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Recently a number of  industry-sponsored coa l  conversion p r o j e c t s  have s u f f e r e d  
)I s e t - b a c k s  i n  t h e  a c q u i s i t i o n  o f  government  f i n a n c i a l  s u p p o r t  t h a t  have a l l  but 

dismantled the  synfuels  i ndus t ry  i n  t h e  United S ta t e s .  Although the  requirement f o r  
I' reduced s u l f u r  emissions can be i d e n t i f i e d  a s  one of t h e  problems cu r ren t ly  holding 

high cos t  a s soc ia t ed  with l i que fac t ion  technology which has  been t h e  stumbling block 
f o r  p r i v a t e  corporate  inves to r s  and governmental agencies .  

I 
I back t h e  development of  d i r e c t  coa l  l i que fac t ion  processes .  it i s  t h e  p r o h i b i t i v e l y  
1: 

I n  undertaking t h i s  p r o j e c t .  we p roposed  t o  e x p l o r e  t h e  p o s s i b i l i t y  t h a t  a 
u s e f u l  f e e d s t o c k  cou ld  be prepared from coa l  using a t o t a l l y  d i f f e r e n t  approach t o  
t h e  basic  problem involved i n  f r a c t u r i n g  t h e  complex and h i g h l y  c r o s s l i n k e d  c o a l  
m a t r i x .  R a t h e r  t h a n  r e l y i n g  on thermal bond cleavage and hydrogen t r a n s f e r  under 
high pressure,  we bel ieved t h a t  a mild, l imi t ed  ox ida t ion  process  could achieve t h e  
d e s i r e d  d e p o l y m e r i z a t i o n  o f  c o a l .  Under s p e c i a l  cond i t ions  involving a so lven t  
capable of undergoing f r e e  r a d i c a l  ox ida t ive  chain r eac t ions .  C-C bond c l e a v a g e  i n  
t h e  c o a l  migh t  b e  a c h i e v e d .  Oxidat ion of coal .  even mild oxidat ion.  is g e n e r a l l y  
undesirable .  P r o g r e s s i v e  o x i d a t i o n  r e s u l t s  i n  d e s t r u c t i v e  d e g r a d a t i o n  - l o s t  
heat ing value and swel l ing p rope r t i e s .  and even i g n i t i o n  ( 1 . 2 ) .  A number of  s t u d i e s  
o f  c o n t r o l l e d  o x i d a t i o n  o f  c o a l  have been made (3-6). From these  s t u d i e s ,  it was 
apparent that even con t ro l l ed  oxidat ion is not s a t i s f a c t o r y  f o r  t he  l i q u e f a c t i o n  of 
coal .  

It i s  important,  however. t h a t  coa l  ox ida t ion  is bel ieved t o  be a f r e e  r a d i c a l  
process ( 7 - 1 6 ) .  From polymer c h e m i s t r y  i t  i s  w e l l  known t h a t  a c h a i n  r e a c t i o n .  
s i m i l a r  t o  those proposed f o r  coa l  conversion r eac t ions  a t  high temperatures.  occur  
r e a d i l y  between two r e a c t i v e  s u b s t r a t e s  u n d e r  o x i d i z i n g  c o n d i t i o n s .  a n d  a t  
t e m p e r a t u r e s  w e l l  below 400-450°C ( the  temperature range used commonly t o  achieve 
coa l  thermolysis) .  Figure 1 i l l u s t r a t e s  t h e  system we proposed ( 1 7 ) .  R I H  and R 2 H  
represent  two hydrocarbon subs t r a t e s - - in  our  case  a so lven t  and coal .  Free r a d i c a l  
i n i t i a t i o n  t o  produce R i  The r e a c t i o n  w i t h  
p u r e  oxygen o r  a i r  t o  form R 00. h a s  a n  a c t i v a t i o n  energy of  -0. Abs t rac t ion  of  
hydrogen can involve l a b i l e  carlbon-hydrogen bonds i n  e i t h e r  R H o r  R H .  and t h e  
cycles  shown i n  t h e  f i g u r e  can be repeated a number of t imes.  h e  p r o d i c t s  of t h i s  
co-oxidat ive f r e e  r a d i c a l  c h a i n  r e a c t i o n  a r e  h y d r o p e r o x i d e s .  Cumene ( i s o p r o p y l  
benzene )  i s  a hydrocarbon which i s  known t o  undergo t h e  kind of ox ida t ion  r e a c t i o n  
desc r ibed  i n  F i g u r e  1. We have  chosen  i t  a s  o u r  p r i n c i p l e  s o l v e n t .  Using an 
i n i t i a t o r .  and i n  some c a s e s  a s m a l l  q u a n t i t y  o f  a t r a n s i t i o n  metal  ion.  cumene 
hydroperoxide can be produced a t  80'-100°C (18). I n  d i l u t e  acid a t  a temperature a s  
low a s  6OoC. t h e  decomposition of cumene hydroperoxide r e s u l t s  i n  C-C bond s c i s s i o n .  
Thus, we p roposed  t h a t  a n a l o g o u s  s c i s s i o n  c o u l d  b e  induced i n  t h e  c o a l  m a t r i x  
s u b s e q u e n t  t o  t h e  o x i d a t i v e  f o r m a t i o n  o f  t h e  & h y d r o p e r o x i d e .  R 008. We ' 
predicted t h a t  t h e  C-H bond energy of  t e r t i a r y  (-CH-) and secondary (-CH2-f b r idg ing  
s i t e s  i n  coa l  i s  comparable t o  t h a t  of t h e  C-H bond i n  cumene. 

i s  a r e l a t i v e l y  low e n e r g y  p r o c e s s .  

-. Three c o a l s  were s e l e c t e d  f o r  t h i s  s t u d y .  A l l  were w e s t e r n  
Kentucky hvB o r  hvC bituminous coa l s  obtained from t h e  coa l  bank a t  Western Kentucky 
U n i v e r s i t y .  The e l e m e n t a l  a n a l y s i s  f o r  each coa l  i s  given i n  Table I. The c o a l s  
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were not d r i ed  be fo re  use. Determination of t h e  optimum condi t ions  f o r  co-oxidation 
involved a number of va r i ab le s :  so lvent .  temperature.  p r e s s u r e .  and r e a c t i o n  t i m e  
were i d e n t i f i e d  a s  t h e  f o u r  p r i n c i p l e  va r i ab le s .  These were va r i ed  within l i m i t s  
se lec ted  a s  a u s e f u l  range f o r  u l t ima te  commercial a p p l i c a t i o n .  Tempera tu res  were  
t e s t e d  i n  t h e  r a n g e  30-185OC; gas  pressures  were va r i ed  from 1-7 atmospheres (0.1- 
0.7 m a ) ;  r e a c t i o n  t imes  were 0.5-24 hours. Solvents t e s t e d  are l i s t e d  i n  Table 11. 

Typically.  10 g coa l  (-60 mesh). 100 m l  so lven t .  and 1.0 g o f  i n i t i a t o r  were 
used. For r e a c t i o n s  a t  atmospheric pressure ,  a i r  of oxygen was passed continuously 
in to  the r eac t ion  s l u r r y  a t  a r a t e  s u f f i c i e n t  t o  m a i n t a i n  a m o d e r a t e l y  t u r b u l e n t  
s y s t e m .  A t  e l e v a t e d  t e m p e r a t u r e s  (above  t h e  normal  b.p. o f  t h e  s o l v e n t )  o r  
pressures.  t he  r e a c t a n t s  were cha rged  t o  a 300 m l  s t a i n l e s s  s t e e l  P a r r  r e a c t o r  
( equ ipped  w i t h  m e c h a n i c a l  s t i r r i n g  and tempera ture  c o n t r o l )  which was sea led  and 
pressur ized  wi th  oxygen a s  des i red .  The f r e e  r a d i c a l  i n i t i a t o r s  which were used i n  
each  t e m p e r a t u r e  r a n g e  were a z o b i s i s o b u t y r o n i t r i l e  (65-88OC). d i t e r t i a r y  bu ty l  
peroxide (117-143°C). t e r t - b u t y l  hydroperoxide (121-147OC) and cumene hydrope rox ide  
(154-194OC) ( 1 9 ) .  

A f t e r  e a c h  r e a c t i o n .  t h e  s l u r r y  w a s  cooled and f i l t e r e d  t o  recover  the  coal.  
The coal was washed wi th  ace tone  and was d r i e d  f o r  a minimum of  16 hours a t  15OoC i n  
an evacuated dry ing  oven. 

For r e a c t i o n s  u s i n g  cumene. g a s  ch romatograph ic  a n a l y s i s  o f  t h e  r e a c t i o n  
f i l t r a t e  was used t o  d e t e c t  t h e  ex ten t  of ox ida t ion  o f  t h e  so lvent .  The t i t r i m e t r i c  
method d e s c r i b e d  by Lundberg (20) was used  t o  d e t e c t  hydroperoxides i n  t h e  coa l  
a f t e r  eo-oxidation. For t h i s  t e s t ,  2 g sodium i o d i d e  and  25 ml a c e t i c  a c i d  were 
purged  5 m i n u t e s  w i t h  n i t r o g e n .  The d r i e d .  co-oxidized coa l  w a s  s l u r r i e d  in  the  
so lu t ion  f o r  a minimum of 25 m i n u t e s  and t h e  n i t r o g e n  purge  was con t inued .  The 
s o l u t i o n  was d e c a n t e d  and immedia te ly  t i t r a t e d  p o t e n t i o m e t r i c a l l y  w i t h  sodium 
t h i o s u l f a t e .  A blank waa run a s  wel l  a s  a t e s t  u s ing  a 1% s o l u t i o n  of  commercial  
cumene hydroperoxide. 

Elemental a n a l y s i s  of  co-oxidized coa l  was ca r r i ed  out .  This d a t a  i s  included 
I n f r a r e d  ana lys i s  was c a r r i e d  out on s e l e c t e d  samples  o f  co -ox id ized  

A Nicole t  10-MX FT-IR was used t o  
i n  Table I. 
c o a l .  
ob ta in  the  spec t r a .  

A 1% by w e i g h t  K B r  sample  was prepared. 

The decomposition. v i a  C-C bond sc i s s ion ,  of hydroperoxides i s  c r i t i c a l  t o  t he  
s u c c e s s  o f  t h i s  p rocess .  Although hydroperoxides a r e  gene ra l ly  thermal ly  uns tab le  
and can be decomposed by hea t .  s eve ra l  methods were t e s t e d  u s i n g  co -ox id ized  c o a l .  
These a re  shown i n  Table 111. 

Soxhlet e x t r a c t i o n  in  r e f lux ing  N.N-dimethylformamide (DMF) was used t o  determine 
whether  c o - o x i d a t i o n  had i n c r e a s e d  t h e  e x t r a c t a b i l i t y  of t h e  c o a l .  Dup l i ca t e  
samples (-5g) were weighed  i n t o  p r e - d r i e d  and  pre-weighed c e l l u l o s e  e x t r a c t i o n  
th imbles .  The DMF vas  replaced 
by methanol which was used t o  r i n s e  t h e  coa l  f o r  a minimum of 6 hours. The thimbles 
and res idue  were d r i e d  i n  vacuo a t  15OoC. The weight loss was used t o  c a l c u l a t e  t h e  
weight percent e x t r a c t e d .  E x t r a c t i o n  v a l u e s  r e p o r t e d  h e r e  a r e  r e l a t i v e  t o  t h e  
e x t r a c t i b i l i t y  of t h e  raw coal.  

E x t r a c t i o n  wi th  DMF was ca r r i ed  out  f o r  24 hours. 
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Table I 

Analyses of Coals be fo re  and a f t e r  Co-oxidation (Se lec ted  T r i a l s )  

Coal ( T r i a l )  M** VM Ash C B N S 0** 

9100 7.09 40.6 8.36 
(1-40a) 1.67 37.01 7.68 

9036 5.33 46.8 6.44 
(253b) 0.87 36.59 5.71 

7827 2.84 35.88 9.49 
(66'J 2.01 36.64 9.28 
(A-1 ) 0.45 37.06 9.32 
(A-Ze) 1.08 35.86 9.51 

74.08 
73.72 
76.48 
75.38 
74.49 
75.20 
73.59 
73.10 

5.11 
5.05 
5.37 

1.50 3.59 
1.68 2.93 
1.60 3.29 

5.09 2.08 2.71 
5.22 1.53 3.33 
5.24 1.50 3.10 
5.00 1.58 3.19 
4.98 1.56 3.01 

7.34 

6.79 
9.03 
5.94 
5.68 
7.32 
7.84 

8.94 

** 
Moisture. a s  determined; Oxygen by d i f f e rence ;  o the r  va lues  on dry  b a s i s  

i 2  hr.. 1 atm., 90°C8 1 O : l  (v/w) Cumene:Coal 
15 hr.. 1 atm.. 115 C. 1 O : l  (v/w) Cumene:Coal + 0.1U Co(ac)2 and 0.1 M H B r  

dc0.5 hr.. 20 p ~ i g . ~ O ~ .  165OC. 15:l (v/w) Cumene:CoaI 
3 hr.. 1 atm.. 90 C 15:l (v/w) Cumene:Coal 

e2 hr.. 20 psig.  02. 115OC. 2:l (v/w) Cumene:Coal. + 0.1H Co(ac)2 and 0.1H EBr 

Table I1 

so lvent  Screeninga 

Solvent 

Cumene 
Benzon i t r i l e  
o-dichlorobenzene 
Dipheny lmet hane 
Fluorene 
T e t r a l i n  
Diphenylether 

+ 7  
-18 
-16 
- 4  

+ 1  
- 2  

oc . -2d. -10e 

:Oxidation: 2 hr.. 100°C. 1 atm.. 1O: l  (v/w) Cumene:Coal 

X = W t .  sample - W t .  ressid./Wt. sample x 100. 
is  r e l a t i v e  t o  t h e  e x t r a c t i o n  of unoxidized coa l .  

24 hour Soxhlet  ex t r ac t ion .  6 hr. MeOH r inse .  15OoC vac. d ry ;  
W l u e  shown 

;ZOX (w/v) i n  Cumene 

e20% (w/v) i n  b e n a o n i t r i l e  
20% (w/v) i n  o-dichlorobenzene 

Re.sulfs 

Table I1 through Table VI summarize t h e  r e s u l t s  of  approximately 200 r e a c t i o n  
t r i a l s .  Each p iece  o f  d a t a  was determined by mul t ip l e  t r i a l a .  Table I1 shows t h a t  
cumene was t h e  most e f f e c t i v e  so lvent  t e s t ed .  Benzoni t r i le .  o-dichlorobenzene and 
d iphenyle ther  were t e a t e d  because of t h e i r  r e l a t i v e l y  h igher  b o i l i n g  poin t .  
were not  expected t o  p a r t i c i p a t e  i n  co-oxidation. 

Table IV shows t h e  e f f e c t  of temperature and the  e f f e c t  of pressure  above 

They 

atmospheric ( 1  a t m  - 0.101 MPa - 14.696 ps ig ) .  
by t h e  da t a  a t  a temperature above 100°C o r  above atmospheric pressure  of  a i r  (or  
oxygen). 

No enhanced s o l u b i l i t y  is indica ted  
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Table I11 

Ef fec t  of Post-Treatment on Ext rac t ion  of  Co-oxidized Coala 

Treatmnnt 

Thermolysis a t  26OoC 10 min. -18 t o  +5 
Sat'd aq. K I  i n  KoAc/CHC13 

25OC 
2 - 15 hrs .  

6OoC 
2% H2S04 i n  acetone; 6OoC. 2 hr .  
N H neat  o r  10% i n  O-C12Benzene 

2240c 
2 - 24 hrs .  

6OoC 

-2 t o  0 

+4 

+4 

:Oxidation: 2 h r .  a t  100°C. 1 atm. 02. 10:1 (v/w) Cumene:Coal 
24 hour Soxhlet  ex t r ac t ion .  6 hr .  MeOH r inse .  15OoC vac dry ;  

% = W t .  sample-Wt. resid./Wt. sample x 100. Value shown i s  
r e l a t i v e  t o  t h e  e x t r a c t i o n  of unoxidized coa l .  

Table  V summar izes  t h e  r e s u l t s  of t r i a l s  us ing  var ious  combinations of  mixed 
so lven t s  t e s t e d .  Dimethylformamide d r a s t i c a l l y  i n h i b i t e d  t h e  o x i d a t  i o n  of  cumene 
i t s e l f .  and has  b e e n  repor ted  t o  undergo f r e e  r a d i c a l  add i t ion  r e a c t i o n s  (21).  Of 
t h e  o ther  so lvent  systems. a c e t i c  acid i n  dioxane showed the  most promise. Overa l l .  
however. t h e r e  was l i t t l e  evidence t h a t  t h i s  type of r e a c t i o n  medium could overcome 
t h e  b a r r i e r  being c o n s i s t e n t l y  encountered. 

The d a t a  i n  Table  V I  show t h a t  t h e  e x t r a c t a b i l i t y  of the  coa l  has been enhanced 
by t h e  c o - o x i d a t i o n  r eac t ions  which were c a r r i e d  out i n  the  presence of  aqueous o r  
a l coho l i c  base in a d d i t i o n  t o  cumene. Subsequent t r i a l s  showed. however.  t h a t  t h e  
a c t i o n  o f  t h e  a l k a l i n e  medium alone. even i n  a n i t rogen  atmosphere. a l s o  l ed  t o  an 
observed increase  i n  t h e  s o l u b i l i t y  o f  t h e  t r e a t e d  coa l ,  

Table I V  

E f fec t  of Temperature. Pressure .  and T ime  on Co-oxidation of Coala 

kid T.-uh0E Q2- XExtractedb 

22 100 1 2 -2 
23 130 1 2 0 
41 130 6.8 1 +8 
65 168 2.7 0.5 -6 
69 185 1.7 1.0 -7 
71 130 3.4 0.5 -6 
72 85 1 0.5 -7 
73 31 2.9 0.5 -4 
75 69 2.6 0.5 -5 

113 85 1 6.5 +1 
78 160 1 0.75 -8 

:1:10 w/v coa1:cumene and appropr ia te  i n i t i a t o r .  
Rela t ive  t o  e x t r a c t a b i l i t y  of raw coa l  i n t o  DMT. 
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Table V 

Effect of using Mixed Solvents on the Extraction of Co-oxidized Coal 

Solvent System Change in Extractability. %a 
--- 85'~. 1 atm.. 20:1 (v/w) Solvent: coal --- 

25% DMF in Cumene 
2.25 hr. 
22 hr. 
26 hr. 

11% DMF in Cumene 
21 hr. 
27 hr. 

-10 
+ 7  
+ 2  

- 3  
+ 5  

--- 75OC. 2.25 hr.. 1 atm.. 20:l (v/w) So1vent:Coal --- 
Dioxane - 6  
4 : 1 -1 2 
15:4:1 (v/v) Dioxane:Picoline:CS2 -18 
4:l (v/v) Dioxane:ethylenediamine -14 

(v/v) Dioxane :4 -p icol ine 

4:l (v/v) Dioxane:acetic acid - 2  

a24 hour Soxhlet extraction. 6 hr. MeOH rinse. 15OoC 
vac. dry; % = Wt. sample-Wt. resid./Wt. sample x 100. 
Value shown is relative to the extraction of unoxidized 
coal. 

Table VI 

Effect of Base on the Co-oxidation of Coal' 

Trial Base b TempI0C 02Press.atm Time.hrs %Ext'dc 

45 
46 
52 
81 
84 
91 
94 
95 
85 
96 

121 
107 

pH 10 Na2C0 
pH 10 Na CO; 
pH 10 Bugfer 
pH 10 Buffer 
pH 10 Buffer 
10% KOH in t-butyl alcohol 
10% KOH in t-butyl alcohol 
10% KOH in t-butyl alcohol 

d pH 10 Buffered 
10% KOH in t-butyl alcohold 
10% KOR in t-butyl alcohol 
10% KOH in t-butyl alcohole 

100 
100 
100 
160 
160 
130 
85 
85 

100 
85 
85 
85 

1 
1 
1 
1.5 
1 
1.5 
1 
1 
1 
1 
1 
1 

1.5 t13 
3 + 4  
1 +18 
0.75 -10 
0.75 - 9  
0.75 - 9  
3 + 6  
1 +10 
1 - 6  
1 +13 
1 +17 
1 t 7  

:1:10 w/v coa1:cumene. appropriate initiator. 

:Relative to extractability of raw coal into D W .  

e ~ o  cumene or o2 present. ( N ~ )  

2:l baae:solvent. 

No cumene present. 
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Table I11 shows t h a t  no apprec iab le  quan t i ty  of  hydroperoxide  was d e t e c t e d  i n  
co-oxidized c o a l  o r  so lvent .  and a l s o  shows t h a t  thermolys is  of co-oxidized coa l  a t  
260°C did not e x h i b i t  a p o s i t i v e  e f f e c t  on t h e  subsequent e x t r a c t i o n  of t h e  coa l .  

Inf ra red- ; fna lys ia  of s e v e r a l  samples of co-oxidized coa l  showed abso rbance  a t  
about 1670 cm which i s  c h a r a c t e r i s t i c  of carbonyl s igna l s .  This was not  observed 
in  I R  spec t ra  of  unoxidized coa l .  

-. I n  a two hour period. cumene a l o n e .  is o x i d i z e d  approx ima te ly  
50%.  I n  t h e  p r e s e n c e  of c o a l ,  t h e  o x i d a t i o n  o f  cumene i s  reduced by one ha l f .  
Along with t h e  da t a  showing oxygen uptake by the  coa l  (Table I ) .  t h i s  i nd ica t e s  t h a t  
coa l  ox ida t ion  i s  occur r ing  unde r  t h e s e  r e l a t i v e l y  mi ld  c o n d i t i o n s .  E x t r a c t i o n  
v a l u e s ,  however .  w e r e  n o t  e n h a n c e d .  and  p o s t - o x i d a t i v e  t r e a t m e n t  des igned  
s p e c i f i c a l l y  t o  p r o m o t e  C - C  bond c l e a v a g e  a s s o c i a t e d  w i t h  h y d r o p e r o x i d e  
decompos  i t  i o n  were d e p r e s s i n g l y  u n s u c c e s s f u l .  Use o f  s w e l l i n g  s o l v e n t s ,  o r  
temperatures and p res su res  considered ' e leva ted '  i n  t h i s  regard were not e f f e c t i v e .  
Not only i s  it l i k e l y  t h a t  DMF added t o  t h e  coa l  matrix (21).  temperatures a t  or 
above the bo i l ing  p o i n t  of so lven t s  c e r t a i n l y  diminish oxygen s o l u b i l i t y .  and h igh  
p r e s s u r e  may have a c t u a l l y  promoted f u r t h e r  ox ida t ive  c ros s l ink ing  (4.7). Fa i lu re  
to  de tec t  hydroperoxides  i n  t h e  c o - o x i d i z e d  c o a l  does  n o t  p rove  t h e i r  absence .  
Penet ra t ion  by iod ide  i n t o  t h e  pore system may i n  f a c t  have been minimal. S imi la r ly  
a c i d - c a t a l y z e d  d e c o m p o s i t i o n  of  hydroperoxides  us ing  2% H2S04 i n  acetone (18) a t  
6OoC fo r  1 hour may have been ine f fec t ive  f o r  the  aame reason. 

It is known t h a t  phenol ic  spec ies  a r e  present  i n  c o a l  (22 ) .  and pheno l  i s  an  
oxidation product o f  cumene. E f fec t ive  i n h i b i t i o n  of t he  f r e e  r a d i c a l  r eac t ion  may 
have occurred i n  t h e  absence of  any reagent t o  n e u t r a l i z e  p h e n o l i c s .  The enhanced 
e x t r a c t i o n  obse rved  when co -ox ida t ion  was ca r r i ed  out  i n  a cumene/KOH (aqueous or 
isopropyl a l coho l )  s l u r r y  l ends  support  t o  t h i s  no t ion .  However. base a lone  i n  t he  
absence  o f  a n  o x i d a n t  i s  a l s o  known t o  s o l u b i l i z e  coal.  perhaps by e t h e r  or e s t e r  
hydro lys is  (23-25). I f  ke to  groups a r e  being formed. a s  t h e  pre l iminary  I R  suggest. 
some enhanced e x t r a c t i o n  can  be accounted f o r  a f t e r  a l k a l i n e  hydro lys is .  It i s  not 
c l e a r .  however. t h a t  carbonyl  formation should occur i n  preference  t o  hydroperoxide 
format ion .  

A t  t h i s  stage.  co-oxidation does not seem t o  be an e f f e c t i v e  means of achieving 
bond c l eavage  i n  c o a l .  T h r e e  c r i t i c a l  f e a t u r e s  o f  t h e  p r o c e s s  have n o t  been 
t h o r o u g h l y  i n v e s t i g a t e d .  however. and a r e  t h e  o b j e c t  of  ou r  on-going research. 
F i r s t .  o n l y  h igh  r a n k  c o a l s  were  t e s t e d .  It i s  l i k e l y  t h a t  subb i tuminous  or 
l i g n i t i c  coa l s  w i l l  be  more suscep t ib l e  t o  co-oxidation and hydroperoxide formation. 

Hydroperoxide  f o r m a t i o n  i n  c o a l  i s  a r e l a t i v e l y  f a c i l e  p r o c e s s .  Thermal 
decomposition o f  hydroperoxides i s  a l s o  believed t o  occur a t  t e m p e r a t u r e  as  low a s  
70°C (26) .  I f  t h i s  i s  s o .  c o - o x i d a t i o n  a t  lower t e m p e r a t u r e s  (-7OOC) may be 
necessary t o  prevent spontaneous decomposition of hydroperoxides.  More important in  
t h i s  regard. is the f a c t  t h a t  i n  t h i s  i nves t iga t ion .  t h e  co-oxidized coa l  was always 
d r i e d  a t  150°C. and  t h e r m o l y s i s  was  a t t e m p t e d  a t  250-260°C. C l e a v a g e  o f  
hydroperoxides in a n  i n e r t  atmosphere a t  these  temperatures may have indeed cleaved 
hydroperoxides. but a l s o  may have generated f r ee  r a d i c a l  s p e c i e s  which combined t o  
form mpre c r o a s l i n k s  i n  t h e  c o a l .  Not o n l y  may the rmolys i s  be achieved a t  much 
lower temperatures. t h e  presence of a s u i t a b l e  ' donor '  medium. such  a s  cumene or 
hydrogen. may result  i n  e f f e c t i v e  depolymerization. 
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FIGURE 1. AUTOXIDATION OF MIXED SUBSTRATES (17). 
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