
THE EFFECT OF OXIDATION OF COAL 
ON THE COMTOSITION OF LIQUEFACTION PRODUCTS 

Muthu S. Sundaram* and P e t e r  H. Given 
Coal Research Sec t ion  

College of Ear th  and Mineral  Sc iences  
The Pennsylvania S t a t e  Un ive r s i ty  

Un ive r s i ty  Park,  PA 16802 

ABSTRACT 

I n  an e f f o r t  t o  understand the  e f f e c t  of ox ida t ion  of coa l  on the composi- 
t i o n  of l i que fac t ion  products,  a sample of hvAb coa l  from the  Lower Ki t t ann ing  
Seam i n  Pennsylvania, l a b e l l e d  PSOC-1336, w a s  ox id ized  i n  the  presence of a i r  
i n  a convection oven a t  140% f o r  16 days and l i que f i ed  i n  tubing bomb r e a c t o r s  
i n  t h e  presence of t e t r a l i n .  The ox ida t ion  of c o a l  decreased the  l i q u e f a c t i o n  
conversion. The aromatic f r a c t i o n  of the  hexane-soluble o i l  from oxid ized  coa l  
contained smal le r  amounts of phenanthrenes and pyrenes and l a r g e r  amounts of 
t e t r a l i n - r e l a t e d  a r t i f a c t s  when compared to  t h a t  from the f r e s h  coal.  R e l a -  
t i v e l y  l a r g e r  amounts of the  hydroxy d e r i v a t i v e s  of indane, naphthalene,  f l uo -  
rene and phenanthrene were present  i n  t h e  polar  f r a c t i o n  from t h e  oxidized 
coa l .  

, I 

INTRODUCTION 

It is known t h a t  coa l s  d e t e r i o r a t e  on ox ida t ion  and the ex ten t  of d e t e r i -  
o r a t i o n  depends on the  s e v e r i t y  of ox ida t ion  condi t ions .  The e a r l i e s t  s tudy  on 
the  mechanism of oxida t ion  of coa l s  was r epor t ed  by Jones and Townend i n  1945 
(1). After a l a c k  of i n t e r e s t  f o r  more than two decades,  t he re  has been 
renewed i n t e r e s t  i n  s tudying  the  e f f e c t  of ox ida t ion  on t h e  phys ica l  and 
chemical c h a r a c t e r i s t i c s  of coa l s  (2,3).  New a n a l y t i c a l  techniques t o  d e t e c t  
ox ida t ion  (4 ,5)  and the mechanism and k i n e t i c s  of ox ida t ion  have been repor ted  
(6,7). Few s t u d i e s  e x i s t  on t h e  e f f e c t s  of p a r t i a l  ox ida t ion  on the  
l i q u e f a c t i o n  behavior of c o a l s  (8-10). 

EXPERIMENTAL 

The ob jec t ive  of t h i s  study is t o  understand the  e f f e c t s  of ox ida t ion  on 
the  l i q u e f a c t i o n  behavior of coa l s  and on the  composition of l i q u e f a c t i o n  pro- 
duc ts .  A sample of hvAb c o a l  from the  Lower Ki t tanning  seam i n  Pennsylvania 
(PSOC-1336) was oxidized by exposure to a i r  i n  a n  oven a t  14OOC f o r  16 days and 
then l i que f i ed  i n  tubing bomb r e a c t o r s  us ing  t e t r a l i n  as donor veh ic l e  under 
f a i r l y  mild condi t ions  (4OO0C, one hour,  no hydrogen gas ) .  The unoxidized coa l  1 was a l s o  l i que f i ed  under i d e n t i c a l  cond i t ions  f o r  comparison. 
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RESULTS AND DISCUSSION 

The c h a r a c t e r i s t i c s  of the  coa l  a r e  given in Table 1 and the  bas i c  
l i q u e f a c t i o n  d a t a  a r e  shown in Table 2 .  The t o t a l  conversion i n t o  e t h y l  
ace t a t e - so lub le  products  p lus  gases  was s l i g h t l y  h igher  in the case  of t he  
unoxidized c o a l .  The h igher  conversion was r e f l e c t e d  in a higher y ie ld  of 
l i q u i d  products  whereas y i e l d  of gases a c t u a l l y  decreased. This shows t h a t  
ox ida t ion  is d e t r i m e n t a l  t o  c o a l  l i q u e f a c t i o n .  S imi la r  r e s u l t s  have been 
reported (9,lO).  

The hexane-soluble o i l  was vacuum d i s t i l l e d  a t  70°C (about 2 mm Hg 
pressure)  t o  remove naphthalene and excess  t e t r a l i n  a s  completely as poss ib le .  
A primary f r a c t i o n a t i o n  of the  o i l  i n t o  s a t u r a t e ,  aromatic and polar  f r a c t i o n s  
was made by HPLC (Waters Assoc ia tes )  u s ing  a semi-preparative micro-Bondapak 
NH2 column. Table 2 does not show apprec iab le  d i f f e r e n c e s  wi th  respec t  to  the  
y i e ld  of i n d i v i d u a l  f r a c t i o n s .  

A l l  f r a c t i o n s  were analyzed by capillary-GC/MS (Pinnigan 4000) us ing  a 30 
meter SE-54 coiumn t o  ob ta in  product composition da ta .  The a-alkane 
d i s t r i b u t i o n  in t h e  s a t u r a t e  f r a c t i o n  of t he  o i l  from unoxidized coal is 
compared wi th  t h a t  of t he  oxid ized  coa l  in Figure  1. The d i f f e rences  are minor 
with r e spec t  t o  t h e  modality of d i s t r i b u t i o n  a s  wel l  as the y i e l d  of ind iv idua l  
hydrocarbons. However, GC/MS c h a r a c t e r i z a t i o n  of t h e  aromatic f r a c t i o n s  
revealed impor tan t  d i f f e rences .  

F igure  2 shows the  gas  chromatograms of aromatic f r a c t i o n s  and the  peaks 
are i d e n t i f i e d  in Table 3. The aromatic f r a c t i o n s  contained var ious  dimeric 
a r t e f a c t s  (hydrogenated b inaphthyls )  formed from the  t e t r a l i n  donor vehic le  
dur ing  c o a l  l i q u e f a c t i o n .  P y r i t e s  and c l a y  minera ls  were found t o  
independently c a t a l y z e  these  r eac t ions  (11) .  Table 4 shows t h a t  t he  y ie ld  of 
s e l e c t e d  a r t i f a c t s ,  b inaphthyl ,  tetrahydro-,  and octahydro-binaphthyl,  were 
much h igher  when t h e  c o a l  was oxidized. 

It is known t h a t  exposure of c o a l s  t o  a i r  a t  temperatures below EOOC, 
l eads  t o  t h e  format ion  of peroxides (1). These uns t ab le  spec ies  may be 
t r a n s i e n t  intermediates a t  somewhat h igher  tempera tures ,  l ead ing  t o  the  
formation of v a r i o u s  oxygen func t ions ,  no tab ly  carbonyl.  Carbonyl is eas i ly  
reduced i f  a supply  of hydrogen is a v a i l a b l e ,  and so w i l l  tend to  promote both 
genera t ion  of f r e e  r a d i c a l s  from the so lven t  and increased  consumption of it. 
This,  perhaps,  is the  ch ief  f a c t o r  r e spons ib l e  f o r  t h e  production of dimers 
from the  s o l v e n t .  Add i t iona l ly ,  the oxida t ion  would have converted the  py r i t e  
present  in t h e  c o a l  (2.1% dmmf) t o  s u l f a t e s  and s u l f u r i c  ac id ,  which might have 
inf luenced  the  d imer i za t ion .  In any case ,  an enhancement in the production of 
a r t e f a c t s  could l i m i t  t h e  a v a i l a b i l i t y  of hydrogen from the  donor solvent 
which, in t u rn ,  can  a f f e c t  the  y i e l d  of smal le r  molecules t h a t  a r e  formed v i a  
hydrocracking and the re  a r e  obvious imp l i ca t ions  f o r  r ecyc le  so lvent  qua l i t y  
and consumption. 

Benzylic CH2 groups in diaryl-methanes and d ia ry l -e thanes  a re  l i k e l y  t o  be 
p a r t i c u l a r l y  s u s c e p t i b l e  f o r  ox ida t ion .  Once oxid ized ,  they can no longer 
c l eave  t o  methyl -subs t i tu ted  aromatic s t r u c t r u e s .  Thus, one might expect 
methyl s u b s t i t u t i o n  to  be reduced in t he  l i q u e f a c t i o n  products of an oxidized 
coa l .  The product  y i e l d  da t a  in Table 4 f o r  some s e l e c t e d  polynuclear aromatic 
hydrocarbons, l end  support  t o  t h i s  argument, though they cannot be said to 
prove i t .  
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The d i f f e rences  in composition of t h e  po la r  f r a c t i o n  are cons iderably  
, l a r g e r .  The oxidized c o a l  a f forded  a r i c h e r ,  more complex mixture of compounds 

and s t r u c t u r a l  types than the  unoxidized (F igure  3 and Table 5) .  A t  t he  lower end 
of t he  molecular weight range, t h e r e  are l a r g e  numbers of alkyl-hydroxy-benzenes 

The f r a c t i o n s  from both oxidized and unoxidized coa l s  showed 
a number of alkyl-hydroxy-naphthalenes, but in the  h igher  end of the  molecular 
weight range, hydroxy-fluorene and hydroxy-phenanthrenes were more abundant and 
r i c h e r  in t h e  po la r  f r a c t i o n s  from the  oxid ized  sample. 

, and alkyl-indanols.  

A comparison of t h e  FTIR s p e c t r a  of oxid ized  and unoxidized coa l s  showed the  
expected inc rease  due t o  carbonyl group abso rp t ion  (1690 c m - l ) ,  but a l s o  showed an 
inc rease  of singly-bonded oxygen ( e t h e r  o r  phenol ic ) .  Reduction of carbonyl  and 
cleavage of e t h e r s ,  as w e l l  as d i r e c t  i n s e r t i o n  of OH, could a l l  c o n t r i b u t e  t o  a 
more complex mixture of phenols i n  the  l i q u e f a c t i o n  product of an oxidized coa l .  

CONCLUSIONS 

The l abora to ry  low-temperature ox ida t ion  of a coking Pennyslvania coa l ,  
PSOC-1336, decreases  the  l i q u e f a c t i o n  conversion i n t o  e t h y l a c e t a t e  so lub le s  p lus  

, gases .  The r a t i o  of dimeric so lven t  a r t e f a c t s  to  coa l  products w a s  much g r e a t e r  
, i n  hexane-soluble o i l  from the  oxid ized  sample. An enhancement i n  the  y i e l d  of : so lven t  a r t e f a c t s  could i n d i r e c t l y  a f f e c t  the  y i e l d  of smal le r  molecules t h a t  a r e  

formed v i a  cracking. The l i q u e f a c t i o n  products of the  oxidized coa l  contained 
less methyl s u b s t i t u t i o n  but  l a r g e r  amounts of hydroxy d e r i v a t i v e s  of indane ,  
naphthalene,  f luorene  and phenanthrene. 
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1! UNOYIDIZED PSOC-1336 

FIGURE 1 .  TOTAL ION CHROMATOGRA!% OF SATURATED FRACTIONS 
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FIGURE 2. TOTAL ION CHKOMATOGRAM O F  AROMATIC FRACTIONS 263 
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FIGURE 3 .  T O T A L  ION CHROMATOGRAM O F  P O L A R  F R A C T I O N S  
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TABLE 4 

Y i e l d s  of Selected Components i n  
the Aromatic Fract ion of PSOC-1336 

Unoxidized Oxidized 

Artefacts  (ug/gm o i l )  

B inaph thy1 7 3  290 

Tetrahydrobinaphthyl 103 336 

Oc tahydrobinaphthyl 211 348 

Total  a r t e f a c t s  387 973 

Coal-derived ( in  ug/gm dry coal)  

Phenanthrene 3.3 1.8 

C. -Phenanthrenes 11.3 5.6 

C -Phenanthrenes 18.1 8.8 

Pyrene 3.0 2.5 

C -Pyrenes 23.7 16.5 

2 

1 

C -Pyrenes 25.3 

C -Pyrenes 8.1 

2 

3 

Benzopyrene and 28.5 
its isomers 

TABLE 5 

20.4 

5.0 

26.8 

* 
Compounds iden t i f i ed  i n  the  Polar Fraction 

Phenol Naph tho 1 

M e t  hy lpheno 1 

C -Phenol 

C -Phenol 
2 

3 

Methylnaphthol 

C -Phenol 

C2-Naphthol 
5 

Indole Hydroxyf luorene 

C -Dibenzof uran Indanol 

Dihydroxybenzene Xanthene 
1 

C -Hydroxyfluorene 

C -Hydroxyfluorene 
C4-Phenol 1 

2 Indenol 

M e  thy l indanol  Hydroxyphenanthrene 

Methylindole 

C -1ndanols 

Phenylfuran 
2 

Diisobutylphthalate 
(impurity) 

* From Oxidized Coal 
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