
CHAPTER I 
INTRODUCTION

L I  Introduction

S ynthesis gas or syngas is the nam e g iven to  a m ix tu re  o f  carbon 
m onox ide  and  hydrogen . The p roduction  techno logy  o f  syngas p lays an 
im portan t ro le  in petrochem ical industries. It is a va luable  feedstock  fo r the 
p rodu ction  o f  h igh-quality  liquid transportation  fuels, pe trochem icals, and 
oxygenated  com pounds. T rad itionally , syngas has been p rodu ced  by the 
gasifica tio n  o f  coal or steam  reform ing  o f  m ethane. P artial ox idation  o f  
m ethan e  is ano ther possib le  route. R ecently , renew ed  atten tion  in bo th  
academ ic  and  industrial research  has been focusing  on m ethane reform ing  
w ith  carbon  d ioxide (dry reform ing). This process has been  o f  in terest for a 
long tim e, bu t in recent years that in terest has experienced  a rap id ly  increase 
due to  env ironm ental and industrial advantages. It has very  im portan t 
env ironm ental im plications since both C H 4 and C 0 2 con tribu te  to  the 
greenhouse  effect. In addition, another advantage o f  th is p rocess over the 
conven tional steam  reform ing  and partial oxidation is the resu lting  1 /1  ratio  o f  
H 2/C O  w hereas the o ther tw o processes give 3/1 and 2/1 H 2/C O , respectively . 
T his 1/1 ra tio  is w ell su ited to  produce C O -rich synthesis gas fo r p roductions 
o f  bu lk  chem icals, such as acetic acid, dim ethyl ether, and alcohol v ia  0 X 0 -  

alcohol synthesis. Excess H 2, form ed by the conventional steam  reform ing , 
can suppress chain  grow th and decrease the se lectiv ity  to  h igher hydrocarbons 
in the F ischer-T ropsh  reaction . The dry reform ing  is also possib le  for energy 
storage or C hem ical E nergy T ransm ission System s (C ETS). F urtherm ore , the 
C 0 2/C H 4 refo rm ing  has a definite econom ic advantage, both investm ent costs 
and operating  costs over the steam  reform ing  and partia l oxidation.
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H ow ever, a m ajor lim itation  o f  the dry reform ing  is the endotherm ic 
nature  o f  the process:

C O 2 + C H 4 --------►  2C O  + 2H 2, AH°298K =  247.0 kJ/m ol (1.1)

A cco rd ing  to  the reaction  (1.1), at low  tem perature  operation , low  
equ ilib rium  conversion  is received. A lthough operating  at h igher tem perature  
y ields h igher equilib rium  conversion , catalysts used for the reaction  suffer 
from  rap id  deactivation . G enerally , deactivation  can be caused  by a solid 
reaction  o f  the active m etal w ith  the support, carbon deposition  on the catalyst 
su rface, o r sin te ring  o f  the active m etal. H ow ever, the deposition  o f  carbon is 
the m ost serious p roblem  and seem s to  be unavoidable. T herefore, the b iggest 
obstacle  p rev en tin g  com m ercialization  o f  the CO2/CH4 refo rm ing  is the lack 
o f  su itab le  ca talysts capable for operating  at high tem peratu re  and pressure. 
H ow ever, there  are several m ethods that can be used to  solve th is p roblem .

T he addition  o f  w ater, oxygen, or the use o f  su itable catalysts are a 
few  exam ples on how  to  reduce the deactivation  (B itter e t  a l ,  1997). T o use 
the first or second m ethod, dry reform ing is sim ply  coupled  w ith  steam  
refo rm ing  or partia l oxidation , respectively . In the p resen t w ork , the last 
m ethod  w ill be  used  to  achieve 1/1 ratio  o f  H 2/ CO. In recent years, P t/Z r0 2 

catalysts have been  found to  be very stable for dry refo rm ing  reaction  at 
m odera te  tem peratu res. H ow ever, w hen  operating at h igher tem peratu res, 
som e m od ifica tio ns to  the catalysts are needed. O ne possib ility  is to  add 
p rom oters to  enhance the catalyst stability . It has been be lieved  th at the 
addition  o f  p rom oters helps to  stabilize the catalyst surface area for high 
tem peratu re  operation . B ased on the cleaning m echanism , the p rom oters 
increase the density  o f  C 0 2 adsorption  sites near the m etal partic le  and reduce 
partic le  g row th  und er the reaction  condition (S tagg and R esasco, 1998).
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1.2 Research Objectives

1.2.1 T o investigate  effects o f  prom oters (C e and Y ) and their 
con cen tra tion  to  P t supported  w ith  Z r 0 2 for the m ethane refo rm ing  w ith 
carbon  dioxide.

1.2.2 T o investigate  the effects o f  m ixed-prom oter catalysts.
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