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SUWIA~¥ 

The o b j e c t i v e  of  t h i s  r e s e a r c h  i s  t o  e l u c i d a t e  t h e  r o l e  

of a d d i t i v e s  on t h e  methanQ1 s y n t h e s i s  over  Wb- and N ~ b a s e d  

c a t a l y s t s .  Chemical  a d d i t i v e s  used f o r  t h i s  s t u d y  w i l l  i n c l u d e  

$,  P, Ag, Cu, Mn, and Na which have d i f f e r e n t  

e l e c t r o n e g a t i v i t i e s .  The e f f e c t  of a d d i t i v e s  on t h e  s u r f a c e  

s t a k e  of t h e  c a t a l y s t s ,  h e a t  o~ a d s o r p t i o n  of  r e a c t a n t  m o l e c u l e s ,  

r e a c t i o n  i n t e r m e d i a t e s ,  r e a c t i o n  pa thways ,  r e a c t i o n  k i n e t i c s ,  and 

product distributions is/will be investigated by a series of 

experimental studies of NO adsorption, reaction probing, study 

state rate measurement, and transient kinetic study. 

A better understanding of the role of additive on the 

synthesis reaction may allow us to use chemical additives to 

manipulate the catalytic properties of Rh- and N~based catalysts 

~or producing high yields of ethanol from syngas. 

EESULT TO DATE 

During the first quarter of 1991, the effect of Cu on the 

adsorption properties of Eh/Si02 catalysts was studied by 

temperature programmed desorption of hydrogen. 



The p resence  of Cu on Eh/SiU2 i n h i b i t e d  H2 c h e m i s o r p t i o n  a t  

303 K and suppres sed  CO hyd rogena t i on .  TPD s tudy  shows t h a t  

c h e m i s o r p t i o n  of H~ on Cu-Hh/SiB2 i s  an a c t i v a t e d  p r o c e s s .  

INTRODUCTION 
There have been numerous s t u d i e s  on suppor ted  g roup  VII I  

metals~ a l l o y e d  wi th  group IB m e t a l s  such as Cu, Ag and Au 
[1-5] .  The group IB meta ls  which have e l e c t r o n e g a t i v i t i e s  

s i m i l a r  to  t hose  of group VIII  m e t a l s ,  a re  i n a c t i v e  components 

of c a t a l y s t s  f o r  t he  F i s c h e r - T r o p s c h  (F-T) s y n t h e s i s  and 
a lkane  h y d r o g e n o l y s i s .  These b i m e t a l l i c  c a t a l y s t s  have been 

employed f o r  i n v e s t i g a t i n g  geomet r i c  r equ i r emen t s  of s i t e s  f o r  

s p e c i f i c  r e a c t i o n s  such as the  F-T and a lkane h y d r o g e n o l y s i s  

r e a c t i o n s  [3-5] .  Ex tens ive  s t u d i e s  have focused  on t he  
e f f e c t s  of a l l o y i n g  on the  a d s o r p t i v e  and c a t a l y t i c  p r o p e r t i e s  

of Cu- Hi, Cu- Rn, and Cu- Fe [1- 9 ] .  L i t t l e  i s  known about  t he  

e f f e c t  of Cu on the  the  a d s o r p t i v e  p roper ty  of Eh c a t a l y s t s  

which a re  known to  be a c t i v e  f o r  C~ oxygenate s y n t h e s i s  [5] .  
The purpose of t h i s  s tudy i s  to examine a d s o r p t i v e  p r o p e r t i e s  

of Cu- Eh/SiU2 u s i n g  tempera ture-  programmed d e s o r p t i o n  of 

hydrogen.  

EXPEKIMENTAL 
Cu-Eh/SiQ2 c o n t a i n i n g  3 wtT, Eh was prepared  by 

co impregna t ion  of s i l i c a  (Strem Chemica l s ,  s u r f a c e  a r e a :  350 

m2/g) u s i n g  Cu and Eh n i t r a t e  s o l u t i o n .  The molar  r a t i o s  of 

Cu to Eh were O, 0 .25 ,  and 1. A f t e r  impregna t ion ,  t h e  sample 

was d r i e d  o v e r n i g h t  i n  a i r  a t  303 K, then  r e d u c e d  i n  f l o v i n g  

hydrogen a t  673 K f o r  16 hours .  The c r y s t a l l i t e  s i z e  of the  

r e s u l t i n g  Cu and Eh meta l s  was de te rmined  to he l e s s  t han  30 

°A by an X-ray d i f f r a c t i o n  (XED) l i n e - b r o a d e n i n g  t e c h n i q u e .  

Details of temperature programmed desorption techniques and 

r e a c t i o n  s t u d i e s  have been r e p o r t e d  elsewhere [ 1 0 , 1 1 ] .  

Fo l lowing  exposure  of the c a t a l y s t  to H2, TPD e x p e r i m e n t s  were 

carried out in an Altamira (AMI-1) TPD unit in flowing Ar from 

303 K to 673 E at 20 K/min, and then maintained at 673 K for 

15 min. 

1 



EESULTS AND DISCUSSION 

Two types  of s p e c t r a  f o r  hydrogen d e s o r p t i o n  were 

o b t a i n e d .  Dne f o l l o w i n g  exposure of t h e  c a t a l y s t s  t o  hydrogen 

d u r i n g  c o o l i n g  of t h e  reduced c a t a l y s t s  from G73 to  303 K i s  

designated t o  TPD spectra (673-303); the other following 

exposure to hydrogen at 303 K is shown in TPD spectra (303). 

Fig. 1 shows various TPD spectra of hydrogen for Eh/Si02. 

Hydrogen desorbes from Eh/Si02 as a broad peak at 355 K 

followed by a wide shoulder ranging from 373 to 493 K. No 

d i s t i n c t  d i f f e r e n c e s  between TPD s p e c t r a  (673-303) and (303) 

were observed excep t  f o r  a s l i g h t l y  s m a l l e r  i n t e n s i t y  f o r  t he  

s p e c t r a  (303).  A l l  t h e  r epea t ed  runs  e x h i b i t e d  s i m i l a r  TPD 
s p e c t r a .  

F igs .  2 and S show TPB s p e c t r a  of  t[2 f o r  Cu-Eh/Si02 

(Cu:Rh = 0.25:1) and Cu-~Lh/SiO2 (Cu:]Lh = i:I). TPD spectra 

(873-303) for the Cu-Eh/Si02 (0.25:1) consist of two low 

t empe ra tu r e  peaks a t  340 and 380 K and a h igh  t e m p e r a t u r e  peak 

a t  668 whi le  TPD s p e c t r a  (303) show t~#o l ow- t empera tu r e  peaks 

wi th  a s l i g h t l y  lower  i n t e n s i t y  r e l a t i v e  t o  s p e c t r a  (673-303) .  

TPD spectra (673- 303) for Cu-Eh/Si02 (Cu:Eh=l:l) consist 

of a peak at 358 K with a higher temperature shoulder and a 

h i g h - t e m p e r a t u r e  peak  a t  653 K; t he  s p e c t r a  (303) i n c l u d e  two 

sma l l  bands a t  343 and 417 K. The a r e a  under  t he  TPD p r o f i l e  

i s  e q u i v a l e n t  t o  t h e  t o t a l  amount of  hydrogen adsorbed  b e f o r e  

d e s o r p t i o n .  The a r e a  under  the  p r o f i l e  of s p e c t r a  (673-303) 

i s  l a r g e r  t h a n  t h a t  of  s p e c t r a  (303) ,  i n d i c a t i n g  t h a t  t h e  

amount of hydrogen adsorbed in cooling from 673 g to 303 K is 

significantly greater than the quantity adsorbed at 303 K. 

The results suggest that hydrogen adsorption on Cu-Eh/Si02 

(Cu:Eh=l:l) is highly activated. 

Comparison of TPD spectra for Eh/Si02 and Cu-Eh/Si82 

shows that the presence of Cu on the Eh/Si02 produced an 

additional peak in 653-668 K. This high temperature peak is 

probably due to hydrogen desorbed from spillover sites. Cu 

has been found to promote spillover of hydrogen from Eu to Cu 



[3]. These spillover sites on Cu-Rh/Si02 (0.25:1) were 

eliminated by by repeating the TPD runs following by H2 

reduction at 676 K as indicated by the disappearance of the 

high temperature peak as shown in Fig. 2 and 3. The spectra 

of repeated runs appear to resemble to those of ih/Si02 . 

Recent studies [I0] have shown that the presence of Cu on 

Eh/Si02 resulted in a marked reduction in the CO hydrogenation 

activity of the catalysts and only slight difference in C~ 

oxygenate selectivity. The decrease in C0 hydrogenation 

activity brought about by Cu may relate to the activated 

chemisorption of H2 on Cu-~h/SiO2. 
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LIST 8F FIGURES 

. Hydrogen TPD s p e c t r a  f o r  3 wtT. Eh /S i82 .  

a ,  c ,  and e f o l l o w i n g ' e x p o s u r e  of  t h e  c a t a l y s t s  t o  

h y d r o g e n  d u r i n g  c o o l i n g  of t h e  r e d u c e d  c a t a l y s t s  f rom 673 

t o  303 K ; b ,  d ,  and f f o l l o w i n g  exposure  t o  h y d r o g e n  a t  

3O3 K. 

. Hydrogen TPD s p e c t r a  f o r  3 wtT, Eh/SiS~.  

a ,  c ,  and e f o l l o w i n g  e x p o s u r e  of t h e  c a t a l y s t s  t o  

h y d r o g e n  d u r i n g  c o o l i n g  of t h e  r e d u c e d  c a t a l y s t s  f r o m  673 

to 303 K ; b, d, and f following exposure to hy&rogen at 

303 K. 

. Hydrogen TPD s p e c t r a  f o r  3 wtT. Eh /S i02 .  

a and c f o l l o w i n g  exposure  o2 t h e  c a t a l y s t s  t o  h y d r o g e n  

d u r i n g  c o o l i n g  of t h e  r e d u c e d  c a t a l y s t s  f rom 673 t o  303 K 

; b and d f o l l o w i n g  e x p o s u r e  t o  hydrogen  a t  303 K. 
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