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A b s trac t : N i tr ic  o x id e (N O )  re d u c tio n  b y  m e th a n o l w a s  in v e s tig a te d  o v e r  L a 2 O 3  c a ta ly s ts  in  th e  p re s e n c e  a n d  a b se n c e  
o f  o x y g e n . In  th e  a b se n c e  o f  O 2 , C H 3 O H  re d u c e d  N O  to  b o th  N 2  a n d  N 2 O , w ith  s e le c t iv ity  to  N 2  fo rm a tio n  d e c re a s in g  
f ro m  8 1 -8 8 %  a t  6 2 3 K  to  4 7 -7 1 %  a t 7 2 3 K . W ith  1 .2 %  O 2  in  th e  f e e d ,  th e  ra te s  w e re  4 -8  t im e s  h ig h e r , b u t  th e  s e le c t iv ity  
to  N 2  d ro p p e d  f ro m  5 0 %  a t 6 2 3 K  to  9 %  a t  7 2 3 K . T h e  s p e c if ic  a c t iv it ie s  w ith  L a 2 O 3  fo r  th is  re a c t io n  w e re  h ig h e r  th a n  
th o se  fo r  o th e r  re d u c ta n ts ;  fo r  e x a m p le ,  a t  7 7 3 K  w ith  h y d ro g e n  a  s p e c if ic  a c tiv i ty  o f  3 4  o l  N O /se c m 2  w a s  o b ta in e d  
w h e re a s  th a t  fo r  m e th a n o l  w a s  6 3 8  o l  N O /se c m 2 . T h e  A r rh e n iu s  p lo ts  w e re  l in e a r  u n d e r  d if fe re n t ia l  r e a c tio n  
c o n d it io n s , a n d  th e  a p p a ra n t  a c t iv a tio n  e n e rg y  w a s  c o n s is ta n tly  n e a r  1 5  k c a l /m o l w ith  C H 3 O H . L in e a r  p a r t ia l  p re s su re  
d e p e n d e n c ie s  b a se d  o n  a  p o w e r  ra te  la w  w e re  o b ta in e d  a n d  sh o w e d  a  n e a r -z e ro  o rd e r  in  C H 3 O H  a n d  a  n e a r - f i r s t  o rd e r  in  
H 2 .
K e y  w o rd s : N itr ic  o x id e ( ) ,  N O  re d u c t io n (N O  ) , M e th a n o l( ) ,  L a 2 O 3 ( ) ,  E x c e s s  
o x y g e n ( )
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3NO + CH3OH N2 + 2H2O + CO2          (1)

	��,  N O ����	������������N 2 O

Fig. 1 Arrhenius plots for (a) NO disappearance, (b) N2 
formation and (c) N2O formation. Reaction con-
ditions: 1.8% NO, 0.6% CH3OH in He, Pt = 760 torr

��������������.  

NO +CH3OH 2N2O +2H2O +CO            (2) 
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(a)

(b)
F ig . 2 P ro d u c t fo rm a tio n  d u r in g  N O  re d u c tio n  b y  C H 3 O H  

o v e r  L a 2 O 3  in  th e  a b s e n c e  o f  O 2 . (a )  N -b a se d  p ro d u c ts :  
( )  N 2 , ( )  N 2 O , ( )  N O  c o n v e rs io n ; (b )  C -b a se d  
p ro d u c ts :  ( )  C O , ( )  C O 2 , ( )  H C H O , ( )  
C H 3 O H  c o n v e rs io n . R e a c tio n  c o n d itio n s : 1 .8 %  N O ,  
0 .6 %  C H 3 O H  in  H e , P t= 7 6 0  to r r

Table 1 Arrhenius runs for NO reduction by CH3OHa

R u n N O N 2  fo rm a tio n N 2 O  fo rm a tio n S e le c t iv i ty  to  N 2 ( % )

E a E a A c tiv i ty (�m o l/s m 2 × 1 0 3 ) E a A c tiv i ty (�m o l/s m 2 × 1 0 3 ) 6 2 3 K 7 2 3 K

(k c a l /m o l) (k c a l /m o l) 6 2 3 K 7 2 3 K (k c a l /m o l) 6 2 3 K 7 2 3 K

1 b 1 3 9 4 9 1 8 3 2 1 6 .6 7 4 8 8 7 1

2 b 1 5 1 2 3 1 8 2 2 0 7 .0 9 3 8 1 4 7

3 c 1 7 8 3 0 5 8 2 1 3 0 .0 6 0 7 5 0 9

3 d 1 9 ( -6 ) 2 8 1 5 2 8 1 0 .0 5 9 6 7 4 2

a  R e a c t io n  c o n d it io n s  :  1 .8 %  N O , 0 .6 %  C H 3 O H , b a la n c e  H e , P t =  7 6 0  to r r .
b  0 %  O 2  in  fe e d .
c  1 .2 %  O 2  in  fe e d , n o  c o r r e c t io n  fo r  h o m o g e n e o u s  r e a c t io n .
d  1 .2 %  O 2  in  f e e d , c o n tr ib u t io n  f ro m  h o m o g e n e o u s  s u b s tr a c te d .

Table 2 Comparison of NO reduction over La2O3(0% O2)

R e d u c ta n t E a ( k c a l /m o l) A c tiv i ty  a t  7 7 3 K (�m o l/s m 2 × 1 0 3 )

N O N 2 N 2 O N O N 2 N 2 O

C H 4 a 1 9 1 9 - 3 .5 1 .7 -

H 2 a - 3 1 2 9 3 4 .0 3 .5 1 3 .6

C O a - 3 5 1 9 1 5 .0 0 .9 6 .6

C H 3 O H b 1 5 1 0 2 1 6 3 8 1 2 8 1 9 1

a  T a k e n  f ro m  [1 5 ] . R e a c t io n  c o n d it io n s :  1 .7 %  N O  a n d  0 .4 5 %  C H 4  o r  1 .7 %  H 2  o r  1 .7 %  C O  in  H e .
b  R e a c t io n  c o n d it io n s :  1 .8 %  N O  a n d  0 .6 %  C H 3 O H  in  H e .
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����6 7 3 K 	�����
�����	�	�N O ��
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��L a 2 O 3��N O

����	����H C H O �������������

�����������.

��	����1 . 2 %  O 2�������������,  

N O  ��C H 3 O H  ������������������

�����
���������������������

��������F ig . 4���������	������

(a)

(b)
F ig . 3  N O  re d u c tio n  b y  C H 3 O H  in  th e  a b se n c e  o f  O 2  in  e m p ty  

re a c to rs . (a )  N -b a se d  p ro d u c ts :  ( )  N 2 , ( )  N 2 O , ( )  
N O  c o n v e rs io n ; (b )  C -b a s e d  p ro d u c ts :  ( )  C O , ( )  
C O 2 , ( )  H C H O , ( )C H 3 O H  c o n v e rs io n . R e a c tio n  
c o n d itio n s : 1 .8 %  N O , 0 .6 %  C H 3 O H  in  H e , P t= 7 6 0  
to r r

�������
�����	�	��	�������

��������.  �������������	����

	�
��������������	�������

���	�.  ��������������5 7 3 K ���


������������	�4 0 % ��	�������

��m e th y l n itr i te������.  	�	����
����

����������N O , O 2  ��C H 3O H ��������


�����	����
��m e th y l n itr i te�����

�������.  K o d a  �1 6 )
��N 2O 4��m e th y l n itr i te��

����������������
���.

2 NO + O2 2 NO2                       (4)

2 NO2 N2O4                             (5)

(a)

(b)

F ig . 4 N O  re d u c tio n  b y  C H 3 O H  in  th e  p re se n c e  o f  O 2  in  
e m p ty  re a c to rs .  (a )  N -b a se d  p ro d u c ts :  ( )  N 2 , ( )  
N 2 O , ( )  N O  c o n v e rs io n ; (b )  C -b a se d  p ro d u c ts :  ( )  
C O , ( )  C O 2 , ( )  H C H O , (× )  m e th y l n itr i te ,  ( )  
C H 3 O H  c o n v e rs io n . R e a c tio n  c o n d itio n s : 1 .8 %  N O ,  
0 .6 %  C H 3 O H  in  H e , P t= 7 6 0  to r r
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N2O4 + CH3OH CH3ONO + HNO3         (6)

M e th y l n itr i te��6 7 3 K 	���
���������

����	������N 2��N 2 O �����������

���������.

F ig . 5��N O , C H 3O H  ��O 2�	��	����L a 2 O 3

�����������.  
�����	�	����

�������6 7 3 K 	�����	�	��������

	�������������7 0 0 K 	�����m e th y l  

n itr i te������	������������.  	���

6 7 3 K 	�����L a 2 O 3��N O ����������

��,  H C H O ������������������C O ��

���	�����������.  F ig . 6��	����

(a)

(b)

F ig . 5  N O  re d u c tio n  b y  C H 3 O H  o v e r  L a 2 O 3  in  th e  p re se n c e  o f  
O 2 . (a )  N -b a se d  p ro d u c ts :  ( )  N 2 , ( )  N 2 O , ( )  N O  
c o n v e rs io n ; (b )  C -b a se d  p ro d u c ts :  ( )  C O , ( )  C O 2 ,  
( )  H C H O , (× )  m e th y l n itr i te ,  ( )  C H 3 O H  
c o n v e rs io n . R e a c tio n  c o n d itio n s : 1 .8 %  N O , 0 .6 %  
C H 3 O H  in  H e , P t =  7 6 0  to r r

F ig . 6 D e te rm in a tio n  o f  re a c tio n  o rd e rs  o n  N O  a n d  C H 3 O H  
p a r tia l  p re s s u re s : (a )  7 2 3 , (b )  7 4 8 , (c )  7 7 3 , a n d  7 9 8 K .  
S o lid  lin e s  a n d  p o in ts  re p re s e n t C H 3 O H  a n d  d a s h e d  
lin e s  a n d  o p e n  sy m b o ls  re p re se n t N O

���������	�������	��������

��	�������C H 3O H  �����	�����0

�������	��N O �����	��������1��
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Table 3 Reaction order for NO reduction with CH3OH(0% O2)

T e m p e ra tu re R e a c t io n  o rd e r

(K ) ( C H 3 O H ) (N O )

N O  d is a p p e a r a n c e 7 2 3 -0 .1 0 .9

7 4 8 -0 .1 0 .7

7 7 3 -0 .1 1 .0

7 9 8 -0 .1 1 .0

4 . 
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L a 2 O 3  N O

T ran s ac tio n s  o f  th e  K o re an  S o c ie ty  o f  A u to m o tiv e  E n g in e e rs ,  V o l .  1 3 ,  N o . 2 ,  2 0 0 5 1 4 1
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