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Microbia l  d e g r a d a t i o n  of o r g a n i c  compounds, i n  g e n e r a l ,  and of a l i p h a t i c / a r o -  

mat ic  hydrocarbons,  i n  p a r t i c u l a r ,  i s  w e l l  documented.( 1-5) Microorganisms a l r e a d y  

have been u t i l i z e d  i n  t h e  d e g r a d a t i o n  of petroleum hydrocarbons and o i l  s p i l l  c l e a n  

up.6 

of t h e  r e s e a r c h  on b i o p r o c e s s i n g  of c o a l  is l i m i t e d  t o  d e s u l f u r i z a t i o n .  A s u l f u r  

o x i d i z i n g  a c i d o p h i l i c  bac te r ium,  T h i o b a c i l l u s  f e r r o o x i d a n ~ ( ~ - ~ ~ )  and an a c i d o p h i l i c  

thermophi l ic  organism,  Sul fo lobus( l3-15)  were used in s e v e r a l  b i o d e s u l f u r i z a t i o n  

s t u d i e s  and were found t o  be e f f e c t i v e  i n  t h e  removal of p y r i t i c  s u l f u r .  Limited 

success  h a s  a l s o  been achieved i n  t h e  removal of o r g a n i c  s u l f u r  from coal  u s i n g  

S. a c i d o c a l d a r i u s (  15, 1 6 )  and c u l t u r e s  c o n t a i n i n g  dibenzothiophene.(  18* 19) 

Some of t h e  m i c r o b i a l  d e g r a d a t i o n  work h a s  been a p p l i e d  t o  c o a l .  However, most 

Recent ly ,  v a r i o u s  organisms were t e s t e d  f o r  t h e i r  a b i l i t y  t o  s o l u b i l i z e  c o a l .  

The type of " l i q u i d "  p r o d u c t s  ob ta ined  from m i c r o b i a l  i n t e r a c t i o n  w i t h  v a r i o u s  c o a l s  

a r e  l i s t e d  i n  Table  1. These l i q u i d  products  were v e r y  a romat ic  and conta ined  

polycondensed aromat ic  r i n g  s t r u c t u r e s  w i t h  many hydroxyl  groups and very  low vola-  

t i l i t y . ( l g )  Extremely complex n a t u r e  of t h e s e  products  precluded any c h a r a c t e r i z a -  

t i o n  at  molecular  l e v e l .  

Cons ider ing  t h e  complexi ty  of the c o a l  " s t r u c t u r e "  compounded by the  presence  

of a p p r e c i a b l e  q u a n t i t i e s  of minera l  m a t t e r ,  i t  i s  d o u b t f u l  t h a t  t h e  microorganisms 

can  s u c c e s s f u l l y  degrade  c o a l  d i r e c t l y  i n t o  end products .  Furthermore,  it h a s  not  

been proven t h a t  t h e  micoorganisms a c t  s p e c i f i c a l l y  in a t t a c k i n g  p a r t i c u l a r  func- 

t i o n a l  groups.  
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Table 1. Liquid Products  From Microbia l  I n t e r a c t i o n  wi th  Var ious  Types of Coa l l9  

Type of coa l  Microorganism Liquid  product* 

Miss i s s ipp i  Aspe rg i l l u s  sp . ,  C l e a r ,  amber, and 
l i g n i t e  Candida sp. ML13, b l a c k ,  i n c o n s i s t e n t  and 

P. waksmanii, g e n e r a l l y  i n  moderate 
T. v e r s i c o l o r  ATCC 12679 C lea r ;  moderate amounts 

Nor th  Dakota I 
l i g n i t e  

North Dakota I1 

Texas l i g n i t e  

Aspe rg i l l u s  sp . ,  
Candida sp.  ML13, 
Paecilomyces sp . ,  
P. waksmanii ML20, 
Sporo th r ix  sp.  

C lea r ;  moderate amounts 

Aspe rg i l l u s  sp . ,  Brown t o  b l ack ;  
Candida sp .  ML13, moderate t o  profuse  
Paecilomyces sp . ,  amounts; some c l e a r  
P. mont ico la  ATCC 11538 i n i t i a l l y ,  t u r n i n g  
Sporo th r ix  sp.  brown t o  b l ack  a f t e r  
T. v e r s i c o l o r  ATCC 12679 two weeks 

Aspe rg i l l u s  sp . ,  
Candida sp .  ML13, 
Paecilomyces s p . ,  
Sporo th r ix  sp. 

C lea r ;  t r a c e  t o  
moderate amounts 

Vermont l i g n i t e  Candida sp.  ML13, 
Sporo th r ix  sp .  
Paecilomyces sp . ,  

Brown t o  b l ack ;  
t r a c e  amounts 
C lea r ;  t r a c e  amounts 

Wyodak Aspe rg i l l u s  sp . ,  C lea r ;  t r a c e  amounts 
Candida sp .  
Sporo th r ix  sp .  
T. v e r s i c o l o r  C lea r  t o  b lack;  t r a c e  

amounts 

*Trace amounts - l e s s  than  10% of t h e  coa l  s u r f a c e  covered wi th  l i q u i d  moderate 
amounts - 10% t o  50% of  t h e  c o a l  s u r f a c e  covered wi th  l i q u i d ;  and p ro fuse  amounts - 
>50% of the  c o a l  s u r f a c e  covered w i t h  l i q u i d .  
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While t h e r e  are organisms t h a t  a t t a c k  t h t o p h e n i c  group o r  p y r i t e  i n c l u s i o n s ,  

t h e y  may be capable  of a t t a c k i n g  o t h e r  s t r u c t u r a l  u n i t s  i n  t h e  coa l  as wel l .  Many 

such organisms,  could be somewhat non-spec i f ic  i n  a t t a c k i n g  v a r i o u s  f u n c t i o n a l  

groups when they  i n t e r a c t  w i t h  c o a l ,  and may prove more b e n e f i c i a l  i n  a process  

p o i n t  of view. 

Keeping t h i s  i n  mind, some e x p l o r a t o r y  experiments  were conducted u s i n g  

Wellmore Kentucky No. 8 bituminous c o a l ,  (carbon 77.2%, hydrogen 4.9%, n i t r o g e n  

1.5%, s u l f u r  1.32, oxygen 6.4% and ash  8.7%),  and a microorganism, from t h e  BNL 

c o l l e c t i o n ,  BNL-2-46 s t r a i n .  The product  of i n t e r a c t i o n  of t h e  “as-received‘’ c o a l  

and BNL-2-46 s t r a i n ,  a e, powdery m a t e r i a l ,  a f t e r  dry ing ,  was then pyrolyzed i n  

an i n e r t  n i t r o g e n  atmosphere t o  850°C a t  a h e a t i n g  r a t e  of 10O0C/mtn i n  a thermo- 

g r a v i m e t r i c  appara tus .  The m i c r o b i a l  t r e a t m e n t  wi th  BNL-2-46 s t r a i n  caused a 

p o s i t i v e  enhancement i n  t o t a l  y t e l d  of v o l a t i l e s  a s  shown i n  F igures  1 and 2. A t  

t h e  same t i m e ,  another  organism,  BNL-3-25 s t r a i n ,  caused only  a minor change i n  t h e  

v o l a t i l e s  y i e l d .  

This experiment  has demonstrated t h a t  t h e  microorganisms play a r o l e  in enhanc- 

ing  t h e  product ion  o f  v o l a t i l e  m a t e r i a l s  from coal .  Microbia l  t rea tment  a lone  can  

produce a c l e a n e r  s t a r t t n g  m a t e r i a l  w i t h  l e s s  s u l f u r  c o n t e n t ,  l e s s  a s h  c o n t e n t ,  less 

mutagenic i ty ,  and above a l l ,  a product  t h a t  i s  more amenable f o r  f u r t h e r  thermal  

degrada t ton .  By i t s e l f ,  g a s i f i c a t i o n  can  produce smaller molecules  from c o a l  and a 

v a r i e t y  of d e s i r a b l e  p r o d u c t s ,  t h e  s l a t e  of which can  be e a s i l y  a l t e r e d  by changing 

t h e  process ing  c o n d i t i o n s .  The i n t e g r a t i o n  of t h e  deve loping  biotechnology of 

b a c t e r i a l  t rea tment  u s i n g  d i f f e r e n t  mtcroorganisms,  d i f f e r e n t  s t r a i n s  of t h e  same 

microorganism and/or  combinat ion of a l l  I n  c o n j u n c t i o n  w i t h  t h e  a l r e a d y  wel l  deve l -  

oped g a s i f i c a t i o n  technology is  an i n t e r e s t t n g  and d e s i r a b l e  concept  which should be 

pursued f u r t h e r .  
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