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The chemical c h a r a c t e r i z a t i o n  of t h e  organic  c o n s t i t u e n t s  i n  s o l v e n t  r e f i n e d  
c o a l  (SRC) is c u r r e n t l y  a s u b j e c t  of  major  concern (1) i n  terms of  understanding 
p r e s e n t  SRC processes  and  c o a l  process ing  i n  genera l .  The heterogeneous s e m i -  
s o l i d  SRC product o b t a i n e d  from present  p i l o t  p l a n t s  r e p r e s e n t s  a formidable  
a n a l y t i c a l  problem f o r  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  of t h e  organic  materials 
p r e s e n t  i n  SRC s o l i d s .  I d e a l l y ,  chromatographic s e p a r a t i o n  of every i n d i v i d u a l  
organic  compound p r e s e n t  i n  SRC s o l i d s  would a l low r e l a t i v e l y  easy  i d e n t i f i c a t i o n  
v i a  modern a n a l y t i c a l  t o o l s ,  such  as, 1H and 1% Four ie r  t ransform nuclear  mag- 
n e t i c  resonance (lH and 1 3 C  FT nmr) and mass spectrometry.  
t h i s  approach, however, i s  ques t ionable  even assuming i d e a l  chromatographic reso-  
l u t i o n  could be achieved i n  l i g h t  of  t h e  enormous t i m e ,  q u a n t i t y  of m a t e r i a l  and 
probably weight l o s s e s  accompanying each chromatographic s e p a r a t i o n .  These l i m i t a -  
t i o n s  a r e  e s p e c i a l l y  a c u t e  f o r  s t u d i e s  which monitor changes i n  o r g a n i c  composi- 
t i o n  as a func t ion  of a p a r t i c u l a r  coa l  process  v a r i a b l e  (e.g., temperature ,  sol- 
vent ,  feed  coa l ,  e t c . ) .  An a l t e r n a t e  chromatographic  approach i n v o l v e s  p a r t i a l  
s e p a r a t i o n  of t h e  complex c o a l  product  mixture  i n t o  numerous f r a c t i o n s  based on 
e i t h e r  f u n c t i o n a l i t y ,  p o l a r i t y  0; e f f e c t i v e  molecular  s i z e .  
chromatographic f r a c t i o n s  from t h i s  p a r t i a l  s e p a r a t i o n  s t i l l  has  a n  obvious disad-  
vantage  i n  terms of a n a l y t i c a l l y  d e s c r i b i n g  "average" molecular  parameters .  
Although chemical c h a r a c t e r i z a t i o n  i n  terms of  "average" molecular  parameters  i s  
c e r t a i n l y  a less than  i d e a l  approach, i t  does provide a reasonable  method of  
monitor ing process ing  v a r i a b l e s  provided t h a t  chromatographic f r a c t i o n s  of  a given 
size o r  type (nonpolar, p o l a r ,  e t c . )  can b e  e a s i l y  se a r a t e d  wi th  near ly  quant i -  
t a t i v e  recovery. The e s t a b l i s h e d  u t i l i t y  of 1 H  and 13, FT nmr a l lows  a convenient  
method of deducing important  average  molecular  parameters ,  such as, H/C a l i p h a t i c  
and aromatic  r a t i o s  as w e l l  as a s s e s s i n g  t h e  r e l a t i v e  importance of a number of 
o t h e r  organic  f u n c t i o n a l  groups,  (e.g., carbonyl ,  hydroxyl, phenol, e t c . ) .  

a f u n c t i o n  of t h e  SRC process ing  feed  c o a l ,  we  have employed g e l  permeation chrom- 
atography (2 ,3)  f o r  s e p a r a t i o n  of  t h e  SRC s o l i d s  i n t o  f r a c t i o n s  based on e f f e c t i v e  
molecular  s i z e  r a t h e r  t h a n  o r g a n i c  f u n c t i o n a l i t y  o r  p o l a r i t y .  
t h e  advantage of p r o v i d i n g  "s ized" p r e p a r a t i v e  f r a c t i o n s  (0.5-2.0 grams) with 
near ly  q u a n t i t a t i v e  recovery  of  t h e  i n j e c t e d  m a t e r i a l  from t h e  chromatographic 
column. 

R e l a t i v e l y  l a r g e  q u a n t i t i e s  of material were necessary f o r  measuring metal  
conten t  v i a  f lameless  a tomic  a b s o r p t i o n  and f o r  determining t h e  n a t u r e  and concen- 
t r a t i o n  of t h e  organic  c o n s t i t u e n t s  v i a  1H and l3C FT nmr techniques ( 4 )  i n  conjunc- 
t i o n  wi th  elemental  combustion and average  molecular  weight (vapor phase osmometry) 
d a t a .  
P i l o t  p l a n t  o p e r a t i n g  a t  Wi lsonvi l le ,  Alabama. 
from e a s t e r n  feed c o a l s  ( P i t t s b u r g h  1 8 ,  and Western Kentucky 19 & 1/14), I l l i n o i s  
feed  c o a l s  ( I l l i n o i s  C6 and Monterey), and a wes tern  c o a l  (Amax). P r e p a r a t i v e  
s e p a r a t i o n  of t h e  t e t r a h y d r o f u r a n  (THF) s o l u b l e  p o r t i o n  of each SRC sample pro- 
vided f o u r  f r a c t i o n s  u s i n g  Bio-Beads s-X4 as t h e  column packing. The e l u t i o n  
volumes were h e l d  c o n s t a n t  f o r  each chromatographic f r a c t i o n  c o l l e c t e d  r e g a r d l e s s  
of t h e  SRC sample employed. The weight p e r c e n t  d i s t r i b u t i o n  f o r  f r a c t i o n s  10 
through 40 which correspond t o  decreas ing  e f f e c t i v e  molecular  s i z e  a long  wi th  
t h e  THF inso luble  f r a c t i o n  (-10) are presented  i n  Table  1. 
d a t a  i n  Table 1, a l l  t h e  SRC samples a r e  g r e a t e r  than  88% s o l u b l e  i n  THF. Although 
cons iderable  weight  changes occur  a s  a f u n c t i o n  of  t h e  SRC feed  c o a l  sample between 

The f e a s i b i l i t y  of 

C h a r a c t e r i z a t i o n  of  

I n  t h e  p r e s e n t  comparison s tudy  of t h e  organic  c o n s t i t u e n t s  i n  SRC s o l i d s  as 

This  approach has  

The five SRC samples  der ived  from d i f f e r e n t  feed  c o a l s  were obta ined  from a 
The SRC samples w e r e  ob ta ined  

A s  i n d i c a t e d  by t h e  
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f r a c t i o n s  1 0  and 30,  
g iven  f r a c t i o n .  
samples. 

I n  c h a r a c t e r i z i n g  t h e  organic  c o n s t i t u e n t s  f o r  t h e  major s o l u b l e  f r a c t i o n s ,  
a cursory  d i f f e r e n c e  between t h e  e a s t e r n  c o a l s  (e.g., P i t t s b u r g h  118 and W. Kentucky 
d9 6 t14)  wi th  t h e  wes tern  c o a l  (Amax) is evident .  The t o t a l  hydrogen t o  carbon 
r a t i o  (H/C)  d a t a  obta ined  from e lementa l  combustion are t a b u l a t e d  i n  Table  1 w i t h  
t h e  Amax SRC f r a c t i o n s  c o n s i s t e n t l y  e x h i b i t i n g  t h e  lowest  (H/C) r a t i o s  f o r  each 
f r a c t i o n .  
e a s t e r n  and I l l i n o i s  66  feed  c o a l s  is i n d i c a t e d  by t h e  r e l a t i v e l y  narrow range of  
average  molecular formulas  presented  i n  Table  2. The Amax and Monterey SRC f r a c -  
t i o n s  a r e  except ions  i n  t h i s  regard  (Table  3) and have c o n s i s t e n t l y  l a r g e r  molec- 
u l a r  formulas  f o r  a g iven  f r a c t i o n  a s  prev ious ly  suggested by t h e  molecular  weight 
d a t a  i n  Table 1. 

t h e  molecular  weight  d a t a  are r e l a t i v e l y  c o n s i s t e n t  f o r  a 
Some v a r i a t i o n s  do, however, occur  f o r  t h e  Amax and Monterey SRC 

The r e l a t i v e l y  c o n s t a n t  n a t u r e  of t h e  SRC samples der ived  from t h e  

Table  2 

Range of Average Molecular  Formulas f o r  Western Kentucky #9  & 1 4  
P i t t s b u r g h  118 and I l l i n o i s  #6 SRC F r a c t i o n s  * 

FRACTION FORMULA 

1 0  C41-55H35-4503. 7-4. 7S0.2-0.4N0.7-1.0 

20 C27-33H24-3002.5-3.4 S 0.2-0.4N0.5-0.6 

30 C22-27H20-2401. 4-2.ZsO.1-0. ZN0. 4 

*Values based on average  molecular  weights  and elemental  
combustion d a t a  

Table  3 

Average Molecular  Formulas For Amax and Monterey SRC F r a c t i o n s  

AMAX - FUNCTION MONTEREY 

10  C43.4H37.004. 5 '67. 5H52. 7'4.3 

'0. 3N0. 8 '0. qN1. 0 

20 '38. OH30. 3'2.6 C40.0H34.004. 1 

'O.SN0. 7 '0. 3N0. 6 

30 '34. ZH30. 9'1.5 '37. aH34. 0'3.0 

'0. 2N0. 5 '0. l N 0 .  5 

*Values based on average  molecular  weight and e lementa l  
combustion d a t a  
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The l H  and 1 3 C  nmr s p e c t r a  s u p e r f i c i a l l y  a e a r  very  similar f o r  a g i v e n  SRC 
f r a c t i o n  r e g a r d l e s s  of t h e  feed  c o a l .  Typica l  p5C and l H  FT nmr s p e c t r a  f o r  Amax 
F r a c t i o n  30 a r e  presented i n  F igures  1 and 2, r e s p e c t i v e l y .  Q u a n t i t a t i v e  nmr 
measurements, however, i n d i c a t e  major changes do occur  i n  t h e  a l i p h a t i c  and aromat- 
ic (H/C) r a t i o s  as summarized f o r  f r a c t i o n  30 samples i n  Table  4. The unusual ly  
low a l i p h a t i c  (H/C) r a t i o  f o r  t h e  Amax sample is very sugges t ive  of h i g h l y  con- 
densed c y c l i c  a l i p h a t i c  networks (e.g., s u b s t i t u t e d  adamantanes) prev ious ly  sug- 
ges ted  by a Mobile group ( 5 ) .  

t h r u s t  of t h i s  p r e s e n t a t i o n  with p a r t i c u l a r  a t t e n t i o n  focusing on t h e  Amax sample. 

Table  4 

(H/C) Aromatic and A l i p h a t i c  Rat ios  

Further  t r e n d s  and comparisons of t h e  organic  c o n s t i t u e n t s  w i l l  be  t h e  major 

For SRC F r a c t i o n  30 Samples* 

SRC ( H / C ) ~ ~ ~ .  (H/C)mO FA(Aromat i c i t y )  

P i t t s b u r g h  18 1.66  0.49 0.64 

West. Kentucky f 9  & t14  2.09 0.44 0.71 

I l l i n o i s  1/6 1 .35  0.57 0.64 

Monterey 2.12 0.46 0.73 

Amax 1.15 0.50 0.63 

* Values obtained from q u a n t i t a t i v e  1 H and 13C FT nmr measurements. 

Acknowledgment: The f i n a n c i a l  suppor t  of t h e  VPI & SU Research D i v i s i o n  and 
t h e  Commonwealth of V i r g i n i a  are g r a t e f u l l y  apprec ia ted .  
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