CHAPTER I
INTRODUCTION

Technology of conversion of methane, a major component of natural gas, to
other useful chemicals and fuels has be

e
many researchers. Although the pro¢ '_ J
only a small fraction of methar & )4 is converted to useful chemicals.

Most of methane is usedmtg and pdﬁntion purposes. Around 4% is

flared and vented directly

important issue that attracts interest from

ane rises progressively in each year,

unting for loss of natural

resources and increa

direct routes. In the indifeci/met} 1S initially converted to synthesis gas
! fhe . as C;-compounds (methanol
and formaldehyde) > and ethene). This method is currently
employed in commerciz i _ Ihe te, on the other hand, is able to

produce a desired chemi the step of the synthesis gas

production that is an energy-mtenﬁﬁstl 5 irect method as a promising route for
future production lslilll under research a{nci‘ M ;
The oxidative npling  © eth ction of C;-compounds,

abbreviated OCM thereafter, was pi -. ller and Bhasin in 1982.
Although developments on designs of both catalysts and reactor configurations have
been carried ﬁ conventional OCM
process is llmtu'g[ Wﬂ mmmn‘xot-spot temperature
since the highly exothermic OCM réaction requiresshigh tem peraturé.dperation (above
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the extént of the reaction is restricted. As a result, the application of membrane process
to the OCM reaction is a good remedy. In a membrane reactor, oxygen supplied to react
with methane can be evenly controlled so that the heat generated by the reaction can be

very much more flat across the reactor. Moreover, oxygen and methane are separated

from each other and, therefore, oxygen concentration in feed is not restricted.



Consequently, high methane conversion can be accomplished and the separation of
oxygen usually from air is not essential.

The membrane reactor for the OCM can be categorized according to types of
oxygen transport through a membrane into oxygen molecule transport, oxygen lattice
diffusion, and oxygen ion conduction. The corresponding membranes are porous
membrane, dense metal and metal oxide membrane, and dense oxygen ionic conducting
solid oxide electrolyte membrane, respectively. In many researches, it was found that
the first two membranes showed low C,-yield because oxygen molecules transfer

through the porous membrane unw oxygen lattices diffuse through dense

membrane very slowly when u: ource. Membrane reactor using a
solid oxide electrolyte mem bc&n celved much attention. It is due
-

to the membrane in thi mi

to react with methane in an

ionic state that is sui ) ) ..In addition, this membrane
reactor makes it possi | on | er of both fuel cell and
oxygen pump. This reac 11 reactor, abbreviated SOFC
thereafter, when it i tor is regarded as a chemical-
energy co-generation &/ Cyhy ‘ electricity are generated

simultaneously. The hot ]$ evia nergy is converted to useful

did oxide electrolyte as a
selective membrane a: - :

posses high ionic cjsuctmty On the cathode side, OXygen usually from air is
activated by ionic form. Then,
oxygen ions ﬁvﬂﬁiﬁﬁ% m mbﬁﬁi side where oxygen
ions react w1thq4nethane to form Czcompound prgucts Electronsé'pm the reaction
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evertheless, at the present time the SOFC reactor has offered yield

thode chambers. It should

insufficiently high to be commercialized. It is particularly due to low Cy-hydrocarbon
formation and the electric current. Consequently, developments of anode catalyst and
solid oxide electrolyte are essential for the SOFC reactor.

A number of issues need to be taken into account for selection of an anode

catalyst. Under the severe operation of a SOFC reactor, the anode catalyst should be



able to resist both thermal and chemical conditions- it must have high melting point and
stability to active gases such as methane and carbon dioxide.

From many experiments, it was found that among the OCM catalysts, a catalyst
containing a rare earth metal or a transition metal showed the best C;-yield, it was
normally concluded to be due to their high basic characteristics. However, the pure rare
earth oxide or transition oxide was insufficiently active, therefore there was a
development of the catalyst by adding an alkali earth oxide or an alkali oxide to the rare

earth oxide, and the C, yield was improved markedly. However, it was found that the

containing catalyst was ablé ~ 1eCovield due to ability to prevent CO,
poisoning (Wan et al. 7 ontent was unstable at high
temperature conditio
Al-O catalyst, was i

promoted by aluminum, La-
active and stable under high

of the SOFC reactor to the

oxidative coupling of et KT‘ @\\ on of useful chemicals and
electric power. It is parti , dev t ment of an anode catalyst of a
rare earth oxide, Sm,03, contain - A '-‘; -\ or the SOFC reactor.
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