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

The s u l f u r  c o n t e n t  of  a c o a l  is a n  impor tan t  f a c t o r  i n  t h e  s u c c e s s  
of  i t s  convers ion  r e a c t i o n s  (1-5) .  S u l f u r  m i n e r a l s  and o r g a n i c  s u l f u r  
compounds i n  t h e  c o a l  may c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  convers ion  
which b e g i n s  w i t h  t h e  f r a g m e n t a t i o n  r e a c t i o n s  e n d s  w i t h  product  improve- 
ment r e a c t i o n s .  P r i o r  i n v e s t i g a t i o n s  have focused  on the  r o l e  of  s u l f u r  
compounds i n  t h e  m i n e r a l  matter and s p e c i a l  emphasis has  been g i v e n  t o  
t h e  i r o n  s u l f i d e s  t h a t  are prominent  in many c o a l s  ( 6 ) .  An i n v e s t i g a -  
t i o n  of t h e  hydrogen atom t r a n s f e r  r e a c t i o n s  of t e t r a l i n  w i t h  c o a l s ,  
c o a l  p r o d u c t s ,  diphenylmethane,  and t h e  molecular  c o n s t i t u e n t s  of  c o a l  
r e v e a l e d  t h a t  [(phenylmethyl)thio]benzene c o n s i d e r a b l y  a c c e l e r a t e d  t h e  
r a t e  of t r a n s f e r  of hydrogen between t h e  b e n z y l i c  p o s i t i o n s  of  t h e s e  
molecules  ( e q u a t i o n  1 )  ( 7 ) .  Indeed ,  t h e  c a t a l y t i c  i n f l u e n c e  of t h i s  

1) T-d12 + C H CH C H 400°C T-dll + C6H5CHDC6H5 
6 5  2 6 5  

t h i o e t h e r  w a s  much g r e a t e r  t h a n  t h a t  observed f o r  many o t h e r  compounds. 
Subsequent work h a s  e s t a b l i s h e d  t h a t  some s u l f u r  compounds s i g n i f i c a n t -  
l y  i n c r e a s e  t h e  rate o f  l i q u e f a c t i o n  o f  I l l i n o i s  No. 6 c o a l  i n  t e t r a l i n .  
These i n t r i g u i n g  o b s e r v a t i o n s  prompted us  t o  s tudy  t h e  r o l e  of  o r g a n i c  
s u l f u r  compounds and s u l f u r  m i n e r a l s  i n  t h e  hydrogen atom t r a n s f e r  reac-  
t i o n s  t h a t  are s o  e s s e n t i a l  i n  s u c c e s s f u l  convers ion  p r o c e s s e s .  For t h i s  
purpose ,  w e  have examined t h e  i n f l u e n c e  of s u l f u r - c o n t a i n i n g  compounds 
on the exchange r e a c t i o n  between te t ra l in-d12 and diphenylmethane (equa- 
t i o n  l ) .  
t h i o e t h e r s  has  been i n v e s t i g a t e d  as has  t h e  a c t i v i t y  of  some m e t a l  s u l -  
f i d e s .  Metal  su l f ide-hydrogen  s u l f i d e  and metal s u l f i d e - p h e n o l  coca ta-  
l y s t s  have a l s o  r e c e i v e d  a t t e n t i o n .  I n  a d d i t i o n ,  t h e  impact  of represen-  
t a t i v e  c a t a l y s t s  upon t h e  rate of decomposi t ion of 1 ,3-diphenylpropane 
and upon t h e  rate of l i q u e f a c t i o n  of I l l i n o i s  No. 6 c o a l  i n  t e t r a l i n  
have been examined. 

The c a t a l y t i c  a c t i v i t y  of a r o m a t i c  and a l i p h a t i c  t h i o l s  and 

R e s u l t s  and Discuss ion  

Organic  S u l f u r  Compounds. H e t e r o c y c l i c  s u l f u r  compounds such a s  2,3- 
benzothiophene and d ibenzoth iophene  do n o t  enhance t h e  rate o f  exchange 
o f  hydrogen atoms between t e t r a l i n - d 1 2  and diphenylmethane ( 8 ) .  
u n s t a b l e  t h i o e t h e r s  such  as [(phenylmethyl)thio]benzene c o n s i d e r a b l y  
a c c e l e r a t e  t h i s  exchange r e a c t i o n .  I t  was p o s t u l a t e d  t h a t  t h i s  compound en- 

However, 
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hanced t h e  rate v i a  t h e  r e a c t i o n s  shown i n  e q u a t i o n s  (2 ) - (6 )  where T-dl 
p r e s e n t s  t h e  i n i t i a l  l a b e l e d  t e t r a l i n  and 1-T-d 
r a d i c a l  formed from t h i s  l a b e l e d  compound. 

re- 
. r e p r e s e n t s  t h e  b e n z y l i c  

It $8 w e l l  known t h a t  benzene- 

C6H5CH2SC6H5 -t C 6 5  H CH 2 . + .SC6H5 

C 6 5  H CH 2 . + T-d12 * C 6 5  H CH 3 + l-T-dll. 

C 6 5  H S' + T-d12 * C 6 5  H S H  + l-T-dll* 

2 )  

3)  

4 )  

l-T-dll. + C6H5CH2C6H5 -f C6H5CHC6H5 + T-dll 5) 

C H CHC H + T-d12 -+ 1-T-d 11' + C 6 5  H CHDC6H5 6) 6 5  6 5  

t h i o l  and o t h e r  t h i o l s  are very  e f f e c t i v e  hydrogen t r a n s f e r  a g e n t s  ( 9 ) .  Con- 
sequent ly ,  t h e  decomposi t ion of t h e  t h i o e t h e r  p r o v i d e s  a r e a c t i v e  product ,  
b e n z e n e t h i o l ,  which may a l s o  a c c e l e r a t e  t h e  exchange r e a c t i o n .  S e v e r a l  
o t h e r  compounds were s t u d i e d  t o  assess t h e i r  c a t a l y t i c  a c t i v i t y .  Represen- 
t a t i v e  r e s u l t s  are p r e s e n t e d  i n  Table  1. 

Table  1. The i n f l u e n c e  of organic  s u l f u r  compounds on t h e  deuterium-hydrogen 
exchange r e a c t i o n  between te t ra l in-d12 and diphenylmethane a t  4 0 0 ° C . a  

Addi t ive  Deuter ium c o n t e n t  of t h e  

T i m e  (min) 1 - p o s i t i o n  of diphenylmethane ( X )  

None 

[ (Pheny l m e  t h y l )  - 
t h i o  I benzene 

D i p h e n y l d i s u l f i d e  

Benzene t h i o l  

1 -Naphtha lene th io l  

Benzenemethanethiol  

1-Butane th io l  

Hydrogen s u l f i d e '  

30 

4 

2 

5 

5 
30 

30 
10 

30 

30 

15 

59 

66 

51  

58 
7 3  

55 
68 

37 

28 
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aDiphenylmethane (0.376 mmole), t e t r a l i n - d  (0.377 mmole) and t h e  addi- 
The exchange occurred  a l -  t i v e  (0.045 m o l e )  were r e a c t e d  i n  a g l a s s  vessk? .  

m o s t  e x c l u s i v e l y  a t  t h e  b e n z y l i c  p o s i t i o n  o f  t e t r a l i n .  
/ I  

/ 

bReference  8. 

'A lesser q u a n t i t y  (0 .020 mmole )  o f  t h i s  a d d i t i v e  was used.  

D i p h e n y l d i s u l f i d e  i s  an  even more e f f e c t i v e  c a t a l y s t  t h a n  [ (phenyl -  
methy1) th io lbenzene .  The deuter ium c o n t e n t  a t  t h e  b e n z y l i c  p o s i t i o n s  of 
t h e  exchanging molecules  r e a c h e s  e q u i l i b r i u m  i n  less than  3 min a t  400°C 
i n  t h e  presence  of t h i s  c a t a l y s t .  The r e a c t i o n  a l s o  proceeds  r a p i d l y  a t  
350°C. Aromatic t h i o l s  i n c l u d i n g  t h e  benzene,  1-naphtha lene ,  and Z-naph- 
t h a l e n e  d e r i v a t i v e s  a s  w e l l  a s  d i t h i o l s  such a s  4-methyl-1,Z-benzenedi- 
t h i o l  a r e  a l s o  very  a c t i v e  r e a g e n t s .  The a l i p h a t i c  t h i o l s  and hydrogen 
s u l f i d e  a r e  moderately less e f f e c t i v e  than  t h e  a r o m a t i c  t h i o l s  i n  t h i s  
exchange r e a c t i o n .  These o b s e r v a t i o n s  s u g g e s t  t h a t  compounds which form 
aromat ic  t h i y l  r a d i c a l s  a r e  e s p e c i a l l y  good c a t a l y s t s  f o r  t h e  s e l e c t i v e  
exchange of t h e  b e n z y l i c  hydrogen atoms. The r e a c t i v i t y  of  t h e  t h i o l s  
is not s u r p r i s i n g  inasmuch a s  compounds of t h i s  c l a s s  a r e  known t o  be  
e s p e c i a l l y  e f f e c t i v e  c h a i n  t r a n s f e r  a g e n t s  i n  p o l y m e r i z a t i o n  r e a c t i o n s  
a t  much lower t e m p e r a t u r e s  ( 9 ) .  The i n f o r m a t i o n  a v a i l a b l e  from such  
s t u d i e s  i n d i c a t e s  t h a t  no u n i v e r s a l l y  a p p l i c a b l e  o r d e r  of r e a c t i v i t y  
can be e s t a b l i s h e d  f o r  t h i o l s .  Thus, t h e  p a r a l l e l  observed between t h e  

12  e f f e c t i v e n e s s  of  t h e  c a t a l y s t  i n  t h e  exchange r e a c t i o n s  of t e t r a l i n - d  
and t h e  s t r e n g t h  of t h e  S-H bond* may n o t  be m a n i f e s t  w i t h  a l l  r e a c t i v e  
s u b s t r a t e s .  

Compounds t h a t  promote t h e  exchange r e a c t i o n s  of b e n z y l i c  hydrogen 
atoms sometimes a l s o  promote t h e  rate of t h e  decomposi t ion of hydrocar-  
bons (10). 
t u r e s  may be  l a b i l e  c o n s t i t u e n t s  of  many bi tuminous and subbi tuminous 
c o a l s .  To test t h e  e f f e c t i v e n e s s  of o r g a n i c  s u l f u r  compounds f o r  t h e  
c a t a l y s i s  of  t h e  decomposi t ion  r e a c t i o n s  of such  compounds, w e  s t u d i e d  
t h e  r a t e  of decomposi t ion of 1 ,3-d iphenylpropane ,  Table  2. 

1,3-Diplienylpropane was s e l e c t e d  f o r  s t u d y  because such  s t r u c -  

The t h i o l  and t h e  t h i o e t h e r  a r e  b o t h  very  e f f e c t i v e  c a t a l y s t s  f o r  t h e  
decomposi t ion of  t h e  propane .  The r e a c t i o n  p a t h  o u t l i n e d  i n  e q u a t i o n s  (7) 
and (8) emphasizes t h e  r o l e  o f  t h e  t h i y l  r a d i c a l  i n  i n c r e a s i n g  t h e  concen- 

C ~ H ~ S -  + C ~ H ~ C H ~ C H ~ C H ~ C ~ H ~  C ~ H ~ S H  + C ~ H ~ C H C H  CH c H 7) 2 2 6 5  

+ C H CH=CH2 + C6H5CH2' 
6 5  

* 
The bond d i s s o c i a t i o n  e n e r g i e s  of a l i p h a t i c  t h i o l s  a r e  about  10 k c a l .  

mole-1 g r e a t e r  than  t h a t  of t h e  a r o m a t i c  t h i o l s  (11) .  

30 



t r a t i o n  of t h e  b e n z y l i c  r a d i c a l  t h a t  decomposes v i a  a f a m i l i a r  E-sc iss ion  re- 
a c t i o n  t o  y i e l d  t h e  fragmented p r o d u c t s .  

The t h i o l  and t h e  t h i o e t h e r  are a l s o  very  e f f e c t i v e  c a t a l y s t s  f o r  t h e  
convers ion  of I l l i n o i s  No. 6 c o a l  t o  p y r i d i n e - s o l u b l e  p r o d u c t s ,  Table  3. 

Table  2 .  The i n f l u e n c e  of  c e r t a i n  o r g a n i c  s u l f u r  compounds on t h e  rate of 
decomposi t ion of 1,3-diphenylpropane i n  t e t r a l i n  a t  400eC.a 

Addi t ive  T i m e  Decomposition Product  D i s t r i b u t i o n  

Toluene Ethylbenzene ( m i d  ( X )  

None 30 25 77 23 

I l l i n o i s  No. 6 30 43 
c o a l  (51 mg)b 

[ (Phenylmethy1)- 30 
thio]benzeneb 

77 

58  42 

73 27 

Thiophenol 30 80 78 22 
~~~~ 

al ,3-Diphenylpropane (0.758 mmole), t e t r a l i n  (0.757 mmole), and t h e  a d d i -  
t i v e  (0.09 m o l e )  w e r e  used i n  e a c h  r e a c t i o n  i n  a g l a s s  v e s s e l .  

bReference 10. 

Table  3. The i n f l u e n c e  of  s u l f u r  compounds on t h e  r e a c t i o n  of  I l l i n o i s  No. 
6 c o a l  w i t h  t e t r a l i n . a  

Reac t ion  Condi t ions  S o l u b i l i t y  ( X )  
Addi t ive  Temp T i m e  P y r i d i n e  Toluene Hexane 

( “ C )  ( m i d  

None 400 4 58 24 1 5  

[ (Phenylmethy1)- 400 4 88 1 3  10 
t h i o  1 benzene 

Thiophenol 400 4 87  18 1 3  

a I l l i n o i s  No. 6 c o a l  (0 .76g) ,  t e t r a l i n  (1.57g) and t h e  a d d i t i v e  (1.35 
m o l e )  were r e a c t e d  i n  a 4.6 m l  s t a i n l e s s  steel r e a c t o r .  
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In summary, t h e  o b s e r v a t i o n s  p r e s e n t e d  i n  T a b l e s  1-3 demonst ra te  t h e  
e f f e c t i v e n e s s  of  o r g a n i c  s u l f u r  compounds f o r  t h e  promotion of  b e n z y l i c  
exchange r e a c t i o n s ,  hydrocarbon decomposi t ion,  and c o a l  d i s s o l u t i o n  pro- 
cesses. This  chemis t ry  s t r o n g l y  s u g g e s t s  t h a t  o r g a n i c  s u l f u r  compounds 
i n  c o a l s  can have a major  i n f l u e n c e  on t h e  rates of low s e v e r i t y  c o a l  
d i s s o l u t i o n  r e a c t i o n s .  It is p e r t i n e n t  t h a t  A t t a r  and Dupuis have re- 
por ted  t h a t  about  50 atom p e r c e n t  of t h e  o r g a n i c  s u l f u r  i n  an I l l i n o i s  No. 
6 coa l  is p r e s e n t  i n  t h i o l  g roups  o r  molecules  t h a t  are r e a d i l y  conver ted  
t o  t h i o l s  ( 1 2 ) .  T h i s  i s  e q u i v a l e n t  t o  0.05 gm moles of  t h i o l  p e r  100 gm 
o f  t h i s  c o a l .  Such h igh  c o n c e n t r a t i o n s  must e x e r t  a n  impor tan t  i n f l u e n c e  
on t h e  c o u r s e  of  t h e s e  r e a c t i o n s .  Of c o u r s e ,  t h e  d i s t r i b u t i o n  of s u l f u r  
compounds among t h e  v a r i o u s  f u n c t i o n a l  groups  v a r i e s  cons iderably  i n  c o a l s  
o f  d i f f e r e n t  rank  and i t  i s  u n l i k e l y  t h a t  t h e  r e a c t i v i t y  of c o a l s  w i l l ,  i n  a 
g e n e r a l  way, c o r r e l a t e  w i t h  t h e  p e r c e n t a g e  of o r g a n i c  s u l f u r .  Moreover, 
t h e  h y d r o d e s u l f u r i z a t i o n  r e a c t i o n s  which occur  d u r i n g  t h e  l i q u e f a c t i o n  re- 
a c t i o n s  presumably c o n v e r t  h e t e r o c y c l i c  s u l f u r  compounds t o  r e a c t i v e  aro-  
m a t i c  t h i o l s  ( 1 3 ) .  These r e a c t i o n s  a l s o  conver t  a r o m a t i c  t h i o l s  t o  less 
r e a c t i v e  hydrogen s u l f i d e .  Consequent ly ,  t h e  e f f e c t i v e  use of  t h e  s u l f u r  
compounds i n  t h e  c o a l  as n a t u r a l l y - p r o v i d e d  d i s p o s a b l e  c a t a l y s t s  r e q u i r e s  
c a r e f u l  s e l e c t i o n  of t h e  r e a c t i o n  c o n d i t i o n s .  

Metal Sul f ides . - -Previous  workers  have r e p o r t e d  t h a t  i r o n  s u l f i d e s  
and o t h e r  m i n e r a l s  i n c r e a s e  t h e  convers ion  of c o a l s  t o  s o l u b l e  p r o d u c t s  
(5,6). To examine t h i s  a s p e c t  o f  t h e  chemis t ry ,  w e  a l s o  s t u d i e d  t h e  i n -  
f l u e n c e  of some s u l f i d e s  and m i n e r a l s  on t h e  exchange r e a c t i o n  ( e q u a t i o n  1 ) .  
R e p r e s e n t a t i v e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  4 .  I 

None of t h e  i r o n  s u l f i d e s  a r e  e f f e c t i v e  c a t a l y s t s  f o r  t h e  exchange re- 
a c t i o n .  Chromium(II1) and molybdenum(1V) s u l f i d e  a r e  s i m i l a r l y  u n r e a c t i v e .  
However, molybdenum(V1) and tungsten(1V) s u l f i d e  c a t a l y z e  t h e  exchange of 
the b e n z y l i c  and a r o m a t i c  hydrogen atoms of t e t r a l i n  and diphenylmethane.  
The manner i n  which t h e s e  c a t a l y s t s  a c c e l e r a t e  t h e  exchange of  t h e  a romat ic  
hydrogen atoms h a s  n o t  y e t  been i n v e s t i g a t e d .  However, t h e  o b s e r v a t i o n  
t h a t  molybdenum(V1) s u l f i d e ,  which decomposes t o  molybdenum(1V) s u l f i d e  
a n d  s u l f u r  under t h e  e x p e r i m e n t a l  c o n d i t i o n s  (14) ,  i s  h i g h l y  r e a c t i v e  may 
b e  r e l a t e d  t o  t h e  f i n d i n g  t h a t  s u l f u r  i s  a l s o  d e p o s i t e d  dur ing  t h e  reduc- 
t i o n  of p y r i t e  t o  p y r r h o t i t e  ( 2 , 6 ) .  Such r e s u l t s  imply t h a t  t h e  s u l f u r  
a n d  t h e  hydrogen s u l f i d e  produced i n  t h e  presence  of t h e  u n s t a b l e  metal 
s u l f i d e s  are t h e  a c t u a l  c a t a l y s t s  o r  c o c a t a l y s t s  f o r  t h e  exchange and con- 
v e r s i o n  r e a c t i o n s  ( 2 , 6 ) .  Inasmuch as s u l f u r  would be  converted t o  hydrogen 
s u l f i d e  dur ing  t h e  o x i d a t i o n  t h e  hydroaromat ic  compounds i n  c o a l  under these  
exper imenta l  c o n d i t i o n s ,  w e  e l e c t e d  t o  s t u d y  t h e  c o c a t a l y t i c  i n f l u e n c e s  of 
hydrogen s u l f i d e .  R e p r e s e n t a t i v e  r e s u l t s  a r e  p r e s e n t e d  i n  Table  5.  

A modest c o c a t a l y t i c  e f f e c t  i s  r e a l i z e d  w i t h  t h e s e  metal s u l f i d e s .  
These o b s e r v a t i o n s ,  t h e r e f o r e ,  p r o v i d e  s u p p o r t  f o r  t h e  view t h a t  s u l f u r  
and the hydrogen s u l f i d e  formed from i t  through t h e  r e d u c t i o n  o r  decompo- 
sition of m i n e r a l s  a c t i v e l y  promote t h e  l i q u e f a c t i o n  r e a c t i o n .  

While i t  i s  c l e a r  t h a t  t h e  s u l f u r  and hydrogen s u l f i d e  can c o n t r i b u t e  
s i g n i f i c a n t l y  t o  the enhanced r e a c t i v i t y  of t h e  c o a l s  r i c h  i n  m i n e r a l s ,  i t  
i s  a l s o  necessary  t o  c o n s i d e r  t h e  p o s s i b i l i t y  t h a t  such  subs tances  might  
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Table 4 .  The i n f l u e n c e  of m e t a l  s u l f i d e s  on t h e  hydrogen-deuterium exchange 
r e a c t i o n  between diphenylmethane and te t ra l in-d12 a t  400"C.a 

L Metal s u l f i d e  Deuterium c o n t e n t  (%) 

Diphenylme thane  T e t r a l i n  
Ar 1- A r  1- 2- 

[>, 
\ 

None 0 15 9 1  9 1  9 1  

P y r i t e ,  FeS2 0 1 3  9 3  89 92 

I r o n ( I 1 )  s u l f i d e ,  0 1 6  9 3  90 90 
FeS 

P y r r h o t i t e ,  
Fe S 1-x 

B o r n i t e ,  
Cu FeS 

5 4  

S p h a l e r i t e ,  
ZnFeS 

0 18 92 92 92 

0 1 7  93 92 9 1  

0 18 92 92 92 

Chromium(II1) 0 1 5  9 1  9 3  9 3  

Cr2S3 s u l f i d e ,  

Molybdenum(1V) 2 
s u l f i d e ,  MoS2 

1 2  90 9 3  92 

Molybdenum(V1) 41  32 54 7 1  72 

3 s u l f i d e ,  MoS 

Tungs ten(1V) 14 1 3  60 92 90 
s u l f i d e ,  WS2 

aDiphenylmethane (0.377 m o l e ) ,  t e t ra l in-d12 (0.377 mmole), and t h e  p o t e n t i a l  
c a t a l y s t  (0.045 mrnole) w e r e  r e a c t e d  i n  a g l a s s  v e s s e l  f o r  30 min. 
deuter ium c o n t e n t  of  t h e  t e t r a l i n  w a s  94% Ar-d, 95% 1-d, and 92% 2-d. 

The i n i t i a l  
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Table 5 .  The i n f l u e n c e  o f  hydrogen s u l f i d e - m e t a l  s u l f i d e  c a t a l y s t s  on t h e  

12 a t  exchange r e a c t i o n  between diphenylmethane and t e t r a l i n - d  
400°C.a 

Deuterium c o n t e n t  a t  t h e  
1 p o s i t i o n  of  diphenylmethane (X) C a t a l y s t  

None 15 

Hydrogen s u l f i d e  25 

With p y r i t e  30 

With p y r r h o t i t e  32 

With molybdenum(1V) s u l f i d e  24  

aDiphenylmethane (0.376 mmole), t e t r a l i n - d  
l y s t s  (0.02 mmole of each  compound) were reactea’for  30 min. 
occur red  s e l e c t i v e l y  at t h e  1 p o s i t i o n  o f  t e t r a l i n .  

(0.377 mmole) and t h e  cata- 
The exchange 

e x e r t  t h e i r  b e n e f i c i a l  e f f e c t s  upon l i q u e f a c t i o n  through t h e  d i r e c t  o r  i n -  
d i r e c t  f o r m a t i o n  of  h i g h l y  r e a c t i v e  t h i o l s  as i l l u s t r a t e d  i n  e q u a t i o n  ( 9 ) .  

Metal s u l f i d e  + ArOH + ArSH + Metal  ox ide  9) 

We found t h a t  t h e  i r o n  s u l f i d e s  w e r e  no more a c t i v e  i n  t h e  presence  o f  1- 
naphthol  than  i n  i t s  absence .  The d i r e c t  t r a n s f e r  r e a c t i o n  i s  a p p a r e n t l y  
t o o  slow t o  be  e f f e c t i v e .  
d 
s%um s u l f i d e  and 1-naphthol .  
r e a c t i v i t y  of  phenyl  b e n z y l  e t h e r .  To e x p l o r e  t h i s  a s p e c t  of t h e  chem- 
i s t r y  more thoroughly ,  w e  s t u d i e d  t h e  i n f l u e n c e  of hydrogen s u l f i d e  and 
phenols ,  Table  6 .  

However, t h e  exchange r e a c t i o n  between t e t r a l i n -  
and diphenylmethane was enhanced s i g n i f i c a n t l y  i n  t h e  presence  of  

T h i s  s imple  s u l f i d e  a l s o  enhanced t h e  

Table  6. The i n f l u e n c e  of hydrogen s u l f i d e - p h e n o l  c o c a t a l y s t s  on t h e  hydro- 
gen-deuterium exchange r e a c t i o n  of diphenylmethane and t e t r a l i n -  
d12 a t  400°C.a 

C a t a l y s t  Deuterium c o n t e n t  a t  t h e  
1 p o s i t i o n  of diphenylmethane (%) 

None 

Hydrogen s u l f i d e  a l o n e  

With phenol  

With 1-naphthol  

With 9-phenanthrol  

15 

25 

25 

30 

30 
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aThese exper iments  were performed as d e s c r i b e d  i n  Table  5.  

These r e s u l t s  s u g g e s t  t h a t  t h e  m u l t i r i n g  p h e n o l i c  compounds can  act 
as  c o c a t a l y s t s  f o r  t h e  exchange r e a c t i o n .  Other  work w i t h  sodium s u l f i d e  
and 1- and 2-naphthol ,  9-phenanthrol  and  2 ,3-naphtha lenedio l  s u p p o r t s  t h i s  
i n t e r p r e t a t i o n .  

Conclusion 

S u l f u r  compounds t h a t  can  y i e l d  t h i o l s  c a t a l y z e  t h e  exchange r e a c t i o n ,  
t h e  decomposi t ion of  1 ,3-diphenylpropane,  and t h e  c o n v e r s i o n  of I l l i n o i s  
No. 6 c o a l  t o  s o l u b l e  p r o d u c t s .  Although c e r t a i n  metal s u l f i d e s  may in- 
t e rvene  d i r e c t l y  w i t h  t h e  o r g a n i c  compounds p r e s e n t  i n  c o a l s ,  our  r e s u l t s  
sugges t  t h a t  i n d i r e c t  pathways may be  more s i g n i f i c a n t .  A s  a l r e a d y  men- 
t i o n e d ,  t h i s  r e s e a r c h  s u p p o r t s  t h e  view t h a t  t h e  s u l f u r  and hydrogen s u l -  
f i d e  produced from t h e  m i n e r a l s  i n  decomposi t ion o r  r e d u c t i o n  r e a c t i o n s  
a c c e l e r a t e  t h e  f r e e  r a d i c a l  p r o c e s s e s  e s s e n t i a l  f o r  f a c i l e  c o a l  c o n v e r s i o n .  
The o b s e r v a t i o n  t h a t  t h e  r e a c t i v i t y  of hydrogen s u l f i d e  a p p e a r s  t o  be  en- 
hanced i n  t h e  presence  of p h e n o l i c  compounds s u g g e s t s ,  i n  a d d i t i o n ,  t h a t  
modest q u a n t i t i e s  of  t h e  s u l f i d e s  may be conver ted  t o  h i g h l y  c a t a l y t i c a l l y  
a c t i v e  t h i o l s  even under  t h e  c o n d i t i o n s  of  low s e v e r i t y  r e a c t i o n s .  

Experimental  P a r t  

The p r e p a r a t i o n  of  t e t r a l i n - d  and i t s  u s e  i n  exchange r e a c t i o n s  w i t h  
a v a r i e t y  o f  o r g a n i c  compounds has'geen d e s c r i b e d  p r e v i o u s l y  (7,8). 
lar procedures  were used i n  t h i s  work. The metal s u l f i d e s  were o b t a i n e d  
from commercial s o u r c e s  o r  from t h e  I l l i n o i s  Geologic  Survey through t h e  
c o u r t e s y  of  D r .  Carl  Kruse. 
r e a c t i o n  v e s s e l s  as f i n e  powders. The i n f l u e n c e  o f  p a r t i c l e  s i z e  on t h e s e  
r e a c t i o n s  h a s  n o t  y e t  been examined. The r e a c t i o n  p r o d u c t s  w e r e  s t u d i e d  
by gas  chromatography and n u c l e a r  magnet ic  resonance  spec t roscopy a t  270 
o r  500 MHz. 

Simi- 

These c a t a l y s t s  were i n t r o d u c e d  i n t o  t h e  g l a s s  
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