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In  the late 1960s, the car industry  began  seriously  to  seek  w ays o f  
m in im iz in g  po llu tion  from  auto-exhausts. T he U S C lean A ir A ct o f  1970 led 
g radually  to  the in troduction o f  cataly tic  m ufflers (au to -exhaust catalysts), the 
in itial ob jective being to reduce the em ission  o f  carbonm onoxide  (C O ), oxides 
o f  n itrogen  (NO*) and unburned  hydrocarbons (C*Hy). T he so-called  three- 
w ay catalyst (TW C ) has been in use since 1979. Its nam e reflec ts the 
sim ultaneous treatm ent by the catalyst o f  the tw o reducing  pollu tan ts, C O  and 
CJH-,,, and oxid izing  pollu tan t, NO*. CO is a by-product o f  com bustion  caused  
by incom plete  oxidation o f  hydrocarbons. It has a serious effect on hum an 
and anim al nervous system s even in low  concen trations (T an ie lyan  and 
A ugustine , 1992).

A t present, all over the w orld , increasingly  severe requ irem ents for the 
abatem ent o f  exhaust gas are forced by leg isla tion  as m entioned . C erium  
oxide is w idely  em ployed as a p rom oter for au tom otive exhaust catalysts. The 
m ost in teresting  ro le o f  th is com ponent is the enhancem en t o f  the oxygen 
storage and release by  sh ifting  betw een  C e 0 2 und er ox id iz ing  conditions and 
C e20 3 und er reducing  conditions. C e 0 2- Z r0 2 m ixed oxides are im portan t new  
m ateria ls for the autom otive exhaust catalysis because o f  the sign ifican t 
increase  in the therm al stability  o f  C e 0 2, w hich  im proves the cataly tic  
effic iency  during  the cold start o f  the engine. M oreover, the im provem ent o f  
the ab ility  to  store and release oxygen (O SC ) also occurs. T his can w id en  the 
operating  air/fuel ratio  (A /F), thereby  m aking  the ca talyst less sensitive to 
tem porary  variations o f  A /F. T hese p roperties are o f  param oun t im portance 
for the developm ent o f  h ighly  effic ien t TW C s. T he partia l substitu tion  o f  C e4+
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w ith  Z r4+ in C e 0 2 lattice strongly prom otes bu lk  reduction  o f  the so lid  so lu tion  
in com parison  to C e 0 2 (F om asiero  e t  a l . , 1995).

The sol-gel process is one o f  the m ost useful processes to  m ake better 
cataly tic  m aterials. The term  sol-gel describes the techn ique fairly  accurately , 
w ith  sol m eaning  a colloidal solution. A  colloid  is an in term ed ia te  state 
be tw een  be ing  a so lu tion  and a suspension, w hich  the partic les o f  the solute 
are large enough to  scatter light, but too sm all to  settle, generally  in the range 
be tw een  one and one thousand nanom eters (Purcell, 1997). A lso , th e  w ord  gel 
m eans a d ispersion  o f  a solid substance in a fluid m edium  th at behaves like 
elastic  so lid  or a sem i-solid  rather than a liquid. T he  incorpora tion  o f  an 
active m etal in the sol during the gelation stage allow s the m etal to  have a 
d irec t in teraction  w ith  support; therefore  the catalysts m ade th rou gh  this 
m ethod  show  special catalytic properties. M oreover, the sol-gel techn iq ue  can 
p ro du ce  and control the nanom eter-sized  and non-agg lom erated  partic les w ith  
its specific  starting  m aterials o f  inexpensive inorganic m etal p recurso rs and a 
hydro lysis catalyst. This technique p rovides the ability  for p roduction  o f  
ta ilo r-m ad e catalysts to m eet the requirem ents o f  a specific  application  
(C auqui and R odriquez-Izquierdo , 1992).

T he aim  o f  this research  w ork  w as to  investigate  the conversions o f  
C O  to  C 0 2 by the CO oxidation  reactions on C e 0 2- Z r 0 2 m ixed oxide catalysts 
p repared  by the sol-gel technique, w hich varied  the ratios o f  ceria  to  zirconia, 
reaction  tim es and calcined tem peratures o f  the catalysts. This resu lt is useful 
for con tro lling  the em issions o f  the exhaust gas in the au tom otive industries.

X -ray diffraction (X RD ) m easurem ent w as used to  gain  m ore 
understand ing  o f  the m orphology o f  the C e 0 2- Z r 0 2 m ixed oxide catalysts. 
T em peratu re  p rogram m ed reduction  (T PR ) analysis w as used in th is w ork  to 
determ ine the num ber o f  reducible species p resen t in the catalysts and to  find 
the tem peratu re  at w hich  the reduction  occurred. It also ind icated  w hether 
there w as an in teraction betw een the tw o m etals com ponents in the m ixed
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o x id e s . M o re o v e r , th e  o th e r  c h a ra c te r iz a tio n  m e th o d s  w e re  e m p lo y e d  
in c lu d in g  B E T  su rfa c e  a re a  m e a su re m e n t, sc a n n in g  e le c tro n  m ic ro sc o p y  
(S E M ), F T -R a m a n  sp e c tro sc o p y  a n d  l ig h t-o f f  te m p e ra tu re  re a c tio n , w h ic h  th e  
c o n v e rs io n  s ta rts  to  r ise  s te ep ly , to  d e te rm in e  th e  te m p e ra tu re  a t w h ic h  th e  
c o n v e rs io n  o f  re a c ta n t e x c e e d e d  50 p e rc e n t.
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