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Abstract 

coal continues to be an area of active interest. During our 
studies directed towards the use of PI-acceptor induced bond 
cleavage reactions, we have found that 1,4-dihydroquinone 
enhances the yield of THF-extractables for a series of coals 
ranging from low rank sub-bituminous to high volatile bituminous. 
In certain cases, benzoquinone can also enhance the yields of THF 
extractables from coal. 'These reactions take place at 
surprisingly low temperatures (i.e., 200°C). 

Finding reagents and/or catalysts to enhance liquefaction of 

Introduction 

As part of our on-going effort to develop new ways to cleave 
bonds (1) through the use of electron transfer chemistry, we 
have been particularly interested in the reactions of quinones 
and their ability to cleave ether bonds ( 2 ) .  Representative of 
our work to date is the reaction of benzyl ether (BE) with 2,3- 
dichloro-5,6-dicyano-l,4-quinone (DDQ) which yields benzaldehyde 
and benzyl alcohol when heated together at 200°C in acetonitrile 
(CHJN) ( 2 )  as shown in eq (1). 

0 

+ PhCHO + phi/\OH 

CI CN 

0 

Although the use of quinones proved to be useful to bond 
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c leavage i n  model compounds, quinones proved t o  have only a small  
e f f e c t  on enhancing l i q u i d  y i e l d s  l i q u i d s  from c o a l  under s i m i l a r  
condi t ions  t o  t h o s e  used i n  model compound s t u d i e s .  
I n t e r e s t i n g l y ,  smal l  q u a n t i t i e s  of quinones d i d  appear t o  have a 
small p o s i t i v e  e f f e c t  on achiev ing  g r e a t e r  q u a n t i t i e s  of THF- 
e x t r a c t a b l e s .  One r a t i o n a l e  f o r  t h i s  lack  of enhancement a r i s e s  
from t h e  o x i d i z i n g  na ture  of t h e s e  compounds. Since t h e  major 
goal  f o r  l i q u e f a c t i o n  seems t o  involve  t h e  a d d i t i o n  of hydrogen 
t o  t h e  molecular  framework of t h e  c o a l  polymer a s  i t  unrave ls ,  we 
reasoned t h a t  dihydroquinones,  a s  t h e  redox couples  of quinones 
(note  eq  ( 2 ) ) ,  might prove e f f e c t  i n  i n c r e a s i n g  l i q u i d  y i e l d s .  
Although dihydroquinones have been used a s  p a r t  of a complex 
mixture  f o r  enhancing coa l  l i q u e f a c t i o n ,  we r e p o r t  here  t h a t  DHQ 
by i t s e l f  i s  s u f f i c i e n t  t o  enhance t h e  amount of THF-extractable 
m a t e r i a l  from a number of c o a l s .  

Experimental  

Samples of c o a l  were obta ined  from t h e  Argonne Premium Coal 
Sample Bank. Bakerstown c o a l  and S e w e l l  c o a l  were ,obta ined  from 
t h e  West V i r g i n i a  Coal Sample Bank. 

A given weight of c o a l  and a given weight of t h e  added 
reagent  were added t o  5 mL of a c e t o n i t r i l e  (CH,CN, f r e s h l y  
d i s t i l l e d  from NaH) i n  a 1 0  mm g l a s s  tube .  Oxygen was removed 
from t h e  s o l u t i o n  v i a  3 freeze-pump-thaw degassing c y c l e s  and t h e  
sample tube  w a s  t h e n  s e a l e d  in vacuo. The sample tube  was placed 
i n  a t u b i n g  bomb r e a c t o r  t o  which excess  CH,CN was added t o  
e q u a l i z e  t h e  p r e s s u r e  on t h e  o u t s i d e  and i n s i d e  of t h e  g l a s s .  
The tube  was t h e n  p laced  i n  an o i l  b a t h  a t  t h e  i n d i c a t e d  
temperature  f o r  t h e  i n d i c a t e d  l e n g t h  of t i m e .  A f t e r  removal f r o m  
t h e  o i l  ba th ,  t h e  c o n t e n t s  of t h e  g l a s s  tube  a r e  p laced  i n  a 
Soxhle t t  e x t r a c t o r  and re f luxed  with THF f o r  24  h .  A f t e r  
evapora t ion  of t h e  THF in vacuo, t h e  weight of t h e  e x t r a c t  and 
t h e  weight of t h e  i n s o l u b l e s  were determined.  

R e s u l t s  and Discuss ion  

In o r d e r  t o  e v a l u a t e  t h e  e f f e c t  of a reagent  on l i q u e f a c t i o n  
of coa l ,  c o n t r o l  experiments  were performed with no added reagent  
t o  e s t a b l i s h  t h e  amount of e x t r a c t a b l e s  without  reagent .  I n  a l l  

606 



Penn - Page 3 

cases ,  t h e  c o a l  was heated a t  200T f o r  48 h i n  t h e  i n d i c a t e d  
s o l v e n t .  Not s u r p r i s i n g l y ,  t h e  choice of s o l v e n t  does have an 
e f f e c t  upon t h e  amount of THF-extractables ob ta ined  i n  t h e s e  
experiments.  The r e s u l t s  of t h e s e  experiments  a r e  given i n  
Table I .  A s  expected, t h e r e  i s  a s o l v e n t  dependence on t h e  
amount of THF-extractabi l i ty  as evidenced by t h e  e f f e c t s  shown on 
t h e  Bakerstown c o a l .  These experiments were mandated by t h e  h igh  
mass ba l ances  a f fo rded  by a c e t o n i t r i l e  (CH,CN). S ince  a l l  o t h e r  
s o l v e n t s  y i e lded  mass balances less t h a n  l o o % ,  w e  conclude t h a t  
i nco rpora t ion  of CH,CN i n t o  t h e  i n s o l u b l e s  and i n t o  t h e  THF 
e x t r a c t a b l e s  occurs  s i m i l a r l y  i n  a l l  experiments.  

The resu l t s  of adding a 1:l weight r a t i o  of dihydroquinone 
(DHQ) t o  t h e  c o a l  a r e  shown i n  Table 11. I n  t h e s e  experiments,  
t h e  coa l  and t h e  DHQ have been hea ted  t o g e t h e r  i n  t h e  i n d i c a t e d  
so lven t  f o r  48 h a t  200°C. In t h i s  t a b l e ,  t h e  e f f e c t s  of t h e  
reagent  are given by a Liquefact ion Enhancement ( L . E . )  which has  
been de f ined  by e q  ( 3 ) .  In  t h i s  equa t ion ,  THFCoa1 and THFDHQ are 
t h e  amounts of e x t r a c t a b l e s  when e i t h e r  t h e  c o a l  o r  DHQ a r e  
t r e a t e d  a lone .  Normalization t o  t h e  s t a r t i n g  amount of c o a l  is 
performed t o  enable  comparison of one c o a l  t o  ano the r  c o a l .  

(3) (To ta l  THF extract) - (THFCmI+THFDm) 
s t a r t i n g  weight coal L . E .  = x100% 

A s  can be seen i n  Table 11, reasonab le  enhancements i n  t h e  
l i q u i d  y i e l d s  a r e  obtained.  These r e s u l t s  are made more 
remarkable when one cons ide r s  t h a t  t h e s e  LEs  were ob ta ined  f o r  
temperatures  as low as 200°C. A so lven t  dependence i s  noted f o r  
t h i s  e f f e c t ,  with only CH,CN and cyclohexane (C,H,,) showing 
p o s i t i v e  enhancements. 

specu la t e  t h a t  DHQ s e r v e s  p r imar i ly  as  a hydrogen donor.  In  
support  o f  t h i s  hypothesis ,  DEQ g i v e s  a g r e a t e r  LE t h a n  t e t r a l i n  
(L.E.=-12%) f o r  Bakerstown c o a l  under similar cond i t ions .  Since 
a l i m i t e d  amount of 1,4-benzoquinone (BQ) shows a sma l l  p o s i t i v e  
L . E . ,  t h e  use of DHQ o f f e r s  t h e  p o s s i b i l i t y  t h a t  a c a t a l y t i c  
cycle  may b e  opened up, making t h e  p r o d u c t ( s )  of DHQ ( i . e . ,  BQ) 
e f f e c t i v e  f o r  more l i q u e f a c t i o n  a c t i v i t y .  
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Although t h e s e  r e s u l t s  a r e  s t i l l  p re l imina ry  i n  na tu re ,  w e  
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C o a l  Rank 

HV B i t u m i n o u s  

HV B i t u m i n o u s  

L i g n i t e  

T a b l e  I 
C o a l  E x t r a c t a b i l i t y  Without A d d e d  R e a g e n t  

B a k e r s t o w n  

So 1 vent L . E .  

CHJN 2 0 . 5  

THF 1 . 0  

C6H6 2 .3  

C6H12 1 0 . 0  

CHJN - 1 . 9  

CHJN 4 1 . 7  

CH,CN 7 . 8  

CH,CN 3 . 4  

CH,CN 4 5 . 4  

T a b l e  I1 
E n h a n c e m e n t s  Using DHQ a s  a C o - r e a g e n t  

B a k e r s t o w n  1 
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