earlier by Keller and Bhasin [3] for the
same type of metal oxides. The earlier mechanism
assumes the adsorbed methyl intermediates and sur-
face hydrocarbon building steps. Jones et al. argued
that it would be highly fortuitous for all these different
metal oxide systems to have similar product distribu-
tions if the hydrocarbon building steps occurred via
adsorbed species on the catalyst surface.

Among the materials found active for methane
coupling is lead oxide. Hinsen et al. [5] and Bytyn and
Baerns [6] reported that a 36% PbO/7-Al, 05 catalyst
produced at 1023 K aC," selectivity of 58% with a me-
thane conversion of 8.9% [Po,= 7 kPa, Pcy, = 70 kPa,
Phe = 23 kPa, W/F = 1.55 g-s.cm™]. Otsuka et al. [7]
reported that an unsupported PbO catalyst at 973 K
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produced a C;* selectivity of 47% [Pg,=0.4 kPa,
Pen, = 18 kPa, Py, = 82 kPa, W/F = 0.002 g's-em™).

For irreducible oxides like Li/MgO, and more
recently for rare earth oxides, the importance of gas
phase reaction has been well established. By Electron
Paramagnetic Resonance spectroscopy, Lunsford and
coworkers [8,9] detected CHs in the gas phase over
these materials during methane coupling. Kimble and
Kolts [10] were able to simulate the distribution of hy-
drocarbon products over Li/MgO with known rate
constants for gas phase reactions.

However there is a report which is apparently in-
consistent with the above. At 748 K, Driscoll and Luns-
ford [11] detected gas phase methyl radicals over MgO
and Li/MgO. Meanwhile Bi;0;, Bi;MoO;, and PbO
were essentially inactive for radical production. The
present authors noted that the temperature of the ex-
periment was much lower than the temperatures pre-
viously employed in methane coupling over these ox-
ides. Present work was performed to check the effect
of temperature on the selectivity of methane coupling
over supported tead oxide.

A 30 wt % PbO/Al,O; was prepared by adding
aqueous solution of PB(NOs3), (Alfa) to 7-alumina (Nor-
ton, BET area 250 m*g™) followed by evaporation of
water, drying at 390 K for 10 h, and calcining in air at
1000 K for 2 h. The reaction of methane took place in a
flow reactor at atmospheric pressure with 1.0 g of the
sample. The pressure of methane was kept at 50.5 kPa
while that of dioxygen was varied, with the total flow
rate maintained at 13.6 pmol s™" with He diluent. Pro-
ducts were analyzed with a gas chromatography equip-
ped with a thermal conductivity detector and a 2.5 m
long, 3 mm diameter Porapak Q column.

The results of the reaction is shown in Table 1.
There was no significant change in the rate of methane
conversion and product distribution during 2-5 h of ex-
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Table 1. Oxidative coupling of methane over 30 wt%
PbO/Al,0;4

T 0 CHy 0,
(K) (kPa) Conv., % Conv., % COs

Selectivity, %
CO CyHy CyHg

659 25 1.3 51 1000 — — —
760 25 24.0 920 1000 — — —
883 25 279 97.8 90.0 <0.1 43 5.7,
863 5 48 88.4 812 — 2.1 167
1017 5 6.5 94.0 662 — 277 62

Catalyst weight: 1.0 g; Atmospheric pressure with [CH,] =
50.5 kPa, [O4] as indicated, and He diluent. Total flow rate:
13.6 #mol s-1.

periment at each temperature. In general, selectivity to
Cyhydrocarbons, especially that of ethylene, increased
with increasing temperatures. As in the case of sama-
rium oxide [12], this is probably due to the activation
energies of Cp formation steps that are larger than
those of CO, formation steps. This trend is opposite to
that of usual selective oxidation of hydrocarbons on
transition metal oxides, but has been widely observed
for methane dimerization. At the same temperature,
higher dioxygen pressure in the feed decreases the se-
lectivity to Co-products, but increases C,H,/C;Hg ratio
of the products. These effects of dioxygen have been
interpreted as dioxygen promotes the formation of car-
bon oxides by reacting with methy! intermediates and
the formation of ethylene by oxidative dehydrogena-
tior: of ethane, the primary product of methane coupl-
ing [1].

The formation of C,hydrocarbons is observed at
temperatures above 870 K. High conversions of me-
thane was achieved even at lower temperatures, but
product was mostly CO,. On the other hand, consider-
able amount of C;-hydrocarbons are reported to be
formed below 870 K over Li/MgO [13] or La,0; [5].

The failure to observe the gas phase methyl radi-
cals over PbO in the experiment of Driscoll and Luns-
ford may have have been because at the low tempera-
tures methyl intermediates formed on the surface rapi-
dly convert to CO, before they are desorbed into the
gas phase. The fact that a considerable methane con-
version was achieved at 659 K and 760 K (Table 1) sug-
gests that under the experimental conditions of Dris-
coll and Lunsford [11], surface intermediates might
have been formed but escaped the detection by EPR
because they could not desorb into the gas phase. At
high temperatures, however, the methyl radicals can
leave the surface before they react further and metha-
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Fig. 1. A model to explain the effect of temperature
on the formation of gas phase methyl radical
during oxidative coupling of methane over

PbO/AlL,Os.

ne coupling proceed via the gas phase CH;-intermedi-
ate. On the other types of metal oxides like Li/MgO
and La,Os, the desorption of methyl radical may be
much easier even at low temperatures. The process is
illustrated in Figure 1.
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