
R E S U L T S  A N D  D IS C U S S IO N
CHAPTER IV

4.1 C a ta ly s t  C h a r a c te r iz a tio n

4 .1 .1  E l e m e n t a l  A n a l y s i s

T a b le  4.1 E l e m e n t a l  a n a l y s i s  o f  C e o .75Z ro .25O 2

E le m e n t C o m p o s it io n T h e o r e t ic a l v a lu e
(% w t.) (% \v t.)

C e 6 6 .0 8 6 5 . 7 2

Z r 1 3 .4 3 1 4 .2 6

0 2 0 . 4 9 2 0 .0 1

T a b le  4 .2  E l e m e n t a l  a n a l y s i s  o f  Ceo.75Zro.15Mgo.20O2

E le m e n t C o m p o s it io n
(% w t.)

T h e o r e tic a l v a lu e  
(% w t.)

C e 7 0 .6 4 6 7 . 5 2

Z r 5 .4 5 8 .7 9

M g 3 .2 8 3 .1 2

0 2 0 .6 3 2 0 . 5 6  -
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T a b l e  4.3 E le m e n ta l  a n a ly s i s  o f  NiZCeo.75Zro.25O2

E l e m e n t C o m p o s i t i o n T h e o r e t i c a l  v a l u e

( % v v t . ) ( % w t . )

N i 1 9 .4 3 1 5 .0 0

C e 5 3 .7 8 5 5 .8 7

_ Z r 1 0 .1 2 1 2 .1 2

0 1 6 .6 7 1 7 .0 1

T a b l e  4 .4  E le m e n ta l  a n a ly s i s  o f  NiZCeo.75Zro.15Mgo.20O2

E l e m e n t C o m p o s i t i o n

( % w t . )

T h e o r e t i c a l  v a l u e

( % w t . )

N i 1 8 .7 4 1 5 .0 0

C e 5 5 .3 6 5 7 .4 0

Z r 4 .1 4 7 .4 7

M g 3 .1 0 2 .6 5

0 .  1 8 .6 6 1 7 .4 8

T a b le s  4.1 to  4.4 p r e s e n t  th e  e le m e n ta l  c o m p o s i t io n s  o b ta in e d  f ro m  
X R F  a n a ly s is ,  e x p re s s e d  a s  w e ig h t  p e r c e n ta g e s ,  o f  th e  in v e s t ig a t e d  s u p p o r ts  a n d  
c a ta ly s ts .  T h e  n ic k e l  c o n te n ts  o f  b o th  c a ta ly s ts ,  NiZCeo.75Zro.25O2 a n d  
NiZCeo.75Zro.15Mgo.20O2, w e r e  o v e r  f ro m  th e  d e s ig n e d  v a lu e  ca . 20 % w t .  a n d  s im ila r .  
T h e  c o m p o s i t io n s  o f  C e , M g  a n d  O2 w e r e  c o n s is te n t  w i th  th e  th e o r e t ic a l  v a lu e  e x c e p t  
Z r . In Ceo.75Zro.15Mgo.20O2 a n d  NiZCeo.75Zro.15Mgo.20O2, it w a s  f o u n d  th a t  th is  Z r  
in c o r p o ra te d  in to  C eC E  la t t i c e s  le s s  th a n  th e  d e s i re d  v a lu e s .  Z r  a n d  M g  c o u ld  b e  
c o m p le te ly  in c o r p o ra te d  d u e  to  th e  io n ic  r a d iu s  o f  Z r  a n d  M g  is  s im i l a r  ca . 0.72 Â  
b u t  th e re  a r e  c o m p e t i t iv e  in c o r p o r a t io n  b e tw e e n  Z r  a n d  M g  in to  C e 0 2 la t t ic e s .
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4 .1 .2  B E T  S u r f a c e  A r e a s  a n d  T o t a l  P o r e  V o l u m e

T a b le  4 .5  B E T  s u r f a c e  a r e a s  a n d  t o t a l  p o r e  v o l u m e  o f  t h e  s u p p o r t s  a n d  c a t a l y s t s

S u p p o r t  /  C a ta ly s t S u r fa c e  A rea T o ta l P o re
(m 2/g) V o lu m e

-
( c m 3Zg)

C e o .75Z ro .25O 2 1 5 9 .7 0 .5 4

N iZ C eo .75Z ro .25O 2 1 4 9 .7 0 .2 4

C e o .75Z ro . 1 sM g o .2o0 2 1 4 0 .9 0 . 8 8

N iZ C eo .75Z ro .15M g o .20O 2 1 0 9 .8 0 .8 5

T h e  B E T  s u r f a c e  a r e a s  a n d  t o t a l  p o r e  v o l u m e  o f  p r e p a r e d  s u p p o r t s  a n d  

c a t a l y s t s  a r e  s h o w n  in  T a b l e  4 .5 .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  B E T  s u r f a c e  a r e a s  a n d  

p o r e  v o l u m e  o f  s u p p o r t s  w e r e  d e c r e a s e d  a f t e r  n i c k e l  i m p r e g n a t i o n  b e c a u s e  t h e  

i m p r e g n a t e d  n i c k e l  s p e c i e s  d i s p e r s e d  o n  t h e  s u r f a c e  o f  s u p p o r t  a n d  a l s o  b l o c k e d  

s o m e  o f  t h e  s u p p o r t  p o r e s  ( C h e n  et a i ,  2 0 0 8 ) .

4 .1 .3  E b - C h e m i s o r p t i o n

T a b le  4 .6  D e g r e e  o f  N i  d i s p e r s i o n  o f  t h e  N i  s u p p o r t e d  c a t a l y s t s

C a ta ly st N i d isp ersio n
(% )

15%  NiZCeo.75Zro.25O2 1 .8 6
15%  NiZCeo.75Zro.15Mgo.20O2 2.13

Figure 4 .6  shows the Ni dispersion o f 1 5 % Ni/Ce0.75Zro.2502 and 1 5 % 

NiZCeo.75Zro.15Mgo.20O2. Ni particles more highly dispersed on Ceo.75Zro.15Mgo.20O2 

support so NiZCeo.75Zro.15Mgo.20O2 is expected higher conversion and selectivity,.
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4. 1.4 X - ra y  D i f f r a c t io n

F ig u re  4.1 X R D  p a t te r n s  o f  s u p p o r ts  a n d  c a ta ly s ts :  (A )  Ceo.75Zro.25O2,
(B )  Ceo.75Zo.15Mgo.20O2, (C )  N i/C e o .75Z ro .2502 a n d  (D )  N i/C e o .75Z o .i5M go.2o02 .

T h e  c r y s ta l l in e  s t r u c tu r e s  o f  th e  s u p p o r ts  a n d  c a ta ly s t s  w e re  
d e te r m in e d  b y  X - r a y  d i f f r a c t io n  a s  s h o w n  in  F ig u r e  4 . 1. F o r  Ceo.75Zro.25O2 a n d  
Ce0.75Z0.15Mg0.20O2, th e  m a jo r  p e a k  a t  ca . 29° , 33° , 48 a n d  56° (29) w e r e  o b s e rv e d  
w h ic h  r e p r e s e n t  th e  in d ic e s  o f  ( 101), (200), (220) a n d  (311) p la n e s ,  r e s p e c t iv e ly .  
T h is  in d ic a te d  a  c u b ic  f lu o r i te  s t r u c tu r e  o f  CeC>2. N o  e x t r a  p e a k s  o f  n o n - in c o r p o r a te d  
Z r02 a n d  M g O  w e r e  a p p e a re d ,  in d ic a t in g  th a t  th e  a to m s  o f  Z r  a n d  M g  w e re  
in c o r p o r a te d  in to  C e 02 la t t ic e s  (P e n g p a n ic h  e t  a l . ,  2002) to  f o rm  a  s o l id  s o lu t io n .  F o r  
N i/C e o .75Z ro .2502 a n d  N i/C e o .75Z o .i5M go.2o02, th e  a d d i t io n a l  p e a k  a t c a . 37° , 43° a n d  
62° (20) w e re  a t t r ib u te d  to  N iO  s p e c ie s  ( P e n g p a n ic h  e t a l . ,  2004).



4.1.5 Temperature Programmed Reduction of Hydrogen (FT-TPR)

T e m p e r a t u r e  ( ° C )

F i g u r e  4 .2  H 2 -T P R  p r o f i l e s  o f  s u p p o r ts  a n d  c a ta ly s ts :  (A )  Ceo.75Zro.25O2,
(B )  Ceo.75Zo.15Mgo.20O2, (C )  N i/C eo .75Z ro .2502 a n d  ( D )  Ni/Ceo.75Zo.i5Mgo.2o0 2 .

T h e  r e d u c in g  g a s  c o n ta in in g  5%  H 2 in  A r  w ith  a  f lo w  ra te  50 m l /m in ,  a n d  
a  h e a t in g  r a te  o f  10  ° c /m in .

- H 2- T P R  p r o f i l e  o f  s u p p o r t s  a n d  c a t a l y s t s  a r e  s h o w n  in  F i g u r e  4 .2. F o r  

C e o .75Z ro .25P 2 s u p p o r t ,  t w o  b r o a d  p e a k s  w e r e  o b s e r v e d  a t  c a .  550 °c a n d  780 °c t h a t  

w e r e  a t t r i b u t e d  t o  t h e  r e d u c t i o n s  o f  s u r f a c e  o x y g e n  a n d  b u l k  o x y g e n ,  r e s p e c t i v e l y .  

T h e  a d d i t i o n a l  p e a k  o f  n i c k e l  in  N i /C e o .75Z ro .2s 0 2  a t  c a .  240 °c a n d  330 °c w e r e  

i n d i c a t i v e  o f  t h e  r e d u c t i o n  o f  N i O  t o  N i°  o f  f r e e  N i O  p a r t i c l e s  a n d  c o m p l e x  N i O  

s p e c i e s  in  i n t i m a t e  c o n t a c t  w i t h  t h e  o x i d e  s u p p o r t ,  r e s p e c t i v e l y ,  w h e r e a s  t h e  o t h e r  

p e a k s  o f  N i /C e o .75Z r o .2 5 0 2  w e r e  a s s i g n e d  t o  t h e  r e d u c t i o n  o f  s u p p o r t  

( T h a i c h a r o e n s u t c h a r i t t h a m  et a l ,  2009). F o r  C e o .75Z ro .15M g o .20O 2 s u p p o r t ,  o n l y  o n e  

b r o a d  p e a k  w a s  o b s e r v e d  a t  c a .  760 °c t h a t  w a s  r e l a t e d  t o  t h e  r e d u c t i o n  o f  b u l k  

o x y g e n .  F o r  15 % w t .  N i /C e o .75Z r o . i5M g o .2o0 2  c a t a l y s t ,  t h e  p e a k  a t  c a .  400 °c w a s  

o b s e r v e d  f o r  w h i c h  i t  w a s  r e l a t e d  t o  t h e  r e d u c t i o n  o f  c o m p l e x  N i O  s p e c i e s .



4.1.6 Temperature Programmed Desorption of Ammonia (NHi-TPD)

F i g u r e  4.3 N H 3 -T P D  p r o f i l e s  o f  ( A )  Ceo.75Zro.25O2 a n d  (B )  Ceo.75Zo.15Mgo.20O2.

T h e  a c id i ty  o f  s u p p o r ts  w a s  d e te r m in e d  b y  N H 3 -T P D  te c h n iq u e .  T P D  
p r o f i l e s  o f  Ceo.75Zro.25O2 a n d  Ce0.75Z0.15Mg0.20O2 s u p p o r ts  a r e  s h o w n  in  F ig u r e  4.3. 
F o r  Ceo.75Zro.25O2, tw o  p e a k s  w e r e  o b s e rv e d  a t  c a . 100 °c a n d  370 ๐c  w h ic h  
r e p r e s e n t  a  w e a k  a n d  a  m e d iu m  a c id  s tr e n g th , r e s p e c t iv e ly .  F o r  Ceo.75Zo.15Mgo.20O2, 
tw o  p e a k s  w e r e  a ls o  o b s e r v e d  b u t  s h i f te d  to  lo w e r  te m p e r a tu r e s  a t  ca . 90 °c a n d  
350 °c. In a d d i t io n ,  th e  p e a k  a r e a  o f  Ceo.75Zo.15Mgo.20O2 w a s  lo w e r  th a n  th a t  o f  
Ceo.75Zro.25O2 in d ic a t in g  th a t  th e  a c id i ty  o f  Ceo.75Zo.15Mgo.20O2 w a s  lo w e r  th a n  th a t  o f  
Ceo.75Zro.25O2.
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4 .1 .7  Scanning Electron Microscopy (SEM)

TM3000_1439 N L D4.8 x10k 10 um TM3000J1876 NL D5.0 x10k 10 um

(A ) (B )

TM3000_1472 NL 04 7 x10k 10 um TM3000_0905 NL 05 0 xICk 10 um

( C ) ( D )

F i g u r e  4 .4  SEM'images of A) Ceo.75Zro.25O2, B) NiZCeo.75Zro.25O2, 
C) Ceo.75Zo.15Mgo.20O2 and D) NiZCeo.75Zo.15Mgo.20O2.

F ig u re  4.4 s h o w s  SEM im a g e s  o f  s u p p o r ts  a n d  c a ta ly s ts  in v e s tig a te d . 
F o r  th e  su p p o rts , b o th  Ceo.75Zro.25O2 a n d  Ce0.75Z015M g0.20O2 s h o w  a n  i r r e g u la r  
m o r p h o lo g y  , o f  th e  c e r ia - z i r c o n ia  m ix e d  o x id e . After N i w a s  im p r e g n a te d ,  N iO  
p a r t i c le s  a t t a c h e d  a n d  d i s t r ib u te d  o n to  th e  s u r fa c e  o f  s u p p o r ts .
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4 .2  C a t a l y t i c  A c t i v i t i e s  t e s t i n g

T h e  N i/C e o .7 5 0 o.2502  c a ta ly s t  w a s  f u r th e r  in v e s t ig a te d  f o r  v a r io u s  e f f e c ts  o n  i ts  

c a ta ly t i c  p e r f o r m a n c e .  T h e  r e s u l t s  a re  p r e s e n te d  a s  fo l lo w s .

4 .2 .1  E f f e c t  o f  R e a c t io n  T e m p e r a tu r e
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F i g u r e  4 .5  A D N  c o n v e r s io n  a n d  th e  s e l e c t iv i ty  o f  H M D A , A H N  a n d  H M I  a s  a  f u n c t io n  

o f  r e a c t io n  t e m p e r a tu r e  o v e r  t h e  c a ta ly s t s  i n v e s t i g a te d  a t  H 2/ A D N  =  1 2 0  a n d  8 3 9 2 5  h ' 1.

F i g u r e  4.5 i l l u s t r a t e s  t h e  e f f e c t  o f  r e a c t i o n  t e m p e r a t u r e s  o n  t h e  p r o d u c t  

s e l e c t i v i t y  a n d  A D N  c o n v e r s i o n .  A t  r e a c t i o n  t e m p e r a t u r e  100, 150 a n d  200 °c, t h e  

s e l e c t i v i t y  o f  H M D A  w a s  c a .  0.02, 0.10 a n d  0.34%, t h e  s e l e c t i v i t y  o f  A H N  w a s  c a .  

1.09, 3.87 a n d  10.76% a n d  t h e  s e l e c t i v i t y  o f  H M I  w a s  c a .  0.03, 0.23 a n d  0.28% s o  

m a i n  p r o d u c t  a t  e a c h  r e a c t i o n  t e m p e r a t u r e  w a s  A H N .  A s  a n  i n c r e a s i n g  i n  t h e  

s e l e c t i v i t y  o f  A H N ,  H M D A  a n d  H M I  w e r e  a l s o  i n c r e a s e d  d u e  t o  t h e  d e e p e r  

h y d r o g e n a t i o n  o f  A H N ,  s o  i t  w a s  i m p l i e d  t h a t  t h e  p r o d u c t i o n  o f  H M D A ,  A H N  a n d  

H M I  w a s  f a v o u r e d  a t  h i g h e r  r e a c t i o n  t e m p e r a t u r e s .  O n  t h e  o t h e r  h a n d ,  A D N  

c o n v e r s i o n ,  d e c r e a s e d  w i t h  i n c r e a s i n g  t e m p e r a t u r e s ,  w a s  c a .  49.92, 30.85 a n d
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2 6 .8 3 % because adiponitrile hydrogenation is exothermic reaction which is favoured 

at low temperature.

4 .2 .2  Effect of Hydrogen to Adiponitrile Mol Ratio (H?/ADN)

F i g u r e  4 .6  ADN conversion and the selectivity o f HMDA, AHN and HMI at 

different H2/ADN ratio over the catalysts investigated at 200 °c and 93368 h"1.

Figure 4.6 illustrates the effect o f hydrogen to adiponitrile mol ratio 

on the product selectivity and ADN conversion. At H2/ADN = 50, 200 and 400, the 

selectivity of HMDA was ca. 1.07, 0.05 and 0.12%, the selectivity of AHN was ca. 

56.90, 35.73 and 0.09% and the selectivity o f HMI was ca. 0.69, 0.06 and 2.62%. 
The selectivity o f AHN significantly decreased with increasing the H2/ADN ratio due 

to the higher H2/ADN ratio has more molecules of H2 that can further hydrogenate 

AHN to HMDA and HMI. It was also observed that the selectivity HMI was higher 

than HMDA at higher H2/ADN ratio. These results are in agreement with previous 

report o f Serra and co-workers (2002) by increasing H2/ADN ratio from 4  to 9 at 200 
°c and space velocity 5,968 h' 1 that the selectivity of HMI and ADN conversion was 

increased from 23 to 53% and 97 to 100%, respectively while the selectivity o f AHN 

and HMDA were decreased from ca. 23 to 0% and 37 to 17%, respectively.
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A l t h o u g h ,  t h e  f o r m a t i o n  o f  H M I  t h e o r e t i c a l l y  r e q u i r e s  t h e  s a m e  

h y d r o g e n  c o n s u m p t i o n  a s  H M D A ,  H M I  p o s s e s s e s  a  s l o w e r  r a t e  o f  f o r m a t i o n  a n d  

h i g h e r  t h e r m o d y n a m i c  s t a b i l i t y  s o  t h e  p r o d u c t i o n  o f  H M I  w a s  f a v o u r e d  a t  h i g h e r  

h y d r o g e n  a m o u n t s  ( S e r r a  et al., 2 0 0 2 ) .  I n  t h i s  s tu d y ,  A D N  c o n v e r s i o n  w a s  f o u n d  t o  

i n c r e a s e ;  c a .  1 3 .5 7 ,  4 0 .5 8  a n d  7 9 .8 9 % ,  w i t h  i n c r e a s i n g  H 2/ A D N  r a t i o  d u e  to  t h e  

h i g h e r  H 2/ A D N  r a t i o  h a s  m o r e  m o l e c u l e s  o f  H 2 t h a t  c a n  a l s o  h y d r o g e n a t e  m o r e  

A D N .

4 .2 .3  E f f e c t  o f  G a s  H o u r ly  S p a c e  V e lo c i ty  ( G H S V )

24,000 48,000 72,000 96,000
Gas hourly space velocity ( h 1)

sssss HMDA AHN i m b HMI ~ * Conversion

F i g u r e  4 .7  A D N  c o n v e r s i o n  a n d  t h e  s e l e c t i v i t y  o f  H M D A ,  A H N  a n d  H M I  a t  

d i f f e r e n t  G H S V  o v e r  t h e  c a t a l y s t s  i n v e s t i g a t e d  a t  200 °c a n d  H 2/ A D N  =  50.

F i g u r e  4 .7  i l l u s t r a t e s  t h e  e f f e c t  o f  G H S V  o n  t h e  p r o d u c t  s e l e c t i v i t y  

a n d  A D N  c o n v e r s i o n .  A t  2 4 1 0 0 ,  4 7 9 8 6  a n d  9 3 3 6 8  h ' 1, t h e  s e l e c t i v i t y  o f  H M D A  w a s  

c a .  0 .1 7 ,  0 .8 3  a n d  1 .0 7 % ,  t h e  s e l e c t i v i t y  o f  A H N  w a s  c a .  0 .6 3 ,  1 .5 7  a n d  5 6 .9 0 %  a n d  

t h e  s e l e c t i v i t y  o f  H M I  w a s  c a .  0 .0 1 ,  0 .0 6  a n d  0 .6 9 % .  T h e  s e l e c t i v i t y  o f  A H N  

s i g n i f i c a n t l y  i n c r e a s e d  w i t h  i n c r e a s i n g  G H S V  d u e  t o  t h e  f a s t  d e s o r p t i o n  o f  A H N  

g e n e r a t e d ,  t h u s  d e c r e a s i n g  t h e  c o n s e c u t i v e  h y d r o g e n a t i o n  t o  H M D A  a n d  H M I  

( T h i c h i t  et al., 2 0 0 2 ) .  T h e  s e l e c t i v i t y  o f  H M D A  w a s  h i g h e r  t h a n  t h a t  o f  H M I
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s e l e c t i v i t y  b e c a u s e  H M I  h a s  a  s l o w e r  r a t e  o f  f o r m a t i o n  a s  m e n t i o n e d  in  t h e  e f f e c t  o f  

h y d r o g e n  t o  a d i p o n i t r i l e  r a t io .  T h i s  r e s u l t  w a s  c o n f o r m e d  t o  t h e  p r e v i o u s  w o r k  o f  S e r r a  

a n d  c o - w o r k e r s  ( 2 0 0 2 ) ,  r e p o r t e d  t h a t  b y  i n c r e a s i n g  G H S V  f r o m  2 3 ,8 7 3  to  7 1 ,6 2 0  h ' 1 a t  

1 5 0  °c a n d  H 2/ A D N  =  1 7 8 . A t  l o w e r  G H S V ,  t h e  s e l e c t iv i ty  o f  H M I  ( 4 5 % )  w a s  g r e a t e r  

t h a n  H M D  A  ( 3 6 % )  b u t  a t  h i g h e r  G H S V ,  t h e  s e l e c t i v i t y  o f  H M D  A  ( 6 7 % )  w a s  g r e a t e r  

t h a n  H M I  ( 1 6 % ) .  I n  t h i s  s tu d y ,  i t  w a s  f o u n d  t h a t  A D N  c o n v e r s i o n  d e c r e a s e d ;  c a .

6 4 .0 1 ,  3 1 .4 2  a n d  1 3 .5 7 % ,  w i th  i n c r e a s i n g  G H S V  f r o m  2 4 1 0 0  t o  9 3 3 6 8  f f 'b e c a u s e  t h e  

h i g h e r  G H S V  m e a n s  t h e  h i g h e r  t o t a l  f l o w  r a t e  o f  t h e  r e a c t i o n  s o  A D N  h a s  s h o r t  

c o n t a c t  t i m e  f o r  t h e  r e a c t i o n s  i n v o l v e d  to  t a k e  p l a c e .

4 .2 .4  E f f e c t  o f  C a ta ly s t  A c id i ty

a0
<น>c๐(นิ

q<

ï HMDA AHN ■  HMI «Conversion

F i g u r e  4 .8  A D N  c o n v e r s i o n  a n d  t h e  s e l e c t i v i t y  o f  H M D A ,  A H N  a n d  H M I  a t  

d i f f e r e n t  c a t a l y s t s  a c i d i t y  o v e r  t h e  c a t a l y s t s  i n v e s t i g a t e d  a t  200 °c, H 2/ A D N  =  50 a n d  

9 3 3 6 8  h 1.

T h e  p r e v i o u s  w o r k  o f  V e r h a a k  a n d  c o - w o r k e r s  ( 1 9 9 4 )  s h o w e d  t h a t  t h e  

h i g h e r  b a s i c i t y  o f  t h e  c a t a l y s t s  c a n  p r o d u c e  m o r e  p r i m a r y  a m in e .  T h e  r e a c t i o n  

o c c u r r e d  a t  1 2 5  °c w i t h o u t  t h e  a d d i t i o n  o f  a m m o n i a .  P o t a s s i u m  w a s  l o a d e d  i n t o  t h e  

c a t a l y s t s  i n  t h e  d i f f e r e n t  q u a n t i t y .  T h e  h i g h e r  p o t a s s i u m  l o a d i n g  s h o w e d  t h e  h i g h e r
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c a t a l y s t  b a s i c i t y  a n d  i n d u c e d  a  h i g h e r  s e l e c t i v i t y  o f  p r i m a r y  a m i n e .  I t  i s  d e m o n s t r a t e d  

t h a t  t h e  m o r e  b a s i c  c a t a l y s t s  a r e  t h e  o n e s  m o s t  s e l e c t i v e  f o r  t h e  p r o d u c t i o n  o f  p r i m a r y  

a m i n e  i n  n i t r i l e  h y d r o g e n a t i o n  ( V e r h a a k  et a l,  1 9 9 4 )  s i n c e  t h e  b a s i c i t y  c a n  s u p p r e s s  

t h e  d e a m m o n i a t i o n  r e a c t i o n  t h a t  c o n v e r t s  A H N  t o  H M I .  I n  t h i s  s tu d y ,  N H 3- T P D  

p r o f i l e s  ( F i g . 4 .3 )  c o n f i r m e d  t h a t  t h e  a d d i t i o n  o f  m a g n e s i u m  i n t o  t h e  s u p p o r t  c o u l d  

d e c r e a s e  t h e  a c i d i t y  o f  t h e  c a t a l y s t s .  F i g u r e  4 .8  s h o w s  t h e  e f f e c t  o f  a c i d i t y  o n  t h e  

p r o d u c t  s e l e c t i v i t y  a n d  A D N  c o n v e r s i o n .  A H N  w a s  s t i l l  t h e  m a i n  p r o d u c t  o f  b o t h  

c a t a l y s t s  w h e r e a s  A D N  c o n v e r s i o n  s l i g h t l y  i n c r e a s e d ,  f r o m  c a .  1 3 .5 7  to  1 7 .1 1 % ,  

w i t h  d e c r e a s i n g  a c i d i t y .  T h e  s e l e c t i v i t y  o f  H M D A  w a s  a l s o  i n c r e a s e d ;  f r o m  c a .  1 .0 7  

to  1 .1 9 % ,  y e t  t h a t  o f  H M I  w a s  d e c r e a s e d ;  f r o m  c a .  0 .6 9  to  0 . 2 8 % ,  w i t h  d e c r e a s i n g  

a c i d i t y .
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