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

p r o p o r t i o n s  of  breakable  C-C and C-0 bonds i n  t h e  c o n n e c t i n g  l i n k s  between t h e  
condensed systems i n  c o a l .  Such i n f o r m a t i o n  should  t e l l  u s  a b o u t  t h e  p o s s i b i l i t y  Of 
c o a l  l i q u e f a c t i o n  under mi ld  c o n d i t i o n s .  
bonds were i n v e s t i g a t e d  by c l e a v a g e  r e a c t i o n s .  Cleavages of C-0 bonds i n  esters and 
e t h e r s  by s t r o n g l y  b a s i c  amines,  i o d i d e s ,  and a c i d s  a r e  d i s c u s s e d  f i r s t  and t h e n  o u r  
r e s u l t s  o n  t h e  d i s t r i b u t i o n  of  oxygen i n  c o a l  a r e  compared w i t h  t h e  r e s u l t s  o f  o t h e r  
workers.  We then  d i s c u s s  t h e  c l e a v a g e  of C-C bonds i n  c o n n e c t i n g  l i n k s  by oxida- 
t i o n s  of c o a l  f r a c t i o n s  and some d i f f e r e n c e s  among t h e  o x i d a t i o n  products .  In terms 
of  C-C bonds t o  be broken by o x i d a t i o n ,  t h e  p r i n c i p a l  problem i s  de termining  whether 
t h e  condensed aromat ic  systems are j o i n e d  by s i n g l e  o r  m u l t i p l e  methylene groups.  
Our conclus ions  are compared w i t h  some i n  t h e  l i t e r a t u r e .  
expansion o f  a previous  p r e s e n t a t i o n . ( l )  

The above f i n d i n g s  and c o n c l u s i o n s  a r e  t h e  f o u n d a t i o n  f o r  a new program t o  
prepare  a c o a l  product  on  a l a b o r a t o r y  scale a t  a moderate tempera ture  and p r e s s u r e  
t h a t  w i l l  m e l t  o r  d i s s o l v e  i n  a cheap  s o l v e n t  a t  o r  below 100OC. Ash c a n  t h e n  b e  
removed and t h e  product c a n  be used a s  a c l e a n  f u e l  o r  processed  more e a s i l y  t h a n  
c o a l  t o  a l i q u i d  f u e l .  A p r o g r e s s  r e p o r t  w i l l  b e  made. 

Coal P r e p a r a t i o n :  E x t r a c t i o n  of  Coal With P y r i d i n e  

obta ined  from Pennsylvania  S t a t e  U n i v e r s i t y  a s  PSOC 25. T h i s  d r i e d  c o a l  c o n t a i n e d  
76.0% C ,  4.88% H ,  1.46% N ,  2.17% S,  1.71% a s h ,  and 13.8% 0 by d i f f e r e n c e .  Much o f  
t h e  work r e p o r t e d  i n  t h i s  s e c t i o n  was c a r r i e d  o u t  w i t h  s o l u b l e  c o a l  f r a c t i o n s  so  
t h a t  changes could  be fo l lowed by number-average molecular  w e i g h t s  (E ) .  
t h e s e  f r a c t i o n s  were prepared  by e x t r a c t i n g  o u r  c o a l  e x h a u s t i v e l y  w i t g  p y r i d i n e  a t  
100°C. About 16% d i s s o l v e d ,  a p p a r e n t l y  wi thout  chemica l  r e a c t i o n .  About one- th i rd  
of t h e  p y r i d i n e - s o l u b l e  m a t e r i a l  was s o l u b l e  in to luene ;  i t  c o n t a i n e d  more hydrogen 
and l e s s  oxygen t h a n  t h e  t o l u e n e - i n s o l u b l e ,  p y r i d i n e - s o l u b l e  (TIPS) f r a c t i o n ,  which 
i s  a u s e f u l  model f o r  c o a l  and w a s  used i n  much of  o u r  work. The TIPS f r a c t i o n  i s  
heterogeneous i n  molecular  weight and chemica l  composi t ion .  
M 1100 (by  vapor-phase osmometry) was f r a c t i o n a t e d  by GPC; 76% of t h e  t o t a l  
hsd E 
t h e  p?oducts were e a s i l y  s e p a r a t e d  i n t o  f r a c t i o n s  o f  E 
measure of a r o m a t i c i t y )  of  0.98-0.74, and w i t h  differe:t  p r o p o r t i o n s  o f  a r o m a t i c  
hydrogen. 

Reac t ions  of  Coal F r a c t i o n s  With Amines 

p y r i d i n e . ( 2 , 3 )  
chemical c l e a v a g e  o f  C-0 bonds i n  e s t e r  and e t h e r  groups .  
from r e a c t i o n s  of  b o t h  TIPS and p y r i d i n e - e x t r a c t e d  c o a l  w i t h  BnNH2. 
r e a c t i o n s ,  most of t h e  f r e e  BnNH2 was removed by vacuum d i s t i l l a t i o n  and t h e  r e s t  by 
washing w i t h  d i l u t e  aqueous HC1; t h e  l a t te r  was t h e n  e x t r a c t e d  by  aqueous ammonia. 
Table  1 shows t h a t  c l o s e  t o  one  molecule o f  BnNH2 becomes bound t o  t h e  TIPS f o r  each  
c l e a v a g e  r e a c t i o n  o r  a d d i t i o n a l  molecule formed. 
e x t r a c t e d  c o a l s ,  t h e  e x t e n t s  o f  r e a c t i o n  i n c r e a s e  w i t h  t h e  s e v e r i t y  of t r e a t m e n t .  
For t h e  p y r i d i n e - e x t r a c t e d  c o a l ,  we do not  know how much BnNH is i n c o r p o r a t e d  per  
c l e a v a g e ,  b u t  i f  t h e  r a t i o  i s  1, t h e r e  i s  about 350 i n  molecufar  weight u n i t s  
a s s o c i a t e d  wi th  each  bound BnNH2. 

s o l u t i o n s ,  b u t  t h e y  become p a r t l y  i n s o l u b l e  on  d r y i n g .  Thus,  one  EDA e x t r a c t  w a s  

The o b j e c t i v e  of  t h e  r e s e a r c h  r e p o r t e d  h e r e  was t o  d e t e r m i n e  t h e  k i n d s  and 
1 
i 

The k i n d s  and p r o p o r t i o n s  of C-0 and C-C 

T h i s  paper  i s  an  

A l l  o f  t h e  work r e p o r t e d  h e r e  was done wi th  a b e n e f i c i a t e d  I l l i n o i s  No. 6 c o a l ,  

Some O f  

One TIPS f r a c t i o n  o f  - 

i n  t h e  range  550-1550. A f t e r  h y d r o l y s i s  of  a T I P S  f r a c t i o n  by a l c o h o l i c  KOH, 
350 t o  1430, H / C  r a t i o s  ( a  

S t r o n g l y  b a s i c  amines have long  been known t o  d i s s o l v e  more c o a l  than  
We now a t t r i b u t e  t h e  h igh  s o l u b i l i t i e s  of  c o a l s  i n  t h e s e  s o l v e n t s  t o  

T h i s  c o n c l u s i o n  comes 
A f t e r  t h e s e  

With b o t h  TIPS and pyr id ine-  

The amine e x t r a c t s  from long  r e a c t i o n s  of c o a l  a t  100" a r e  a p p a r e n t l y  t r u e  
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c e n t r i f u g e d  and d r i e d  a t  76' and 1 t o r r ,  bu t  t h e n  on ly  90.5% was s o l u b l e  in EOA and 
on ly  24% was s o l u b l e  i n  p y r i d i n e  on r epea ted  e x t r a c t i o n s .  
cons ide red  t o  be e q u i v a l e n t ,  t h e  e x t r a c t  w a s  c e n t r i f u g e d  i n  an  o r d i n a r y  Centr i -  
fuge.  Another 1 .5  hour s  a t  30,000 g then produced no a d d i t i o n a l  p r e c i p i t a t e .  
Nearly a l l  t h e  s o l v e n t  was t h e n  removed from t h e  s o l u t i o n  and 200 mL of p y r i d i n e  w a s  
added t o  a 1-g sample. 
e x t r a c t i o n s  b u t  t h e  h i g h  s o l u b i l i t y  in p y r i d i n e  was unprecedented.  
t h i s  h igh  s o l u b i l i t y  is due  t o  t h e  omission of t h e  f i r s t  d r y i n g ,  b u t  t h e  presence of 
a few t e n t h s  of 1% of  BnNH2 i n  t h e  p y r i d i n e  may a l s o  have had some e f f e c t .  
d r y i n g  may p a r t l y  r e v e r s e  t h e  c l e a v a g e  o r  cause  condensa t ion  in o t h e r  ways. 

Other  Cleavage of TIPS 

and sodism, a i s o  c l e a v e  TIPS, presumably a t  C-0 bonds a s  r e p o r t e d  a t  t h e  Houston 
meet ing.(4)  
o r i g i n a l  TIPS molecu le ,  a s  measured by M . A f t e r  a l lowance f o r  bound ha logens ,  t h e  
ca rbon  r e c o v e r i e s  were u s u a l l y  90-95%. Re assume t h a t  t h e  mis s ing  m a t e r i a l  was low 
molecular  weight  wa te r - so lub le  o r  v o l a t i l e  m a t e r i a l .  l o s t  i n  t h e  workup and t h e r e f o r e  
t h a t  t h e  numbers in 'Cable 2 a r e  minimum v a l u e s .  However, t o  t h e  e x t e n t  t h a t  t h e  
p roduc t s  c o n t a i n  s a l t s  o r  o t h e r  i m p u r i t i e s  ( f o r  which w e  have no ev idence ) ,  t h e  
numbers in Tab le  2 a r e  too  l a r g e .  

A TIPS f r a c t i o n  of  M 1283 was t r e a t e d  f o r  7-15 days a t  90°C w i t h  hydrogen 
i o d i d e  i n  s o l u t i o n  i n  py ryd ine ,  t o l u e n e ,  O K  wa te r .  
weight  peak in t h e  TIPS d i sappea red  almost  comple t e ly  and was r e p l a c e d  by low 
molecular  weight  peaks.  S i m i l a r  b u t  incomplete  changes Occurred i n  to luene  and 
wa te r .  The r e a c t i o n  of H I  i n  p y r i d i n e  r e s u l t e d  in r ecove ry  of 4.4 moles of product  
p e r  1283 g of TIPS and i n c o r p o r a t i o n  of 3.03 g-atoms of i o d i n e  per  i n i t i a l  mole of 
TIPS. 
p r o d u c t ,  i n  good agreement w i t h  t h e  M d a t a  c o n s i d e r i n g  t h a t  t h e r e  was 6% loss of 
carbon and t h a t  t h e  i o d i d e  h y d r o l y s e s n a t  room t empera tu re .  

D i s t r i b u t i o n  o f  Oxygen i n  a TIPS F r a c t i o n  

ester group per ave rage  molecu le  and r e a c t i o n  wi th  H I  o r  ZnCIZ  g i v e s  - 1.2 
a d d i t i o n a l  c l e a v a g e s  p e r  TIPS molecule .  The phenol  c o n t e n t  co r re sponds  t o  3.5 
oxygen atoms p e r  a v e r a g e  molecule .  The n e t  r e s u l t  is t h a t  t h e s e  t h r e e  f u n c t i o n a l  
g roups  account f o r  64% o f  t h e  14.4% oxygen in o u r  c o a l .  T h e s e  r e s u l t s  are compared 
w i t h  r e s u l t s  of o t h e r s  in Tab le  4. The p r i n c i p a l  d i f f e r e n c e  is t h a t  w e  r e p o r t  as 
e s t e r s  what o t h e r s  r e p o r t  as ca rboxy l  g roups .  

Although t h e r e  is l i t t l e  doub t  abou t  t h e  c l eavage  o f  e t h e r s  by hydrogen i o d i d e ,  
o r  Of e s t e r s  by amines,  t h e  c l e a v a g e  of e t h e r s  by EOA and BnNH2 h a s  no precedent  in 
t h e  l i t e r a t u r e .  We have t r e a t e d  model e t h e r s  w i t h  t h e s e  amines f o r  long per iods  a t  
100°C, sometimes in t h e  p re sence  of an  e q u a l  weight  of c o a l ,  bu t  we  have found no 
ev idence  o f  r e a c t i o n  w i t h  benzyl  phenyl  e t h e r ,  d i h e x y l  e t h e r ,  4-hexyloxyphenol, o r  
t r i m e t h y l e n e  ox ide .  
e f f e c t s ,  w e  see no a l t e r n a t i v e  t o  e t h e r  c l eavage  by amines. 
of condensed a romat i c  n u c l e i  o r  t h e  uneven c o n c e n t r a t i o n  of phenol  g roups (9 )  makes 
t h e  c o a l  e t h e r s  more r e a c t i v e .  

I n  a BnNH2 e x t r a c t i o n ,  

The t o t a l  s o l u b i l i t y  i n  Table 2 is c o n s i s t e n t  w i th  o t h e r  
We t h i n k  t h a t  

The 

S e v e r a l  o t h e r  r e a p e a r s ,  mos t ly  h a l i d e s  o r  s o u r c e s  of ha logen ,  bu t  a l s o  a c i d s  

Tab le  3 g i v e s  t h e  a v e r a g e  Zumbers of molecules  r ecove red  from an  

By GPC,  t h e  high-molecular 

From t h e  i o d i n e  c o n t e n t  of t h e  p roduc t ,  we would expec t  4.03 molecules  of 

A TIPS f r a c t i o n  o f  Mn 1090, by r e a c t i o n  w i t h  a l c o h o l i c  KOH, c o n t a i n s  - 0.8 

However, s i n c e  t h e  amines and t h e  h a l i d e s  produce s i m i l a r  
Pe rhaps  t h e  involvement 

Ox ida t ions  of Coal F r a c t i o n s  
We r e p o r t e d  most o f  o u r  work on  c o a l  f r a c t i o n s  a t  t h e  A t l a n t a  Mee t ine . l l 0 )  W e  - .--, ~ 

aimed a t  maximum recove ry  o f  "b l ack  a c i d s " ,  s l i g h t l y  s o l u b l e  i n  weak aqueous b a s e ,  
w i t h  minimum l o s s  o f  ca rbon .  
w i t h  d i f f e r e n t  o x i d i z i n g  a g e n t s ,  t o  g i v e  u s  i n f o r m a t i o n  on b reakab le  C-C bonds i n  
c o a l .  For  o x i d a t i o n s ,  w e  used mos t ly  e x t r a c t e d  c o a l s  in suspens ion ,  and aqueous 
N a O C l  o r  oxygen in water a t  pH 13, add ing  sodium hydroxide t o  m a i n t a i n  t h e  pH, OK a 
suspens ion  i n  15-35% n i t r i c  a c i d .  
a c i d s  wi th  t h e  r e a g e n t s  named, w i th  E Five  
t o  10% y i e l d s  of wa te r - so lub le  a c i d s  Bere a l s o  o b t a i n e d .  

We expected i n v e s t i g a t i o n s  o f  t h e s e  b l a c k  a c i d s ,  made 

We o b t a i n e d  65-80% y i e l d s  on ca rbon  of b l a c k  
about  1000, and 12-20% los s  of carbon.  

Although t h e  n i t r i c  a c i d  
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o x i d a t i o n  products  had t h e  lowes t  H/C r a t i o s  (0 .65 from 0.73 i n  py r id ine -ex t r ac t ed  
c o a l )  o t h e r  d i f f e r e n c e s  among t h e  b l ack  a c i d s  were no t  obvious.  

Because t h e  y i e l d s  o f  b l a c k  a c i d s  w i t h  t h e  three m a i n  o x i d i z i n g  a g e n t s  were 
, s i m i l a r ,  we have compared t h e  b l a c k  a c i d s  wi th  r e s p e c t  t o  molecu la r  weight  d i s t r i -  

b u t i o n s  and wa te r  s o l u b i l i t y .  We used bo th  g e l  permeat ion chromtography (GPC) i n  
dimethylformamide and h igh  performance l i q u i d  chromatography (HPLC). s t a r t i n g  t h e  
e l u t i o n  wi th  10 mL of 25% n- ropano l  in wate r ,  fol lowed by n e a t  DMF. 
i n  a Waters column wi th  500 i pores ,  packed in DMF. HPLC s e p a r a t i o n s  were done on a 
Hamilton PRP-1 column. With each  column, t h e  f low r a t e  was 1 mL/min and a UV 
d e t e c t o r  a t  313 nn was used. S e v e r a l  known compounds were t e s t e d  on t h e  HPLC 
column: 2-naphthoic a c i d ,  t r ime l l i t i c  a c i d ,  p y r o m e l l i t i c  a c i d ,  and phenyl  benzoa te  
e l u t e d  a t  8-12 mL but  e v e r y t h i n g  e l s e  t e s t e d  (mos t ly  a romat i c  hydrocarbons,  some 
wi th  one  oxygen atom) e l u t e d  a t  24 mL o r  more. Thus t h e  HPLC column is mos t ly  a 
t e s t  f o r  water s o l u b i l i t y .  The p l o t s  of UV a b s o r p t i o n  a g a i n s t  r e t e n t i o n  t i m e  
c o n s i s t  mostly of f a i r l y  s h a r p  peaks w i t h  l i t t l e  a b s o r p t i o n  between we l l - sepa ra t ed  
peaks. 

R e s u l t s  on 11 b l a c k  a c i d s  a r e  summarized in Tab le  5 a r r anged  accord ing  t o  t h e i r  
o r i g i n s .  S e v e r a l  b l a c k  a c i d s  from N a O C l  o x i d a t i o n s  of p y r i d i n e - e x t r a c t e d  c o a l  were 
combined, d i s s o l v e d  i n  d i l u t e  b a s e ,  and f r a c t i o n a l l y  p r e c i p i t a t e d  by a d d i t i o n  of 
hydroch lo r i c  a c i d .  Sample F28D p r e c i p i t a t e d  between pH 5.5 and 5.0,  F29E between 
5.0 and 4.66. A s  expec ted ,  by GPC 28-D con ta ined  more of t h e  h i g h e s t  molecular  
weight  ( lowes t  r e t e n t i o n  volume) component a t  5 mL and less of t h e  lower molecu la r  
weight  m a t e r i a l s .  Sample F29E s u g g e s t s  t h a t  t h e  5.0 mL GPC peak co r re sponds  t o  t h e  
4.3 ML HPLC peak, b u t  t h e  correspondence is poor w i t h  Sample F29D. We s u s p e c t  t h a t  
t h e  5.0 mL GPC peak is no t  as homogeneous as i t  appea r s  and t h a t  t h e  wa te r - so lub le  
components a r e  po lyca rboxy l i c  a c i d s  t h a t  a r e  a s s o c i a t e d  i n  DMF. 

i n  Table  5. 
d a t i o n s  by sodium h y p o c h l o r i t e ,  50% n i t r i c  a c i d ,  and Ce4+ are r e l a t i v e l y  seve re .  
The most 5.0 mL component came from an o x i d a t i o n  w i t h  oxygen i n  wa te r  suspens ion  a t  
pH 1 3  and 50°C; t h i s  r e a g e n t  i s  a p p a r e n t l y  t h e  m i l d e s t  and most s e l e c t i v e  of t h o s e  
t h a t  we have used. However, 35% n i t r i c  a c i d  gave more lower molecu la r  weight  and 
wa te r - so lub le  m a t e r i a l  w i thou t  much s a c r i f i c e  of ca rbon  r ecove ry .  

By HPLC, f i v e  of  t h e  e l e v e n  b l a c k  a c i d s  gave a t  l e a s t  46% of t h e  4.3 mL com- 
ponent and seven o f  t h e  e l e v e n  have a 27.8 mL component t h a t  i s  e i t h e r  t h e  l a r g e s t  
o r  second l a r g e s t  component. S ix  of t h e  b l a c k  a c i d s  in Table 3 c o n t a i n  more t h a n  
70% of one component by e i t h e r  GPC o r  HPLC ( u n d e r l i n e d  in t h e  Table) ;  two of them 
show more than 70% of one component on b o t h  columns. 
T l O B ,  r e p r e s e n t s  68% recove ry  of  carbon i n  t h e  c o a l  f r a c t i o n .  
r e c o v e r i e s  of s o l u b l e  ca rbon  and t h e  d i f f e r e n t  e f f e c t s  o f  o x i d i z i n g  a g e n t s  on t h e  
a l i p h a t i c  and a romat i c  p o r t i o n s  o f  c o a l ,  t h e s e  chromatographic  methods o f f e r  con- 
s i d e r a b l e  p o t e n t i a l  f o r  de t e rmin ing  some ave rage  s t r u c t u r e s  i n  unprocessed c o a l .  

Ox ida t ions  wi th  m-Chloroperbenzoic Acid (MCPA) 
The o b j e c t i v e  of  t h i s  work was t o  de t e rmine  t h e  p r o p o r t i o n  of s i n g l e  methylene 

groups a s  connec t ing  l i n k s  between condensed systems in c o a l .  Th i s  problem evolved 
i n t o  a s e a r c h  f o r  d i a r y l  ke tones  i n  t h e  b l a c k  a c i d  o x i d a t i o n  p roduc t s  of c o a l  f r a c -  
t i o n s .  
e s t e r s ,  which were then  s a p o n f i f i e d .  The c r i t i c a l  measurement is a d e c r e a s e  i n  B 

wate r - in so lub le  p roduc t s  t h a t  w e  recovered from t h e  saponif icat io: ;  t h e  water- 
s o l u b l e  p roduc t s  were presumably t h e  lowes t  molecular  weight  m a t e r i a l .  
of four  experiments  d e s e r v i n g  c o n s i d e r a t i o n ,  t h e r e  w a s  a 2-9% i n c r e a s e  i n  % of t h e  
recovered a c i d s .  
t h e s e  b l a c k  a c i d s  r e p r e s e n t  on ly  18% of  t h e  ca rbon  i n  a TIPS f F a c t i o n  t h a t  w a s  
ox id i zed  wi th  50% n i t r i c  a c i d .  
ke tones  i n  t h e  b l a c k  a c i d s ,  b u t  even t h e n ,  t h e i r  p r o p o r t i o n s  were b a r e l y  measurable  
by our  MCPA method. 

GPC was done 

The 5.0 mL GPC component i s  t h e  major GPC component in most o f  t h e  b l a c k  a c i d s  
Except ions a r e  b l a c k  a c i d s  T74B, U60B, and U85A, which show t h a t  degra-  

One of t h e  l a t t e r  b l a c k  a c i d s ,  
Because of ou r  h i g h  

The d i a r y l  k e t o n e s  were expected t o  react w i t h  MCPA t o  conve r t  them t o  

t on s a p o n i f i c a t i o n  of t h e  e s t e r s .  However, we cou ld  measure t h e  R on ly  on t h e  

In t h r e e  out  

In one experiment ,  t h e r e  was a d e c r e a s e  i n  E from 410 to"391, but 

We propose t h a t  t h i s  o x i d a t i o n  concen t r a t ed  d i a r y l  
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These  r e s u l t s  i n d i c a t e  t h a t  t h e r e  a r e  no i m p o r t a n t  p r o p o r t i o n s  o f  b r i d g i n g  
methylene groups  i n  our  c o a l ,  b u t  our method i s  i n s e n s i t i v e .  However, t h e  n e x t  
s e c t i o n  shows t h a t  t h i s  c o n c l u s i o n  is c o n s i s t e n t  w i t h  most of  t h e  ev idence  from t h e  
l i t e r a t u r e .  

Cleavages i n  Diphenyla lkanes  
L i t e r a t u r e  d a t a  o n  breakdown of a , w d i p h e n y l a l k a n e s  a r e  summarized i n  Table  . .  

6. These hydrocarbons a r e  d e s i g n a t e d  by t h e  number of  methylene groups t h a t  t h e y  
c o n t a i n .  
d iphenylpropane  is most r e a c t i v e ,  followed by diphenylmethane and d iphenyle thane .  
A l l  t h e  hydrocarbons wi th  c t o  i m e t h y l e n e  groups  were c racked;  ehe e x t e n t s  of 
r e a c t i o n  ranged o n l y  from 32 t o  83%. 
most r e a c t i v e  bond i n  csa: because  a v e r y  small y i e l d  of dihydroxydiphenylmethane, 
ir. s-liich both  aryl-CH2-aryl bonds were broken ,  was o b t a i n e d .  
r e f e r e n c e s  in T a b l e  5 i n d i c a t e  t h a t  i n  t h e  absence  of A l C 1 3  O K  BF3 L i s  t h e  l e a s t  
r e a c t i v e  o f  t h e s e  hydrocarbons and t h a t  t h e r e  may not  b e  much of t h i s  k i n d  of bond 
present  i n  c o a l  anyway. Two r e f e r e n c e s  i n d i c a t e  t h a t  e t h e r  l i n k s  break  more e a s i l y  
t h a n  C-C bonds.  In terms o f  bond e n e r g i e s ,  t h e  phenyl-C bonds are s t r o n g e s t .  In 
terms o f  o u r  p r o j e c t  o b j e c t i v e ,  t h e  C-C bonds t h a t  a r e  b r e a k a b l e  i n  c o n v e n t i o n a l  
c o a l  l i q u e f a c t i o n  appear  t o  be m o s t l y ,  perhaps  e n t i r e l y ,  in sequences  o f  two or  more 
methylene groups .  

The f i r s t  r e f e r e n c e  shows t h a t  wi th  A1C13 and H2 a t  325'C, 1,3- 

The second r e f e r e n c e  i n d i c a t e s  t h a t i h a s  t h e  

However, a l l  t h e  o t h e r  

Summary and  Conclus ions  
We h a v e  shown t h a t  44% of t h e  carbon in our  b e n e f i c i a t e d  I l l i n o i s  No. 6 c o a l  

c a n  be d i s s o l v e d  by c l e a v a g e  of e s t e r  and e t h e r  l i n k s  by amines,  a c i d s ,  o r  i o d i d e s  
a t  100°C and a tmospher ic  p r e s s u r e .  
made s o l u b l e  i n  weak aqueous b a s e  by o x i d a t i o n  a t  60°C o r  below. One p r a c t i c a l  
problem in c o a l  l i q u e f a c t i o n  is now t o  t r y  t h e  u s e  of  cheaper  r e a g e n t s  t o  break  
e s t e r  and e t h e r  l i n k s ,  and t o  de termine  what tempera tures  and p r e s s u r e s  are 
r e q u i r e d .  Other  p r a c t i c a l  problems a r e  t o  reduce  t h e  consumption of  base  i n  
o x i d a t i o n s  w i t h  oxygen (pH 13 h a s  b e e n  r e q u i r e d )  and t o  s e e  i f  oxygen c a n  r e p l a c e  
p a r t  o f  t h e  sodium h y p o c h l o r i t e  or n i t r i c  a c i d  used f o r  o x i d a t i o n s .  Some remarks o n  
o u r  p r o g r e s s  a r e  expec ted  t o  b e  made a t  t h e  meeting. 

Up t o  80% of t h e  remaining carbon c a n  then  be 
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Table 1 

3EP'JTIONS OF ILLJNOIS NO. 6 COAL WIT3 EXCESS BnNH2 

Pyr id ine  e x t r a c t i o n  + 18.1% s o l .  + 81.9$ i n s o l .  

TIPS (toluene-insol.,pyr.-sol.), y i e l d s  corrected. 

Moles/1090g TIPS 
Rn TIPS BnNH2 % N  

No e x t r a c t i o n  1.68 1090 1.0 0 

24 h a t  23O 2.79 534 2.0 1.1 

9 d a t  looo 3.31 379 2.9 1.7 

Pyr id ine- inso luble ,  y i e l d s  c o r r e c t e d  (%N) 

4 h a t  23' 

16 d a t  23O 

11 d a t  1000 4 45.7% sol.(5.11)+ 52% i n s o l . ( S r 1 3 )  

3 1.35 s01.(4.36) + 97% inso1.(3.49)  

--c 7.3< sol . (4 .12)  

Table  2 

EXHAUSTIVE EXTRECTION OF ILL. 6 COAL 
BY BnNH2 

Carbon r e c o v e r i e s  
a f t e r  c o r r e c t i o n  

f o r  bound amine 

Soluble  i n  p y r i d i n e  42.7% 

Soluble  i n  BnNH2, 
not  i n  p y r i d i n e  1.5 

Undissolved 54.2 

Unaccounted f o r  1.6 
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Table  3 

MOLECULES FOETIED BY CLEAVASE OF ONE KOLECULE TIPS 
(most ly  i n  v y r i d i n e  s o l u t i o n )  

Reagent Molecules Re e gen t Mo 1 ec ules  

ZnC12 3.1 p-C 7H7SO3H 1.6 

L i  I * H20 3 . 1  
Ne in NH? + 1.6 

ZnBr2 3.0 Bum2 

Pyr id ine -HI  2.7 ?!e S i  I 1.5 
Me1 neat 2.0 LiClOJ, 1.4 
Eenzylemine 1.8 HBr 1.3 

BnMe3N+I’ 1.7 12 1.1 

Table 4 
OXYGEN DISTRIBUTIONS I N  COALS 

D i s t r i b u t i o n  of 0 
Coal %C daf  $0 OH C=O C02H Ether’1:ert Ref. 

A 79.4 12.5 48 1; 6 18 B 1 aurn ik 
E 83.0 8.4 50 2 26 it) HI 
C 88.0 4.0 30 5 0 40 25 1962.,5 
K-I 78.2 15.1 16 4 5 8 67 
K - I 1  81.1 11.7 11 5 76 WRChQWska 
K - I 1 1  87.0 6.0 5 2 25 651 OH chgnge 
K-N 87.9 4.5 8 61 23 1977 
A 92.6 4.2 5 28 67 
Canedian 89.4 3.9 24 8 48 20 Wachouska 

Ill. 6 82.5 6.7 36 6 10 42 6 Ruberto 
Subbit .  77.3 16.2 35 6 27 6 26 1978 

111. 76.0 14.4 36 ester16 12; 36 This peper 

1979 7 
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Table  5 c I’ .FRACTIONATIONS OF EL!.CK ACIDS BY GPC 4HD HPLC 

Black Re ten t ion  Times, mLn. b 
Acid O r i g i n  Yie lea  GPC HPLC 

T74B TIPS NaOCl 74 10.0 12.1 5.0 27.7 3.5 11.5 
I No. 

45 28 27 5k 18 14 

, 

c 

T57B E3.4 e x t r a c t  

F28D Pyr-extd.c 

F29E Pyr-extd. 

43 5.1 7.7 8.1 23.7 4.8 4.3 
37 20 16 & 3 2 

5.0 10.4. 6.1~ 4.3 25.0 5.6 - 88 1 0  2 46 28 7 

5.0 6.8 7.0 4.3 27.9 31.1 a 9  8 7 1 2 5  3 
T33B EDA-extd. 62 5.0 9.5 12.3 25.6 4.0 28.2 

R56B 02 in II20 5.0 7.1 9.9 24.9 3.8 4.1 
56 41 3 53 27 6 

90 5 3 33 22 22 
TlOE E.nNHz-extd. 68 5.0 11.0 8.2 4.3 27.6 31.0 

L23E Pyr-extd. l!% HNO3 68 4.8 7.9 9.7 27.8 3.9 29.0 

- 76 -13 8 E 19 2 

- 77 18 3 51 23 18 

35$ 64 5.0 7.7 10.0 4.3 27.9 31.0 
53 32 15 62 36 2 

Q3A 

U6OE EDA-extd. 505 HNO? 18 8.1 10.5 9.7 4.6 28.0 31.1 
61 25 7 58 38 3 

U85.4 TIPS CeL+ 54 8.2 5.2 10.7 25.7 4.3 6.0 

a vie12 of black  a c i d  from i n d i c a t e d  s u b s t r g t e ,  on  cerbon. 

58 20 17 40 34 9 

The numbers on t h e  seccnd lines f o r  e sch  r e t e n t i o n  t imes  e r e  
the  pe rcen t sges  of the  t o t e l  p roduc t s ,  2 s  ~ e a s u r e d  by a n  
u l t r e v i o l e t  d e t e c t o r .  

between pH 5.5-s.0corrs.0 t o  4.66d. 
c sd  Conbined b lack  a c i e s  from N s O C 1  o x i d a t i o n s  p r e c i c i t F t e d  

259 



Reagent 

T a b l e  6 
CLEAVAGES OF Ph-(CH*),-Ph 

A 1 C l . J  + H2 i n  
Cf,Hh, 90 m 

PhOH + BF? 

T e t r e l l n ,  18 h 

T e t r c l i n  + H2 
30 m 

Excess  t e t r a l l n  

Deca l in  + H * 
Ph3SnC1, f h 

'H NMR 

C O  + H?O, 1 h 

Temp., Order of  r e a c t i v i t y  
OC for n v a l u e s  

3 7 1- 2; 4 3 0 

1 

3 7 2 , 4  

2 > 1  

m o s t l y  e t h e r  s p l i t s  
2) 3 
N o  s l g n l f  l c a n t  amount 
o f  1 i n  THF-soluble 
pr  o&ct  s 

Reference 

Taylor,I1 
1980 

1930 

Cr;qnge€3 
Kuhlmann 

1981 Id 
~ i o t  t a  ,I7 

1 9 8 1  

3 7 2 7 1  Takemu 
E t h e r s  s p l i t  more e a s i l y  19815* 
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