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I n t r o d u c t i o n  

Hydroxyl a r o m a t i c s  a r e  a n  impor tan t  c l a s s  of compounds i n  c o a l  l i q u e f a c t i o n  
p r o c e s s e s  (1-6).  The s e p a r a t i o n  and c h a r a c t e r i z a t i o n  of  hydroxyl  a r o m a t i c s  a r e  
p a r t i c u l a r l y  impor tan t  f o r  t h e  development of c o a l  l i q u e f a c t i o n  p r o c e s s e s  and f o r  
an  u n d e r s t a n d i n g  of c o a l  l i q u e f a c t i o n  c h e m i s t r y .  It  h a s  been shown t h a t  o i l s  and 
a s p h a l t e n e s  i n  h i g h - b o i l i n g  d i s t i l l a t e s  and n o n d i s t i l l a b l e ,  p y r i d i n e  s o l u b l e  c o a l -  
l i q u i d  samples produced i n  an  SRC-I p r o c e s s  c o n s i s t  of t h e  same major compound 
c l a s s e s :  hydrocarbons ,  n i t r o g e n  compounds, and hydroxyl  a r o m a t i c s  ( 5 ) .  However, 
a s  r e p o r t e d  by Boduszynski e t  a l .  ( 5 )  o i l s  and a s p h a l t e n e s  d i f f e r  i n  t h e  concen- 
t r a t i o n s  of hydrocarbons ,  n i t r o g e n  compounds, and hydroxyl  a r o m a t i c s .  In t h i s  
work, hydroxyl a r o m a t i c  f r a c t i o n s  were i s o l a t e d  from o i l s  and a s p h a l t e n e s  i n  non- 
d i s t i l l a b l e  ( >  427OC) Wyodak and Kentucky p y r i d i n e  s o l u b l e  c o a l - l i q u i d  samples  
u s i n g  procedures  deve loped  by Boduszynski et  a i .  (7, 8 ) .  The f r a c t i o n s  were 
f u r t h e r  s e p a r a t e d  by normal-phase and reversed-phase  l i q u i d  chromatography and 
t h e n  c h a r a c t e r i z e d  by n u c l e a r  magnet ic  r e s o n a n c e ,  i n f r a r e d ,  and f i e l d - i o n i z a t i o n  
mass s p e c t r o m e t r y .  In a d d i t i o n ,  e l e m e n t a l  a n a l y s i s  d a t a  were o b t a i n e d  on some of 
t h e  f r a c t i o n s .  

Exper imenta l  

Using methods developed by Boduszynski et  a l .  ( 7 ,  8 )  n o n d i s t i l l a b l e ,  p y r i d i n e  
s o l u b l e  c o a l - l i q u i d  samples were s e p a r a t e d  i n t o  s o l v e n t - d e r i v e d  f r a c t i o n s  and 
compound-class f r a c t i o n s .  Coal - l iqu id  f r a c t i o n s  r i c h  i n  hydroxyl  a r o m a t i c s  from 
o i l s  and a s p h a l t e n e s  were o b t a i n e d  from b o t h  Wyodak and  Kentucky p y r i d i n e  s o l u b l e  
c o a l - l i q u i d  samples .  Each of t h e s e  hydroxyl  a r o m a t i c  f r a c t i o n s  was t h e n  s e p a r a t e d  
i n t o  f r a c t i o n s  c o n t a i n i n g  monohydroxyl and  d ihydroxyl  a r o m a t i c s  by l i q u i d  chroma- 
tography w i t h  a bonded-phase amino column and ch loroform:2-propanol  mobi le  phases .  
The monohydroxyl a r o m a t i c  f r a c t i o n  was f i r s t  e l u t e d  from t h e  bonded-phase amino 
column wi th  chloroform:2-propano1 (95:5 ,  v / v ) ,  and t h e  d i h y d r o x y l  a r o m a t i c  f r a c -  
t i o n  was s u b s e q u e n t l y  e l u t e d  wi th  ch loroform:2-propano1 (75:25 ,  v l v ) .  

F r a c t i o n s  c o n t a i n i n g  monohydroxyl a r o m a t i c s  from o i l s  were i s o l a t e d  w i t h  t h e  
bonded-phase amino column and f u r t h e r  s e p a r a t e d  by reversed-phase  l i q u i d  chroma- 
tography.  I n  reversed-phase  l i q u i d  chromatography e x p e r i m e n t s ,  t h e  monohydroxyl 
f r a c t i o n  from Wyodak o i l s  was s e p a r a t e d  in two s t e p s .  F i r s t ,  i s o c r a t i c  c o n d i t i o n s  
w i t h  a Resolvex C column and a acetonitri1e:tetrahydrofuran:water (15.2:27.8: 
57.0,  v l v l v )  mobife phase were used .  
f u r a n  was employed. 

Then, a l i n e a r  g r a d i e n t  t o  100% t e t r a h y d r o -  

F i e l d - i o n i z a t i o n  mass s p e c t r a l  d a t a  were o b t a i n e d  from S R I  I n t e r n a t i o n a l ,  
Menlo Park ,  C a l i f o r n i a  on s e v e r a l  of t h e  monohydroxyl and d ihydroxyl  a r o m a t i c  
f r a c t i o n s  from o i l s  and a s p h a l t e n e s .  E lementa l  a n a l y s i s  d a t a  were o b t a i n e d  from 
Huffman L a b o r a t o r i e s ,  I n c . ,  Wheat r idge ,  Colorado .  
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R e s u l t s  and Di scuss ion  

Weight P e r c e n t  and  E lemen ta l  Ana lys i s  Data 

Table I g i v e s  t h e  approximate  weight p e r c e n t  (a%) data  f o r  f r a c t i o n s  con- 
t a i n i n g  monohydroxyl a r o m a t i c s  and d ihydroxy l  a r o m a t i c s  i s o l a t e d  from t h e  o i l s  and 
a s p h a l t e n e s  of Kentucky and Wyodak n o n d i s t i l l a b l e ,  p y r i d i n e  s o l u b l e  c o a l - l i q u i d  
samples.  It i s  c l e a r  from t h e  da t a  i n  Tab le  I t h a t  t h e  monohydroxyl a romat i c  
f r a c t i o n s  c o n t a i n  s i g n i f i c a n t l y  more m a t e r i a l  t h a n  the  d ihydroxy l  a romat i c  f r a c -  
t i o n s .  Tab le  I1 g i v e s  t h e  e l emen ta l  a n a l y s i s  d a t a  ob ta ined  f o r  t h r e e  of t h e  mono- 
hydroxyl  a romat i c  f r a c t i o n s  and one of t h e  d ihydroxy l  a romat i c  f r a c t i o n s .  The 
e l emen ta l  a n a l y s i s  d a t a  c l e a r l y  show t h a t  t h e  f r a c t i o n s  c o n t a i n  a l a r g e  amount of 
oxygen; however,  n i t r o g e n  is a l s o  p r e s e n t  b u t  i n  s m a l l e r  amounts.  I n f r a r e d  d a t a  
and the chromatographic  d a t a  i n d i c a t e d  t h a t  hydroxyl  oxygen was p re sen t  in  t h e  
f r a c t i o n s .  The i n f r a r e d  experiments  a l s o  showed t h a t  p y r r o l i c  n i t r o g e n  was i n  
most of t h e  f r a c t i o n s .  

Chromatographic and F i e l d - I o n i z a t i o n  Mass S p e c t r a l  Data 

Chromatographic d a t a  from t h i r t y - f o u r  monohydroxyl and d ihydroxy l  a romat i c  
s t a n d a r d s  i n d i c a t e d  t h a t  t h e s e  compounds cou ld  be s e p a r a t e d  i n t o  monohydroxyl and 
dihydroxyl  a romat i c  f r a c t i o n s  with a bonded-phase amino column and ch1oroform:Z- 
propanol  mobi le  phases .  A p p l i c a t i o n  of t h i s  approach  to hydroxyl  f r a c t i o n s  from 
coal -der ived  o i l s  and a s p h a l t e n e s  y i e l d e d  two d i s t i n c t  f r a c t i o n s  which had r e t e n -  
t i o n  c h a r a c t e r i s t i c s  s i m i l a r  t o  the  model monohydroxyl and d ihydroxy l  a romat i c  
compounds, r e s p e c t i v e l y .  

F i e l d - i o n i z a t i o n  mass s p e c t r a l  d a t a  were o b t a i n e d  from e i g h t  monohydroxyl and 

The s p e c t r a  r e v e a l e d  t h e  extreme complexi ty  
dihydroxyl  a romat i c  f r a c t i o n s  i s o l a t e d  from Wyodak and Kentucky n o n d i s t i l l a b l e ,  
p y r i d i n e  s o l u b l e  c o a l - l i q u i d  samples .  
of t h e s e  samples .  T a b l e  111 g ives  t h e  weight  ave rage  molecu la r  weight f o r  t h e  
f r a c t i o n s .  

To o b t a i n  f i e l d - i o n i z a t i o n  mass s p e c t r a  t h a t  were l e s s  complex, t h e  mono- 
hydroxyl  a r o m a t i c s  from Kentucky o i l s  were d i v i d e d  i n t o  four  f r a c t i o n s  us ing  a 
bonded-phase amino column. Then f i e l d - i o n i z a t i o n  mass s p e c t r a  were ob ta ined  from 
t h e s e  fou r  f r a c t i o n s .  Even though t h e  f i e l d - i o n i z a t i o n  mass s p e c t r a  were s impl i -  
f i e d ,  r e l a t i v e l y  complex s p e c t r a  were s t i l l  obse rved .  
ass ignments  were made and s e v e r a l  homologous s e r i e s  were c h a r a c t e r i z e d .  

However, major s t r u c t u r a l  

Reversed-phase l i q u i d  chromatography expe r imen t s  w i th  t h e  monohydroxyl f r a c -  
t i o n  from Wyodak o i l s  showed t h a t  t h e  compounds cou ld  be comple t e ly  e l u t e d  from a 
reversed-phase  column. Under t h e  r eve r sed -phase  c o n d i t i o n s ,  f i r s t  a h i g h l y  
r e s o l v e d  chromatographic  p r o f i l e  of low molecu la r  weight  compounds was o b t a i n e d ,  
and t h e n  wi th  t h e  a p p l i c a t i o n  of a r eve r sed -phase  g r a d i e n t  e l u t i o n  s t e p ,  two major 
chromatographic  bands were observed.  F i g u r e  1 shows t h e  o v e r a l l  chromatogram 
o b t a i n e d  from t h e  monohydroxyl f r a c t i o n  from Wyodak o i l s .  In r e l a t e d  expe r imen t s ,  
f i e l d - i o n i z a t i o n  mass s p e c t r a  were o b t a i n e d  from t h e  t o t a l  m a t e r i a l  of t h e  h i g h l y  
r e s o l v e d  ch romatograph ic  bands and t h e  t o t a l  m a t e r i a l  from t h e  reversed-phase  
g r a d i e n t  s t e p  from t h e  monohydroxyl f r a c t i o n  of Kentucky o i l s .  The f i e l d - i o n i z a -  
t i o n  mass spec t rum of t h e  h i g h l y  r e s o l v e d  chromatographic  bands was somewhat 
s imple ,  g i v i n g  a we igh t  a v e r a g e  molecular  weight  of 291. 
reversed-phase  g r a d i e n t  s t e p  was r a t h e r  complex and showed a weight ave rage  
molecu la r  weight  of 465. 

The spec t rum from t h e  
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Tab le  I. Approximate w t %  Values  of Monohydroxyl Aromatic and Dihydroxyl Aromatic 
F r a r t  i o n s  From O i l s  and Aspha l t enes  i n  Solvent-Ref ined Coal-Liquid 
Samples 

O i l s  

Wyodak 

I Monohydroxyl Dihydroxyl 

4 .3  1 .0  

Asphal  t e n e s  

Wyodak 

Monohydroxyl Dihydroxyl  

17.0 7 .4  

/ 

I 

Kentucky 

Monohydroxyl Dihydroxyl  

3.8 0 .2  

Kentucky 

Monohydroxyl Dihydroxyl  

17.8 5.2 

\ 
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T a b l e  11. Elemen ta l  A n a l y s i s  Data f o r  Monohydroxyl and Dihydroxyl  Aromatic 
1 F r a c t i o n s  

W t %  - 
C - O i l s  - 

Wyodak-monohydroxy1 81 .1  

Kentucky-nnnohydroxyl 80.6 

Aspha l t enes  

Wyodak-monohydroxy1 84 .3  

Wyodak-d ihydroxy l  80 .1  

H 

7.3 

7 .5  

- 

6 . 3  

6 . 2  

0 

9.1 

9.5 

- 

8.5 

11.3 

N 

0.73 

0.47 

- 

1.0 

0.90 

'Data  p rov ided  by Huffman L a b o r a t o r i e s ,  I n c .  

1 T a b l e  111. Weight Average Molecular  Weight f o r  Hydroxyl Aromatic F r a c t i o n s  

O i l s  - 

Wyodak Kentucky 

Monohydroxyl Dihydroxyl Monohydroxyl Dihydroxyl 

496 503 

Aspha l t enes  

Wyodak 

Monohydroxyl Dihydroxyl 

571 54 3 

'Data p rov ided  by S R I  I n t e r n a t i o n a l .  
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477 505 

Kentucky 

Monohydroxyl Dihydroxyl 

566 556 
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