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INTRODUCTION 

Wyodak c o a l  O K  Kentucky 9/14 c o a l  i n  t h e  p re sence  of e i t h e r  hydrogen o r  n i t r o g e n .  
1-methylnaphtha lene  (1-MN) was employed as a p h y s i c a l  s o l v e n t .  Reac t ion  p roduc t s  
a r e  sepa ra t ed  i n t o  a t e t r ahydro fu ran  (THF)-soluble f r a c t i o n ,  a p r e a s p h a l t e n e  
f r a c t i o n ,  an a s p h a l t e n e  f r a c t i o n  and an o i l -p lus -gas -p lus  water f r a c t i o n .  

A comparison of an th racene  and phenanthrene  was made by l i q u e f y i n g  e i t h e r  

EXPERIMENTS 

r e a c t o r  t o  l i q u e f y  e i t h e r  Wyodak c o a l  OK Kentucky 9/14 c o a l  under t h e  v a r i o u s  
o p e r a t i o n  c o n d i t i o n s .  Another series of r e a c t i o n s  were performed i n  a 50 cc f l a s k  
t o  d i s s o l v e  e i t h e r  Wyodak c o a l  o r  Kentucky 9/14 c o a l  w i t h  e i t h e r  n e a t  a romat i c  
compounds such  a s  an th racene  and phenanthrene ,  o r  mix tu res  of n e a t  a romat i c s  and 
t h e i r  d ihydroa romat i c s  under t h e  a tmospher ic  p r e s s u r e .  The r e a c t i o n  product  i s  
s e p a r a t e d  by us ing  a p r e s s u r e  f i l t r a t i o n  p rocedure .  Convers ions  of a romat i c s  
i n t o  hydroaromat ics  are ana lyzed  by u s i n g  a g a s  chromatograph. Coal conve r s ions  
a r e  c a l c u l a t e d  on a mois ture-and-ash- f ree-coa l  b a s i s .  

DISCUSSION 
Both an th racene  and phenanthrene  a r e  conver ted  more i n t o  t h e i r  hydroder iva-  

t i v e s  i n  t h e  p re sence  of Kentucky 9/14 c o a l  t han  i n  t h e  p re sence  of Wyodak c o a l .  
T h i s  f a c t  may sugges t  t h a t  m i n e r a l s  i n  Kentucky 9/14 c o a l  a c t  as more a c t i v e  
c a t a l y s t s  than  m i n e r a l s  i n  Wyodak c o a l  i n  hydrogenat ing  a romat i c s  such  a s  a n t h r a -  
cene  and phenanthrene  i n  t h e  p re sence  of molecu la r  hydrogen (Tab le  1). 

Wyodak c o a l  i s  conver ted  more i n t o  an  o i l -water -gas  f r a c t i o n  i n  t h e  p re sence  
of  an th racene  than  i n  t h e  p re sence  o f  phenanthrene ,  wh i l e  producing  t h e  same 
amount of p reaspha l t ene  p l u s  a s p h a l t e n e  i n  t h e  presence  of e i t h e r  a n t h r a c e n e  o r  
phenanthrene .  The re fo re ,  an th racene  and i t s  d e r i v a t i v e s  a r e  t o  some degree  
b e t t e r  s o l v e n t s  t h a n  phenanthrene  and i t s  d e r i v a t i v e s  i n  l i q u e f y i n g  Wyodak c o a l  
(Tab le  1). 

s u r e  than  t h e  conve r s ion  of Wyodak c o a l  i n  t h e  p re sence  of  e i t h e r  a n t h r a c e n e  
O K  phenanthrene  (Table  1). This  f a c t  s u g g e s t s  t h a t  molecular  hydrogen may p l a y  
a more dominant r o l e  than  hydroaromat ics  i n  l i q u e f y i n g  Kentucky 9 /14  c o a l  O K  

t h a t  t h e  m i n e r a l s  i n  Kentucky 9/14 c o a l  a r e  a c t i v e l y  hydrogenat ing  t h e  a r o m a t i c  
s o l v e n t .  The a n a l y s i s  of  t h e  o i l  f r a c t i o n  s u g g e s t s  t h e  l a t t e r .  

The convers ion  of b o t h  an th racene  and phenanthrene  t o  d i h y d r o d e r a t i v e s  
i n c r e a s e s  a s  t h e  i n i t i a l  hydrogen p r e s s u r e  i n c r e a s e s .  The conve r s ion  o f  Wyodak 
c o a l  i n c r e a s e s  from 44 % t o  58 % and t h e  hydrogenat ion  of a n t h r a c e n e  i n c r e a s e s  
from 6 % to 1 7  % i n  t h e  p re sence  of an th racene ,  whereas t h e  conve r s ion  of  Wyodak 
c o a l  i n c r e a s e s  from 40  % t o  48 % and t h e  hydrogenat ion  of phenanthrene  does  n o t  
i n c r e a s e  by i n c r e a s i n g  t h e  i n i t i a l  hydrogen p r e s s u r e  from 500 p s i g  t o  1100 p s i g  
(Tab le  1). These  f a c t s  show t h a t  a n t h r a c e n e  i s  r e a d i l y  hydrogenated and i ts  
d e r i v a t i v e s  a r e  b e t t e r  hydrogen donors  o r  shut t1er . s  than  phenanthrene  and i ts  
d e r i v a t i v e s  i n  l i q u e f y i n g  Wyodak c o a l .  

The convers ion  of Ky 9/14 c o a l  is  42.4 % and t h e  hydrogenat ion  of a n t h r a -  
c e n e  is  4.4 % i n  t h e  p re sence  of n i t r o g e n  (Tab le  1). 
i s  38 % and no hydrogenat ion  of phenanthrene  i s  observed  i n  t h e  p re sence  of  
n i t r o g e n .  Th i s  f a c t  demons t r a t e s  t h a t  an th racene  Is more a c t i v e  t h a n  phenanthrene  

A s e r i e s  of r e a c t i o n s  were c o n d u c t e d i n a  25 c c ,  316 s t a i n l e s s  s t e e l  micro- 

The conve r s ion  of Kentucky 9/14 c o a l  is in f luenced  more by hydrogen p res -  

The conve r s ion  of Ky 9 /14  c o a l  
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i n  l i q u e f y i n g  Ky 9 / 1 4  c o a l  i n  t h e  absence  of hydrogen, by e x t r a c t i n g  hydrogen from 
c o a l  to be conver t ed  i n t o  d ihydroan th racene  and t h e n  b reak ing  down c o a l  s t r u c t u r e .  

Convers ions  o f  Ky 9 / 1 4  c o a l  and an th racene  to hydroanthracenes  a r e  7 2 . 4  % 
and 1 7 . 6  % r e s p e c t i v e l y  i n  t h e  p re sence  of 500 p s i g  hydrogen, w h i l e  conve r s ions  
of Ky 9 / 1 4  c o a l  and phenanthrene  are 7 5 . 3  % and 0 % r e s p e c t i v e l y  i n  t h e  p re sence  
of 500 p s i g  hydrogen ,  i n  s p i t e  of t h e  f a c t  t h a t  more hydrogen donor is  a v a i l a b l e  
i n  the  former c a s e  (Table  1). 
i n  t h e  p re sence  of an th racene  and 500  p s i g  hydrogen, whereas p reaspha l t ene -p lus -  
a spha l t ene  f r a c t i o n  is 4 6  % i n  t h e  p re sence  of  phenanthrene  and 500 p s i g  hydro- 
gen. T h i s  f a c t  may i n d i c a t e  t h a t  e i t h e r  s o l u b i l i t y  of Ky 9 / 1 4  c o a l  i n  phenanthrene  

Preasphaltene-plus-asphaltene f r a c t i o n  is 5 3  % 

and its d e r i v a t i v e s  is  i n h e r e n t l y  b e t t e r  t h a n  i n  an th racene  and i t s  d e r i v a t i v e s ,  / 
o r  t h a t  d ihydroan th racene  may be undergoing  e x t e n s i v e  r e t r o g r e s s i v e  r e a c t i o n  l 
w i t h  c o a l  or i t s e l f ,  p roducing  more preasphaltene-plus-asphaltene f r a c t i o n .  Th i s  
ev idence  may a l s o  s u g g e s t  t h a t  t h e  t r a n s f e r  ra te  of  l a b i l e  hydrogen from c o a l  t o  
an th racene  is much f a s t e r  t han  t h a t  of mo lecu la r  hydrogen from t h e  gaseous  phase  
t o  l i q u i d  a n t h r a c e n e  d u r i n g  t h e  v e r y  e a r l y  r e a c t i o n  s t a g e  due t o  low hydrogen 
p r e s s u r e .  

s i o n  of Wyodak c o a l  i n  t h e  p re sence  of hydrogen, a s  shown i n  Run 3 ,  Run 4 and 
Run 44 i n  Tab le  2 .  Convers ions  of c o a l  i n  t h e  p re sence  of  an th racene  and i t s  
d e r i v a t i v e  i s  c o n s i d e r a b l y  h ighe r  t han  i n  t h e  p re sence  of  e i t h e r  phenanthrene  
o r  l - M N ,  where conve r s ion  of  an th racene  is  22 .2  % as shown i n  Run 3 .  T h i s  i n d i -  
c a t e s  t h a t  a good hydrogen donor s o l v e n t  may p l a y  a ,more  dominant role t h a n  
molecular  hydrogen i n  l i q u e f y i n g  Wyodak c o a l  and t h a t  t h e  s o l v e n t  power of 1-MN 
i s  b e t t e r  t han  t h a t  of phenanthrene  i n  t h e  p re sence  of hydrogen f o r  t h e  l i q u e -  
f a c t i o n  of Wyodak c o a l .  

Another series of r u n s  were conducted to de te rmine  s o l v e n t  q u a l i t y  on t h e  
l i q u e f a c t i o n  of Wyodak c o a l  i n  t h e  p re sence  of  n i t r o g e n  as shown i n  Run 4 5 ,  
Run 48 and Run 4 9  in Tab le  2 .  
presence  of phenanthrene  than  i n  t h e  p re sence  of an th racene  i n  t h e  absence  of 
hydrogen. 
v e n t  t han  a n t h r a c e n e  i n  t h e  absence  of hydrogen i n  t h e  l i q u e f a c t i o n  of Wyodak 
c o a l ,  s u g g e s t i n g  that  i t  is  t h e  ease of hydrogenat ion  of  an th racene  and t h e  
e x c e l l e n t  H-donor behav io r  of i t s  h y d r o d e r i v a t i v e s  t h a t  makes a n t h r a c e n e  a good 
so lven t  i n  t h e  p re sence  of  hydrogen. 

phenanthrene  a t  t h e  r e a c t i o n  t empera tu re  of  b o t h  350 'C and 425  'C .  Phenan- 
t h r e n e  is not hydrogenated  at 350 O C  o r  4 2 5  " C ,  b u t  hydrogenat ions  of a n t h r a c e n e  
are 2.6 % a t 3 5 0  "C and 4 .4  % a t  425 O C  (Tab le  2 ) .  The d i f f e r e n c e  i n  c o a l  
conve r s ion  between a n t h r a c e n e  and phenanthrene  i s  less s i g n i f i c a n t  a t  lower  
r e a c t i o n  t empera tu re .  
t o  a n t h r a c e n e  i s  t r a n s f e r r e d  a t  t h e  lower  t empera tu re  and t h e  i n h e r e n t  s o l v e n t  
power of t h e  v e h i c l e  used i s  impor t an t .  

m a t i c  compounds o r  m i x t u r e s  of n e a t  a romat i c  compounds and t h e i r  h y d r o d e r i v a t i v e s  
a t  t h e i r  b o i l i n g  t empera tu re  under  t h e  a tmosphe r i c  environment (Tab le  3 ) .  
Conversion of  Wyodak c o a l  i n  the p resence  of  phenanthrene  is h ighe r  than  i n  t h e  
presence  of a n t h r a c e n e ,  where no hydrogenat ion  of  b o t h  an th racene  and phenanthrene  
w a s  observed .  T h i s  f a c t  shows t h a t  t h e  s o l u b i l i t y  of  Wyodak c o a l  i n  phenanthrene  
i s  h ighe r  t h a n  i n  a n t h r a c e n e  under  t h e  a tmosphe r i c  environment and i n  t h e  absence  
of o t h e r  s o l v e n t s .  

p resence  of a n t h r a c e n e ,  where hydrogena t ion  of b o t h  phenanthrene  and an th racene  
w a s  not observed  a s  shown i n  Run 1 9  and Run 22 i n  Table  3 .  On t h e  o t h e r  hand, 
t h e  conve r s ion  of Ky 9 / 1 4  c o a l  i n  t h e  p re sence  of  phenanthrene  i s  lower than  i n  
t h e  p re sence  of a n t h r a n c e  at 3 5 0  "C under  2000 p s i g  n i t r o g e n  p r e s s u r e ,  a s  shown 
i n  Run 40 and Run 4 1  i n  Tab le  2 .  
does  not  r e a c t  w i t h  an th racene  o r  e s c a p e s  i n t o  t h e  a tmosphere  b e f o r e  r e a c t i n g  
w i t h  an th racene  due  to t h e  low p r e s s u r e ,  whereas l a b i l e  hydrogen r e a c t s  w i t h  

A series of  r u n s  were c a r r i e d  o u t  t o  unde r s t and  s o l v e n t  q u a l i t y  on conver- 

I 

Conversion of  Wyodak c o a l  i s  h ighe r  i n  t h e  

T h i s  f a c t  may demons t r a t e  t h a t  phenanthrene  i s  a b e t t e r  p h y s i c a l  sol-  

Conversion of c o a l  i n  t h e  presence  of an th racene  is h ighe r  than  t h a t  of 

This f a c t  s u g g e s t s  t h a t  less l a b i l e  hydrogen from c o a l  

A series of  expe r imen t s  were c a r r i e d  o u t  by l i q u e f y i n g  c o a l  w i t h  n e a t  a ro-  

Cnnversicr? nf Ky 9!14 i3 the p r e s e z c e  of p h c n a n ~ l ~ ~ r l ~ e  is h i g h e r  Khan i n  che 

This  f a c t  s u g g e s t s  t h a t  e i t h e r  l a b i l e  hydrogen 

1 4 0  



an th racene  a t  h igh  p r e s s u r e .  The conve r s ion  of Ky 9/14 c o a l  i n  t h e  p re sence  of  a mix- 
t u r e  of  phenanthrene  and d ihydrophenanthrene  is h ighe r  than  i n  t h e  p re sence  of  a 
mix tu re  of  an th racene  and d ihydroan th racene ,  and t h e  conve r s ion  of d ihydrophenanthrene  
i s  h ighe r  than  t h a t  of d ihydroan th racene ,  a s  shown i n  Run 23 and Run 24 i n  Tab le  3. 
On t h e  o t h e r  hand, t h e  e f f e c t  of d ihydroan th racene  on t h e  increment  of c o a l  conve r s ion ,  
a s  shown i n  Run 1 9  and Run 23 i n  Table  3 is h i g h e r  t h a n  t h e  e f f e c t  of dihydrophen- 
an th rene  on t h e  increment of c o a l  conve r s ion ,  a s  shown i n  Run 2 2  and Run 24 i n  Tab le  3. 
This  f a c t  aga in  s u g g e s t s  t h a t  d ihydroan th racene  i s  a b e t t e r  hydrogen donor  s o l v e n t  
t han  d ihydrophenanthrene .  Neat an th racene  i s  a poorer  s o l v e n t  t han  n e a t  phenanthrene  
(about  113) f o r  b o t h  Wyodak c o a l  and Ky 9/14 c o a l  a t  330 O C .  But when 20 % of t h e  
dihydrocompound i s  p r e s e n t ,  t h e  an th racene  compound mix tu re  i s  a b e t t e r  s o l v e n t  t h a n  
t h e  phenanthrene  mix tu re .  With Ky 9/14 c o a l ,  t h e  phenanthrene  is t h e  b e s t  s o l v e n t ,  

\ 
I 

' n e a t  and i n  t h e  p re sence  of t h e  dihydrocompound. 
The d i sappea rance  of  t h e  dihydrocompounds is  i n  agreement w i t h  t h e  l i q u e f a c t i o n  of  

c o a l .  
whereas i n  t h e  p re sence  of Wyodak c o a l ,  d ihydroan th racene  is  l o s t  most r a p i d l y  (Tab le  3 ) .  

A series of r e a c t i o n s  were performed i n  t h e  p re sence  of n e a t  a romat i c  compounds 
and 1100 p s i g  n i t r o g e n  ( i n i t i a l )  a s  shown i n  Tab le  4 .  The conve r s ions  of  Ky 9/14 

, c o a l  are 32 % i n  t h e  p re sence  of an th racene  and 5 1  % i n  t h e  p re sence  of phenanthrene  
whereas  t h e  conve r s ions  of Wyodak c o a l  are  33  % i n  t h e  p re sence  of  a n t h r a c e n e  and 43  % 
i n  t h e  p re sence  of phenanthrene .  These d a t a  a l s o  show t h a t  n e a t  phenanthrene  i s  a 
b e t t e r  p h y s i c a l  s o l v e n t  t han  n e a t  an th racene  i n  l i q u e f y i n g  b o t h  Wyodak c o a l  and Ky 9/14 
c o a l  i n  t h e  absence  of hydrogen. 

I n  t h e  p re sence  of  Ky 9/14 c o a l ,  d ihydrophenanthrene  i s  l o s t  most r a p i d l y ,  

Another series of r u n s  w i t h  Ky 9/14 c o a l  were compared i n  t h e  absence  of hydrogen 
I i n  te rms  of i n i t i a l  n i t r o g e n  p r e s s u r e ,  as shown i n  Tab le  1. The conve r s ions  of  Ky 9/14 

c o a l  are 42 % i n  terms of t h e  THF s o l u b l e  f r a c t i o n  and 29 % i n  terms of  t h e  p reaspha l -  \ 

t ene-p lus-asphal tene  f r a c t i o n  a t  t h e  1100 p s i g  i n i t i a l  n i t r o g e n  p r e s s u r e ,  whereas  t h e  
conve r s ions  of Ky 9/14 c o a l  are 39 % and 24 % r e s p e c t i v e l y  a t  t h e  z e r o  p s i g  i n i t i a l  
n i t r o g e n .  The c l o s e n e s s  of t h e  v a l u e s  f o r  d ihydroan th racene  formed s u g g e s t s  t h a t  t h e  
conve r s ion  and product  d i s t r i b u t i o n  would a l s o  be  s imi la r .  The on ly  f i r m  c o n c l u s i o n  
i s  t h a t  p r e s s u r e  h e l p s  t o t a l  l i q u e f a c t i o n  and seems t o  h i n t  o i l -wa te r -gas  fo rma t ion .  
Anthracene  i s  a b e t t e r  s o l v e n t  t h a n  phenanthrene  under t h e s e  c o n d i t i o n s .  

\ CONCLUSIONS 
The r e l a t i v e  behavior  of phenanthrene  and an th racene  depends on whether  t h e  

s o l v e n t s  a r e  compared n e a t  o r  i n  t h e  p re sence  of o t h e r  s o l v e n t s ,  upon t h e  gaseous  
environment,  and upon t h e  c o a l .  When an th racene  i s  t h e  b e t t e r  s o l v e n t ,  c o n d i t i o n s  
appea r  t o  f avor  t h e  fo rma t ion  of  d ihydroan th racene  which i s  an  e x c e l l e n t  hydrogen 
donor .  When phenanthrene  i s  t h e  b e t t e r  s o l v e n t ,  t h e  i n h e r e n t l y  b e t t e r  s o l v e n t  power 
of phenanthrene  i t s e l f  f o r  t h a t  c o a l  a p p e a r s  t o  be  t h e  dominant f a c t o r .  The m i n e r a l s  
i n  t h e  c o a l ,  and p o s s i b l y  t h e  c o a l  i t s e l f ,  are a l s o  impor t an t  i n  de t e rmin ing  t h e  pre-  
f e r r e d  s o l v e n t .  
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T a b l e  4 - E f f e c t s  of Neat Aromatic  Compounds a t  425 'C 
and  15  min. on Coal Conversion in t h e  P resence  
of 1100 p s i g  Ni t rogen  a t  t h e  Room Temperature  

and i n  t h e  Absence of 1-Methylnaphthalene 

RUN NO. 

Type of Coal (1 g)  

Wyodak 
Ky 9/14 

50 

- 
+ 

5 g Aromatics 

An th racene  + 
Phenan th rene  - 

Coal  Conver s ion  ( w t  %) 
THF S o l u b l e  32.4 
P r e a s p h a l t e n e  10.8 
Aspha l t ene  8.8 
P r e a s p h a l t e n e  p l u s  

a s p h a l t e n e  19.6 
O i l ,  Water and Gas 12.8 

Conver s ion  of 
Aromatic  (wt %) 

Conver s ion  t o  

Unconverted 
Dihydroa romat i c  0 

Aromatic 1 0 0  

51 

- 
+ 

- 
+ 

51 .3  
11.1 
1 4 . 0  

25.1 
26 .1  

0 

100 

146 

52 

+ 
- 

+ 
- 

33 .1  
10.8 

6.7 

17 .5  
15.7 

53 

+ 

+ 

42.6 
0.5 

1 4 . 1  

14.5 
28.1 

2.7 0 

97.3 100 


