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(S)  Process  for  liquid  extraction  of  coal. 

Filtration  of  coal  digest  can  be  greatly facilitated  by  liquid 
phase  extraction  using  an  aromatic  solvent  oil  of  coal  in  at 
leasttwo  stirred  reactors in  series.  Control  of residence time is 
greatly  enhanced,  reducing  or  eliminating  short  residence 
time  digest  components  which  increase  filter  cake  resistivity 
and  long  residence  time  components  which  have  repolymer- 
ised  and  cause  loss  of  yield. 





This  i n v e n t i o n   is  concerned   with  the  l i q u i d   e x t r a c t i o n   of  c o a l ,  

more  e s p e c i a l l y   with  the  c o n t r o l   of  c e r t a i n   a spec t s   of  the  e x t r a c t i o n  

c o n d i t i o n s   in  o rder   to  f a c i l i t a t e   the  s e p a r a t i o n   of  u n d i s s o l v e d  

p a r t i c l e s   from  the  e x t r a c t   and  to  i n c r e a s e   e x t r a c t i o n   y i e l d .  

The  t e c h n i q u e   of  d i s s o l v i n g   coal  in  l i q u i d   e x t r a c t a n t s ,   u s u a l l y  

a  heavy  a romat ic   o i l   such  as  a  coal  t a r   f r a c t i o n   e .g.   a n t h r a c e n e   o i l ,  

or  a  highly  a roma t i c   pe t ro l eum  f r a c t i o n ,   is  well  e s t a b l i s h e d .  

Cons ide rab l e   r e s e a r c h   has  been  e f f e c t e d   on  t h i s   t echn ique   in  c o u n t r i e s  

having  i n d i g e n o u s   coal  r e s e r v e s ,   e s p e c i a l l y   s ince  awareness   of  t h e  

impending  "energy  gap"  became  g e n e r a l .   There  is  no  g r e a t   d i f f i c u l t y  

in  a c h i e v i n g   high  e x t r a c t i o n   r a t e s   of  coal  in  o i l ,   of  the  order   o f  

80  to  90%  with  h y d r o g e n a t i o n .   Without  h y d r o g e n a t i o n ,   such  high  y i e l d s  

are  more  d i f f i c u l t   to  ach ieve   due  to  the  r e p o l y m e r i z a t i o n   of  t h e  

d i s s o l v e d   coal .   For  the  p r o c e s s   to  be  economical ly   v i a b l e   i t   i s  

impor t an t   to  ob t a in   a  high  e x t r a c t i o n   y i e l d .   I t   is  g e n e r a l l y   d e s i r a b l e  

to  s e p a r a t e   the  u n d i s s o l v e d   ma t t e r   before   f u r t h e r   p r o c e s s i n g ,   t h u s  

lower ing   the  ash  con ten t   and  the  su lphur   con ten t .   The  u n d i s s o l v e d  

ma t t e r   is  mainly  composed  of  minera l   mat te r   (ash)  and  c e r t a i n   i n s o l u b l e  

carbonaceous   s u b s t a n c e s   e s p e c i a l l y   that   known  as  fu sa in .   C o n s i d e r a b l e  

d i f f i c u l t y ,   however,  is  e x p e r i e n c e d   in  th i s   s e p a r a t i o n   and  a  v a r i e t y  



of  methods  have  been  advoca ted ,   i n c l u d i n g   f i l t r a t i o n ,   a n t i - s o l v e n t  

p r e c i p i t a t i o n ,   c e n t r i f u g e s  a n d   g r a v i t y   s e t t l i n g .   T h e  a p p l i c a n t s  

b e l i e v e   tha t   f i l t r a t i o n   o f f e r s   the  bes t   compromise  between  p r o c e s s i n g  

cos t s ,   time  and  equipment  c o s t s .  

I t   has  p r e v i o u s l y   been  s u g g e s t e d  i n   B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

No.  1 ,090,556  tha t   the  e x t r a c t i o n   s tep  i n  a   h y d r o g e n a t i v e   l i q u i d  

e x t r a c t i o n   of  coal  be  c o n t r o l l e d   by  c o n s i d e r i n g  t h e   r e l a t i v e   v i s c o s i t y  

of  the  s o l u t i o n   of  coal  and  the  so lven t   i t s e l f ,   and  ceas ing   e x t r a c t i o n ,  

and  hence  t r a n s f e r r i n g   to  a  f i l t r a t i o n   s t e p ,  a t   a  minimum  v a l u e  o f  

s a id   r e l a t i v e   v i s c o s i t y .   The  v i s c o s i t y   of  coal  e x t r a c t s   or  s o l u t i o n s  

v a r i e s   c o n s i d e r a b l y   with  time  of  e x t r a c t i o n .   The  p r e s e n t   a p p l i c a n t s ,  

in  B r i t i s h   Pa tent   S p e c i f i c a t i o n   N o .  1 , 4 9 2 , 7 3 9 ,   d i s c l o s e d   for   the  f i r s t  

time  tha t   the  v i s c o s i t y   of  coal  e x t r a c t   was  not  n e c e s s a r i l y   the  b e s t  

c r i t e r i o n   for  d e c i d i n g   on  e x t r a c t i o n   t i m e ,  b u t   f i l t r a t i o n   could  be  

improved  by  c o n t r o l l i n g   the  d i g e s t i o n   c o n d i t i o n s   to  e n s u r e  t h a t   t h e  

f i l t e r   cake  had  a  c o n s t a n t   and  low  s p e c i f i c   r e s i s t i v i t y .   T h i s  h a d   i n  

g e n e r a l   a  more  i m p o r t a n t   e f f e c t   on  the  ease  of  f i l t r a t i o n   than  t h e  

v i s c o s i t y   of  the  c o a l  e x t r a c t .  

The  a p p l i c a n t s   have  now  confi rmed  tha t   good  c o n t r o l   o v e r  

e x t r a c t i o n   is  ex t r eme ly   i m p o r t a n t   i f   r a p i d   f i l t r a t i o n   is  to  be  a c h i e v e d .  

I t   has  now  been  d i s c o v e r e d   tha t   with  a  c o n t i n u o u s   coal  e x t r a c t i o n  

p r o c e s s ,   which  w o u l d  i n v a r i a b l y   be  adop ted   in   l a r g e  s c a l e   commerc ia l  

p r a c t i c e ,   there   is  a  very  s u b s t a n t i a l   v a r i a t i o n   in  r e s i d e n c e   time  i n  

a  coal   e x t r a c t i o n   r e a c t o r   ( d i g e s t e r ) .   This  is   shown  by  Fig.  1 of   t h e  

accompanying  drawings  which  c l e a r l y   i l l u s t r a t e s  t h e   d i s t r i b u t i o n   o f  



r e s i d e n c e   time  for  a  nominal  173  minute  r e s i d e n c e   time,  and  i t   i s  

i m p o r t a n t   to  note  the  peak  at  about  60  minutes .   Fig.  1  was  the  r e s u l t  

of  t e s t s   us ing  r a d i o a c t i v e   t r a c e r s   i n j e c t e d   into  a  p i l o t   p l a n t   d i g e s t e r  

feed.  I t   has  also  been  e s t a b l i s h e d   t h a t   t he re   is  a  s t rong   t i m e  

dependence  f a c t o r   on  f i l t e r   cake  r e s i s t i v i t y ,   the  s h o r t e r   the  r e s i d e n c e  

time  the  g r e a t e r   the  f i l t e r   cake  r e s i s t i v i t y   and  the  longer   t h e  

r e s i d e n c e   time  the  lower  the  cake  r e s i s t i v i t y .   U n f o r t u n a t e l y ,   w i t h  

n o n - h y d r o g e n a t i v e   d i g e s t i o n   the  r e d u c t i o n   in  cake  r e s i s t i v i t y   is  a t  

l e a s t   p a r t i a l l y   caused  by  a  p o l y m e r i s a t i o n   of  the  d i s s o l v e d   c o a l  

spec i e s   which  reduces  the  y i e l d .   This  i n f o r m a t i o n   is  i l l u s t r a t e d   i n  

Table  1  and  Fig.  II .   Fig.  II  shows  the  i n f l u e n c e   of  d i g e s t i o n   t i m e  

on  y i e l d   and  f i l t e r   cake  r e s i s t i v i t y ,   us ing  a  hyd rogena ted   a n t h r a c e n e  

o i l ,   which  is  a  hydrogen  donor  s o l v e n t ,   and  Annesley  coal  (see  be low)  

at  a  1:3  coal  to  s o l v e n t   r a t i o   and  at  a  t e m p e r a t u r e   of  430°C.  The 

y i e ld   as  i n d i c a t e d   on  Fig.  2  is  de te rmined   by  the  s t anda rd   method  o f  

q u i n o l i n e   s o l u b i l i t y ,   and  shows  an  almost  i n s t a n t a n e o u s   ach ievement   o f  

maximum  y i e l d .   I t   is  p o s s i b l e   to  t h e o r i s e   t ha t   in  the  f i r s t   few  minutes  

of  e x t r a c t i o n ,   a l l   the  coal  which  is  e x t r a c t a b l e   is  conve r t ed   t o  

a  g e l - l i k e   subs t ance   ho ld ing   w i th in   i t   the  i n s o l u b l e   coal  and  a s h  

p a r t i c l e s ,   and  t ha t   the  g e l - l i k e   s u b s t a n c e   is  s o l u b l e   in  q u i n o l i n e   b u t  

not  s o l u b l e   in  the  s o l v e n t   p r e s e n t .   As  e x t r a c t i o n   p roceeds ,   t h e  

g e l - l i k e   subs tance   is  g r a d u a l l y   taken  into  s o l u t i o n   u n t i l   a f t e r  

a p p r o x i m a t e l y   30-60  minutes   under  the  usual   c o n d i t i o n s   e s s e n t i a l l y   a l l  

the  s o l u b l e   coal  subs t ance   is  in  s o l u t i o n .   This  theory   is  s u p p o r t e d  

by  e x p e r i m e n t a l   work  which  shows  t h a t   the  y i e l d   of  f i l t e r   cake  ( t h a t  





i s ,   m a t e r i a l   not  in  s o l u t i o n   in  the  so lven t )   shows  a  f a i r l y   smooth 

d e c l i n e   curve  to  c lose  to  the  minimum  at  about  60  minutes .   Such  a  

t h e o r y   also  goes  at  l e a s t   some  way  to  e x p l a i n i n g   the  high  cake  

r e s i s t i v i t y   of  shor t   r e s i d e n c e   time,  as  the  g e l - l i k e   p a r t i c l e s   c o u l d  

deform  under  the  s t r e s s e s   app l i ed   in  the  f i l t e r   cake  and  thus  i n h i b i t  

f l o w .  

R e c o n s i d e r i n g   Fig.  1,  the  spread  of  r e s i d e n c e   time  produces  some 

s h o r t   r e s i d e n c e   time  m a t e r i a l   with  a  very  high  cake  r e s i s t i v i t y   and 

some  longer   r e s i d e n c e   time  m a t e r i a l   with  low  cake  r e s i s t i v i t y .   I n  

f a c t ,   the  shor t   r e s i d e n c e   time  component,  having  high  cake  r e s i s t i v i t y ,  

tends  to  dominate  the  f i l t r a t i o n   p roces s .   This  is  demons t ra t ed   by  a  

compar ison  of  f i l t e r   cake  r e s i s t i v i t i e s   ob ta ined   for  the  f i l t r a t i o n  

of  coal  e x t r a c t s   produced  from  the  same  coal  under  s i m i l a r   c o n d i t i o n s  

but  from  d i f f e r e n c e   p rocess   systems,   i . e .   con t inuous   flow  e x t r a c t i o n  

and  ba tch   e x t r a c t i o n .   A  ba tch   e x t r a c t   of  Beynon  coal  (400°C,  60  min .  

r e s i d e n c e   time)  had  a  cake  r e s i s t i v i t y   of  53  x  1010  m  Kg-1  and  a t  

430°C  the  r e s i s t i v i t y   had  f a l l e n   to  0.4  x  1010  m  Kg-1  (see  Table  I ) .  

However,  using  the  same  coa l ,   oi l   etc.   except   using  a  c o n t i n u o u s  

d i g e s t e r   for  a  nominal  60  min.  r e s i d e n c e   time  at  410  to  420°C  gave  

a  f i l t e r   cake  r e s i s t i v i t y   under  i d e n t i c a l   f i l t r a t i o n   c o n d i t i o n s   o f  

60  x  1010  m  Kg-1.  The  d i f f e r e n c e   is  even  more  marked  in  a  f u r t h e r  

exper imen t   using  a  high  v o l a t i l e   coa l  f rom  Annesley  c o l l i e r y   (CRC  702,  

34%  v o l a t i l e   ma t t e r ,   3%  ash) ,   which  gave  cake.  r e s i s t i v i t i e s   o f  

20  x  10 10  and  90  x  1010  m  K g   for  the  batch  and  cont inuous   sy s t ems  

under  o the rwise   i d e n t i c a l   d i g e s t i o n   and  f i l t r a t i o n   c o n d i t i o n s .  



T h e  p r e s e n t   i n v e n t o r s   conc luded   t ha t   the  spread  of  r e s i d e n c e  

t imes  is  a  c r u c i a l   f a c t o r   in  a ch i ev ing   low  f i l t e r  c a k e   r e s i s t i v i t y  

and  hence  r ap id   f i l t r a t i o n .   This  spread  would  be  avoided  i f   t h e  

r e a c t o r   used  for  e x t r a c t i o n   gave  p lug   flow,  but  t h i s   would  b e  

e s s e n t i a l l y   i m p o s s i b l e   to  achieve  on  the  l a r g e   sca le   at  w h i c h  

commercial   coal  e x t r a c t   p l a n t s   w o u l d  o p e r a t e .  

This  i n v e n t i o n   p r o v i d e s  a   p roces s   for  the  con t inuous   p r o d u c t i o n  

of  coal   e x t r a c t s   which  comprises   d i g e s t i n g   a  c o a l  u s i n g   an  a r o m a t i c  

s o l v e n t   o i l   under  c o n d i t i o n s   at  which  the  s o l v e n t   o i l  i s   l i q u i d   and 

t h e r e a f t e r   f i l t e r i n g   from  the  r e s u l t i n g   d i g e s t  s u b s t a n t i a l l y   a l l   t h e  

u n d i s s o l v e d   m a t e r i a l   to  y i e l d   a  f i l t r a t e  o f   e x t r a c t e d   coal  s u b s t a n c e  

in  s o l v e n t ,   the  d i g e s t i o n   being  c a r r i e d   out  on a  con t inuous   b a s i s   i n  

at  l e a s t   two  s t i r r e d   r e a c t o r s   in  s e r i e s ,  w h e r e b y  t h e   r e s i s t i v i t y   o f  

the  f i l t e r   cake  id  minimised .   P r e f e r a b l y ,  f r o m   3  to   10  s t i r r e d  

r e a c t o r s   in  s e r i e s   are  used,  more  p r e f e r a b l y  4   to  7,  e s p e c i a l l y   5,  

s t i r r e d   r e a c t o r s   in  s e r i e s   are  u s e d .   C o n v e n i e n t l y ,   a l l   t h e  r e a c t o r s  

are  of  equal  s i ze   and  the  same  c o n d i t i o n s   ob t a in   in  each  but   t h i s  

need  not  be  s o ,  a n d   i n d i v i d u a l   des igns   may  u s e  d i f f e r e n t   s i z e s  a n d / o r  

c o n d i t i o n s   for  some,  or  a l l ,   of  the  r e a c t o r s .  

The  use  of  a  p l u r a l i t y   of  s t i r r e d   r e a c t o r s   i n  s e r i e s   amounts  t o  

a  c l o s e   a p p r o x i m a t i o n   to  plug  flow  in  a  s i n g l e   r e a c t o r .   The  a c t u a l  

number  of  r e a c t o r s   w i l l   depend  upon  e c o n o m i c  a s p e c t s ,   e s p e c i a l l y   on 

the  m a t e r i a l s   be ing   p r o c e s s e d   and  c a p i t a l   c o s t s .   It   is  e c o n o m i c a l l y  

v i a b l e   to  i n c r e a s e   the  number  of  r e a c t o r s   u n t i l   the  e x t r a   e x t r a c t i o n  

cos t s   become  equal   to  t h e  c o s t   saving  in  f i l t r a t i o n ,   t h a t  i s  



c o n s i d e r i n g   each  r e a c t o r   r e l a t i v e   to  the  p rev ious   r e a c t o r   so  t h a t  

the  saving  in  f i l t r a t i o n   c o s t  =   i n c r e a s e d   d i g e s t e r   c o s t s .  

The  choice  of  r e a c t o r s   and  the  method  of  s t i r r i n g   is  a  m a t t e r  

for  normal  chemical   e n g i n e e r i n g   des ign .   It  may  be  conven ien t ,   f o r  

example,  to  c o n s t r u c t   t h e o r e t i c a l   r e a c t o r s   wi th in   a  s ing le   r e a c t o r  

she l l ,   t he reby   min imis ing   cos ts   a l l i e d   to  the  maintenance   of  e l e v a t e d  

p r e s s u r e   and  t e m p e r a t u r e .  

In  theory ,   a  t u r b u l e n t   flow  r e a c t o r   should  provide  plug  flow  and 

s u f f i c i e n t   mixing,  but  t h i s   is  not  achieved  in  p r a c t i c e ,   so  t h a t  

s t i r r i n g   is  r e q u i r e d .   I t   is  impor tan t   tha t   adequate  mixing  occurs  in  t he  

d i g e s t i o n ,   i f   t h i s   is  i n s u f f i c i e n t ,   a  much  slower  f i l t r a t i o n   wi l l   r e s u l t .  

This  is  i l l u s t r a t e d   in  Table  II  below,  in  which  i d e n t i c a l   r e a c t i o n  

c o n d i t i o n s   were  used,  in  the  same  d i g e s t e r ,   with  and  wi thout   s t i r r i n g .  

In  the  p rocess   of  the  p r e s e n t   i n v e n t i o n ,   the  so lven t   oi l   i s  

p r e f e r a b l y   a  coal  t a r   f r a c t i o n   or  a  h igh ly   aromat ic   pe t ro leum  f r a c t i o n  

or  a  hydrogen  donor  so lven t ,   and  these  c l a s s e s   of  so lven t   are  w e l l  

known  in  the  a r t .   The  coal  is  s u i t a b l y   a  high  to  low  rank  b i t u m i n o u s  

coal,   but  the  i n v e n t i o n   may  be  appl ied   to  o ther   coals  such  as  brown 



coal .   Reac t ion   c o n d i t i o n s   may  be  s e l e c t e d  w i t h i n  t h o s e   known  in  t h e  

a r t   a f t e r   c o n s i d e r a t i o n   of  f i l t e r   cake  r e s i s t i v i t y   and  e x t r a c t i o n  

y i e l d .  

I t   wi l l   be  u n d e r s t o o d   t h a t   the  p rocess   of  t h e  i n v e n t i o n   may 

take  p lace   in  the  p r e s e n c e   or  absence  of  f r e e  g a s e o u s   hydrogen.   I t  

is  b e l i e v e d ,   a l t h o u g h   t h i s   i n v e n t i o n   i s  n o t   t o  be   l i m i t e d   b y  t h e  

t h e o r i e s   e x p r e s s e d   h e r e i n ,   t ha t   the  i n i t i a l   and  p r imary   a c t i on   o f  

hydrogen  is  to  h y d r o g e n a t e   the  so lven t   o i l ,   w h i c h  t h e n   t r a n s f e r s   t h e  

hydrogen  to  the  coal  s u b s t a n c e .   That  is ,   the  s o l v e n t  a c t s   as  a  

hydrogen  donor.   I t   is  t h e r e f o r e   b e l i e v e d   t h a t   the  e x p e r i m e n t a l  w o r k  

which  formed  the  b a s i s   of  the  p r e s e n t   i n v e n t i o n   i l l u s t r a t e s  t h e  

a p p l i c a b i l i t y   of  t he  me thod   t o  b o t h   h y d r o g e n a t i v e   and  n o n - h y d r o g e n a t i v e  

e x t r a c t i o n   of  c o a l .  

In  g e n e r a l ,   in  the  t e m p e r a t u r e   range  of  350  to  450°C,  h i g h e r  

t e m p e r a t u r e s   r e q u i r e   lower  r e s i d e n c e   t i m e s .  

To  i l l u s t r a t e   the  i n v e n t i o n ,   the  prime  coking  Beynon  coal  i s  

e x t r a c t e d   in  a n t h r a c e n e   o i l   at  4300C  f o r  a   20  minute  r e s i d e n c e   t i m e ,  

then  f i l t e r e d   at  200°C  and  138  KNm-2. 

The  f i l t r a t i o n   r a t e   for  a  number  o f  e x t r a c t i o n s ,   us ing  a  v a r y i n g  

number  of  i d e n t i c a l   r e a c t o r s   in  s e r i e s ,   with  i d e n t i c a l   c o n d i t i o n s  

o t h e r w i s e ,   h a s  b e e n   p l o t t e d   as  t o t a l   f l o w  a g a i n s t   t ime,  in  Fig.  3 ,  

us ing   log  s c a l e s .   I t   w i l l   be  observed  t h a t   t he re   is  a  s u b s t a n t i a l  

improvement  in  us ing  t w o  r e a c t o r s   compared  to  a  s i n g l e   r e a c t o r ,   a l s o  

t h a t   l i t t l e   a d d i t i o n a l   improvement  can  be  expected   beyond  10  r e a c t o r s .  

With  a  n o n - h y d r o g e n a t e d   system  the  e x t r a c t i o n   y i e l d   is  d e p e n d e n t  



on  the  time  of  d i g e s t i o n .   A  longer   d i g e s t i o n   time  r e s u l t s   in  t h e  

p o l y m e r i z a t i o n   of  the  d i s so lved   coal  and  a  reduced  y i e ld .   T h e r e f o r e ,  

a  spread  of  r e s i d e n c e   time  wil l   reduce  the  e x t r a c t i o n   y ie ld   s i n c e  

r e p o l y m e r i s e d   m a t e r i a l   is  formed.  By  using  s e v e r a l   s t i r r e d   r e a c t o r s ,  

almost  plug  flow  can  be  achieved  and  an  i n c r e a s e d   e x t r a c t i o n   y i e l d .  

E x t r a c t i o n   y i e ld   is  of  c o n s i d e r a b l e   impor tance   in  the  o v e r a l l  

economics  of  a  coal  d i g e s t i o n   p r o c e s s ,   and  even  small  improvements  

are  wor thwhi le .   R e p o l y m e r i s a t i o n   of  coal  mo ie t i e s   is  r e l a t i v e l y   s l o w  

with  high  rank  coals   (cf  Table  I)  or  when  us ing  a  hydrogen  donor,  b u t  

is  r e l a t i v e l y   f a s t   when  d i g e s t i n g   low  rank  coa l s .   Thus,  e s p e c i a l l y  

with  low  rank  coa l s ,   the  use  of  s eve ra l   s t i r r e d   r e a c t o r s   a c c o r d i n g  

to  the  i n v e n t i o n   has  the  a d d i t i o n a l   b e n e f i t   of  i n c r e a s e d   e x t r a c t i o n  

y i e l d .  

I t   is  t h e r e f o r e   shown  tha t   the  mere  i n c r e a s e   in  the  number  o f  

r e a c t o r s   accord ing   to  the  i nven t ion   can  lead  to  a  s u b s t a n t i a l   and 

unexpected   i n c r e a s e   in  the  ra te   of  f i l t r a t i o n ;   the  o v e r a l l  

t h roughpu t   of  a  coal  e x t r a c t i o n   p l an t   can  be  i n c r e a s e d   or  the  f i l t e r  

reduced  in  s i ze .   An  i n c r e a s e   in  e x t r a c t i o n   y i e ld   flows  as  a 

f u r t h e r   b e n e f i t   from  the  i n v e n t i o n .  



1.  A  p roce s s   for  the  con t inuous   p r o d u c t i o n   o f  c o a l   e x t r a c t s   by  

d i g e s t i n g   on a  con t inuous   bas i s   a  coal  us ing  an  a romat ic   s o l v e n t   o i l  

under  c o n d i t i o n s   at  which  the  s o l v e n t   oi l   is  l i q u i d  a n d  t h e r e a f t e r  

f i l t e r i n g   from  the  r e s u l t i n g   d i g e s t   s u b s t a n t i a l l y  a l l   the  u n d i s s o l v e d  

m a t e r i a l   t o  y i e l d   a  f i l t r a t e   of  e x t r a c t e d   c o a l  s u b s t a n c e  i n  s o l v e n t ,  

c h a r a c t e r i s e d   in  t h a t  a t   l e a s t   two  s t i r r e d   r e a c t o r s   in  s e r i e s   a r e  

used,  whereby  the  r e s i s t i v i t y   of  t h e  f i l t e r   c a k e  i s   m i n i m i s e d .  

2.  A  p r o c e s s   a cco rd ing   to  claim  1,  c h a r a c t e r i s e d   in  t h a t   from  3  t o  

10  s t i r r e d   r e a c t o r s   in  s e r i e s   are  u s e d .  

3.  A  p r o c e s s   a c c o r d i n g   to  claim  2,  c h a r a c t e r i s e d   in  t h a t   from  4  t o  

7  s t i r r e d   r e a c t o r s   in  s e r i e s   are  u s e d .  

4.  A  p r o c e s s   a cco rd ing   to  any one  of  claims  1  t o   3,  c h a r a c t e r i s e d   i n  

t h a t   the  d i g e s t i o n   is  c a r r i e d   out  a t  a   t e m p e r a t u r e   wi th in   the  r a n g e  

o f  3 5 0  t o  4 5 0 ° C .  

5.  A  p r o c e s s   acco rd ing   to  any one  of  c laims  1  to  4 ,  c h a r a c t e r i s e d  

in  t h a t   the  s o l v e n t   o i l  i s  a   coal  t a r  f r a c t i o n ,   a  h i g h l y   a r o m a t i c  

pe t ro l eum  f r a c t i o n   or  a  hydrogen  donor  s o l v e n t  o i l .  

6.  A  p r o c e s s   a c c o r d i n g   t o  c l a i m   5,  c h a r a c t e r i s e d   in  t h a t   t h e  

s o l v e n t   o i l   is  a n t h r a c e n e   oi l   or  a  h y d r o g e n a t e d   a n t h r a c e n e   o i l .  
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