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The Oxidative Coupling of Methane on Chlorinated Lithium-doped Magnesium Oxide
Paul G. Hinson, Abraham Clearfield and Jack H. Lunsford*

Texas A&M University, College Station, TX 77844, USA

The incorporation of chloride ions into Li-doped MgO, via a sol-gel process results in a stable and active catalyst
that is capable of converting methane to ethylene through a series of partial oxidation reactions.

The oxidative coupling of methane to form higher hydrocar-
bons is an active area of research in catalysis and has been the
focus of several recent reviews.! Recently there has been an
emphasis on oxide catalysts promoted with chloride salts or
gaseous chlorine-containing species.25 The introduction of
chlorine species into these catalysts increases the activity for
methane conversion and can increase the ratio of ethylene-to-
ethane in the products. Because of the utility of ethylene as a
chemical feedstock it is desirable to maximize the conversion

of methane to this particular product. Sofranko and coworkers
reported a selectivity to C, and higher hydrocarbons of 90 at
30% CH, conversion by cofeeding HCI or MeCl with their
reactants over a Na/Mn/Si based catalyst at 750-800 °C.6
Burch et al.7 reported C, selectivities of about 90% over a
manganese dioxide catalyst doped with alkali chlorides and/or
promoted with gaseous methylene chloride at 750 °C. Much of
the work described thus far has been aimed at attaining higher
conversions of methane with little mention of catalyst stabil-
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Fig. 1 Methane conversion and product selectivities as a functivu ur
temperature for (a) Li+-MgO-Cl- and (b) Li+-MgO: @ C=C, A
C-C, B CO,, and & CH,4 conversion. The feed was 60 Torr of
methane and 30 Torr of oxygen, the balance being helium at a total
flow rate of 50 cm” min—!. Because the apparent densities of the two
catalysts were different, the mass of catalyst used was adjusted to give
abed volume of 7.7 cm3 so that each experiment was carried out at the
same space velocity. This resulted in the mass of Li+-MgO used being
1.4 times the mass of Li*-MgO-Cl~ used. The temperature was
varied randomly.

ity. Here we report a comparison between a conventional
Li,CO5/MgO catalyst and a chlorinated Li/MgO catalyst with
regard to activity, selectivity and catalyst stability.

The catalyst designated Li+-MgO-Cl— was prepared using
a sol-gel procedure that will be described in detail elsewhere.8
A magnesium alkoxide was prepared by reacting magnesium
metal with an alcohol in the presence of carbon tetrachloride,
resulting in the incorporation of chlorine into the alkoxide
solution. Lithium nitrate in ethanol was added to the alkoxide
solution, and the mixture was gelled by bubbling water vapour
(in nitrogen) through the mixture. The mixture was dried and
then calcined as described below. The Li,CO5/MgO catalyst
designated Li+*-MgO, was prepared from lithium carbonate
and magnesium oxide by a slurry technique.8 Both catalysts
were calcined at 750°C, sieved to 20/45 mesh and calcined
again at 750°C prior to use. Li+-MgO-Cl- and Li*-MgO
catalysts were prepared with a Li: Mg ratio of ca. 0.3, and for
the Li*-MgO-Cl- catalyst the Li: Cl ratio was ca. 1. The
catalytic experiments were carried out in flow reactors
constructed from high purity alumina tubes of 1.95 cm inside
diameter. The reactant gas mixture of methane, oxygen and
helium (diluent) was introduced at a total flow rate of 50-55
cm3 min—! and a total pressure of 1 atm. A thermocouple well
was located along the central axis of the reactor with the
thermocouple at the centre of the 2.8 cm deep catalyst bed. At
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Table 1 Methane conversion, product selectivities, and C; yield over
Li+-MgO-Cl-«

Selectivities (%) C,

Time on CH, conv. Yield
stream/h (%) C=C C-C CO, CO G (%)
Feed CH4/O, = 72/38 Torr

26 33 470 58 361 11.1 0.0 17

91 37 45.1 7.8 432 00 38 20
104 34 46.8 85 447 00 0.0 19
120 37 444 81 475 00 0.0 19
180 36 42.1 89 464 00 24 18
Feed CHy/O; = 303/155 Torr
190 35 335 7.0 519 351 24 14
224 30 285 9.0 564 2.8 32 11
238 31 277 9.0 569 26 39 11

@ Conditions: 6 g of Li+-MgO-Cl-, flow rate = 50 cm3® min—!, and T
= 640 °C.

a nominal temperature of 650 °C, the bottom two thirds of the
bed was 650 £ 2°C, and the entrance of the bed was at 643 °C.
The products were analysed by gas chromatography.

Fig. 1 shows the effect of temperature on methane
conversion and product selectivity over Li+-MgO-Cl~ and
Li+-MgO catalysts. The Li+-MgO-Cl- catalyst shows a
greater activity for methane conversion, especially at the
lower temperatures. At 550 °C, methane conversions of 4.3
and 0.96% were observed over the Li+-MgO-Cl- and
Li+-MgO catalysts, respectively. At 650 °C the conversions
were 28% for Li*-MgO-Cl- and 15% for Li+-MgO. The
reaction became oxygen limited over Li+-MgO-Cl- at higher
temperatures. The total selectivity to C, hydrocarbons (eth-
ylene + ethane) was initially higher over Li*-MgO-Cl-, but
was not substantially different at temperatures above 650 °C.
The C, yield was higher for Li+-MgO-Cl at all temperatures
because of the greater methane conversion over this material.
The most significant difference between the two catalysts is
their relative selectivities to ethylene and ethane. As shown in
Fig. 1 at temperatures above 575 °C the ethylene selectivity
was greater than the ethane selectivity, and the selectivity to
ethylene increased until the reaction became oxygen limited at
the higher temperatures. Over the Li*—-MgO-Cl- catalyst the
ethylene : ethane ratio increased from 3.5 at 625 °C to 5.9 at
675 °C and from 0.4 to 1.0 for Li+-MgO.

Methane coupling catalysts that contain chlorine suffer a
loss of chlorine during reaction. Burch et al.9 observed
deactivation within 2 h on a LiC/MnQO, catalyst at 750 °C.
Otsuka et al.? observed similar deactivation with a LiCI/NiO
catalyst at 750 °C. However, when the reaction was run below
640 °C, the catalyst was stable for more than 20 h. Table 1
shows the results of an experiment in which a Li+-MgO-Cl—
catalyst was kept on stream for 238 h at 640 °C. For the first
180 h the feed was kept at approximately 72 Torr of methane
and 38 Torr of oxygen, with the balance being helium. The
methane conversion varied from 33 up to 37% during this
time. Although the ratio of ethylene to ethane decreased from
8.1 to 4.7, the total selectivity to C, hydrocarbons remained
fairly constant at 51-53%. Under these conditions the catalyst
was fairly stable, in contrast to the short lifetimes discussed
above for other chlorine-containing catalysts. Increasing the
partial pressure of reactants resulted in a decrease in the C,
selectivity, but the catalyst remained active. The methane
conversion only decreased from 35 to 31% over a 48 h period.
During the 238 h on stream the catalyst lost approximately half
of the lithium and chlorine initially present.

The incorporation of chlorine into lithium-doped mag-
nesium oxide has two effects on the reactions involved in the
oxidative coupling of methane. First, the Li+-MgO-Cl-
shows a greater activity for methane conversion, even at lower
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temperatures. Significantly, at 650 °C the methane conversion
was almost twice as great for Li*—MgO-Cl- as with Li+—
MgO. Second, the ethylene to ethane ratio is significantly
enhanced. In agreement with these resuits recent work by
Conway and Lunsford!® suggested that the conversion of
ethane to ethylene is enhanced over a Li*—MgO-Cl - catalyst
relative to Lit-MgO catalyst. They also found no correlation
between the rate of HCI evolution and the rate of ethylene
production, suggesting that there is very little conversion of
ethane to ethylene by purely homogeneous reactions. Simi-
larly, Burch and coworkers® concluded that ethylene selectiv-
ity was probably a result of heterogeneous reactions rather
than gas-phase homogeneous reactions.

The chiorine appears to reduce the uptake of CO, and
formation of bulk lithium carbonate in the Li*-MgO-Cl-
catalyst. X-Ray diffraction (XRD) shows no bulk lithium
carbonate formation on Li*-MgO-Cl- although X-ray
photoelectron spectroscopy (XPS) shows features due to the
carbon and oxygen of a near-surface carbonate. We have
found that lithium-doped magnesium oxide catalysts prepared
initially ‘carbonate free’ readily pick up carbon dioxide and
form bulk lithium carbonate which is easily detected by
XRD.!1 The work of Conway and Lunsford!0 confirmed that
the chlorinated catalyst adsorbs much less CO,. A more
detailed account of the effect of chlorine on the lithium-doped
magnesium oxide as a methane coupling catalyst will be given
in a subsequent publication.

J. CHEM. SOC., CHEM. COMMUN., 1991

This work was supported by the Gas Research Institute
under contract 5086-260-1326.

Received, 7th June 1991; Com. 1/027371

References

1 Y. Amenomiya, V. I. Birss, M. Goledzinowski, J. Galuszka and
A. R. Sanger, Catal. Rev.-Sci. Eng., 1990, 32(3), 163; G. J.
Hutchings, M. S. Scurrell and J. R. Woodhouse, Chem. Soc. Rev.
1989, 18, 251; J. S. Lee and S. T. Oyama, Catal. Rev.-Sci. Eng.,
1988, 30(2), 249; J. H. Lunsford, Catal. Today, 1990, 6, 235.

2 R. Burch and S. C. Tsang, Appl. Catal., 1990, 65, 259.

3 K. Otsuka, M. Hatano and T. Komatsu, Catal. Today, 1989, 4,
409,

4 S. Ahmed and J. B. Moffat, J. Catal., 1990, 125, 54.

5 D.I. Bradshaw, P. T. Coolen, R. W. Judd and C. Komadromos,
Catal. Today, 1990, 6, 427.

6 C. A. Jones, J. J. Leonard and J. A. Sofranko, Energy & Fuels,
1987, 1, 12.

7 R. Burch, G. D. Squire and S. C. Tsang, App!l. Catal., 1989, 46,
69.

8 P. G. Hinson and J. H. Lunsford, to be published.

9 R. Burch, E. M. Crabb, G. D. Squire and S. C. Tsang, Catal.
Lett., 1989, 2, 249.

10 S. J. Conway and J. H. Lunsford, submitted to J. Catal.
11 J. H. Lunsford, M. D. Cisneros, P. G. Hinson, Y. Tong and H.
Zhang, Faraday Discuss. Chem. Soc., 1989, 87, 13.






