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Interactions of Methane with Th02/Si02 Surface at 1073 K 

Methane decomposition over Th02/Si01 surface was investigated at 1073 K. Positive catalytic 
effect on the decomposition has been confirmed at low reaction conversions when ethane and 
ethylene are major products. Yields of ethylene and minor unsaturated hydrocarbons were 
sensitively inhibited by the presence of NO impurity in the methane feed. 

Homogeneous decomposition of meth- 
ane at a temperature of 1500°C is an indus- 
trial process for acetylene production (I). 
Major products of this homogeneous pyro- 
lysis at low reaction conversions are eth- 
ane, ethylene, propylene, acetylene, and 
allene (2). The generation of each product 
has an induction period. These induction 
periods increase in the order CzHs > C,H, 
> C3Hs, &Hz > C,& . This sequence indi- 
cates that products with a long induction 
period come from a further interaction of 
the accumulated preceding compound in 
the sequence. A radical reaction mecha- 
nism has recently been established for 
these observations (2). 

Efforts on using catalysts such as iron, 
nickel, cobalt, copper, platinum, and paha- 
dium to increase the acetylene yield from 
methane pyrolysis were not successful. 
Only negative effects on acetylene yield 
were found for these metals (3). Whether 
the surface can catalyze the decomposition 
of methane at low reaction conversions, 
however, remains an unsolved question. 

At room temperature methane molecules 
chemisorb slightly on surfaces (4). Hz evo- 
lution accompanies this chemisorption at 
500 K. Although carbide formation on the 
surface has been proposed, no unsaturated 
hydrocarbon product in the gas phase was 
detected from the methane-surface interac- 
tion around this temperature (4, 5). Since 
methane becomes unstable, relative to un- 
saturated compounds, under elevated tem- 
peratures (6)) decomposition of methane 
over oxide surfaces was therefore studied 
at a temperature of 1073 K. ThOJSi02 was 

selected as the catalyst because it was 
shown to have good activity in a screen test 
(7). 

A 13% ThOz/SiOs catalyst was prepared 
by impregnating a calculated amount of 
thorium nitrate solution on silica gel. The 
impregnated catalyst was then dried and 
calcined at 1123 K for 16 h. The calcined 
catalyst has a specific surface area of 32 
m2/g, an apparent bulky density (ABD) of 
0.91 g/ml, and a grain size of 30-60 mesh. 
A flow system equipped with a Matheson 
mass flow meter and gas-handling manifold 
was used. Purified Matheson methane (with 
only 0.2 ppm C,H,) at a controlled pressure 
of 15 Tot-r was decomposed in a l@mm-i.d. 
quartz tubing containing 4.0 g calcined 
ThOZ/SiOZ catalyst at 1073 K. Precaution 
was taken to exclude O2 by pumping the 
system to less than lob3 Torr. The catalyst 
was flushed with Hz at the reaction temper- 
ature before each experiment. Trace 
amounts of adsorbed 02, if any, were 
thought to be excluded by this treatment. 
Oxides such as ThO, and SiO, are not 
reduced appreciably at this temperature. 
Deposited coke was burned out by flushing 
the catalyst at 1073 K with 0, before the 
hydrogen treatment. 

Ethane, ethylene, acetylene, and propyl- 
ene are also observed as the products of 
this methane-surface interaction. Figure 1 
depicts the variation of the observed prod- 
uct distribution with contact time. The cal- 
culated rate of product generation is about 
300 times faster than that of homogeneous 
decomposition in the gas phase. Also note 
in this figure that the induction period se- 
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FIG. 1. The variation of product distribution with 
time when 15 Torr methane was decomposed over 
13% ThOl/SiOl at 1073 K. Data of homogeneous 
decomposition are also included for comparison with 
ethane (---) and ethylene (----) 

quence found in the homogeneous pyroly- 
sis does not exist in this catalytic cracking. 
A surface interaction mechanism is there- 
fore needed for these observations. 

Two primary reactions can be conceived 
from the methane-metal oxide interaction, 
i.e., 

CH, # CH,(ads) + H(ads), (1) 

CH, * CH, + H(ads). (2) 

Although reaction (2) has never been re- 
ported, this reaction should become favor- 
able under the present unusual high temper- 
ature condition. 

Ethane, the major product, may then be 
produced from the combination of methyl 
radicals, in the gas phase or absorbed on 
the surface, i.e., 

2CH, --f C2Hs, (3) 

2CHdads) + &I&. (4) 

Since the formation of unsaturated hydro- 
carbons does not have a noticeable induc- 
tion period, these compounds must have 
been generated mainly.by a route that does 
not require ethane as a metastable interme- 
diate. The following surface reactions are 
therefore proposed, 

CH,(ads) # C,H,(ads) 
+ (3n - m)H(ads), (5) 

FIG. 2. The effect of NO on methane decomposition 
over ThOz/SiOs. 

CJ-Mads) * Cd-b, W-b, WI2 , (6) 

etc., where C,H, denotes surface interme- 
diates (CH,(ads), &H,(ads) , etc.) 

Nitric oxide has been reported as a selec- 
tive poison for surface hydrocarbon reac- 
tions (8). It would be of interest to investi- 
gate the effect of NO on methane 
decomposition. In the case of homoge- 
neous pyrolysis at 1073 K, no substantial 
change was observed with the concentra- 
tion of nitric oxide in methane up to 5000 
ppm. A negligible scavenging effect of nitric 
oxide on the gas-phase intermediate (H, 
CH,, CzH5, etc.) is therefore indicated. On 
the other hand, NO caused remarkable 
changes in the product distribution of cata- 
lytic cracking of methane. Yield of unsatu- 
rated products diminished drastically with 
NO concentration. Ethane, the only satu- 
rated product, decreased only slightly (see 
Fig. 2). A speculative explanation for these 
observations is that reaction (1) or reaction 
(5) mentioned above may be inhibited by 
the presence of NO. 
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