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ABSTRACT 

There is considerable incentive for the 

development of a process for conversion of large uncommitted 

resources of natural gas into a product which can be stored, 

transported and handled easily. Conversion of methane to 

higher hydrocarbons would be an attractive proposal for 

substitution of petroleum fuels. 	Methanol (a partial 

oxidation product) can be either used as a liquid fuel or be 

converted to gasoline using the Mobil "Methanol -To-

Gasoline"(MTG) process. Since India has lately become one of 

the countries with sufficiently large reserves of natural 

gas, development of such process of oxidation of methane to 

any of the intermediate products with a sufficiently good 

yield would make it attractive for the country. 

Literature surveyed almost over a century,which 

included a large number of patents revealed that no 

commercial process, till date on the conversion of methane to 

partial oxidation products, exists. Although the work on this 

subject was started in the early part of the twentieth 

century, it was observed that the conversion of methane has 

always been very low ( most of the work reported conversion 

between 1% -5%). The following salient features could be 

highlighted from the literature survey : 

(1) Methane is a very stable molecule and it is very 

difficult to activate it at a moderate temperature. 



(2) Most of the work were conducted at high pressure and 

high temperature. 

(3) Sensitizers like chloromethane, N20 etc are effective in 

producing desired products. 

(4) Methanol and Formaldehyde, once formed as the result of 

partial oxidation of methane,undergo further oxidation 

to give COx  and H2O. 

The purpose of the present work was to: 

(1) Develop a catalyst which would be stable and effective 

to carry out the reaction. 

(2) To design and install a proper system, so that reaction 

could be carried out preferably at atmospheric pressure • 

and in the absence of a corrosive sensitizer. 

(3) And to study the various kinetic parameters for the 

partial oxidation of methane. 

Based on the literature survey, the following 

catalysts were prepared in the laboratory by the impregnation 

method. 

i) 5% Cu0-10% ZnO 

ii) 10% CuO-5% ZnO 	 support used: 

iii) 5% Cu0-10% ZnO-1% Cr2O3 	PUMICESTONE/ SILICA/ 

iv) 10% CuO-5% ZnO-1% Cr2O3  

v) Brass Gauge 



The characterization of the probable catalysts 

using B.E.T. and Benzene adsorption surface area, powder 

pattern X-ray, and SEM were done. 

In some of the preliminary experiments, the source 

of methane used was biogas, generated by the anaerobic 

digestion of biomass(mainly dung slurry). The methane 

generated was purified and then used for the experimental 

work. 

Since it was apparent from the literature that 

methanol/formaldehyde once formed tended to undergo 

subsequent oxidation to CO2  and H2O, 	it was decided to 

starve the catalyst bed of oxygen as and when required. 

Under such circumstances, the pulse micro-reactor technique 

was thought to be one of the accepted methods to conduct such 

reactions in the laboratory. 

For the exploratory experiments, a stainless steel 

micro pulse reactor was used. Nitrogen was used as a carrier 

gas as described below. 

Provision was made to divide the carrier gas into 

two streams. One'stream comprising of 95% of the gas, which 

flowed in the heated annular space surrounding the catalyst 

bed, thus ensuring preheated gas entry into reaction zone at 

close to reaction temperature. The other stream ,comprising 

of rest 5% ,carried plugs of reactants (CH4, air, CO2  etc.) 

along with it. The products were quenched at the bottom of 



the catalyst bed by a water cooled gland and were taken to 

G.C. for on-line analysis making use of both F.I.D. detector 

and Porapak-Q,column. 

In some of the exploratory experiments, 5% Cu0- 

10% ZnO on pumice stone gave traces of formaldehyde detected 

on chromatograph. It was observed that brass gauge was a more 

effective catalyst for this reaction. When pulses of methane 

and, air (simultaneous or sequential) were given, no partial 

oxidation product was observed. It gave formaldehyde only 

when air was flowed with 5% nitrogen carrying a plug of 

methane, and the air flow was stopped immediately, after the 

introduction of the plug. This led to the belief that using a 

less powerful oxidizing agent than air might give methanol/ 

formaldehyde as products with this catalyst, as it would 

minimize further oxidation of the products. Hence carbon-

dioxide was tried as an oxidant and was introduced in the 

nitrogen stream (instead of air) carrying the methane plug. 

It was seen that in this case methanol was the oxidation 

product with the highest yield of 4.72% (Methane conversion 

being 25%). 

Thus it was thought that since carbon dioxide was 

found to be an effective oxidant and it could not further 

oxidize methanol ,a continuous flow reactor could be more 

advantageous for further investigations. Subsequently a 

continuous flow reactor made of silica was set up for 

laboratory 'investigations. The catalyst bed was supported 



with quartz wool at both sides of the bed. The rest of the 

space of the reactor was packed with broken silica. Here also 

a water cooling gland was pushed inside to the bottom end of 

the quartz wool support to quench the products as soon as 

they left the catalyst bed. Since under a variety of 

conditions a sizable amount of data could be collected, the 

conversion data were subjected to kinetic analysis to get an 

insight into the reaction mechanisms. 

Results of the experiments showed production of 

methanol along with. CO. No formaldehyde was observed in the 

product analysis. A number of experiments were conducted by 

varying the parameters like temperature, catalyst volume and 

gas flow rate(residence time). Since brass gauge was used 

without any support, the reaction could not be considered to 

be diffusion controlled. 

When the kinetic analysis was done, it was found 

that the rate of disappearance of methane was first order 

with respect to methane. The CH3OH and CO formed as the 

oxidation products were also first order with respect to 

methane and zero order with respect to CO2  (in the range 

studied). 

From the concentration vs. time plot, it was seen 

that the yield of methanol decreased, after certain residence 

time. Thus it became apparent that methanol was breaking down 

into other products by a consecutive reaction. Experiments 



were done on decomposition of pure methanol vapours using the 

same set of conditions in which the reaction was carried 

out(methane oxidation). The products analyzed were found to 

be CO and H2. 

Based on the experimental results, the following 

reaction scheme was proposed. 

k
1 	

 
(1) CH4  + CO2 	 > CH3OH+ CO 

k2  
(2) CH3OH 	> CO+ 2H2 

k3 
(3) CH4  + CO2 	> 	2C0+2H2 

kl and k3 were determined by the partial method of 

analysis(in a differential batch reactor), based on initial 

reaction rates. ki and k3 were evaluated at t=0. Arrhenius 

plots were done to get the values of activation energy and 

'A'. 

The values of 'k2' were determined using 'NEWTON 

RAPHSON' method. The values of k2 were also determined 

experimentally at all temperatures(between 590°C-6300C). 'Ea' 

and 'A' for the reaction were also evaluated. 

Theoretical Selectivity of methanol was also found 

out and it was matched with the experimental selectivity of 

methanol obtained at various residence-times. 



It could be concluded that: 

(1) Methane could not be activated below 590°C. 

(2) Brass Gauge was found to be an effective and stable 

catalyst for this reaction under atmospheric pressure 

conditions. 

(3) Kinetic analysis of the experiments showed that 

breakdown of methanol to CO and H2 was very fast. 

Hence a system needed to be evolved to minimize this 

step, for effective higher yields. 
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