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There i s  an essent ia l  need fo r  synthetic l iquid transportation fue ls .  
Indirect  liquefaction involving coal derived syngas has gained new in te res t  
because of new discoveries i n  the ca t a ly t i c  synthesis of l iquids from C O + H 2 .  
Catalytic improvements have been made i n  the manufacture of CH OH and higher 
alcohols. Also, higher engine efficiency i s  made possible by a combination 
of high compression r a t i o  and  ca t a ly t i c  decomposition of alcohol t o  provide a 
gaseous fuel t o  the engine using heat otherwise wasted. 

Conversion of CH OH over ZSM-5 zeol i te  ca ta lys t  t o  h i g h  octane gasoline 
i s  remarkable. Also, Zeginning with CO+H2 mixtures, of special i n t e re s t  i s  
the application of ca t a ly t s  having d u a l  functions (metal + acid) i n  combination 
with shape se lec t ive  zeol i tes  f o r  control of both chemical composition and 
produet molecular s i ze .  
hydrocarbon synthesis function makes possible the water gas s h i f t  in -s i tu  in 
the reactor,  thus permitting the use of syngas of low H /CO r a t i o s ,  a l t h o u g h  
with problems in simultaneous optimization of aromatization a n d  s h i f t  reactions. 
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Further, the addition of a s h i f t  function to  the 
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OxidatLon of s i n g l e  c r y s t a l  g raphi te  is being s tudied with t h e  technique of 

e tch-drcorat ion acd  t ransmission e l e c t r o n  microscopy, which was developed 

by Hen@ et  a l .  a d  Thorns e t  al .  On t h e  b a s a l  o r  (0001) plane,  t h e  carbon 

atoms surrounding tha  aacancy are the  a c t i v e  sites, which a r e  t o  b e  g a s i f i e d  

and a c i r c u l a r  p i t  i s  developed. 

(a) t h e  rate of C reno-72.1 p e r  a c t i v e  s i te  depends d i r e c t l y  on t h e  populat ion 

dens i ty  of t h e  a c t i v e  sites; and (b) f o r  low ac t ive-s i te  d e n s i t i e s ,  C removal 

cont inues f o r  a prolonged period of t i m e  a f t e r  0 

phase. 

Two sets of r e s u l t s  have been obtained:  

is c u t  o f f  from t h e  gas  2 

Hundreds of c r y s t a l s  have been s tudied ,  which contained vacancies  from 0 . 1  

t o  60 per pm . 
dens i ty  and l e v e l s  of f  a t  a high dens i ty .  

O2 ( i n  Ar), t h e  rate i s  0.9 C / C / s  f o r  a vacancy d e n s i t y  of l / p m  ; 0.6 C / C / s  

f o r  10/ym ; 

2 The turnover frequency decreases  wi th  increas ing  vacancy 

For example, a t  650'C and 0.2 atm 
2 

2 and l e v e l s  of f  at about 0.5 C/C/s. 

In the  argon purge experiments, rates are measured dur ing  t h e  purge a f t e r  

10 min. of r e a c t i o n  with 02. 

purge f o r  s u r f a c e s  wi th  small vacancy d e n s i t i e s ,  whereas no g a s i f i c a t i o n  

occurs during argon purge wi th  h igh  vacancy d e n s i t i e s .  

The p i t  s i z e  is more than  doubled dur ing  argon 

G a s i f i c a t i o n  of C on t h e  edge sites with 0 

(a)  direct  c o l l i s i o n  by O2 from gas phase (which fol lows t h e  Langmuir-Hinshelwoc 

mechanism), and (b) r e a c t i o n  with oxides  which are chemisorbed on t h e  b a s a l  

si tes and subsequently migrate  t o  t h e  a c t i v e  sites. 

i n d i c a t e  t h a t  t h e  anount of chemisorbed oxide i s  0.4 

t h e  s u r f a c e s  wi th  low vacancy d e n s i t i e s ,  and t h a t  t h e  s u r f a c e  d i f f u s i o n  

c o e f f i c i e n t  is on t h e  order  of lo-" cm I s ,  both a t  650°C. 

involves  two independent processes: 2 

Prel iminary c a l c u l a t i o n s  

0 per b a s a l  carbon f o r  

2 
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E f f i c i e n t  c a t a l y s t s ,  u s e f u l  a t  a l e v e l  less than 1%, can p lay  an 

important  r o l e  i n  t h e  primary l i q u e f a c t i o n  of coa l .  

knovledgi  of e f f i c i e n t  c a t a l y s t s  d e r i v e s  from empir ica l  c a t a l y s t  s c r e e n i n g  

performed decades ago. 

of c o a l  i s  z t ~ s i c i n g  2: ZII exponent ia l  rate. 

formulat ion of reactio?. mechanisms t h a t  are more soundly based than t h e  a d  hoc 

mechanisms sllggested i n  :he p a s t .  S t i l l  t o  be  tackled i s  t h e  ques t ior .  of 

determining the p r e c i s e  r o l e  of mul t i func t iona l ,  e f f i c i e n t  c a t a l y s t s  i n  the 

many r e a c t i o n  steps t h a t  occur during c o a l  l i q u e f a c t i o n .  

a n  e c l e c t i c  c o n s i d e r a t i o n  of c a t a l y s t  systems involving t i n ,  molybdenum, o r  

i r o n  which are  known t o  be e f f e c t i v e  i n  coa l  l i q u e f a c t i o n  i n  smal l  concentra- 

t ion .  Some of t h e  t o p i c s  t o  be discussed a r e  t h e  importance of c a t a l y s t  

d i s t r i b u t i o n ,  t h e  f a t e  of c a t a l y s t  components during l i q u e f a c t i o n ,  and the 

c h e s i c a l  r o l e  played by  t h e  c a t a l y s t  i n  a c c e l e r a t i n g  the r e a c t i o n s  occurr ing  

i n  l i q u e f a c t i o n .  The last problem i s  t h e  least  understood and p r e s e n t s  the 

g r e a t e s t  chal lenge f o r  f u t u r e  research.  

Most of our  p r e s e n t  

Ziy c o n t r a s t ,  our understanding of t h e  organic  chemistry 

T h i s  understanding w i l l  permit  

This  paper  p r e s e n t s  
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