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This  paper desc r ibes  r e s e a r c h  on t h e  chemical and phys ica l  phenomena o c c u r r i n g  
between coa l  and s o l v e n t s  p r i o r  t o  t h e  onse t  o f  t h e  major l i q u e f a c t i o n  (bond 
b reak ing)  s t e p .  This  r e p o r t  i s  l i m i t e d  t o  those  phenomena t h a t  occur  r e a d i l y  
a t  t empera tures  nea r  200% and have an  e f f e c t  on t h e  subsequent l i q u e f a c t i o n  
r e a c t i o n s .  

A s e r i e s  of microautoc lave  exper iments  w i th  Bruceton Coal and W. Kentucky 9 /14  
Coal, us ing  c r e o s o t e  o i l  o r  SRC-I1  heavy d i s t i l l a t e  as s o l v e n t s ,  showed t h a t  
smal l  b u t  expe r imen ta l ly  s i g n i f i c a n t  i n c r e a s e s  i n  convers ion  can be  ob ta ined  
by h e a t i n g  t h e  coa l - so lven t  s l u r r y  f o r  one hour a t  2OO0C p r i o r  t o  a s h o r t  
c o n t a c t  time l i q u e f a c t i o n  test  (Table  1 ) .  (The presence  of hydrogen a t  2OO0C 
d i d  no t  appear  t o  be  e s s e n t i a l  f o r  t h i s  i n c r e a s e  t o  occur . )  

In  o rde r  t o  o b t a i n  a b e t t e r  unders tanding  of t h e  f a c t o r s  t h a t  cause  t h i s  
i n c r e a s e  i n  convers ion ,  and thus  propose a means t o  enhance t h e  e f f e c t ,  
s e v e r a l  experiments were conducted wi th  c o a l  and model s o l v e n t  compounds. 
Quinol ine ,  1-methylnaphthalene,  and b l ends  o f  t h e s e  two compounds were chosen 
a s  so lven t  models. The r e s u l t s  of t h e s e  experiments show t h a t  t h e s e  compounds 
are inco rpora t ed  i n t o  t h e  c o a l  w i th  p re t r ea tmen t  a t  2OO0C, b u t  no 
inco rpora t ion  occurs  wi th  s i m i l a r  p re t r ea tmen t  a t  room tempera ture .  

A t e t r ahydro fu ran  (THF) soluble-cyclohexane i n s o l u b l e  f r a c t i o n  was i s o l a t e d  
> from the  qu ino l ine  t r e a t e d  c o a l  and p u r i f i e d  by t h r e e  success ive  d i s s o l u t i o n  
, and r e p r e c i p i t a t i o n  s t e p s  i n  THF and cyclohexane. Nitrogen a n a l y s i s  o f  t h e  

products  showed t h a t  t h e  o r i g i n a l  v a l u e  o f  3.3 pe rcen t  was reduced t o  1.9 
pe rcen t  a f t e r  t h r e e  r e p r e c i p i t a t i o n  s t e p s .  F u r t h e r  r e p r e c i p i t a t i o n .  r e s u l t e d  
i n  no f u r t h e r  dec rease  i n  t h e  amount of n i t r o g e n  p resen t .  Comparing these  
va lues  wi th  t h e  1.5 pe rcen t  n i t r o g e n  i n  t h e  o r i g i n a l  c o a l  shows two- th i rds  of 
t h e  o r i g i n a l  q u i n o l i n e  inco rpora t ed  i n t o  t h e  c o a l  was removed by the  
dissolution/precipitation s t e p s .  This  f r a c t i o n  o f  t h e  i n i t i a l l y  r e t a i n e d  
qu ino l ine  is cons idered  t o  b e  p h y s i c a l l y  inco rpora t ed  i n t o  t h e  pore  s t r u c t u r e  
of t h e  c rude  qu ino l ine -coa l  adduct .  This  q u i n o l i n e  i s  no t  r e a d i l y  removed by 
e x t r a c t i o n  bu t  i s  removable by d i s s o l u t i o n  followed by r e p r e c i p i t a t i o n  i n  
excess  cyclohexane. 

The q u i n o l i n e  remaining in t h e  t h r i c e - r e p r e c i p i t a t e d  product  i s  be l i eved  t o  be 
bound by hydrogen bonds t o  a c i d i c  s i t e s ,  presumably phenol ic .  A comparison of 
t h e  microautoc lave  l i q u e f a c t i o n  behavior  of  t h i s  adduct  w i th  a cor responding  
f r a c t i o n  o f  t h e  c o a l  ob ta ined  by analogous t r ea tmen t  of t he  c o a l  w i th  1- 
methylnaphtha lene  d i d  not show any s i g n i f i c a n t  d i f f e r e n c e .  Inasmuch as t h e  1- 
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methylnaphthalene treatment of coal at 200OC could not result in acid-base 
adduct formation it was concluded that the coal quinoline adduct has no 
significant effect on subsequent liquefaction. 

The possibility of a beneficial effect of the physically incorporated solvent 
was considered. Physical incorporation of the l-methylnaphthalene as well as 
quinoline and blends of these compounds occurs readily at 20OoC. These 
physically incorporated solvents are not removable by extraction, apparently 
because they enter the fine pore structure of the coal when the coal swells 
and are then locked into the pores when cooling of the coal solvent slurry 
causes the pore structure to shrink to near its original dimensions. 

The beneficial effect of the solvent pretreatment is therefore believed to be 
a result of a greater extent of solvent aided liquefaction in contrast to the 
pyrolytic decomposition of some of the coal that reaches liquefaction 
temperatures before it is contacted by solvent. 

Table 1. Effect of Solvent Pretreatment 

(lg coal ,  5g solvent, 2000 psig, 425OC) 

Coal - 
Bruceton 
Bruceton 
Bruce ton 
Bruceton 
W. KY 9/14 
W. KY 9/14 
w. KY 9/14 
W. KY 9/14 
W. KY 9/14 

Solvent 

Creosote Oil 
Creosote Oil 
SRC-11, H.D.a 
SRC-11, H.D. 
SRC-11, H.D. 
SRC-11, H.D. 
SRC-11, H.D. 
Creosote Oil 
Creosote Oil 

Pretreatment 
Time Temper a tu r e - 
None -- 
1 hour 200% 
None 
1 hour 200% 
None 
1 hour 200% 
15 rnin. 32OOC 
None 
1 hour 200% 

-- 

-- 

-- 

Run Time 

15 min. 
15 min. 
15 min. 
15 min. 
5 min. 
5 min. 
5 min. 
5 min. 
5 min. 

THF 
Solub les 

( X I )  

61.5 
66.7 
75.6 
78.2 
85.7 
88.1 
88.2 
79.5 
81.8 

aH.D. = Heavy Distillate 
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