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Summary 

The kinetics of  oxidat ion of  CO on LnCoO 3 ( L n -  La, Nd, Sm, Gd) 
were studied in the temperature  range 150 - 360 °C. These systems show an 
abrupt  gradient change in the Arrhenius plots for CO oxidation at about  
200 °C. The adsorption isobars constructed for the total  amount  of  gas mix- 
ture adsorbed show either a maximum or a minimum at the same temper- 
ature, indicating that  the change in the mode of  adsorption of  the reactants 
is the cause for the break in the Arrhenius plots. The effect  of  the initial 
total pressure and an excess of  CO or oxygen on the rate of  the reaction was 
studied and the intrinsic rate constants were calculated. 

Rare ear th-cobal t  oxide compounds  have been explored for many 
technical applications, e.g. as electrodes in fuel cells [1] and as autoexhaust  
conversion catalysts [2, 3]. In an earlier investigation [4] it was observed 
that CO and oxygen were adsorbed in stoichiometric proport ions (2 parts 
CO to 1 part oxygen} when present together  on LaCoO3. These systems also 
showed abrupt  gradient changes in the Arrhenius plots (Fig. 1) for  the oxida- 
tion of CO at about  200 °C [5]. This could be associated with the ordering 
of  high spin and low spin cobalt  ions on two sublattices, which usually takes 
place in the range 450 - 650 K. However, this explanation is not  substanti- 
ated by the results of  the present investigation. The purpose of  this paper is 
to provide fur ther  evidence for these two observations and to identify the 
possible active sites for  the oxidation of  CO on LnCoO 3 (where Ln - La, Nd, 
Sm, Gd). 

The catalysts were prepared by heating the rare earth oxalate with 
cobalt  oxalate in stoichiometric proport ions at about  900 °C for 24 h, and 
they were characterized by means of  X-ray diffraction. The kinetics of 
oxidat ion of  CO were studied in an all-glass recirculatory type  of  reactor  
described elsewhere [6 ]. 

It was observed that ,  during the catalytic oxidation reaction, there is 
a t tendant  adsorption of  the reactants in stoichiometric proportions.  A 
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Fig. 1. Arrhenius plots for the oxida t ion  of  CO on LnCoO3: o, LaCoO3; ~, NdCoO3 x, 
SmCoO3 ; A, GdCoO3. 

regression p r o c e d u r e  was used to  cor rec t  the  kinet ic  da ta  fo r  a t t e n d a n t  
adso rp t i on  [7 ] ;  the  adso rp t i on  process  was assumed to o b e y  E lov ich- type  
kinetics.  The  kinet ic  da ta  thus  co r rec ted  for  a t t e n d a n t  adso rp t i on  were  
found  to  o b e y  a s imple  f i r s t -order  equa t ion  as can be  seen f r o m  the  typ ica l  
results  given in Fig. 2. The  adso rp t i on  isobars cons t ruc t ed  for  the  to ta l  
a m o u n t  of  gas m i x t u r e  adso rbed  are shown in Fig. 3. I t  is seen t ha t  the  
isobars  show e i ther  a m a x i m u m  or a m i n i m u m  co r r e spond ing  to  the  t emper -  
a tures  where  gradient  changes  were  observed  in the  Arrhenius  p lo ts ,  showing  
tha t  the  change in the  m o d e  o f  a d s o r p t i o n  of  the  reac tan t s  is the  cause fo r  
the  b reak  in the  Arrhenius  plots .  

I t  is observed  tha t  the  a p p a r e n t  ra te  cons t an t s  ca lcula ted  f r o m  the  first- 
o rder  plots  for  the  o x i d a t i o n  reac t ion  f r o m  s to i ch iomet r i c  m i x t u r e s  a t  any  
given t e m p e r a t u r e  are d e p e n d e n t  on the  to ta l  initial pressure  as revealed 
f r o m  the  da ta  given in Table  1. However ,  the  t rue  ra te  cons tan t s ,  eva lua ted  
f r o m  the  values of  the  a p p a r e n t  ra te  cons tan t s  accoun t ing  fo r  the  var ia t ion  in 
the  initial to ta l  pressure  [4 ] ,  are f o u n d  to  be  a lmos t  cons t an t  and p r o b a b l y  
no t  d e p e n d e n t  on the  rare ear th  ion p resen t  in the  LnCoO3 sys tem.  

The  values o f  the  a p p a r e n t  f i r s t -order  ra te  cons tan t s  were  evaluated 
using various c o m p o s i t i o n s  o f  CO and o x y g e n  o the r  than  the  s to i ch iomet r i c  
c o m p o s i t i o n ;  t he  t e m p e r a t u r e  and  the  to ta l  initial pressure  were  held 
cons t an t .  I t  is seen ( typica l  da ta  fo r  NdCoO3 and SmCoO3 are given in Table  
2) t ha t  the  values o f  the  appa ren t  ra te  cons tan t s  are highest  for  the  stoi-  
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Fig. 2. Typical first-order plots for the oxidation of CO on LaCoO 3. 
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ch iomet r i c  mix tu res .  The  p resence  o f  e i ther  an excess of  CO or  an excess o f  
o x y g e n  resul ts  in lower  values fo r  the  a p p a r e n t  f i r s t -order  ra te  cons tan ts .  

In o rder  to  ob ta in  the  values o f  the  intrinsic ra te  cons t an t s  and  to  t ake  
in to  a c c o u n t  the  e f f ec t  o f  the  initial to ta l  pressure  and  t h a t  o f  an excess o f  
one  of  t he  reac tan t s ,  e x p e r i m e n t s  were  carr ied ou t  in which the  par t ia l  pres- 
sure of  one  o f  the  c o m p o n e n t s  was k e p t  cons t an t  and  the  par t ia l  pressure  o f  
the  o t h e r  c o m p o n e n t  was var ied;  he l ium was used to  ma in t a in  a c o n s t a n t  ini- 
tial to ta l  pressure .  I t  is seen t h a t  the  values o f  the  intrinsic ra te  cons tan t s  
ca lcu la ted  using the  express ion  

k '  = kP0(1 + po2 ' ) (1  + P c o ' )  

(where  k and  k '  are the  a p p a r e n t  and  intrinsic ra te  cons tan t s ,  Po2'  and P c o '  
re fer  to  the  excess par t ia l  pressure  o f  o x y g e n  and  CO over  t h a t  fo r  the  stoi- 
ch iome t r i c  c o m p o s i t i o n  and  P0 is the  initial to ta l  pressure)  are no t  depen-  
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Fig. 3. A d s o r p t i o n  isobars for  the  a d s o r p t i o n  of  mix tu re s  of  CO and  oxygen  on  LnCoO3 : 
o, LaCoO3; D, NdCoO3;  ×, SmCoO3;z~, GdCoO3.  

den t  on  the  compos i t ion  o f  the  gas mix tu re  ( typical  da ta  for  NdCoO3 are 
given in Table 3). 

The above results indicate  the following.  
(i) The active sites in all these catalysts  are the  same, p robab ly  the  

ox ide  ions for  CO act ivat ion and the  cobal t  ions for  oxygen  act ivat ion.  The 
rare earth ion seems effect ively  no t  to  par t ic ipa te  in the  cata lyt ic  ox ida t ion  
react ion.  This deduc t ion  is in agreement  with the  conclus ions  of  Tascon e t  

at. [7] .  
(ii) The compos i t i on  of  the  adsorbed state is always s to ich iomet r ic  and 

the  presence of  an excess o f  e i ther  c o m p o n e n t  ef fect ively  decreases the  
ex t en t  o f  the  surface coverage and hence  results in a lower  value for  the  
apparen t  f i rs t -order  ra te  cons tant .  

(iii) The  intrinsic act ivi ty of  the  active surface sites appears no t  to  be 
d e p e n d e n t  on the  proper t ies  o f  the  system as it is k n o w n  [8] tha t  these sys- 
tems conta in  varying p ropo r t i ons  o f  high and low spin cobal t ( I I I )  as well as 
o the r  cat ion sites. However ,  this d e d u c t i o n  has to  be subs tant ia ted  by  
fu r the r  exper imenta l  data.  
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TABLE 2 

Values of  the  a p p a r e n t  f i rs t -order  ra te  cons t an t s  as f unc t i ons  of  the  c o m p o s i t i o n  of  the  
reac t ion  m i x t u r e  for ox ida t i on  of  CO on  LnCoOa at an initial to ta l  pressure of  a b o u t  
60 Torr  

Values for  CO ox ida t ion  on  N d C o 0 3  at 
200  °C 

Compos i t i on  o f  reaction 
m ix tu re  

Values for  CO ox ida t ion  on S m C o 0 3  at 
180 °C 

A p p a r e n t  rate C o m p o s i t i o n  o f  reaction A p p a r e n t  rate 
cons tan t  k m i x t u re  cons tan t  k 
(×10 - 4 m i n  -1)  (×10 4 r a i n - l )  

2 . 6 5 C O : 1 . 0 0 2  6.2 2 . 5 0 C O : 1 . 0 0 2  7.4 
2 . 2 5 C O : 1 . 0 0 2  5.6 2 . 2 5 C O : 1 . 0 0 2  8.1 
2 . 0 0 C O : 1 . 0 0 2  8.5 2 . 0 0 C O : 1 . 0 0 2  12.1 
2 . 0 0 C O : 1 . 1 0 2  6.3 2 . 0 0 C O : 1 . 5 0 2  7.2 
2 . 0 0 C O : 1 . 3 0 2  6.1 2 . 0 0 C O : 2 . 0 0 2  7.5 
2 . 0 0 C O : 1 . 5 0 2  6.3 

T A B L E  3 

Values of  the  appa ren t  and  the  intr insic  f i rs t -order  ra te  cons t an t s  as f u n c t i o n s  of  the  
c o m p o s i t i o n  of  the  r eac t ion  m i x t u r e  for  ox ida t i on  of  CO on NdCoO3 at 200 °C 

Compos i t i on  Excess  part ial  pressure Initial  total  A p p a r e n t  rate Intrinsic  rate 
o f  reaction o f  CO or 02  over that  pressure cons tant  k cons tan t  k '  
m i x tu re  for  the s to ich iomet r i c  (cmHg)  (×10 4 min  1) (×10-3  

c o m p o s i t i o n  cmHg n 
(cmHg)  ra in-1)  a 

8 C O : 1 0 2 : 3 H e  2.86 5.73 1.9 4.3 
8 C O : 2 0 2 : 2 H e  1.92 5.76 3.1 5.3 
8 C O : 3 0 2 : 1 H e  0.95 5.67 4.7 5.2 
8 C O : 4 0 2  --  5.67 9.8 5.6 
6 C O : 4 0 2 : 2 H e  0.46 5.58 9.0 6.1 
4 C O : 4 0 2 : 4 H e  0.95 5.71 7.1 5.7 

a T h e  e x p o n e n t  n has the  fo l lowing values: for P c o : P o :  > 2, n = 1; for  P C o : P o :  < 2, n ~: 
0.5; for P c o : P o  2 = 2, n = 0. 
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