
CHAPTER I
INTRODUCTION

During the last few decades the vast reserves of natural gas (which the 
predominant component is methane) have been driving chemists to pursuit the 
chemical utilization of this resource. Many investigations have been carried out on 
the conversion of natural gas especially methane into high molecular weight 
hydrocarbons. This is because methane is the main component and it can be readily 
purified to yield a very clean and H-rich source of hydrocarbons. So it is interesting 
for the production of clean fuel products [Chen et al. (1996)].

Research in this field was spread over a wide range which can be arranged the 
tendency in three part ; (i) new reactions of Cl compounds ; (ii) development of 
efficient catalysts for such reactions ; (iii) development of the industrial processes. 
Various processes, all based on natural gas conversion, are either already commercial 
or at an advanced stage of development. There are two general types for methane 
conversion. One is methane derivation and the other is direct self-coupling (figure 
1.1).

For methane derivation, this reaction is two steps. The first step requires the 
steam reforming to produce synthesis gases (CO, H2) at a high' temperature. 
Subsequently hydrocarbons can be produced in a low temperature exothermic process 
from synthesis gas, either by Fischer-Tropsch (FT) synthesis or via methanol and the 
methanol-to-gasoline (MTG) process. Some of the typical and most desirable 
reactions of the hydrogenation of CO are summarized in table 1.1 . Other products 
such as acids, ketones, aldehydes and aromatics can also be produced by similar 
reactions. Since water is a primary product in most of the synthesis reactions, the 
water-gas shift reaction can occur between this water and CO from the feed , which 
changes the O-containing by-products from water to carbon dioxide. As a result,
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considerable research into a lternative direct routes has been carried  out as to avoid this 
necessity  [Fierro (1993)].

On direct self-coupling process, there are two routes for converting m ethane 
into h igher hydrocarbons, ox idative and non-oxidative coupling. O xidative coupling 
o f  m ethane (OCM ) has been the m ain  route considered recently for the direct catalytic 
conversion o f m ethane into m ore useful chem icals [Belgued e t al. (1992)]. It can only 
operate at very high tem perature, above 927°c. To increase the catalyst lifetim e and 
the selectivity for C2+ hydrocarbons, it is interesting for processes operation at lower 
reaction  tem perature. N on-oxidative  coupling is an alternative route. Furtherm ore, in 
the oxidative coupling process the com bustion  reaction could  be occurred. Part o f 
m ethane loses in this reaction. A lthough the chem ical conversion  o f  m ethane into 
m ore valuable chem icals w as studied  over the last decade. N evertheless the non- 
oxidative coupling o f m ethane (N O C M ) was observed in the last few  years.
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F ig u r e l . l  Schem atic representation o f several catalytic developm ents o f  w hich the 
orig in  lies in natural gas [Fierro (1993)].

T a b le  1.1 R eactions w hich can occur during hydrogenation o f  CO [Fierro (1993)].

D esirab le M ethanation: 

H ydrocarbons: 

A lcohols:

U ndesirable W ater-gas shift:

B oudouard reaction:

3H 2 + CO  — ► CH4

2nH 2 +  n C O ------------ ►  C n H 2 n ( C n H 2 n + 2 )

2nH 2 + nCO  ------------► CnH 2n+1OH

CO + H 20  ------------ ► C02 + H 2

2C O ----------- ►  c  + C 0 2

c o  + H2Coke form ation: >  c  + H 20
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Recently, series o f  experim ents was carried out using transition m etals 
supported on silica for the non-oxidative m ethane coupling reaction. Subsequently 
zeolite Y was used in th is reaction  as a support o f  transition m etals. It gave a better 
yield in higher hydrocarbons and the tem perature at w hich m ethane activation took 
place was lower.

There are few  reports in w hich studied the effective utilization  o f  zeolite Y 
catalyst containing Pt and Co. Therefore, this study aim s to investigate the catalytic 
perform ance o f  various transition  m etals containing zeolite Y catalyst for the non- 
oxidative m ethane coupling.

The present w ork  is arranged as follows:

C hapter II p resen ts the literature review s o f investigation the non-oxidative 
m ethane coupling reaction.

The theory o f  th is research, the theoretical consideration on zeolite Y and the 
m echanism  o f  non-ox idative  coupling o f  m ethane on m etal catalysts are given in 
chapter III.

Follow ing by the descrip tion  o f  the experim ental system s and the operational 
procedures in chapter rv .

The experim ental resu lts obtained from  a laboratory scale reactor and standard 
m easurem ent are reported  and d iscussed in chapter V.

C hapter VI g ives overall conclusions em erged from  th is w ork and presents 
som e recom m endations for any fu ture works.

Finally, the sam ple o f  calcu lation  o f  catalyst preparation, the calibration  curves 
o f  m ethane , ethane and propane and the data o f experim ents are included in appendix 
at the end o f  this thesis.
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