
• 1 7 ,  

I IIIIIilIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIII ¸ 
DE91016586 

One Source. One Search. One Solution. 

EFFECT OF CHEMICAL ADDITIVES ON THE 
SYNTHESIS OF ETHANOL. TECHNICAL PROGRESS 
REPORT 14, DECEMBER 16, 1990-MARCH 15, 
1991 

AKRON UNIV., OH. DEPT. OF CHEMICAL 
ENGINEERING 

M A Y  1991 

U.S. Department of Commerce 
National Technical Information Service 



One Source.  One Search.  One Solut ion.  

e 

Providing Permanent, Easy Access 
to U.S. Government Information 

National Technical Information Service is the nation's 
largest repository and disseminator of government- 
initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 
almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magneti(: tape, diskette, multimedia, microfiche 
and paper. i 

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites, 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of thebibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

~ -  
U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



DE91 016586 

. . . .  rn  I: 6~ 
THE EFFECT 8F CHEMICAL ADDITIVES ON THE SYNTHESIS/-0~.:~.T~ANOL., 

• " . . J . . ~ .  , ' t  o * . , ? .  

Techn ica l  P r o g r e s s R e p o r t  14 

Gran t  No. DE-FG22-87PC79923 

A~~; 1 .~ ~ 

December 16, 1990 - March 15, 1991 

Steven S . C .  Chuang 

Department  o~ Chemical  E n g i n e e r i n g  

U n i v e r s i t y  of Akron 

Akron, OH 44325 U.S 'A.  

Date of Submiss ion:  May 1991 

US/DOE P a t e n t  C lea rance  i s  no t  r e q u i r e  p r i o r  to  t h e  p u b l i c a t i o n  

of t h i s  document.  



SUME~RY 

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  me thano l  s y n t h e s i s  over  Rh- and N i - b a s e d  

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

S, P ,  Ag~ Cu, Rn~ and Na which have  d i f f e r e n t  

e l e c Z 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 t e  of t h e  c a t a l y s t s ~  h e a t  of a d s o r p t i o n  o~ 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  p a t h w a y s ,  r e a c t i o n  k i n e t i c s ,  and 

p r o d u c t  d i s t r i b u t i o n s  i s / w i l l  be i n v e s t i g a t e d  by a s e r i e s  of 

e x p e r i m e n t a l  s t u d i e s  of NO a d s o r p t i o n ,  

s t a t e  r a t e  measurement~ and t r a n s i e n t  

A b e t t e r  u n d e r s t a n d i n g  of  t h e  

r e a c t i o n  p r o b i n g ,  s t u d y  

k i n e t ± c  s t u d y .  

r o l e  of a d d i t i v e  on t h e  

s y n t h e s i s  r e a c t i o n  may a l l o w  us to  u se  c h e m i c a l  a d d i t i v e s  t o  

m a n i p u l a t e  t h e  c a t a l y t i c  p r o p e r t i e s  of Eh- and N i - b a s e d  c a t a l y s t s  

f o r  p r o d u c i n g  h i g h  y i e l d s  of e t h a n o l  from s y n g a s .  

RESULT ~0 DATE 

Dur ing  t h e  f i r s t  q u a r t e r  of 1991~ t h e  e f f e c t  of  Cu 

adsorption properties of Eh/SiO~ catalysts was studied by 

temperacure proE~'ammed desorption of hydrogen. 

on t h e  
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The p r e sence  of Cu on Rh/Si02 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 suppressed  C8 h y d r o g e n a t i o n .  TPD s t u d y  shows t h a t  

c h e m i s o r p t i o n  of H2 on Cu-Rh/Si02 i s  an a c t i v a t e d  p r o c e s s .  

INTRQDUCTION 
There have been  numerous s t u d i e s  on suppo r t ed  group V I I I  

m e t a l s ,  a l l o y e d  w i t h  group IB m e t a l s  such as Cu, Ag and Au 

[1-53.  The group IB me ta l s  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 VI I I  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 h e  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 l k a n e  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 e q u i r e m e n 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 t he  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 ] .  E x t e n s i v e  s t u d i e s  have focused  on t h e  

e f f e c t s  of a l l o y i n g  on t he  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-Ni, Cu-Ku, and Cu-Fe [I-9]. Little is known about the 

effect of Cu on the the adsorptive property of Eh catalysts 

which a re  known t o  be a c t i v e  f o r  C2 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/SiO2 using temperature- programmed desorption of 

hydrogen .  

EXPE NT  
Cu-Eh/SiO2 containing 3 wt~ Eh was prepared by 

coimpregnation of silica (Strem Chemicals, surface area: $50 

m~/g) usin~ Cu and Eh nitrate solution. The molar ratios of 

Cu to Ehwere O, 0.25, and I. After impregnation, the sample 

was dried overnight in air at 30S K, then reduced in flowing 

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  t h e  

r e s u l t i n g  Cu and Rh me ta l s  was de t e rmined  to  be l e s s  t h a n  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 .  

D e t a i l s  of t e m p e r a t u r e  programmed d e s o r p t i o n  t e c h n i q u e s  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  e l sewhere  [10 ,11 ] .  

Fo l l owing  exposure  of t h e  c a t a l y s t  t o  ]{2, TPD expe r imen t s  were 

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

303 K to 67S K at 20 K/min, and then maintained at 673 K for 

15 min. 
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RESULTS AND DISCUSSION 

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

o b t a i n e d .  One f o l l o w i n g  exposure  of the  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 he  reduced  c a t a l y s t s  from 673 t o  303 E i s  

d e s i g n a t e d  t o  TPD s p e c t r a  (673-303) ;  the  o t h e r  f o l l o w i n g  

exposure  t o  hydrogen a t  303 K i s  shown i n  TPD s p e c t r a  (303).  

F ig .  1 shows v a r i o u s  TPD s p e c t r a  of hydrogen f o r  Eh /S i02 .  

Hydrogen desorbes  from Wh/SiO2 as a broad peak a t  355 K 
f o ! l o w e d  by a wide s h o u l d e r  r a n g i n g  from 373 to  493 E. 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 obse rved  except  f o r  a s l i g h t l y  sma l l e r  i n t e n s i t y  f o r  the  

s p e c t r a  (303) .  A l l  t he  r e p e a t e d  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 .  
Figs. 2 and 3 show TPD spectra of H2 for Cu-Eh/Si02 

(Cu:Eh = O.25:1)and Cu-Eh/Si02 (Cu:Eh = I:I). TPD spectra 

(673-303) f o r  t h e  Cu-Eh/Si82 (0 .25 :1 )  c o n s i s t  of two low 

t e m p e r a t u 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  G68 wh i l e  TPD s p e c t r a  (303) show two l o w - t e m p e r a t u r e  peaks 

w i 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  to  s p e c t r a  (673-303) .  

TPD s p e c t r a  (673- 303) f o r  Cu-Eh/SiO2 ( C u : E h = l : l )  c o n s i s t  

of  a peak a t  358 K wi th  a h i g h e r  t empera tu re  s h o u l d e r  and a 

h i g h - t e m p e r a t u r e  peak a t  653 K; t h e  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 rea  under  t h e  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  be fo re  

d e s o r p t i o n .  The a r e a  under  t h e  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  i n  c o o l i n g  from 673 K t o  303 K i s  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  q u a n t i t y  adsorbed  a t  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/Si02 

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 t o  promote s p i l l o v e r  of hydrogen ~rom Ru to  Cu 

9 



[3 ] .  These s p i l l o v e r  s i t e s  on Cu-Rh/Si02 (0 .25 :1 )  were 
e l i m i n a t e d  by by r e p e a t i n g  t h e  TPD runs  f o l l o w i n g  by H2 

r e d u c t i o n  a t  676 K as i n d i c a t e d  by t h e  d i s a p p e a r a n c e  o~ t h e  
h i g h  t e m p e r a t u r e  peak a s  shown in  F i g .  2 and 3. The s p e c t r a  
of r e p e a t e d  r u n s  appea r  to  resemble  t o  t h o s e  of R~/SiO~. 

Recent s t u d i e s  [10] have shown t h a t  t h e  p r e sence  of  Cu on 
Rh/Si02 r e s u l t e d  i n  a marked r e d u c t i o n  in  t h e  CO h y d r o g e n a t i o n  

a c t i v i t y  of t h e  c a t a l y s t s  and only s l i g h t  d i f f e r e n c e  i n  C2 
oxygenate  s e l e c t i v i t y .  The d e c r e a s e  in  C8 h y d r o g e n a t i o n  
a c t i v i t y  b r o u g h t  about  by Cu may r e l a t e  to  the  a c t i v a t e d  

chemisorption o~ H2 on Cu-Eh/SiO2. 
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