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A t  temperatures between %350° and 425"C, the  molecular  s t r u c t u r e s  t h a t  charac- 
t c r i z e  coal a r e  r a p i d l y ,  and v.:ry obv ious i  , t;ansfornied i n t o  more s t a b l e  carbon con- 
f i g u r a t i o n s  through loss o f  " v o l a t i l e  ma t t k r ' l  (as t a r  and gas) .  
about p o s s i b l e  c o n f i y u r a t i o n a l  changes a t  lower temperatures. 
i n d i c a t e  s p e c i f i c  hea t  e f f e c t s  as endo- and exothernis from %200°C up; b u t  because en- 
t ha lpy  changes recorded i n  t h i s  manner i nc lude  s e n s i b l e  heats  as w e l l  as heats o f  
r e a c t i o n ,  i t  i s  d i f f i c u l t  to assess the  na tu re  o f  t he  chemical processes which produce 
t h e  thermoyrams. On the  o t h e r  hand, low-temperature.chemica1 changes, i f  such d i d  i n  
f a c t  occur ,  should be r e f l e c t e d  i n  the " r e a c t i v i t y "  o f  h e a t - t r e a t e d  coa l  - and, i n  
p a r t i c u l a r  i n  i t s  response t o  o x i d a t i o n ;  and i f  o x i d a t i o n  cou ld  be  performed so as t o  
y i e l d  i d a n t i f i a b l e  products ,  i t  should be p o s s i b l e  t o  d e t e c t  t h e  major  c o n f i g u r a t i o n a l  
changes i n  t h e  d i s t r i b t i t i o n  o f  o x i d a t i o n  products .  

But l i t t l e  i s  ltnowri 
Thermograms o f  coa l  ( 1 )  

Accord ing ly ,  s ince  i t  was p r e v i o u s l y  shown (2 )  t h a t  sodium hypochlor i . te  ox ida-  
t i o n  y i e l d s  r e l a t i v e ! y  s imp le  c a r b o x y l i c  ac ids  o f  which many cou ld  be i d e n t i f i e d  by 
gas chromatography (GC) and mass spect rometry  (MS) ,  we thought i t  p e r t i n e n t  t o  de te r -  
mine whether 'this technique, a l though i n v o l v i n g  s t i l l  n o t  f u l l y  un.ierstood r e a c t i o n  
paths,  could a l s o  be  used t o  m n i t o r  low-temperature changes i n  coa l .  The p'resent 
paper r e p o r t s  the f i r s t  r e s u l t s  o f  such an e x p l o r a t o r y  s tudy.  

.. Experimental and - Resul ts  __ 

For the  purposes o f  t h i s  i n v e s t i g a t i o n ,  two coa ls  - a Western A l b e r t a  I v b  coal 
w i t h  C = go%, and a Kentucky hvb coal w i t h  C = 85% - were used. 

10 g samples o f  these coals ,  each s i zed  t o  -60 +I15 mesh, were preheated i n  
he l i um f o r  2 h r  a t  t he  des i red  temperature, cooled, and then s t o r e d  under pure He 
u n t i l  re:)iii 'red. No s i g n i f i c a n t  weight  los.ses o r  changes in .  elemental composi t ions 
were observed w i t h  e i t h e r  coa l  up t o  375"C;but 5-10% weight  losses, and s l i g h t  (0.5- 
1.2%) increases i n  carbon contents ,  w i t h  corresponding reduc t i ons  i n  oxygen were noted 
a f t e r  preheat ing a t  390-400°C. , 

For t h e  o x i d a t i o n  experiments, 2 g (preheated) samples were f i r s t  "ac t i va ted "  
by r e a c t i o n  w i t h  ni t ron ium- te t ra f luorobora te  i n  a c e t o n i t r i l e , .  and t h e r e a f t e r  t r e a t e d  
w i t h  125 oil o f  an aq. 1.6 N sodium h y p o c h l o r i t e  s o l u t i o n  a t  60°C. The pH o f  t h e  re-  
a c t i o n  m ix tu re  was mainta ined a t  12 by adding NaOH p e l l e t s  a t  r e g u l a r  i n t e r v a l s ' .  When 
r e a c t i o n  was complete, t h e  m i x t u r e  was a c i d i f i e d ;  i n s o l u b l e  ma t te r  was f i l t e r e d  o f f ;  
and s o l u b l e  c a r b o x y l i c  a c i d s  were e x t r a c t e d  w i t h  e t h e r .  The res idua l  s o l u t i o n  was 
f reed  o f  water by low-pressure d i s t i l l a t i o n  a t  40"C, and s o l i d  m a t e r i a l  l e f t  beh ind  
was e x t r a c t e d  w i t h  anhydrous methanol. 

The e t h e r -  and methanol -ext racts  were then combined, conver ted t o  methy l  es te rs  
by r e a c t i o n  w i t h  diazomethane, and separated by g e l  permeation. Chromatography on  a 
(Water Assoc ia tes ' )  Poragel column i n t o  two f r a c t i o n s  w i t h  m l e c u l a r  we igh ts  > 6 0 0  
and <600 r e s p e c t i v e l y  ( f r a c t i o n s  A and B ) .  F r a c t i o n  B (mol. w t .  <600) was f u r t h e r  
subd iv ided  i n t o  "simple" (B , I )  and "complex," ( B , 2 )  a c i d s  by e l u t i o n  chromatography 
on a F l o r i s i I  column. (From t h i s  column, methy l  e s t e r s  o f  "complex" ac ids  cou ld  on l y  
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I:e'e!ljtzd w i t h  1 O : l  ch lo ro fo rm- ine tha~o l ,  w h i l e  eSters  of ' '5 im~i Ie ' '  ac ids  cou ld  be 
taken o f f  w i t h  pentane, hexane and 2 : l  hexane-chloroform.) 

The "simple" ac ids  ( f r a c t i o n  B , I )  were q u a n t i t a t i v e l y  anaiyzed by GC on O V - 1 7 /  
Chromcsorb WHP and rcFerence t o  peak area vs. concer,t i .at ion diagrams For a u t h e n t i c  
compounds. Uhere no a u t h e n t i c  compounds were avei  lob!e Por mcthyl e s t e r s  o f  t o luene  
ca rboxy l  i t  acids, concen t ra t i ons  were computed from response f a c t o r s  de r i ved  from 
those approp r ia te  f o r  t h e  methy l  e s t e r s  o f  benzene carhoxy l  i c  ac ids.  

De ta i l ed  study o f  t h e  o x i d a t i o n  p roduc ts  slioweci thaL the  raw and v a r i o d s l y  
preheated coais  f u r n i s h e d  s u b s t a n t i a l l y  i d e n t i c a l  amounts o f  carbon d iox ide  (F igu re  
I ) ,  b u t  . that  t h e r e  were s i g n i f i c a n t ,  though, complex, v a r i a t i o n s  i n  the  y i e l d s  o f  c a r -  
b o x y l i c  ac ids (F igures 2-6) and t h a t  these y i e l d s  depended on the  n a t u r e  o f  the coal  
as we1 1 as on t h e  preheat  temper.ature. Thus, w h i l e  the  I v b  coal had t o  be preheated 
t o  a t  l e a s t  350°C b e f o r e  i t  produced g r e a t e r  than the i n i t i a l  amounts of c a r b o x y l i c  
a c i d s ,  t he  hvb coal needed o n l y  t o  be preheated to  200°C be fo re  doing so (F igu re  2 ) .  

These obse rva t i ons  accord we1 i w i t h  enthalpy changks recorded by d i f f e r e n t i a l  
thermal ana lys i s  ( l ) ,  and a r e ,  i n  ou r  view, c l e a r l y  i n d i c a t i v e  o f  the rma l l y  induced 
a l t e r a t i o n s  of t h e  i n i t i a l  carbon c o n f i g u r a t i o n s  i n  t h e  two coals. 

F r a c t i o n  A - composed o f  ac ids  w i th  mol. wts .  i n  excess o f  600 - presumably 
represents  condensed a romat i c  fragments o f  the o r i g i n a l  and h e a t - t r e a t e d  samples; 
and i f  so, the f a c t  t h a t  y i e l d s  o f  t h i s  f r a c t i o n  increase w i t h  preheat  temperatures 
suggests t h a t  a romat i za t i on  begins a t  temperaturesas low as 150°C in  hvb coal and a t  
G!OO°C i n  I vb  coa l  (F igu re  3 ) .  

F r a c t i o n  B,2 - which represents  ove r  50% o f  t h e  t o t a l  a c i d  product  from each 
r ..L.,.p!c _.". a.zd ccqs i - t s  nf "rmnplex" ac ids  v i t h  m c l .  !,wt.=. <hCO - can he t? .n tn t i vn l y  i d e n t i  
f i e d  as o r i g i n a t i n g  in  coal  fragments t h a t  produce "prc-asphaitenes" i n  coal i iqueiaL-  
t i o n  processes (31, and v a r i a t i o n s  of t h e  y i e l d  o f  t h i s  f r a c t i o n  w i t h  preheat  tempera- 
t u r e  a r e  a l so  i n t e r e s t i n g  (F igu re  4 ) .  I n  t h e  case o f  I vb  coa l ,  B,2 y i e l d s  reach a 
maximum a t  375" and then  d e c l i n e  p r e c i p i t o u s l y  a t  390"C, b u t  t he  d e c l i n e  i s  compen- 
sated by an almost e q i v a l e n t  increase i n  t h e  y i e l d  o f  h i g h  molecular  weight  (>600) 
m a t e r i a l .  In  c o n t r a s t ,  B,2 y i e l d s  f rom the hvb -coa l  a t t a i n  a maximum a t  200°C, f a l l  
t o  minimum a t  300"C, and then r i s e  t o  another  maximum a t  400°C. 

The "simple" a c i d s  w i t h  mol. wts. -600 ( f r a c t i o i i  B , l ) ,  which were complete ly  
c h a r a c t e r i z e d  and i n v a r i a b l y  accounted. f o r  Z2-3O% o f  t he  t o t a l  a c i d  products ,  a r e  
e v i d e n t l y  produced From e a s i l y  o x i d i z a b l e  open s t r u c t u r e d  coal fragments; and from 
t h e  I v b  coa l ,  the y i e l d  o f  t h i s  f r a c t i o n  decreased s i e a d i  Iv as oreheat  temDeraturcs 
I-use. nowever, in  t n e  case o f  the hvb coal ,  t h e  y i e l d  was found t o  remain constant  
up t o  300"C, and t o  f l u c t u a t e  t h e r e a f t e r  ( F i g u r e  5) .  

F i n a l l y ,  some n o t e  must be taken o f  t he  d i s t r i b u t i o n  p a t t e r n  o f  penta-  and 
hexa-carboxy benzenes v i s - a - v i s  t h a t  o f  t r i -  and te t ra-carboxy to luenes.  Q u i t e  gen- 
e r a l l y ,  maxima f o r  benzenes and a!most c o i n c i d e n t  w i t h  minima and maxima o f  toluenes. 
B u t  he re  again, s i g n i f i c a n t  d i v fe rences  between I vb  and hvb coal a r e  observed. For 
t h e  I v b  coal ,  maxima o f  benzenes l i e  a t  175" and 375"C, w h i l e  f o r  t h e  hvb coal, they 
appear a t  350" and 400°C. Maximum y i e l d s  of to luenes were obta ined from Ivb  coal 
a f t e r  p rehea t ing  a t  300"C, and from hvb coa l  a f t e r  p rehea t ing  a t  150°C (F igures 6 
and 7 ) .  

We b e l i e v e  t h a t  these v a r i a t i o n s  i n  y i e l d  and d i s t r i b u t i o n  o f  carboxy ac ids 
a r e  b e s t  understood i n  terms of low-temperature i n t ra -mo lecu la r  i somer i za t i on  re -  
a c t i o n s  which modify t h e  ' i n i  t i a l  carbon-hydrogen c o n f i g u r a t i o n s  o f  t h e  coal w e l l  
be fo re  i t  begins t o  undergo thermal c rack ing .  O f  t he  two s p e c i f i c  processcs t h a t  
cou ld  be Postu la ted as e f f e c t i n g  such i somer i za t i on ,  one i s  trans-annular bond 
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foi- l i iai ior i  (Figure? 8) orid :he o t h c r  i s  i s o m e r i z a t i o n  o f  b e n z y l i c  carbon t o  a e t h y l -  
phenyl d e r i v a t i v e s  (F igu rc  8 )  and inarc c.om;~Ie:: r i n g  systems.' E i t h e r  chznge cou!d 
r e s d i l y  occur ac tenipe;stitres as l o w  as 150'C and c r e a t e  s t r u c t u r e s  suscep t ih le  t o  
o x i d a t i o n  by sod i uiii i i ypochlor  i t e .  

We note, i n  t h i s  connect ion,  t h a t  ether-oxygen also appears t o  p l a y  a major  
r o l e  i n  t h e  behaviour o f  coal  5 t  e levated ' temperatures ( 4 ) ;  b u t  whether o r  n o t  i so -  
m e r i z a t i o n  and/or cleavage o f  e the r - l i nkages  a l s o  occu r  a t  l o w  temperatures c o u i d  
n o t  be determincd i n  t h i s  s tudy,  s ince  h y p o c h l o r i t e  o x i d a t i o n  e a s i l y  degrades he te ro -  
c y c l i c  f unc t i ona l  elemerits under a c i d i c  as w e l l  as b a s i c  cond i t i ons .  
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Fig.  8 Possible i s o m e r i z a t i o n  path.  
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