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(54)  Method  for  the  beneficiation,  liquefaction  and  recovery  of  coal  and  other  solid  carbonaceous  materials  and  beneficiated 
coal  products. 

0   An  integrated,  continuous  (or  batch)  process  for  the 
beneficiation  and/or  liquefaction  of  coal,  especially  low 
rank  coals,  is  provided,  the  process  generally  involving 
admixing  coal  with  an  organic  liquid  medium  under  high 
shear  agitation,  further  beneficiating  the  coal  by  admixing 
the  same  in  an  aqueous  medium  optionnaly  containing  a 
monomer  and  a  polymerization  catalyst  therefor  and  sub- 
jecting  the  resultant  coal  product  to  further  high  shear 
agitation  in  the  presence  of  certain  organic  liquid  media  to 
provide  a  liquefield  coal  extract  product  and  a  further  solid 
coal  product.  Beneficiated  solid  and  liquefield  coal  pro- 
ducts  are  also  provided. 



This  i nven t ion   r e l a t e s   to  a  p rocess   for  the  b e n e f i c i a t i o n  

of  coal  and  so l id   carbonaceous   fuel  m a t e r i a l s ,   and  more  p a r t i c u l a r l y  

to  an  improved  process   for  the  b e n e f i c i a t i o n   and  enhanced  r e c o v e r y  

of  c o a l .  

Known  r e sou rces   of  coal  and  other   so l i d   carbonaceous   f u e l  

m a t e r i a l s   in  the  world  are  far  g r e a t e r   than  the  known  r e s o u r c e s  

of  petroleum  and  n a t u r a l   gas  combined.  Desp i te   th i s   enormous 

abundance  of  coal  and  r e l a t e d   so l i d   carbonaceous   m a t e r i a l s ,  

r e l i a n c e   on  these  r e s o u r c e s ,   p a r t i c u l a r l y   coal ,   as  p r i m a r y  

sources  of  energy,  has  been  for  the  most  par t   d i s cou raged .   The 

a v a i l a b i l i t y   of  cheaper ,   c l eane r   burn ing ,   more  e a s i l y   r e t r i e v a b l e  

and  t r a n s p o r t a b l e   fue l s ,   such  as  pe t ro leum  and  n a t u r a l   gas,  has  

in  the  past  cast   coal  to  a  l a r g e l y   s u p p o r t i n g   ro le   in  the  e n e r g y  

f i e l d .  

Current  world  events ,   however,  have  forced  a  new  awarenes s  

of  g lobal   energy  r e q u i r e m e n t s   and  of  the  a v a i l a b i l i t y   of  t h o s e  

r e s o u r c e s   which  wi l l   adequa t e ly   meet  these  needs.   The  r e a l i z a t i o n  

that   r e se rves   of  pe t ro leum  and  n a t u r a l   gas  are  being  r a p i d l y  

dep le ted   in  c o n j u n c t i o n   with  r i s i n g   pe t ro leum  and  n a t u r a l   gas 

p r i ces   and  the  unres t   in  the  r eg ions   of  the  world  which  c o n t a i n  

the  i a r g e s t   q u a n t i t i e s   of  these  r e s o u r c e s ,   has  sparked  a  new 

i n t e r e s t   in  the  u t i l i z a t i o n   of  so l id   carbonaceous   m a t e r i a l s ,  

p a r t i c u l a r l y   coal,   as  primary  energy  s o u r c e s .  

As  a  r e s u l t ,   enormous  e f f o r t s   are  being  extended  to  make  c o a l  

and  r e l a t e d   so l id   carbonaceous  m a t e r i a l s   e q u i v a l e n t   or  b e t t e r  

sources  of  energy  than  pe t ro leum  or  n a t u r a l   gas.  In  the  case  o f  

coal ,   for  example,  much  of  th is   e f f o r t   is  d i r e c t e d   to  overcome 

the  envi ronmenta l   problems  a s s o c i a t e d   with  i t s   p r o d u c t i o n ,  

t r a n s p o r t a t i o n   and  combust ion.   For  example,  h e a l t h   and  s a f e t y  

hazards  a s s o c i a t e d   with  coal  mining  have  been  s i g n i f i c a n t l y  

reduced  with  the  onset  of  new  l e g i s l a t i o n   governing  coal  m i n i n g .  



Fur thermore ,   numerous  t e chn iques   have  been  explored   and  d e v e l o p e d  

to  make  coal  c l e ane r   burn ing ,   more  s u i t a b l e   for  burning  and  more 

r e a d i l y   t r a n s p o r t a b l e .  

G a s i f i c a t i o n   and  l i q u e f a c t i o n   of  coal  are  two  such  known 

t e c h n i q u e s .   D e t a i l e d   d e s c r i p t i o n s   of  va r ious   coal  g a s i f i c a t i o n  

and  l i q u e f a c t i o n   p r o c e s s e s   may  be  found,  for  example,  in  t h e  

Encyclopedia   of  Chemical  Technology,   Kirk-Othmer ,   Third  E d i t i o n  

(1980)  Volume  11,  pages  410-422  and  449-473.  T y p i c a l l y ,   t h e s e  

t e c h n i q u e s ,   however,  r e q u i r e   high  energy  input ,   as  well  as  t h e  

u t i l i z a t i o n   of  high  t e m p e r a t u r e   and  high  p r e s s u r e   e q u i p m e n t ,  

thereby  reducing   t he i r   w idespread   f e a s i b i l i t y   and  v a l u e .  

P rocesses   to  make  coal  more  r e a d i l y   l i q u e f i a b l e   have  a l s o  

been  developed.   One  such  process   is  d i s c l o s e d   in  U.S.  Patent   No. 

4 ,033 ,852 .   This  p rocess   i nvo lves   chemica l ly   modifying  the  m o l e c u l a r  

s t r u c t u r e   of  the  coal,   the  e f f e c t   of  which  a l t e r s   i t s   morphology 

and  thus  renders   a  p o r t i o n   of  the  coal  more  r e a d i l y   l i q u e f i a b l e  

than  the  n a t u r a l   forms  of  c o a l .  

In  a d d i t i o n   to  g a s i f i c a t i o n   and  l i q u e f a c t i o n ,   other  methods 

for  conve r t i ng   coal  to  more  conven ien t   forms  for  burning  and 

t r a n s p o r t i n g   are  also  known.  For  example,  the  p r e p a r a t i o n   o f  

c o a l - o i l   and  coa l -aqueous   mix tures   are  d e s c r i b e d   in  t h e  

l i t e r a t u r e .   Such  l i q u i d   coal  mixtures   o f fe r   c o n s i d e r a b l e   a d v a n t a g e s .  

In  a d d i t i o n   to  being  more  r e a d i l y   t r a n s p o r t a b l e   than  dry  s o l i d  

coal,   they  are  more  e a s i l y   s t o r a b l e ,   and  less  sub jec t   to  the  r i s k s  

of  exp los ion   by  spontaneous   i g n i t i o n .   Moreover,  p rov id ing   c o a l  

in  a  f l u i d   form  makes  it   f e a s i b l e   for  burning  in  c o n v e n t i o n a l  

appara tus   used  for  burning  fuel  o i l .   Such  a  c a p a b i l i t y   can 

g r e a t l y   f a c i l i t a t e   the  t r a n s i t i o n   from  fuel  oil   to  coal  as  a 

primary  energy  source .   Typica l   c o a l - o i l   and  coa l -aqueous   m i x t u r e s  

and  t he i r   p r e p a r a t i o n   are  d i s c l o s e d   in  U.S.  Pa ten t   No.  3 , 7 6 2 , 8 8 7 ,  

U.S.  Pa ten t   No.  3 ,617,095  and  U.S.  Pa ten t   No.  4 ,217,109  and 

B r i t i s h   Patent   No.  1 , 5 2 3 , 1 9 3 .  



R e g a r d l e s s ,   however,  of  the  form  in  which  the  coal  is  u l t i m a t e l y  

employed,  the  coal  must  be  c leaned  because  it  con ta ins   s u b s t a n t i a l  

amounts  of  s u l f u r ,   n i t r ogen   compounds  and  mineral   m a t t e r ,  

i n c l u d i n g   s i g n i f i c a n t   q u a n t i t i e s   of  toxic   metal  i m p u r i t i e s .  

During  combustion  these  m a t e r i a l s   enter   the  environment  as  s u l f u r  

d iox ides ,   n i t r o g e n   oxides  and  compounds  of  toxic   meta ls .   I f  

coal  is  to  be  accepted   as  a  primary  energy  source,   it  must  be 

c leaned  to  p revent   p o l l u t i o n   of  the  e n v i r o n m e n t .  

Accord ing ly ,   chemical  as  well  as  phys i ca l   coal  c l e a n i n g  

( b e n e f i c i a t i o n )   p roce s se s   have  been  e x t e n s i v e l y   emplored.  I n  

g e n e r a l ,   p h y s i c a l   coal  c l ean ing   p r o c e s s e s   involve  p u l v e r i z i n g  

the  coal  to  r e l e a s e   the  i m p u r i t i e s ,   wherein  the  f ineness   of  t h e  

coal  g e n e r a l l y   governs  the  degree  to  which  the  i m p u r i t i e s   a r e  

r e l e a s e d .   However,  because  the  costs   of  p r e p a r i n g   the  coal  r i s e  

e x p o n e n t i a l l y   with  the  amount  of  f ines   produced,   there  is  an 

economic  optimum  in  size  r e d u c t i o n .   Based  on  the  p h y s i c a l  

p r o p e r t i e s   that   e f f e c t   the  s e p a r a t i o n   of  the  coal  from  t h e  

i m p u r i t i e s ,   p h y s i c a l   coal  c l ean ing   methods  are  g e n e r a l l y   d i v i d e d  

into  four  c a t e g o r i e s :   g r a v i t y ,   f l o t a t i o n ,   magnetic  and  e l e c t r i c a l  

me thods .  

In  c o n t r a s t   to  phys i ca l   coal  c l e a n i n g ,   chemical  c o a l  

c l ean ing   t echn iques   are  in  a  very  ea r ly   stage  of  deve lopmen t .  

Known  chemical  coal  c lean ing   t echn iques   inc lude ,   for  example ,  

o x i d a t i v e   d e s u l f u r i z a t i o n   of  coal  ( s u l f u r   i s  



conver ted   to  a  w a t e r - s o l u b l e   form  by  a i r   o x i d a t i o n ) ,   f e r r i c   s a l t  

l e a c h i n g   ( o x i d a t i o n   of  p y r i t i c   s u l f u r   with  f e r r i c   s u l f a t e ) ,   and 

hydrogen  p e r o x i d e - s u l f u r i c   acid  l e a c h i n g .   Other  methods  are  a l s o  

d i s c l o s e d   in  the  above -no ted   r e f e r e n c e   to  the  Encyc loped ia   o f  

Chemical  Technology,   Vol.  6,  pages  3 1 4 - 3 2 2 .  

A  r e c e n t   p romis ing   development   in  the  ar t   of  chemical   c o a l  

b e n e f i c i a t i o n   is  d i s c l o s e d   in  our  copending  European  p a t e n t  

a p p l i c a t i o n   No.  81300152.6  ( P u b l i c a t i o n   No.  0032811),   and  i n  

United  S t a t e s   Government  Report   No.  2694  e n t i t l e d   "Fuel  E x t e n s i o n  

by  D i s p e r s i o n   of  Clean  Coal  in  Fuel  Oil" .   In  summary,  a c c o r d i n g  

to  t h i s   coal  b e n e f i c i a t i o n   p r o c e s s ,   coal  is  f i r s t   c leaned  of  r o c k  

and  the  l ike   and  p u l v e r i z e d   to  a  f ine   s i ze .   The  p u l v e r i z e d   c o a l ,  

now  in  the  form  of  a  water  s l u r r y ,   is  then  c o n t a c t e d   with  a 

mixture   compr i s ing   a  p o l y m e r i z a b l e   monomer,  and  a  p o l y m e r i z a t i o n  

c a t a l y s t .   The  r e s u l t a n t   s u r f a c e   t r e a t e d   coal  is  h igh ly   h y d r o -  

phobic  and  the  o l e o p h i l i c   and  is  thus  r e a d i l y   s e p a r a t e d   f rom 

unwanted  ash  and  s u l f u r   using  oi l   and  water  s e p a r a t i o n   t e c h n i q u e s .  

Moreover,  the  hydrophobic   coal  can  be  r e a d i l y   f u r t h e r   d e h y d r a t e d  

to  very  low  water  l e v e l s   wi thout   employing  c o s t l y   thermal   e n e r g y .  

The  c lean ,   very  low  mo i s tu re   con t en t   coal  r e s u l t i n g   from  t h i s  

process   can  then  be  employed  as  i s ,  i . e .   as  a  dry  so l i d   p r o d u c t ,  

or  f u r t h e r   p roces sed   to  advan tageous   c o a l - o i l   or  c o a l - a q u e o u s  

m i x t u r e s .  

In  any  coal  c l e a n i n g   p roces s ,   whether  i t   be  p h y s i c a l   o r  

chemica l ,   the  r ecovery   of  maximum  y i e l d s   of  useab le   product   i s  

always  an  i m p o r t a n t   economic  concern .   Much  e f f o r t   has  a lso  been  

devoted  to  the  recovery   of  the  huge  amounts   of  r e s i d u a l   c o a l  



One  recovery   method,  for  example,  which  has  been  d e v e l o p e d  

is  the  f ro th   f l o t a t i o n   process   which  c o n s i s t s   of  a g i t a t i n g   t h e  

f i n e l y   d iv ided  coal  and  minera l   su spens ion   with  small  amounts  o f  

f r o t h i n g   r e a g e n t s   in  the  p resence   of  water  and  a i r .   The  f r o t h i n g  

r e a g e n t s   a s s i s t   the  fo rmat ion   of  small   a i r   bubbles   tha t   c o l l e c t  

the  hydrophobic   coal  p a r t i c l e s   and  ca r ry   them  to  the  s u r f a c e .   The 

h y d r o p h i l i c   minera l   mat te r   is  wetted  by  water  and  drawn  off  a s  

t a i l i n g s .   However,  the  r ecovery   of  f ine  coal  r e s i d u a l s   in  c o a l  

c l e a n i n g   r e fu se   water  using  c o n v e n t i o n a l   f r o t h   f l o t a t i o n   is  so  poor  

tha t   the  p rocedure   is  seldom  p r a c t i c e d   c o m m e r c i a l l y .  

A  f u r t h e r   problem  a s s o c i a t e d   with  the  b e n e f i c i a t i o n   and 

recovery   of  coal  is  the  v a r i e t y   of  kinds  of  coal  tha t   are  n a t u r a l l y  

found.  That  is,   for  example,  i t   is  well  known  tha t   the  s o - c a l l e d  

low  rank  coals   do  not  respond  well  to  b e n e f i c i a t i o n   using  c o n -  

v e n t i o n a l   f l o t a t i o n   p r o c e s s e s ,   p a r t i c u l a r l y   because  the  b e n e f i c i a t e d  

p roduc t s   do  not  f l o a t   w e l l .  

Accord ing ly ,   o ther   methods  for  the  improved  b e n e f i c i a t i o n  

and  enhanced  recovery   of  coal ,   i n c l u d i n g   r e s i d u a l   coal  f i n e s ,  

would  obv ious ly   ,be  very  d e s i r a b l e .   Of  p a r t i c u l a r   impor tance   is  a 

method  which  not  only  p rov ides   for  an  improved  b e n e f i c i a t e d   p r o d u c t  

in  high  y ie ld   but  also  which  is  s u i t a b l e   for  the  b e n e f i c i a t i o n   and 

good  r ecovery   of  low  rank  coa ls   not  normally  s u i t a b l e   f o r  

b e n e f i c i a t i o n .   In  a d d i t i o n ,   o ther   p r o c e s s e s   for  the  l i q u e f a c t i o n  

of  coal  would  a lso  be  welcome,  not  to  mention  the  d e s i r a b i l i t y   f o r  

a  p rocess   which  has  the  c a p a b i l i t y   of  a c h i e v i n g   a l l   the  a f o r e -  

mentioned  goals  but  also  p rov ides   for  the  l i q u e f a c t i o n   of  c o a l  

and  moreover  the  recovery   of  c lean  l i q u e f i e l d   coal  p r o d u c t .  



The  i n v e n t i o n   seeks  to  f u l f i l l   such  aims  by  p rov id ing   a 

process   for  the  b e n e f i c i a t i o n   and  recovery   of  coal  which  c o m p r i s e s  

the  s teps   o f :  

(a)  s u b j e c t i n g   w a t e r - w e t t e d   p u l v e r i z e d   raw  coal  to  a 

b e n e f i c i a t i o n   t r e a t m e n t   by  admixing  said  p u l v e r i z e d   w a t e r - w e t t e d  

coal ,   under  high  shear  a g i t a t i o n ,   with  a  w a t e r - i n - s o l u b l e   l i q u i d  

organic   medium;  and 

(b)  r e c o v e r i n g   the  c lean  c o a l .  

Other  embodiments  he re in   are  achieved  by  a  p rocess   which  

f u r t h e r   i n c l u d e s   the  s t eps   o f :  

(c)  admixing  the  coal  c o n t a i n i n g   mixture   of  step  (a)  w i t h  

at  l e a s t   one  aqueous  medium,  the reby   r e s u l t i n g   in  a  coal  f ro th   p h a s e ,  

and  an  aqueousephase ,   s e p a r a t i n g   the  coal  f r o t h   phase  from  t h e  

aqueous  p h a s e ;  

(d)  removing  r e s i d u a l   water  and  l i q u i d   o rgan ic   medium  f rom 

the  c leaned   c o a l ;  

(e)  admixing,   under  high  shear  a g i t a t i o n ,   the  c leaned  c o a l  

from  step  (d)  with  a  mixture   compr i s ing   at  l e a s t   one  member  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  a  p o l y m e r i z a b l e   monomer,  a  p o l y m e r i z a -  

t ion  c a t a l y s t   and  a  f l u i d   o rgan ic   medium. 

The  p rocess   of  t h i s   i n v e n t i o n   is  f u r t h e r   d e s c r i b e d   w i t h  

r e f e r e n c e   to  the  accompanying  drawings ,   in  which  

Fig.  1  is  a  block  diagram  i l l u s t r a t i n g   one  embodiment  o f  

the  p rocess   of  the  p r e s e n t   i n v e n t i o n .  

Fig.  2  is  ano ther   block  diagram  i l l u s t r a t i n g   a  p r e f e r r e d  

embodiment  of  the  p rocess   of  the  p re sen t   i n v e n t i o n .  



Fig.  3  is  a  f u r t h e r   block  diagram  s c h e m a t i c a l l y   i l l u s t r a t i n g  

another   p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n .  

Fig.  4  is  a  schemat ic   i l l u s t r a t i o n   of  a  p r e f e r r e d   v e s s e l  

in  which  raw  coal  is  s u b j e c t e d   to  su r f ace   t r e a t m e n t   a n d / o r  

f ro th   f l o t a t i o n   accord ing   to  the  p r e s e n t   p r o c e s s .  

R e f e r r i n g   to  the  drawing,  Fig.  1  i l l u s t r a t e s   the  b a s i c  

sequence  of  s teps  for  c a r r y i n g   out  p rocess   of  the  p r e s e n t  

i n v e n t i o n .   Thus,  in  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n ,   i t  

is  i n i t i a l l y   p r e f e r r e d   to  reduce  raw  mined  coal  or  other   s o l i d  

carbonaceous   m a t e r i a l s   to  a  f ine   d iameter   s ize  and  to  remove 

the  unwanted  rock,  heavy  ash  and  the  l ike   m a t e r i a l s   c o l l e c t e d  

in  the  mining  o p e r a t i o n .   As  shown  in  Fig.  1,  raw  coa l ,   which  

has  p r e v i o u s l y   been  crushed  and  removed  of  rock  and  heavy  a sh  

such  as  by  using  b r e a k e r s ,   j i g s   and  the  l i ke ,   is  i n t r o d u c e d   t o  

p u l v e r i z a t i o n   zone  10  through  condui t   21  where  the  raw  coal  i s  

p u l v e r i z e d   and  i n i t i a l l y   c leaned ,   u s u a l l y   in  the  presence   c :  

water ,   which  may be  i n t r o d u c e d   through  l ine   23.  The  coal  i s  

ground  employing  c o n v e n t i o n a l   equipment ,   such  as,  for  example ,  

bal l   or  rod  m i l l s .   It  is  g e n e r a l l y   d e s i r a b l e ,   a l though  n o t  

n e c e s s a r y   to  the  p r e s e n t   p r o c e s s ,   to  employ  c e r t a i n   w a t e r  

c o n d i t i o n i n g   or  t r e a t i n g   a d d i t i v e s   in  the  p u l v e r i z a t i o n  

o p e r a t i o n .   Such  a d d i t i v e s   a s s i s t   in  r e n d e r i n g   the  ash  more 

h y d r o p h i l i c ,   which  f a c i l i t a t e s   the  s e p a r a t i o n   t h e r e o f .   T y p i c a l  

a d d i t i v e s   which  can  be  i n t r o d u c e d   through  a  s e p a r a t e   l ine   25 

or  through  e i t h e r   of  l ines   21  or  23  and  which  are  usefu l   f o r  

purposes   h e r e i n ,   inc lude   c o n v e n t i o n a l   i n o r g a n i c   and  o r g a n i c  

d i s p e r s a n t s ,   s u r f a c t a n t s ,   and/or   we t t i ng   agen t s .   P r e f e r r e d  

a d d i t i v e s   for  th i s   purpose   i nc lude   sodium  c a r b o n a t e ,   sodium 

p y r o p h o s p h a t e ,   and  the  l i k e .  

The  coa l - aqueous   s l u r r y   formed  in  p u l v e r i z a t i o n   zone  10 

is  t y p i c a l l y   one  having  a  coal  to  water  r a t i o   of  from  about  1 

tc  about  19  and  p r e f e r a b l y   about  1:4  pa r t s   by  weight ,   r e s p e c t i v e l y .  

Also,  r a t i o s   of  2:1  (coal  to  water)   are  a lso  c o n t e m p l a t e d .   1 : 1  

(coal   to  water)   is  also  p r e f e r a b l y   used.  If  u t i l i z e d ,   w a t e r  

c o n d i t i o n i n g   a d d i t i v e s   as  h e r e i n b e f o r e   d e s c r i b e d   are  employed 

in  small  amounts,  u s u a l l y ,   for  example,  from  about  0 . 0 2 5  



to  about  5%.  While  it  is  g e n e r a l l y   r ecogn ized   that   more  i m p u r i t i e s  

are  l i b e r a t e d   as  the  s ize  of  the  coal  is  reduced,   the  law  o f  

d imin i sh ing   r e t u r n s   app l i e s   in  that   there   is  an  economic  optimum 
which  governs  the  degree  of  p u l v e r i z a t i o n .   In  any  event ,   f o r  

the  purposes   of  th is   i n v e n t i o n ,   it  is  g e n e r a l l y   de s i r ed   to  g r i n d  
the  coal  to  a  p a r t i c l e   s ize  of  from  about  48  to  about  300  mesh 

Ty le r  :   0.295  to  0.05  mm ,  p r e f e r a b l y   about  80%  of  the  p a r t i c l e s  

being  f iner   than  about  200  mesh  size  (0.074  mm). 

Any  type  coal  can  be  employed  in  the  process   of  the  p r e s e n t  
i n v e n t i o n .   T y p i c a l l y ,   these  i nc lude ,   for  example,  b i t u m i n o u s  

coal ,   sub-b i tuminous   coal ,   a n t h r a c i t e ,   l i g n i t e   and  the  l i k e .  

Other  so l id   carbonaceous   fuel  m a t e r i a l s ,   such  as  oil   sha le ,   t a r  

sands,  and  the  l ike   are  also  con templa ted   for  t r e a t m e n t   by  t h e  

process   h e r e i n .   Thus,  for  the  purposes   of  th is   i n v e n t i o n ,   t h e  

term  "coal"   is  also  in tended  to  inc lude   these  kinds  of  o t h e r  

so l id   carbonaceous   fuel  m a t e r i a l s .   Moreover,  i t   has  been  found 

here in   that   the  p re sen t   process   is  p a r t i c u l a r l y   well  su i t ed   f o r  

b e n e f i c i a t i n g   low  rank  coa ls ,   e.g.  l i g n i t e ,   low  rank  b i t u m i n o u s ,  
sub-b i tuminous   and  p e a t .  

The  coa l -aqueous   s l u r r y ,   which  ex i t s   p u l v e r i z a t i o n   zone  10 

through  conduit   29  is  fed  to  a  high  shear ,   ie.  high  speed  a g i t a t i o n ,  

zone  12  wherein  the  p u l v e r i z e d   coal  is  c o n t a c t e d ,   at  a  t e m p e r a t u r e  
of  from  about  400C  to  about  95°C  p r e f e r a b l y   50-80oC  for  a  p e r i o d  

of  from  about  15  seconds  to  about  15  minutes  and  admixed  u n d e r  

high  speed  a g i t a t i o n ,   with  an  organic   water  i n s o l u b l e   l i q u i d  

medium  added  by  means  of  any  of  r eagen t   tanks  1,  2  or  3.  I t  

has  been  found  he re in   that   the  p resence   of  the  o rganic   w a t e r  

i n s o l u b l e   l i q u i d   at  th is   stage  in  the  p rocess   r e s u l t s   in  a  "deep"  

c lean ing   of  the  coal,   e s p e c i a l l y   with  coals  which  are  g e n e r a l l y  

very  d i f f i c u l t   to  c lean,   such  as  the  a fo remen t ioned   low  r a n k  

coals .   While  not  complete ly   unde r s tood ,   it  is  b e l i e v e d   that   t h e  

organic   water  i n s o l u b l e   l i qu id   ope ra t e s   to  dr ive   the  m o i s t u r e  

( i f   p r e s e n t )   from  the  coal ,   thus  a l lowing  r e a c t i o n   with  t h e  

p o l y m e r i z a b l e   r e a c t i o n   composi t ion   (in  sub-b i tuminous   and  l i g n i t e  

it  is  be l i eved   that   the  water  of  h y d r a t i o n   o f f e r s   a  b a r r i e r   t o  



sur face   r e a c t i o n )   which  leads  to  he te rogenous   s e p a r a t i o n   of  t h e  

organic   phase  from  the  water  and  a c c o r d i n g l y   enhances  ash  

s e p a r a t i o n .  

Thus,  the  b e n e f i c i a t e d   coal  r ecovered   from  zone  12,  v i a  

l ine  31,  a f t e r   removal  of  r e s i d u a l   water  and  l i q u i d   h y d r o c a r b o n s ,  

by  drying  and  so lven t   e x t r a c t   t e chn iques   ( i f   d e s i r e d ) ,   f o r  

example,  has  a  low  mois ture   conten t   of  from  about  5%  to  about  30%, 

a  low  ash  content   of  from  about  1%  to  about  10%  and  a  low  s u l f u r  

content   of  from  about  0.1  to  about  6%,  p r e f e r a b l y   0.3  to  2%, 

depending  on  the  coal  feed.  This  p roduc t   is  a  highly  d e s i r a b l e  

one  and  is  t h e r e f o r e   s u i t a b l e   for  use  as  is  or  may  be  f u r t h e r  

t r e a t e d   and  c leaned  in  accordance  with  the  fo l lowing   d i s c u s s i o n  

encompassing  f u r t h e r   embodiments  of  the  p re sen t   i n v e n t i o n .  

W a t e r - i n s o l u b l e   organic   l i q u i d s   which  are  s u i t a b l e   in  h i g h  

shear  mix  zone  12  a r e . g e n e r a l l y   any  so lven t s   or  other   f l u i d  

medium  which  wi l l   s u f f i c i e n t l y   wet  the  coal  to  permit   a sh  

s e p a r a t i o n .   Genera l ly ,   water  i n s o l u b l e   organic   l i q u i d s   s u i t a b l e  

for  the  purposes  of  th is   i n v e n t i o n   are  low  b o i l i n g   l i q u i d s ,  

i . e .   bo i l i ng   point   from  about  400C  to  about  80oC.  Such  l i q u i d s  

include  benzene,  to luene ,   xylene ,   hydrocarbon  o i l s ,   p y r i d i n e ,  

cyclohexane,   e thyl   a c e t a t e   and  mixtures   t h e r e o f .   For  the  p u r p o s e s  
of  this  i nven t ion ,   benzene  and  to luene   are  p r e f e r r e d ,   t o l u e n e  

being  most  p r e f e r r e d .   It  has  been  found  that   the  p resence   o f  

the  organic  l i qu id   such  as  t o luene ,   in  the  high  shear  mix  zone 

12,  i nc reases   the  recovery   of  c lean  coal  by  up  to  about  30%. 

Other  a d d i t i v e s   and/or   r e agen t s   i n c l u d i n g   monomer,  c a t a l y s t  

( d e s c r i b e d   in  g r e a t e r   d e t a i l   h e r e i n a f t e r )   may  also  be  added  to  t h e  

high  shear  mix  zone,  if  d e s i r ed ,   by  means  of  any  of  tanks  1,  2  o r  

3,  for  example.  

The  clean  coal  from  high  shear  mix  zone  12  may  be  f u r t h e r  

c leaned  in  accordance  with  the  p r e s e n t   i n v e n t i o n   to  provide   an 

even  c l eaner ,   i . e .   a  "super  c lean"  coal  p roduc t .   This  is  a c c o m p l i s h e d  

in  accordance  with  the  process   o u t l i n e d   by  Fig.  2.  Thus,  r e f e r r i n g  

to  Fig.  2,  the  coal  c o n t a i n i n g   mixture  e x i t i n g   high  shear  mix  zone  12 

is  fed  to  a  f i r s t   f l o t a t i o n   zone  14  through  l ine   31.  In  f l o t a t i o n  

zone  14,  the  c o a l - o r g a n i c   l i q u i d   mixture  is  con tac t ed   and  admixed 

with  an  aqueous  medium.  This  aqueous  medium  in  f l o t a t i o n   zone  14 



may  comprise  simply  water  or  in  a d d i t i o n   to  water  other   s u r f a c e  

t r e a t i n g   a d d i t i v e s   may  be  p r e s e n t .   That  is,   for  example,  t h e  

aqueous  medium  of  f l o t a t i o n   zone  14  may  comprise  a  chemical   t r e a t i n g  

mixture   comprised  of  water ,   a  p o l y m e r i z a b l e   monomer  and  p o l y m e r i z a -  

t ion  c a t a l y s t .   These  i n g r e d i e n t s   can  be  i n t r o d u c e d ,   for  example ,  

to  zone  14  through  l i n e s 3 3 ,   35  and  37,  r e s p e c t i v e l y .   If  d e s i r e d ,  

a  f u r t h e r   amount  of  o rganic   l i q u i d   h e r e i n b e f o r e   (and  h e r e i n a f t e r )  

d e s c r i b e d ,   can  also  be  added  to  the  aqueous  medium  of  zone  14 

such  as  via  l ine   39.  This  o rganic   l i q u i d   may  be  the  same  o r  

d i f f e r e n t   from  that   employed  in  high  shear  mix  zone  12;  p r e f e r a b l y ,  

it   is  the  same. 

In  a  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n ,   the  c o a l  

con ta in ing   mixture  from  zone  12  is  sprayed,   most  p r e f e r a b l y   t h r o u g h  

a  p r e s s u r e   spray  nozz le ,   into  f l o t a t i o n   zone  14.  Spraying  f u r t h e r  

f a c i l i t a t e s   the  s e p a r a t i o n   of  ash  from  coal  by  a s s i s t i n g   in  b r e a k i n g  

up  any  f locs   of  c o a l  



which  may  inc lude   t rapped  ash.  Moreover,  in  order  to  e n c o u r a g e  

f r o t h i n g   i t   is  a lso  p r e f e r r e d   he re in   to  spray  the  su r f ace   t r e a t i n g  

i n g r e d i e n t s   into  f l o t a t i o n   zone  14  such  as  through  l ine   33  ( w a t e r ) ,  

35  (monomer)  37  ( c a t a l y s t )   and  39  ( c a t a l y s t   i n i t i a t o r ) .   F r o t h i n g  

takes  place  in  f l o t a t i o n   zone  14  thus  p rov id ing   a  f l o a t i n g   c o a l  

f ro th   phase  and  an  aqueous  p h a s e .  

Fig.  4  i l l u s t r a t e s   a  uni t   55  which  is  s u i t a b l e   as  a  f r o t h  

f l o t a t i o n   vesse l   u se fu l   in  zone  14  or  any  of  f l o t a t i o n   and  f l o t a t i o n  

recovery   zones  employed  in  the  p r e sen t   p r o c e s s .   In  t h i s   un i t ,   t h e  

c o a l - o r g a n i c   l i q u i d   mixture   is  sprayed  in to   the  vesse l   through  l i n e  

29  and  through  spray  nozzle   61.  The  t r e a t i n g   r e a g e n t s   may  be  added  

by  way  of  l i n e s   33,  35,  37  and  39.  As  i n d i c a t e d   he r e inabove   and 

a l though   not  shown  in  Fig.  4,  these   i n g r e d i e n t s   may  be  fed  to  t h e  

vesse l   through  spray  nozz les   a l so .   These  agents   can  be  added  d i r e c t l y  

to  the  l i q u i d   media  in  the  p u l v e r i z a t i o n   zone,  in  the  o rgan ic   l i q u i d  

medium  or  in  water  or  s e p a r a t e l y   in  l i n e s   l ead ing   to  the  zones  o r  

v e s s e l s .  

A  p a r t i c u l a r l y   e f f e c t i v e   t e chn ique   for  s e p a r a t i n g   the  t r e a t e d  

coal  p a r t i c l e s   from  unwanted  ash  and  s u l f u r   in  the  water  p h a s e  

comprises   an  a e r a t i o n   spray  t e chn ique   wherein  a  coal  f ro th   p h a s e  

is  formed  by  sp ray ing   or  i n j e c t i n g   the  t r e a t e d   c o a l - w a t e r   s l u r r y  

into  the  su r f ace   of  c l e a n i n g   water .   B r i e f l y ,   accord ing   to  t h i s  

method  the  coal  s l u r r y   is  i n j e c t e d   through  at  l e a s t   one  s p r a y  

nozzle  at  p r e s s u r e s ,   for  example,  at  from  about  15-20  psi  (103  t o  

138  kPa)  at  a 



s p a c e d - a p a r t   d i s t a n c e   above  the  water   s u r f a c e   into  the  water  s u r f a c e  

p roduc ing   a e r a t i o n   and  a  f r o t h i n g   or  foaming  of  the  coal  p a r t i c l e s ,  

caus ing   t he se   p a r t i c l e s   to  f l o a t   to  the  water   s u r f a c e   for  skimming 

o f f .  

The  s u r f a c e   t r e a t i n g   c o n d i t i o n s   u t i l i z e d   in  zone  14,  w i l l ,  

of  course ,   vary  depending  upon  the  s p e c i f i c   r e a c t a n t s   employed .  

G e n e r a l l y ,   however,   any  c o n d i t i o n s   which  r e s u l t   in  the  f o r m a t i o n  

of  a  hyd rophob ic   and  o l e o p h i l i c   s u r f a c e   on  the  coal  can  be  u t i l i z e d .  

More  s p e c i f i c a l l y ,   t y p i c a l   c o n d i t i o n s   i n c l u d e ,   for  e x a m p l e ,  

t e m p e r a t u r e s   in  the  range  of  from  about  10°C  to  about  90°C, 

a t m o s p h e r i c   to  n e a r l y   a t m o s p h e r i c   p r e s s u r e   c o n d i t i o n s   and  a  c o n t a c t  

time,  i . e .   r e a c t i o n   time,  of  from  about  .02  to  about  10  m i n u t e s .  

P r e f e r a b l y ,   the  chemical   r e a c t i o n   is  c a r r i e d   out  at  a  t e m p e r a t u r e  
of  from  about   15°C  to  600C  and  a t m o s p h e r i c   p r e s s u r e   for  about  2 

m i n u t e s .  

The  coal  f ro th   phase,   which  ensues  in  zone  14,  is  r e a d i l y  

s e p a r a t e d   from  the  aqueous  phase ,   which  is  a lso  formed  t h e r e i n ,   by 

c o n v e n t i o n a l   means,  for  example,  skimming.  The  b e n e f i c i a t e d   s o l i d  

coal  p r o d u c t   r e s u l t i n g   at  t h i s   po in t   in  the  p rocess   is  even  f u r t h e r  

c l eaned   of  i m p u r i t i e s ,   i n c l u d i n g   ash  and  s u l f u r .   P r e f e r a b l y ,  

however,   i t   is  fed  to  f u r t h e r   f l o t a t i o n   zone  16  through  l ine   41 

for  f u r t h e r   c l e a n i n g .   C o n c o m i t a n t l y ,   the  aqueous  phase  r e m a i n i n g  

in  zone  14,  which  c o n t a i n s   r e s i d u a l   coal  p a r t i c l e s   or  f ines   and 

ash,  is  removed  from  zone  14  and  sent   to  f l o t a t i o n   r ecove ry   zone 

20  through  l ine   43.  S i m i l a r   to  the  manner  d e s c r i b e d   h e r e i n b e f o r e  

for  the  i n t r o d u c t i o n   of  m a t e r i a l s   to  zone  14,  the  aqueous  p h a s e  

from  zone  14  is  p r e f e r a b l y   fed  to  zone  20  through  a  p r e s s u r e   s p r a y  

n o z z l e ,   t h e r eby   f a c i l i t a t i n g   f u r t h e r   f r o t h i n g .   Recovery  zone  20 

comprises   an  aqueous  medium  t y p i c a l l y   c o n t a i n e d   in  a  f ro th   f l o t a t i o n  

u n i t   as  i l l u s t r a t e d   in  Fig.   4  h e r e i n .   It  has  been  s u r p r i z i n g l y  

d i s c o v e r e d   tha t   in  c o n t r a s t   to  p r i o r   a r t   f r o t h   f l o t a t i o n   r e c o v e r y  

o p e r a t i o n s ,   merely  admixing,   p r e f e r a b l y   by  sp ray ing ,   the  aqueous  

phase  from  zone  14  in to   the  aqueous  medium  of  zone  20,  causes  a 

s i g n i f i c a n t   q u a n t i t y   of  the  r e s i d u a l   coal  f ines   to  f l o a t ,   wh ich  

pe rmi t s   for  g r e a t e r   r e c o v e r y   than  c u s t o m a r i l y   achieved  by  p r o c e s s e s  

used  h e r e t o f o r e .   While  i t   is  not  c o m p l e t e l y - u n d e r s t o o d ,   it  i s  

b e l i e v e d   t h a t   th i s   advan tage   r e s u l t s   from  the  unique  s u r f a c e  

t r e a t i n g   b e n e f i c i a t i o n   p r o c e s s   employed  in  the  p r e s e n t   p r o c e s s ,  



wherein  the  su r face   of  the  coal  becomes  h ighly   hydrophobic   and 

o l e o p h i l i c .  

In  f u r t h e r a n c e   of  the  p rocess   of  the  p r e s e n t   i n v e n t i o n   and 

as  shown  in  Fig.  2,  the  coal  f ro th   phase  which  ensues  in  zone 

20  is  r ecovered   the re f rom  through  l ine   45  and  r e c y c l e d   t o  

e i t h e r   p u l v e r i z a t i o n   zone  10  or  high  shear  mix  zone  12  ( n o t  

i l l u s t r a t e d )   or  d i r e c t l y   to  f l o t a t i o n   zone  14  via  l ine   31 

(as  shown)  for  f u r t h e r   t r e a t m e n t   t h e r e i n .   The  aqueous  p h a s e  

r e s u l t i n g   in  zone  20  may  be  drawn  off  and  sent  to  a  w a s t e  

d i sposa l   uni t   (not  i l l u s t r a t e d )   or  p r e f e r a b l y   is  fed  to  a 

f u r t h e r   recovery   zone  22  as  shown.  F ro th ing   and/or   f l o t a t i o n   a i d s ,  

which  a s s i s t   in  the  fo rmat ion   of  small  air   bubbles ,   may  be  added  

to  recovery  zone  20  or  22  for  enhanced  coal  phase  s e p a r a t i o n .  

In  the  con t inuance   of  the  p rocess   h e r e i n ,   the  coal  f ro th   p h a s e  

from  zone  14  is,  at  the  same  time,  i n t r o d u c e d   to  a  f u r t h e r   f l o t a t i o n  

zone  16,  again  p r e f e r a b l y   through  p r e s s u r e   spray  nozz l e s ,   in  l i n e  

41.  Zone  16  is  also  comprised  of  an  aqueous  medium.  The  c o a l  

f ro th   phase,  which  forms  in  zone  16, is   s e p a r a t e d   from  the  aqueous  

phase  which  is  also  formed  in  zone  16,  and  p r e f e r a b l y   i n t r o d u c e d  

to  a  t h i r d   f l o t a t i o n   zone  18,  through  l ine   47,  as  shown  in  Fig.  2. 

Like  f l o t a t i o n   zones  14  and  16,  zone  18  is  also  comprised  of  an 

aqueous  medium.  Thus  a  coal  f ro th   phase  and  an  aqueous  phase  a l s o  

ensues  in  zone  18. 

The  coal  f ro th   phase  is  skimmed  from  f l o t a t i o n   zone  18  and  t h e n  

may  be  fed  through  l ine   83  to  a  drying  zone  48  such  as  a  c e n t r i f u g e  

or  other   so lvent   and/or   water  removal  t e chn ique ,   and  used  as  i s .  

This  coal  is  a  "super  c lean"  coal  p roduct   having  a  very  low  ash  

conten t   of  from  about  0.5  to  about  10%,  and  a  very  low  m o i s t u r e  

conten t   of  from  about  0.2  to  about  15%.  Such  a  coal  product   i s  

ext remely   d e s i r a b l e   in  the  format ion   of  coa l - aqueous   a n d / o r  

c o a l - o i l   m i x t u r e s .  

Simul taneous   with  the  cont inuous   fo rmat ion ,   s e p a r a t i o n   and 

removal  of  the  coal  f ro th   phases  from  zones  14,  16  and  20  as  d e s c r i b e d  

h e r e t o f o r e ,   the  aqueous  phases  formed  in  each  of  these  zones  are  a l s o  

c o n t i n u o u s l y   removed  and  i n t roduced   for  f u r t h e r   p r o c e s s i n g   as  



i l l u s t r a t e d   in  Figs.   2  and  3.  That  is ,   the  aqueous  phase  from 

zone  16  is  r e c y c l e d   to  zone  14  in  a  c o u n t e r - c u r r e n t l y   f lowing  s t r e a m  

via  l ine  49,  whereby  r e s i d u a l   coal  p a r t i c l e s   are  again  s u b j e c t e d   t o  

t r e a t m e n t   in  zone  14.  S i m i l a r l y ,   the  aqueous  phase  in  zone  18, 

is  r e c y c l e d   in  a   c o u n t e r - c u r r e n t l y   flowing  s tream  via  l ine   51 

to  zone  16  for  f u r t h e r   p r o c e s s i n g   t h e r e i n .   At  the  same  t i m e ,  

as  d e s c r i b e d   b e f o r e ,   the  aqueous  phase  from  zone  14- is   c o n t i n u o u s l y  

removed  t he re f rom  and  i n t r o d u c e d   to  f l o t a t i o n   r ecovery   zone  20 

by  way  of  l ine   43.  As  i n d i c a t e d   b e f o r e ,   the  r e s u l t a n t   c o a l  

f ro th   phase  in  zone  20  is  removed  the re f rom  and  r e c y c l e d   t o  

f l o t a t i o n   zone  14  for  f u r t h e r   t r e a t m e n t   by  way of  l ines   45  and  31.  

Concomi t an t ly ,   the  aqueous  phase  formed  in  zone  20  is  c o n t i n u o u s l y  

removed  and  p r e f e r a b l y   fed  to  second  f l o t a t i o n   r e c o v e r y ' z o n e   22 

through  l ine   53.  The  coal  f ro th   phase  which  ensues  in  zone  22 

is  removed  t h e r e f r o m   and  is  c o n t i n u o u s l y   r e c y c l e d   in  c o u n t e r -  

c u r r e n t   f lowing  s tream  to  r ecovery   zone  20  via  l ine   55.  The 

aqueous  phase  in  zone  22  is  d i sposed   of  via   l ine   57  and  t y p i c a l l y  

sent  to  a  waste  t r e a t m e n t   un i t   44  as  d e p i c t e d   in  Fig.  3.  

While  water  may  be  the  only  i n g r e d i e n t   u t i l i z e d   in  the  aqueous  
mediums  c o n t a i n e d   in  f l o t a t i o n   zones  14,  16  and  18  and  f l o t a t i o n  

recovery   zones  20  and  22,  it  is  con templa t ed   h e r e i n ,   p a r t i c u l a r l y  

in  zones  14,  16  and  18  but  also  in  zones  20  and  22,  to  employ,  

in  a d d i t i o n   to  water ,   small  amounts  of  the  h e r e i n b e f o r e - m e n t i o n e d  

s u r f a c t a n t s ,   d i s p e r s i n g   and/or   we t t i ng   agen t s ,   p a r t i c u l a r l y  

sodium  ca rbona te   and  sodium  p y r o p h o s p h a t e ,   p o l y m e r i z a b l e   monomer, 
such  as  the  same  or  d i f f e r e n t   monomer  which  may  have  been  employed 

in  the  i n i t i a l   s u r f a c e   t r e a t m e n t   mixture  in  f l o t a t i o n   zone  1 4 ,  a  

small  amount  of  l i q u i d   o rgan ic   c a r r i e r ,   such  as  fuel   o i l ,   a  c o a l  

de r ived   oi l   or  any  of  the  h e r e t o f o r e   and  h e r e i n a f t e r   r e c i t e d  

organic   l i q u i d s ,   and  a  small  a d d i t i o n a l   amount  of  p o l y m e r i z a t i o n  

c a t a l y s t ,   such  as  the  f ree   r a d i c a l   c a t a l y s t   and/or   i n i t i a t o r .  

F u r t h e r m o r e ,   the  r e s i d e n c e   times  of  the  m a t e r i a l s   being  t r e a t e d ,  

washed  and/or   r e cove red   in  each  of  the  fo rego ing   i d e n t i f i e d   zones  

w i l l ,   of  course ,   vary  depending  upon  the  amounts  and  m a t e r i a l s  

u t i l i z e d .   Res idence   times  which  r e s u l t   in  optimum  f r o t h i n g   and 

s e p a r a t i o n   o f  p h a s e s   are  most  d e s i r a b l e .   Gene ra l ly ,   however,  any 



r e s idence   time  which  is  s u f f i c i e n t   to  r e s u l t   in  a  coal  f r o t h  

phase  and  an  aqueous  phase  may  be  u t i l i z e d .   More  s p e c i f i c a l l y ,  

these  times  range  from  about  0.2  to  about  30  m i n u t e s .  

A l t e r n a t i v e l y   and  p r e f e r a b l y   in  another   embodiment  of  t h e  

p re sen t   i nven t ion ,   the  super  clean  coal  50  is  now  i n t r o d u c e d   to  

an  e x t r a c t i o n   p rocedure   wherein  f u r t h e r   modif ied  and  l i q u e f i e d  

coal  products   are  produced  which  are  c leaned  of  even  f u r t h e r  

amounts  of  i no rgan ic   and  organic   s u l f u r .   The  e x t r a c t i o n   p r o c e d u r e  

involves   high  shear  a g i t a t i o n ,   which  may  inc lude   a  s ing le   s t a g e  

or  a  s e r i e s   of  high  shear  mixing  s tages   and  t r e a t m e n t s .  

Thus,  r e f e r r i n g   to  Fig.  3,  the  super  clean  coal  from  zone 

18,  e i t h e r   before   drying  or  a f t e r   drying,   is  fed  via  l ine   59  t o  

high  shear  mix  24  wherein  the  coal  is  admixed  under  h i g h  

speed  a g i t a t i o n ,   with  an  organic   l i q u i d   medium  compris ing  an 

organic   l i qu id ,   a  p o l y m e r i z a b l e   monomer,  a  free  r a d i c a l   c a t a l y s t  

and  free  r a d i c a l   i n i t i a t o r .   After   admixture   in  zone  24,  t h e  

r e s u l t a n t   product   is  fed  via  l ine   101  to  a  s e p a r a t i o n   zone  26, 

commonly  a  c e n t r i f u g e ,   wherein  the  l i q u i d s   f r a c t i o n   is  s e p a r a t e d  

from  the  so l ids   f r a c t i o n .  

The  organic  l i qu id   employed  in  the  e x t r a c t i o n   p rocedure   ( i n  

any  of  zones  24,  28  or  32)  may  be  water  i n s o l u b l e   such  as  t h o s e  

used  in  zone  12  or  they  may  be  water  so lub le   or  mixtures   t h e r e o f .  

Typical   organic  l i qu id   mediums  used  in  the  e x t r a c t i o n   p r o c e s s  
include  t o l u e n e - a l c o h o l   mix tu res ,   b e n z e n e - a l c o h o l   m i x t u r e s ,  

x y l e n e - a l c o h o l   mix tu res ,   e t hano l ,   methanol ,   i sop ropy l   a l c o h o l ,  

methyl  ethyl   ketone,   cyc lohexane ,   p y r i d i n e ,   d i m e t h y l f o r m a m i d e ,  

t e t r a h y d r o f u r a n   (THF)  and  the  l i ke .   THF  is  p r e f e r r e d .  

The  l i qu ids   f r a c t i o n   from  s e p a r a t i o n   zone  26  is  fed  to  a 

so lvent   removal  zone  34,  i l l u s t r a t i v e l y   shown  as  an  e v a p o r a t o r  

un i t ,   through  l ine  61.  The  so l id s   p o r t i o n   from  zone  26  i s  

i n t roduced   via  l ine  103  to  a  f u r t h e r   high  shear  mix  zone  28 

wherein  the  coal  is  admixed  under  high  speed  a g i t a t i o n   w i t h  

fu r the r   organic   l i q u i d .   This  organic   l i q u i d   medium  may or  may  n o t  

conta in   the  same  i n g r e d i e n t s ,   e.g.   monomer,  c a t a l y s t   i n i t i a t o r ,   as 

used  in  zone  24.  These  i n g r e d i e n t s   i n c l u d i n g   the  organic   l i q u i d  



medium,  may  be  added  to  any  of  zones  24,  28  or  32  via  r eagen t   t a n k s  

4,  5  and/or   6.  Again,  the  product   r e s u l t i n g   from  zone  28  is  fed  v i a  

l ine   105  to  a  s e p a r a t i o n   zone  30  wherein  the  l i q u i d s   f r a c t i o n   i s  

s e p a r a t e d   from  s o l i d s .   The  l i q u i d s   p o r t i o n   is  sent  to  so lven t   r emova l  

zone  34  via  l ine   63  and  the  so l id s   p o r t i o n   is  fed  via  l ine   107  to  

a  t h i rd   high  shear  mix  zone  32  wherein  the  coal  product   is  a g a i n  

admixed  under  high  speed  a g i t a t i o n   with  f u r t h e r   organic   l i q u i d  

hydrocarbon  medium  which  again  may or  may  not  con ta in   the  same 

i n g r e d i e n t s   used  in  zone  26  and  28.  The  product   r e s u l t i n g   from 

zone  32  is  fed  through  l ine   67  to  a  s e p a r a t i o n   zone  95  wherein  t h e  

l i q u i d s   f r a c t i o n   is  s e p a r a t e d   from  s o l i d s .   The  l i q u i d s   p o r t i o n   i s  

sent ,   via  l ine   65,  to  so lvent   removal  zone  34.  

The  r e s i d u a l   hydrocarbon  so lvent   p r e sen t   in  the  l i q u i d s   f r a c t i o n  

is  removed  in  zone  34  and  a  l i q u e f i e d   coal  e x t r a c t   p roduct   is  r e c o v e r e d  

at  l ine  66.  This  combined  l i q u e f i e d   coal  e x t r a c t   is  a  h igh ly   b e n e -  

f i c i a t e d   coal  product   of  the  p resen t   i n v e n t i o n   and  is  a  low  ash  ( f r o m  

about  0.1  to  about  2%),  p r e f e r a b l y   0.2  to  1%,  low  s u l f u r   (from  a b o u t  

0.1  to  about  3%),  p r e f e r a b l y   0.2  to  1%  and  high  BTU  carbon  p r o d u c t .  

This  l i q u i d   e x t r a c t   may  be  used  as  a  very  d e s i r a b l e   source  of  ene rgy  
and  in  a d d i t i o n   is  a  v a l u a b l e   f eeds tock   for  organic   p r o d u c t s ,  

p a r t i c u l a r l y   aromatic   p roduc t s .   The  e x t r a c t   which  c o n t a i n s   some 

of  the  e x t r a c t i n g   so lven t   can  be  a  f l u id   t rue  l i q u i d   or  f u r t h e r  

evapora ted   to  a  v i scous   f l u id .   If  evapora ted   to  dryness ,   it  can  

become  a  r e d i s s o l v a b l e   s o l i d .  

The  s o l i d  c o a l   which  ex i t s   s e p a r a t i o n   zone  95  is  a n o t h e r  

product   of  the  p r e sen t   i n v e n t i o n .   Genera l ly ,   to  remove  r e s i d u a l  

s o l v e n t ,   the  product   is  forwarded  to  a  so lven t   removal  zone  36,  

such  as  a  steam  d i s t i l l a t i o n   un i t .   The  r e s u l t a n t   dry  s o l i d   coal  69 

is  a  h ighly   b e n e f i c i a t e d   product   having  an  ash  conten t   of  from  a b o u t  

0.5  to  about  10%;  a  su l fu r   content   of  from  about  0.5  to  1  and  a 

mois ture   content   of  from  about  2  to  8%. 

As  shown  in  Fig.  3,  the  process   he re in   inc ludes   p r o v i s i o n s   f o r  

r e c y c l i n g   many  of  p rocess   r e a g e n t s ,   s o l v e n t s ,   e tc .   That  is,   f o r  

example,  so lvent   which  is  removed  from  drying  zone  48  via  l ine   71  may 
be  c o l l e c t e d   in  a  condensing  zone  38  wherein  the  condensed  s o l v e n t  



is  then  r e c y c l e d   by  way  of  l ine  73  to  a  holding  tank  40  whereby 

so lvent   con ta ined   t h e r e i n   is  r e cyc l ed   via  l ine  75  to  high  s h e a r  

mix  zone  12.  Solvent   removed  in  zone  36  is  sent  back  to  h i g h  

shear  mix  zone  24,  28  or  32  via  l ines   77,  77A  and  77B  a f t e r   b e i n g  

condensed  in  zone  42.  Water  coming  from  waste  t r ea tment   uni t   44 

is  r ecyc led   to  holding  tank  40  via  l ine  79,  which  water  is  in  t u r n  

r ecyc led   to  p u l v e r i z a t i o n   zone  10  via  l ine  81.  

Any  po lymer i zab l e   monomer  can  be  employed  in  the  p r o c e s s  
he re in   where  so  s p e c i f i e d .   While  it  is  more  convenient   t o  

u t i l i z e   monomers  which  are  l i q u i d   at  ambient  t empera ture   and 

p r e s s u r e ,   gaseous  monomers  which  con ta in   o l e f i n i c   u n s a t u r a t i o n  

p e r m i t t i n g   p o l y m e r i z a t i o n   with  the  same  or  d i f f e r e n t   m o l e c u l e s  

can  be  used.  Thus,  monomer.  in tended   to  be  employed  he re in   may  be 

c h a r a c t e r i z e d   by  the  formula  XHC=CHX'  wherein  X  and  X'  each  may  be 

hydrogen  ur  any  of  a  w-ide  v a r i e t y   of  organic  r a d i c a l s   or  i n o r g a n i c  

s u b s t i t u e n t s .   I l l u s t r a t i v e l y ,   such  monomers  inc lude  e t h y l e n e ,  

p ropylene ,   bu ty lene ,   t e t r a p r o p y l e n e ,   i soprene ,   bu tad iene ,   such  as 

1 , 4 - b u t a d i e n e ,   p e n t a d i e n e ,   d i c y c l o p e n t a d i e n e ,   oc t ad iene ,   o l e f i n i c  

pe t ro leum  f r a c t i o n s ,   s t y r ene ,   v i n y l t o l u e n e ,   v i n y l c h l o r i d e ,   v i n y l b r o m i d e ,  

a c r y l o n i t r i l e ,   m e t h a c r y l o n i t r i l e ,   ac ry lamide ,   methacry lamide ,   N- 

m e t h y l o l a c r y l a m i d e ,   a c r o l e i n ,   maleic  anhydr ide ,   maleic  a c i d ,  

fumaric  acid,  a b i e t i c   acid  and  the  l i k e .  

A  p r e f e r r e d   c lass   of  monomers  for  the  purposes  of  the  p r e s e n t  

i n v e n t i o n   are  u n s a t u r a t e d   c a r b o x y l i c   ac ids ,   e s t e r s ,   or  s a l t s   t h e r e o f ,  

0 

p a r t i c u l a r l y   those  inc luded  wi th in   the  formula  RC-OR'  wherein  R  i s  

an  o l e f i n i c a l l y   u n s a t u r a t e d   organic   r a d i c a l ,   p r e f e r a b l y   c o n t a i n i n g  

from  about  2  to  about  30  carbon  atoms,  and  R'  is  hydrogen,  a  s a l t -  

forming  ca t ion   such  as  an  a l k a l i   metal ,   a l k a l i n e   ear th  metal  o r  

ammonium  ca t ion ,   or  a  s a t u r a t e d   or  e t h y l e n i c a l l y   u n s a t u r a t e d  

hydrocarbon  r a d i c a l ,   p r e f e r a b l y   con t a in ing   from  1  to  about  30 

carbon  atoms,  e i t h e r   u n s u b s t i t u t e d   or  s u b s t i t u t e d   with  one  or  more 

halogen  atoms,  c a rboxy l i c   acid  groups  and/or  hydroxyl  groups  i n  

which  the  hydroxyl  hydrogens  may  be  r ep laced   with  s a t u r a t e d   a n d / o r  

u n s a t u r a t e d   acyl  groups,  the  l a t t e r   p r e f e r a b l y   con ta in ing   from 



about  8  to  about  30  carbon  atoms.  S p e c i f i c   monomers  con fo rming  

to  the  fo regoing   s t r u c t u r a l   formula  inc lude  u n s a t u r a t e d   f a t t y  

acids  such  as  o le ic   acid,   l i n o l e i c   acid,   l i n o l e n i c ,   r i c i n o l e i c ,  

mono-,  di-  and  t r i - g l y c e r i d e s ,   and  other   e s t e r s   of  u n s a t u r a t e d  

fa t ty   ac ids ,   a c r y l i c   acid,  m e t h a c r y l i c   acid,  methyl  a c r y l a t e ,  

e t h y l a c r y l a t e ,   e t h y l h e x y l a c r y l a t e ,   t e r t i a r y b u t y l   a c r y l a t e ,  

o l e y l a c r y l a t e ,   m e t h y l m e t h a c r y l a t e ,   o l e y l m e t h a c r y l a t e ,  

s t e a r y l a c r y l a t e ,   s t e a r y l m e t h a c r y l a t e ,   l a u r y l m e t h a c r y l a t e ,  

v i n y l s t e a r a t e ,   v i n y l m y r i s t a t e ,   v i n y l l a u r a t e ,   soybean  o i l ,  

dehydra ted   ca s to r   o i l ,   t a l l   o i l ,   corn  oil   and  the  l i ke .   For  t h e  

purposes   of  th is   i n v e n t i o n ,   t a l l   oil  and  corn  oil   are  p a r t i c u l a r l y  

advan tageous .   Thus,  it  is  c l e a r l y   unders tood   tha t   c o m p o s i t i o n s  

c o n t a i n i n g   compounds  wi th in   the  foregoing  formula  in  a d d i t i o n  

c o n t a i n i n g ,   for  example,  s a t u r a t e d   f a t t y   acids  such  as  p a l m i t i c ,  

s t e a r i c ,   etc.   are  also  contempla ted   h e r e i n .  

The  amount  of  p o l y m e r i z a b l e   monomer  wi l l   vary  depend ing  

upon  the  r e s u l t s   d e s i r ed .   In  gene ra l ,   however,  monomer  amounts 

of  from  about  .0025  to  about  2%  by  weight  of  c a r b o n a c e o u s  

m a t e r i a l   are  u s e d .  

The  c a t a l y s t s   employed  in  the  p r a c t i c e   of  the  p r e s e n t  

i n v e n t i o n   are  any  such  m a t e r i a l s   commonly  used  in  p o l y m e r i z a t i o n  

r e a c t i o n s .   T y p i c a l l y ,   for  the  purposes  of  th is   i n v e n t i o n ,   any 

c a t a l y t i c   amount  of  those  c a t a l y s t s ,   which  are  commonly  r e f e r r e d  

to  as  free  r a d i c a l   c a t a l y s t s ,   or  c a t a l y s t   system  (which  can  a l s o  

be  r e f e r r e d   to  as  a d d i t i o n   p o l y m e r i z a t i o n   c a t a l y s t s ,   v i n y l  

p o l y m e r i z a t i o n   c a t a l y s t s   or  p o l y m e r i z a t i o n   i n i t i a t o r s )   a r e  

p r e f e r r e d .   Thus,  i l l u s t r a t i v e l y ,   c a t a l y s t s   con templa ted   h e r e i n  

inc lude   benzoyl  pe rox ide ,   me thy le thy l   ketone  pe rox ide ,   t e r t -  

b u t y l h y d r o p e r o x i d e ,   hydrogen  peroxide ,   ammonium  p e r s u l f a t e ,  

d i - t e r t - b u t y l p e r o x i d e ,   t e r t - b u t y l p e r b e n z o a t e ,   p e r a c e t i c   a c i d  

and  the  l i k e .  

Moreover,  free  r a d i c a l   p o l y m e r i z a t i o n   systems  commonly 

employ  free  r a d i c a l   i n i t i a t o r s   which  f unc t i on   to  help  i n i t i a t e  

the  free  r a d i c a l   r e a c t i o n .   For  the  purposes  he r e in ,   any  o f  

those  d i s c l o s e d   in  the  p r io r   a r t ,   p a r t i c u l a r l y   those  d i s c l o s e d ,  



for  example,  in  U.S.  Pa tent   No  4 ,033 ,852 ,   i n c o r p o r a t e d  

he re in   by  r e f e r e n c e ,   may  be  used.  S p e c i f i c a l l y ,   some  of  t h e s e  

i n i t i a t o r s   i nc lude ,   for  example,  sodium  p e r s u l f a t e ,   p o t a s s i u m  

p e r s u l f a t e ,   s i l v e r   a c e t a t e ,   ammonium  p e r s u l f a t e ,   s a l t s   of  n o b l e  

metals  such  as  p la t inum  and  gold,  and  s a l t s   of  i ron,   z i n c ,  

a r s e n i c ,   antimony,  t in   and  cadmium.  P a r t i c u l a r l y   p r e f e r r e d  

i n i t i a t o r s   he re in   are  copper  s a l t s ,   i . e .   cuprous  and  c u p r i c  

s a l t s ,   such  as  copper  a c e t a t e ,   copper  s u l f a t e   and  copper  n i t r a t e .  

Most  advantageous   r e s u l t s   can  be  ob ta ined   he re in   with  c u p r i c  

n i t r a t e ,   Cu(N03)2.  Other  i n i t i a t o r s   contempla ted   he re in   i n c l u d e  

metal  s a l t s   of  n a p h t h e n a t e s ,   t a l l a t e s ,   o c t a n o a t e s ,   et.  s a i d  

metals  i n c l u d i n g   copper,   c o b a l t ,   mercury,  chromium,  manganese ,  

n i c k e l ,   t in ,   lead,   zinc,   i ron,   ra re   ear th   metals  and  m i x t u r e s  

t h e r e o f .   The  amounts  of  c a t a l y s t s   contempla ted   he re in   a r e  

wi th in   the  range  of  10  to  1000  ppm  (based  on  the  weight  of  t h e  

so l id   carbonaceous   m a t e r i a l s ,   such  as  dry  c o a l ) .  

The  amounts  of  water  so lub le   or  water  i n s o l u b l e   l i q u i d  

organic   mediums  u t i l i z e d   he re in   in  the  var ious   zones  0.25  to  2% 

based  on  the  weight  of  so l id   carbonaceous  m a t e r i a l ,   such  as  dry 

c o a l .  

The  amounts  of  water  u t i l i z e d   in  the  var ious   f l o t a t i o n  

zones  and  f l o t a t i o n   recovery   zones  here in   include  from  65%  t o  

95%  based  on  the  weight  of  carbonaceous  m a t e r i a l ,   such  as  dry 

c o a l .  

All  p e r c e n t a g e s   he re inabove   are  based  on  the  weight  of  dry 

coal  unless   o the rwise   s p e c i f i e d .  

The  coal  r e s u l t i n g   from  r e a c t i o n   with  the  h e r e i n b e f o r e  

desc r ibed   p o l y m e r i z a b l e   mixture  is  ext remely  hydrophobic  and 

o l e o p h i l i c   and  consequen t l y   r e a d i l y   f l oa t s   and  s e p a r a t e s   from 

the  aqueous  phase.   The  f l o a t i n g   hydrophobic   coal  is  r e a d i l y  

s epa rab l e   from  the  aqueous  phase  (for   example,  a  skimming  s c r e e n  

may  be  used  for  the  s e p a r a t i o n )   and  can  t h e r e a f t e r   be  r e a d i l y  

i n t roduced   for  f u r t h e r   t r ea tmen t   as  desc r ibed   h e r e i n b e f o r e .  

It  is  also  to  be  unders tood   he re in   that   any  of  the  zones 

i l l u s t r a t e d   in  Figs.  1-3  may  comprise  a  s ing le   vesse l   or  zone 

or  any  number  of  v e s s e l s   or  zones  a r ranged   in  a  manner  s u i t a b l e  



and  in  accordance  with  c a r ry ing   out  the  p rocess   of  th is   i n v e n t i o n  

as  de sc r ibed   h e r e i n .   That  is,  for  example,  any  number  of  h i g h  

shear  mix  zones,  f l o t a t i o n   zones,  e tc .   may  be  employed  in  s e r i e s  

and  a r ranged   and  employed  in  a  monomer  as  shown  he re in   in  o r d e r  

to  carry  out  the  process   of  th is   i n v e n t i o n .  

In  order  that   those  s k i l l e d   in  the  art   may  b e t t e r   u n d e r s t a n d  

how  the  p r e s e n t   i n v e n t i o n   is  p r a c t i c e d ,   the  fo l lowing   Example  i s  

p r e s e n t e d   by  way  of  i l l u s t r a t i o n   and  not  by  way  of  l i m i t a t i o n .  

EXAMPLE 

200  grams  of  l i g n i t e   coal  are  p u l v e r i z e d   in  a  wet  b a l l  

mi l l ,   c o n t a i n i n g   0.125%  sodium  ca rbona t e ,   to  80%  -200  mesh.  The 

coal  to  water  r a t i o   in  the  p u l v e r i z a t i o n   zone  is  1:2.  400  cc.  o f  

to luene   and  200  ppm  of  cupric   n i t r a t e   is  added  to  the  aqueous  c o a l  

s l u r r y .   No. 2  fuel ,   (.25%)  o l e i c   acid  (0.125%),  hydrogen  p e r o x i d e  

(200  ppm)  and  100  ppm  of  methyl  i s o b u t y l c a r b i n o l   ( f r o t h i n g   a g e n t ) .  

The  e n t i r e   admixture  is  p laced  in  a  b lender   and  a g i t a t e d   under  h i g h  

shear  c o n d i t i o n s   for  2-10  minutes .   The  blended  admixture  is  removed 

from  the  b lender   and  admixed  with  4  l i t r e s   of  water  in  a  f l o t a t i o n  

vesse l   or  c e l l .   The  admixture   is  mixed  for  4  minutes  and  t h e  

aqueous  phase  is  dra ined  from  the  v e s s e l .   4  l i t r e s   a d d i t i o n a l  

water  is  added  to  the  vesse l   c o n t a i n i n g   the  coal  f ro th   and  t h e  

mixture  is  a g i t a t e d   by  the  spray  a d d i t i o n   of  f u r t h e r   c o a l - a q u e o u s  

s l u r r y .   This  o p e r a t i o n   is  r e p e a t e d .  

All  the  r ecovered   coal  f ro th   phases  are  combined  and  vacuum 

f i l t e r e d .  

50  grams  of  the  vacuum  dried  coal  is  p laced  in  a  b l e n d e r  

c o n t a i n i n g   t e t r a h y d r o f u r a n   (THF),  500  ppm  copper  naph thena t e ,   25 

ppm  hydrogen  pe rox ide   and  0.06%  o l e i c   acid.   The  mixture  is  h i g h  

shear  blended  for  2-10  minutes .   The  r e s u l t a n t   admixture  is  vacuum 

f i l t e r e d .   The  f i l t r a t e   is  roto-vacuum  dr ied  to  c o n c e n t r a t e   t h e  

e x t r a c t   ( r e s i d u a l   water  and  to luene   s e p a r a t e ,   i . e .   water  is  o b t a i n e d  

at  the  bottom  of  the  vacuum  f l a sks   and  the  to luene   e v a p o r a t e s ) .   To 

the  remaining  f i l t e r   cake  is  added  THF,  copper  n a p h t h e n a t e ,   hydrogen  

peroxide   and  o l e i c   acid  in  the  amounts  s p e c i f i e d   above  and  t h e  

n ix ture   is  high  shear  a g i t a t e d .   (In  the  a l t e r n a t i v e ,   only  THF  need  



be  used  or  THF  and  c a t a l y s t   and/or  i n i t i a t o r ,   e t c . ) .   The 

e x t r a c t i o n   p rocedure ,   i . e .   vacuum  drying,   as  desc r ibed   b e f o r e  

is  c a r r i e d   out.  This  high  shear  procedure   is  c a r r i e d   out  3  more 

times.  The  l i q u i d   e x t r a c t s   are  combined,  and  the  so l id   r e s i d u a l  

coal  po r t i on   is  f i n a l l y   dr ied  under  vacuum,  thereby  r e c o v e r i n g  

the  THF  which  can  be  r e cyc l ed   for  use  in  the  e x t r a c t i o n   p r o c e d u r e .  

All  p e r c e n t a g e s   and  ppm  in  this   example  are  based  on  the  w e i g h t  

of  dry  coal  in  the  p r o c e s s .  



1.  A  p rocess   for  the  b e n e f i c i a t i o n   of  coal  or  other   s o l i d  

ca rbonaceous   fuel  c h a r a c t e r i s e d   by  s u b j e c t i n g   a  p a r t i c u l a t e   raw 

coal  or  o ther   ca rbonaceous   fuel  to  t r e a t m e n t   with  a  w a t e r - i n s o l u b l e  

organic   l i q u i d   under  c o n d i t i o n s   of  high  shear ,   and  r e c o v e r i n g   t h e  

coal  or  o ther   ca rbonaceous   product   r e s u l t i n g   t h e r e f r o m .  

2.  A  process   acco rd ing   to  claim  1,  wherein  said  t r e a t m e n t  

is  e f f e c t e d   with  the  coal  or  o ther   ca rbonaceous   fuel  in  s u s p e n s i o n  

in  w a t e r .  

3.  A  process   accord ing   to  claim  1  or  2,  wherein  the  w a t e r -  

i n s o l u b l e   organic   l i q u i d   comprises   benzene  and/or   t o l u e n e .  

4.  A  process   a cco rd ing   to  any one  of  claims  1-3,  w h e r e i n  

the  o rganic   l i q u i d   t r e a t i n g   agent  comprises   in  a d d i t i o n   a  monomeric 

organic   compound,  a  f ree   r a d i c a l   p o l y m e r i s a t i o n   i n i t i a t o r   and  a 

free  r a d i c a l   p o l y m e r i s a t i o n   c a t a l y s t .  

5.  A  process   acco rd ing   to  any one  of  claims  1-4,  w h e r e i n ,  

fo l lowing   said  t r e a t m e n t ,   the  t r e a t e d   coal  or  other   c a r b o n a c e o u s  

fueld  product   is  f u r t h e r   c leaned  in  one  or  more  f ro th   f l o t a t i o n  

s teps   by  admixing  the  t r e a t e d   coal  product   with  an  aqueous  f r o t h  

f l o t a t i o n   medium  to  form  a  f ro th   phase  c o n t a i n i n g   the  t r e a t e d   c o a l  

or  other   fue l ,   s e p a r a t i n g   the  c o a l - c o n t a i n i n g   f r o t h   phase  from  t h e  

con t inuous   aqueous  phase,   and  r e c o v e r i n g   the  t r e a t e d   coal  or  o t h e r  

fuel  p a r t i c l e s   from  the  s e p a r a t e d   f ro th   p h a s e .  

6.  A  process   a cco rd ing   to  claim  5,  wherein  the  a q u e o u s  

f ro th   f l o t a t i o n   medium  c o n t a i n s   in  a d d i t i o n   to  water  an  o r g a n i c  

monomer  and  p o l y m e r i s a t i o n   c a t a l y s t   and,  o p t i o n a l l y ,   f u r t h e r  

organic   l i qu id   which  may  be  the  same  as,  or  d i f f e r e n t   from  that   u sed  

in  the  high  shear  t r e a t m e n t   s t e p .  



7.  A  process   accord ing   to  claim  5  or  6,  wherein,   a f t e r  

s e p a r a t i o n   of  the  c o a l - c o n t a i n i n g   f ro th   phase,  the  c o n t i n u o u s  

aqueous  phase  is  admixed  with  f u r t h e r   aqueous  medium  to  form  a 

f u r t h e r   f ro th   phase  c o n t a i n i n g   r e s i d u a l   coal  p a r t i c l e s ,   s e p a r a t i n g  

said  f u r t h e r   f ro th   phase,  and  r e c y c l i n g   said  f u r t h e r   f ro th   phase  to  

the  high  shear  t r e a t m e n t   s t e p .  

8 .  A   process   accord ing   to  any one  of  claims  5-7,  w h e r e i n  

the  t r e a t e d   coal  or  other   fuel   p a r t i c l e s   r ecovered   from  said  f r o t h  

f l o t a t i o n   s t e p ( s )   are  t r e a t e d   in  at  l e a s t   one  f u r t h e r   high  s h e a r  

t r e a t m e n t   zone  with  f u r t h e r   o rgan ic   l i q u i d   or  s o l v e n t ,   which  may  be 

the  same  as  or  d i f f e r e n t   from  tha t   used  in  the  i n i t i a l   h i g h - s h e a r  

t r e a t m e n t   s tep ,   and  r e c o v e r i n g   from  said  f u r t h e r   high  shear  t r e a t -  

ment  zone(s)   a  so l id   product   compr is ing   the  t r e a t e d   p a r t i c u l a t e  

coal  or  other   fuel   product   and  a  l i q u i d   product   compris ing  a  l i q u i d  

coal  e x t r a c t .  

9.  A  process   accord ing   to  claim  8,  wherein  said  f u r t h e r  

o rgan ic   l i q u i d   or  so lven t   in  one  or  more  of  said  f u r t h e r   t r e a t m e n t  

zones  a d d i t i o n a l l y   c o n t a i n s   monomer,  p o l y m e r i s a t i o n   c a t a l y s t   and 

p o l y m e r i s a t i o n   i n i t i a t o r .  

10.  A  process   accord ing   to  claim  8  or  9,  wherein  s a i d  

l i q u i d   product   is  s u b s e q u e n t l y   c o n c e n t r a t e d   by  e v a p o r a t i o n   of  t h e  

organic   so lven t   the re f rom  to  ob ta in   a  product   l i q u i d   coal  e x t r a c t .  

11.  A  b e n e f i c i a t e d   coal  product   having  an  ash  con ten t   o f  

from  1  to  10%  and  a  s u l f u r   con ten t   of  from  0.1  to  6%  based  on 

the  weight  of  dry  c o a l .  

12.  A  b e n e f i c i a t e d   coal  product   accord ing   to  claim  23 

wherein  said  s u l f u r   con ten t   is  from  0.3  to  2%. 



1 3 .  A   b e n e f i c i a t e d   coal  product   having  an  ash  con ten t   o f  

from  0.5  to  10%  and  a  mois tu re   con ten t   of  from  0.2  to  15%  based  

on  the  weight  of  dry  c o a l .  

14.  A  b e n e f i c i a t e d   l i q u e f i e l d   coal  e x t r a c t   having  an  a s h  

con ten t   of  from  0.1  to  2%  and  a  s u l f u r   con ten t   of  from  0.1  to  3% 

based  on  the  weight  of  the  e x t r a c t .  

15.  A  b e n e f i c i a t e d   l i q u e f i e l d   coal  e x t r a c t   accord ing   t o  

claim  26  having  an  ash  con ten t   of  from  0.2  to  about  1%,  and  a  

su l fu r   con ten t   of  from  0.2  to  1%. 
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