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A  process  for  the  benef  iciation  of  coal  and  benef  iciated  coal  product. 
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An  improved  beneficiated  coal  products  is  disclosed 
comprising  coal  particles  which  have  been  rendered  hydro- 
phobic  and  oleophilic  by  forming  a  polymer  coating  thereon. 
According  to  the  process  an  aqueous  slurry  containing  the 
coal  particles  is  admixed  with  a  fuel  oil  and  a  polymerisation 
mixture  preferably  containing  one  or  more  long  chain  carboxyl- 
ic  acids  which  are  polymerised  in  situ  on  the  coal  particles.  The 
hydrophobic  coal  particles  are  then  separated  from  the  aque- 
ous  medium  by  froth  flotation  preferably  in  several  steps  by  at- 
omising  the  flocculated  coal  particles  onto  the  surface  of  a 
mass  of  wash  water.  Hydrophilic  ash  particles  separate  into 
the  wash  water  whilst  the  flocculated  hydrophobic,  oleophilic 
coal  particles  are  recovered.  Following  recovery  the  flocculat- 
ed  particles  are  de-watered  mechanically.  Additional  but  op- 
tional  treatments  include  neutralisation  and  admixing  with  oil  to 
form  coal-in-oil  mixtures,  and  subjecting  the  particles  to  a  sec- 
ond  graft  polymerisation  procedure. 



This  i n v e n t i o n   r e l a t e s   to  the  a r t   of  b e n e f i c i a t i n g   coal  t o  

reduce  the  amount  of  ash  and  s u l f u r   in  the  coal  and  to  improve  t h e  

t r a n s p o r t a t i o n   c h a r a c t e r i s t i c s   of  c o a l - o i l   m i x t u r e s .   More  p a r t i c u -  

l a r l y ,   t h i s   i n v e n t i o n   r e l a t e s   to  an  improved  p roces s   f o r  

b e n e f i c i a t i n g   coal  and  the  p roduc t s   produced  t h e r e b y .  

C o n s i d e r a b l e   e f f o r t s   have  been  expended  toward  p r o v i d i n g  

p rocedu re s   for   b e n e f i c i a t i n g   coal .   B e n e f i c i a t i o n   i n v o l v e s   g e n e r a l l y  

the  r e d u c t i o n   of  ash  and  s u l f u r   con t en t   in  coa l .   Among  the  p r o c e s s o r  

be ing   exp lo red   is  a  t e c h n i q u e   wherein   coal  is  ground  to  a  r e l a t i v e l y  

f ine   powder  and  washed  with  water   to  p h y s i c a l l y   s e p a r a t e   the  unwanteq  

ash  which  d i s s o l v e s   in  the  water .   U n f o r t u n a t e l y ,   t h i s   p roce s s   c a n  

r e s u l t   in  a  b e n e f i c i a t e d   coal  p roduct   having   an  unduly  high  w a t e r  

c o n t e n t ,   which  s u b s t a n t i a l l y   reduces   the  energy  va lue   of  the  c o a l .  

A d d i t i o n a l l y ,   coal   p r e s e n t   in  a  water   s tream  can  give  r i s e   to  t r a n s -  

p o r t a t i o n   d i f f i c u l t i e s   due  to  undue  s e t t l i n g ,   e tc .   C o n s e q u e n t l y ,  

s u b s t a n t i a l   e f f o r t s   are  be ing   d i r e c t e d   to  p r o c e s s e s   and  p roduc t s   f o r  

suspend ing   coal  in  a  c a r r i e r   such  as  fue l   o i l .   Uni ted   S t a t e s  

L e t t e r s   Pa ten t   No.  4 , 101 ,293   d e s c r i b e s   the  use  of  e m u l s i f i e r s   f o r  

such  a  purpose .   Other  t e c h n i q u e s   p rov ide   p a r t i c u l a t e   coal  su spended  

i n   o i l ,   but  such  t e c h n i q u e s   can  r e q u i r e   the  removal  of  undue  amounts  

of  c l e a n i n g   water   by,  e . g . ,   thermal   t r e a t m e n t .  

As  a  s e p a r a t e   development ,   i t   has  been  s u g g e s t e d   t h a t   p u l v e r i z e d  

coal  can  be  s u b j e c t e d   to  c l e a n i n g   us ing   a  fue l   o i l   and  water   m i x t u r e ,  



the  coal   be ing   e x t r a c t e d   in  an  o i l   phase,   but  the  s e p a r a t e   coal  o f  

t h i s   method  can  s t i l l   s e t t l e   from  the  o i l   p h a s e .  

No  p roce s s   has  been  sugges t ed   fo r   b e n e f i c i a t i n g   coal   t o  

produce  a  coal   p roduc t   which  is  n o n - s e t t l i n g   and  does  not  r e q u i r e  

i n t e r m e d i a t e   t he rmal   e x t r a c t i o n   of  unwanted  w a t e r .  

In  a  whol ly   d i f f e r e n t   art   t h e r e   has  deve loped   a  p rocess   t e r m e d  

' c h e m i c a l   g r a f t i n g ' .   A c c o r d i n g  t o   t h i s   p r o c e s s ,   an  o r g a n i c  

m a t e r i a l   is  g r a f t e d   onto  a  s u b s t r a t e   u s i n g   s i t e   i n i t i a t o r s   w h i c h  

c r e a t e   l o c a t i o n s   for   c h e m i c a l l y   bonding  the  m a t e r i a l   s u b s t r a t e .   I n  

Uni ted   S t a t e s   L e t t e r s   Pa t en t   No.  4 , 0 3 3 , 8 5 2   (Horowitz)   c h e m i c a l  

g r a f t i n g   is  d i s c l o s e d   as  a  means  for   making  a  p e r c e n t a g e   of  c o a l  

s o l u b l e   in  a  s o l v e n t .   This  so lub l e   coal   in  a  so lven t   does  n o t  

i n c o r p o r a t e   suspended   coal  p a r t i c l e s .  

Chemical  g r a f t i n g ,   as  d i s c l o s e d   in  the  above  Horowitz  p a t e n t ,  

is  made  to  occur   in  the  p resence   of  minor  amounts  of  a d d i t i v e  

c h e m i c a l s ,   g e n e r a l l y   a  p o l y m e r i z a b l e   u n s a t u r a t e d   v iny l   monomer  i s  

i n c l u d e d   used  in  amounts  c o n s t i t u t i n g   from  0.5  to  10%  by  weight  o f  

the  coal   to  be  t r e a t e d .   Also  i n c l u d e d   is  a  f r e e   r a d i c a l   c a t a l y s t  

system  employed  in  amounts  r ang ing   from  0.001  to  0.10  wt.  p e r c e n t  

of  the  monomer.  The  f r ee   r a d i c a l   c a t a l y s t   i n i t i a t o r   d i s c l o s e d   i n  

the  p a t e n t   c o n s i s t s   of  an  organic   pe rox ide   c a t a l y s t   added  to  t h e  

r e a c t i o n   in  an  amount  between  0.05  to  2.5  wt.  p e r c e n t   of  the  monomer. 

A  q u a n t i t y   of  f r e e   r a d i c a l   i n i t i a t o r   metal   ions ,   u s u a l l y   noble  m e t a l s ,  

are  p r e s e n t   in  the  f r ee   r a d i c a l   c a t a l y s t   system,  d i s c l o s e d   in  t h a t  

p a t e n t .   Monomers  sa id   to  be  used  for   chemical   g r a f t i n g   to  the  c o a l  

i n c l u d e d   v i n y l   o l e a t e ,   v iny l   l a u r a t e   s t e a r a t e   and  o the r   known  monomers,  



u n s a t u r a t e d   n a t u r a l   or  s y n t h e t i c   o rgan ic   compounds .  

The  me ta l   ion  c a t a l y s t   i n i t i a t o r   d i s c l o s e d   in  the  H o r o w i t z  

p a t e n t   is  s i l v e r   p r e s e n t e d   in  the  form  of  s i l v e r   s a l t s   such  a s  

s i l v e r   n i t r a t e ,   s i l v e r   p e r c h l o r a t e   and  s i l v e r   a c e t a t e .   U n i t e d  

S t a t e s   L e t t e r s   P a t e n t   No.  3 ,376,168  (Horowi tz )   d i s c l o s e s   t ha t   o t h e r  

metal  ions ,   such  as  p l a t i num,   gold  n i c k e l   or  copper  can  be  used  when 

c h e m i c a l l y   g r a f t i n g   the  p o l y m e r i z a b l e   monomers  onto  the  backbone  o f  

preformed  polymers ,   i l l u s t r a t i v e l y ,   c e l l o p h a n e   and  d i n i t r a t e d  

n i t r o c e l l u l o s e .   This  p a t e n t   does  not  r e l a t e   to  b e n e f i c i a t i n g   c o a l .  

As  f u r t h e r   background ,   for  many  years   i t   has  been  known  t h a t  

f i n e l y   d i v i d e d   coal   p a r t i c l e s   could  be  a g i t a t e d   under   s p e c i f i c  

c o n t r o l   c o n d i t i o n s   with  c a r e f u l l y   s e l e c t e d   l i q u i d   hyd roca rbon   f u e l s  

to  cause  p r e f e r e n t i a l   w e t t i n g   of  the  coal  s u r f a c e   with  the  w a t e r  

i n s o l u b l e   fue l   f r a c t i o n   in  an  aqueous  admix tu re .   The  p roces s   i s  

g e n e r a l l y   known  as  ' S p h e r i c a l   A g g l o m e r a t i o n ' .   Summary  r e p o r t s   i n  

s p h e r i c a l   a g g l o m e r a t i o n   p rocess   development   a p p a r e n t l y   show  tha t   t h e  

s p e c i f i c   g r a v i t y   of  the  hydroca rbon   l i q u i d ,   i t s   o r i g i n   and  c h e m i c a l  

and  p h y s i c a l   q u a l i t y   and  the  na tu re   of  the  a g i t a t i o n   are  a l l   i n t e r -  

r e l a t e d .   O p e r a t i o n a l   v a r i a b l e s   appear   to  be  c r i t i c a l   and  p r e s e n t  

s u b s t a n t i a l   impediments   to  uniform  o p e r a t i o n .   The  coal   p a r t i c l e s  

used  in  t h i s   p roces s   are  p r e v i o u s l y   c rushed   to  a  f i ne   powder,  i . e . ,  

l e s s   than  about  200  mesh  ( T y l e r ) ,   and  are  o f t en   t h e r m a l l y   d r i e d .  

Also,  the  r e s u l t i n g   p roduc t   e x h i b i t s   s h o r t   s h e l f  l i f e  a n d  i s  d i f f i -  

c u l t   to  use  in  a  b u r n e r .  

As  f u r t h e r   background,   equipment  and  methods  are  g e n e r a l l y  

known  for   r e d u c i n g   mined  coal  to  v a r i o u s   p a r t i c l e   s i ze s   by,  e . g . ,  



c r u s h i n g ,   g r i n d i n g   and  p u l v e r i z i n g   in  e i t h e r   a  dry  or  we t ted   s t a t e .  

A  p o r t f o l i o   of  such  p r o c e s s e s   are  p r e s e n t e d   in  the  p e r i o d i c a l  

Coal  Age,  J anua ry   1978,  pages  66  th rough   8 3 .  

As  a  summary  of  background  for   the  p r e s e n t   i n v e n t i o n ,   i t   i s  

appa ren t   t h a t   e f f o r t s   have  been  made  to  r ende r   coal   more  a c c e p t a b l e  

and  economic  as  a  source   of  energy.   Systems  have  been  s u g g e s t e d   f o r  

b e n e f i c i a t i n g   coal   by,  e . g . ,   c r u s h i n g   the  coal   in to   small   s i z e d  

p a r t i c l e s   and  washing  t hese   p a r t i c l e s   for   removal  of  ash  and  r e s i d u e .  

Systems  have  been  deve loped   for   mixing  coal   p a r t i c l e s   with  fue l   o i l  

for   use  in  b u r n e r s ,   t h e r e b y   t a k i n g   advan tage   of  the  low  cost   and  

a v a i l a b i l i t y   of  coa l .   Each  of  t hese   systems  has  d i s a d v a n t a g e s   w h i c h  

have  p r e v e n t e d   i t s   w idesp read   u s e .  

In  i t s   b r o a d e s t   a s p e c t ,   the  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   t o  

a  b e n e f i c i a t e d   coal   p roduc t   comprised   of  a  p a r t i c u l a t e   coal  h a v i n g  

a  s u r f a c e   and  be ing   c h a r a c t e r i s e d   by  having   low  ash  and  s u l f u r  

c o n t e n t .   The  p a r t i c u l a t e   coal  is  coa t ed   with  a  polymer  of  an  o r g a n i c  

u n s a t u r a t e d   monomer,  the  c o a t i n g   of  such  polymer  be ing   s u f f i c i e n t   t o  

r ende r   the  p a r t i c u l a t e   coal  both  hydrophobic   and  o l e o p h i l i c .  

In  a  more  s p e c i f i c   a spec t   of  the  i n v e n t i o n ,   the  p a r t i c u l a t e  

coal   is  c o a t e d   with  an  i n s o l u b l e   hyd roca rbon   fue l   and  the  o r g a n i c  

u n s a t u r a t e d   monomer  compr ises   a  water   i n s o l u b l e   f a t t y   ac id   of  t h e  

s t r u c t u r e   RCOOH  where in   R  is  an  u n s a t u r a t e d   moiety   c o n t a i n i n g   at  l e a s t  

8  c a r b o n  a t o m s .  I n  a  f u r t h e r  a s p e c t   of  the  i n v e n t i o n ,   the  b e n e f i -  

c i a t e d   coal   p roduc t   f u r t h e r   compr ises   a  minor  amount  of  a  w a t e r  

i n s o l u b l e   h y d r o c a r b o n   fue l   o i l ;   the  p a r t i c u l a t e   coal   is  from  48  t o  

200  mesh  in  s i ze   and  the  hydrocarbon   fue l   is  a  number  2  fue l   o i l .  



In  ano the r   aspec t   of  the  i n v e n t i o n   a  b e n e f i c i a t e d   coal  o i l  

mixture   is  p rov ided   comprises   of  a  b e n e f i c i a t e d   p a r t i c u l a t e   c o a l  

and  a  hydrocarbon  o i l   as  the  con t inuous   phase  with  the  p a r t i c u l a t e  

coal  being  suspended  in  the  hydroca rbon .   The  c o a l - o i l   mixture   i s  

t r e a t e d   with  a  s a l t   forming  compound  and  the  r e s u l t a n t   mix ture   i s  

s t a b l e ,   gel  l i ke   and  t h i x o t r o p i c .  

In  a  more  s p e c i f i c   aspect   the  c o a l - o i l   mixture   of  the  i n v e n t i o n  

comprises   about  50  wt.  pe rcen t   coal  based  on  the  t o t a l   weight  o f  

the  m i x t u r e .  

In  ano ther   aspect   of  the  i n v e n t i o n ,   a  p rocess   is  p rov ided   f o r  

b e n e f i c i a t i n g   coal  which  comprises   i n t r o d u c i n g   p a r t i c u l a t e   coal  i n t o  

a  water   stream  and  chemica l ly   t r e a t i n g   the  p a r t i c u l a t e   coal  t o  

render   the  coal  hydrophobic   and  o l e o p h i l i c .   The  coal  is  t h e r e a f t e r  

s e p a r a t e d   from  unwanted  ash  and  s u l f u r   normal ly   p r e s e n t   in  the  c o a l  

by  an  oi l   and  water  s e p a r a t i o n   t echn ique   wherein  at  l e a s t   a  p o r t i o n  

of  the  unwanted  ash  and  s u l f u r   e n t e r   the  water   phase  and  the  p a r t i -  

c u l a t e   coal  is  removed  in  a  f r o t h   p h a s e .  

In  more  s p e c i f i c   a spec t s   of  the  p r o c e s s ,   the  p a r t i c u l a t e  

coal  is  t r e a t e d   in  the  water   s tream  with  (a)  a  f ree   r a d i c a l   p o l y m e r i z a -  

t i on   c a t a l y s t ;   (b)  a  f ree   r a d i c a l   c a t a l y s t   i n i t i a t o r ;   (c)  a  f u e l  

o i l ;   and  (d)  an  o rganic   u n s a t u r a t e d   monomer.  The  f ree   r a d i c a l  

p o l y m e r i z a t i o n   c a t a l y s t   employed  inc lude   organic   or  i n o r g a n i c  

pe rox ides   such  as  hydrogen  pe rox ide ,   benzoyl   pe rox ide ,   oxygen  and  

a i r .   The  f ree   r a d i c a l   c a t a l y s t   i n i t i a t o r s   comprise  a c t i v e   metal  i o n s  

such  as  the  ions  of  copper,   i ron ,   zinc,   a r s e n i c ,   antimony,  t i n   and  



cadmium.  The  organic   u n s a t u r a t e d   monomers  i nc lude   o l e i c   a c i d ,  

n a p h t h a l e n i c   ac id ,   v e g e t a b l e   seed  o i l   f a t t y   ac id ,   u n s a t u r a t e d   f a t t y  

acid ,   methyl  and  e thyl   m e t h a c r y l a t e ,   methyl  and  e thy l   a c r y l a t e ,  

a c r y l o n i t r i l e ,   v i n y l a c e t a t e ,   s t y r e n e ,   c r acke r   g a s o l i n e ,   d i c y c l o -  

p e n t a d i e n e ,   coker  g a s o l i n e ,   polymer  g a s o l i n e ,   soybean  o i l ,   c a s t o r  

o i l ,   Venezuelan  crude  and  bunker  fue l ,   t a l l   o i l   and  corn  o i l .  

The  p rocess   of  t h i s   i n v e n t i o n   p rov ides   a  b e n e f i c i a t e d   h y d r o -  

phobic  and  o l e o p h i l i c   coal  p roduct   of  r e l a t i v e l y   low  water   c o n t e n t  

which  can  be  f u r t h e r   dehydra ted   to  a  remarkable   degree  wi thout   u s e  

of  thermal   energy.   The  ash  con ten t   of  the  coal  is  reduced  to  v e r y  

low  l e v e l s   and  minera l   s u l f u r   compounds  p r e s e n t   are  removed.  The 

f i n a l   coal  p roduc t   has  enhanced  BTU  con t en t ,   and  can  be  burned  a s  

a  s o l i d   or  combined  with  fuel   o i l   to  produce  a  mixture   of  coal  and  

fue l   o i l   as  a  bu rnab l e   f u e l .   A lka l i   metal   and  a l k a l i n e   e a r t h   m e t a l  

ions  can  t h e r e a f t e r   be  employed  to  conver t   the  c o a l - o i l   mixture   t o  

a  t h i x o t r o p i c   g e l - l i k e   fuel   having  e x c e l l e n t   d i s p e r s i o n   s t a b i l i t y .  

The  t h i x o t r o p i c   f lowable   f u e l s   are  u s e f u l   as  sources   of  t h e r m a l  

energy.   The  dry  coal  p roduct   can,  i f   d e s i r e d ,   be  r e d i s p e r s e d   i n  

aqueous  systems  for  pumping  of  the  f l u i d   aqueous  coal  s l u r r y   t h u s  

formed  through  p i p e l i n e s   and  the  l i k e .  

The  p rocess   of  the  i n v e n t i o n   for   b e n e f i c i a t i n g   coal  can  b e  

employed  dur ing   p a r t i c l e   s ize   r e d u c t i o n   of  the  coal .   Among  t h e  

s u b s t a n c e s   t h a t   can  be  t r e a t e d   are:   mine  run,  r e fu se   p i l e s ,   c o a l  

p r o c e s s i n g   f ines   and  the  l i k e .   Gene ra l l y ,   the  coal  is  suspended  i n  

or  wet ted   by  water   s u f f i c i e n t   to  permit   f l u i d   flow  for   the  b e n e f i c i a -  

t i o n   t r e a t m e n t .  



In  ano ther   aspect   of  the  i n v e n t i o n ,   the  hydrocarbon   f u e l  

f r a c t i o n   serves   along  with  the  water   as  a  c a r r i e r   for  a  c h e m i c a l  

g r a f t i n g   p o l y m e r i z a t i o n   r e a c t i o n   wherein  the  u n s a t u r a t e d   monomer 

r e a c t s   on  the  su r face   of  the  coal  to  cause  the  o r i g i n a l   water  w e t t e d  

coal  s u r f a c e s   to  become  chemica l ly   a l t e r e d   by  cova len t   bonding  o f  

p o l y m e r i z a b l e   monomers  to  the  s u r f a c e s   of  the  coal  being  p r o c e s s e d .  

The  coal  s u r f a c e s   become  p r e f e r e n t i a l l y   wet ted   by  water   i n s o l u b l e  

hydrocarbon   fue l s   such  as  a l i p h a t i c   or  a romat ic   f ue l ,   heavy  f u e l  

o i l s ,   k e r o s e n e s ,   and  the  l i k e .  

The  organic   u n s a t u r a t e d   monomers  b road ly   u s e f u l   for   t h e  

purposes   of  t h i s   i n v e n t i o n   i nc lude   p o l y m e r i z a b l e   o rganic   monomers 

having  at  l e a s t   one  u n s a t u r a t e d   group  which  i n c l u d e s   such  monomers 

tha t   are  l i q u i d   at  room  t e m p e r a t u r e s .   I l l u s t r a t i v e l y   the  l i s t  

i n c l u d e s   o l e i c   ac id ,   n a p h t h a l e n i c   ac id ,   v e g e t a b l e   seed  o i l   f a t t y  

acid,   u n s a t u r a t e d   f a t t y   ac id ,   methyl  and  e thyl   m e t h a c r y l a t e ,   m e t h y l  

and  e thyl   a c r y l a t e ,   a c r y l o n i t r i l e ,   v i n y l a c e t a t e ,   s t y r e n e ,   c r a c k e r  

g a s o l i n e ,   d i c y c l o p e n t a d i e n e ,   coker  g a s o l i n e ,   polymer  g a s o l i n e ,  

soybean  o i l ,   c a s t o r   o i l ,   Venezuelan  crude  and  bunker  fue l ,   t a l l   o i l ,  

corn  o i l   and  o ther   monomers  as  are  shown  in  the  p r i o r   a r t .  

P r e f e r a b l y ,   the  organic   u n s a t u r a t e d   monomers  a d a p t e d  f o r  u s e  

in  the  i n v e n t i o n   are  water   i n s o l u b l e   organic   ac ids   having  the  g e n e r a l  

s t r u c t u r e   RCOOE  wherein  R  is  more  than  about  8  carbon  atoms  in  s i z e  

and  is  p r e f e r a b l y   u n s a t u r a t e d .   E x c e l l a n t   r e s u l t s   have  been  o b t a i n e d  

us ing   the  m a t e r i a l   t a l l   o i l   a  d e r i v a t i v e   of  the  wood  pulp  i n d u s t r y  

and  corn  oi l   which  comprises   g l y c e r i d e s   of  a  number  of  f a t t y   a c i d s  

and  u n s a t u r a t e d   v e g e t a b l e   seed  oi l   f a t t y   a c id s .   The  carboxyl   m o i e t y  



of  these   m a t e r i a l s   is  not  e s s e n t i a l   but  is  p a r t i c u l a r l y   a d v a n t a -  

geous  as  wi l l   be  seen  h e r e a f t e r .  

The  a b o v e - i d e n t i f i e d   a d d i t i v e s   can  be  added  at  the  i n i t i a l  

p rocess   s t a g e s ,   e . g . ,   dur ing   p u l v e r i z a t i o n   of  the  raw  coal  to  a  

p a r t i c u l a t e   s ize   of  from  48  to  200  mesh,  0.1  to  79  microns  or  f i n e r .  

I t   is  p r e f e r r e d   to  add  the  f ree   r a d i c a l   p o l y m e r i z a t i o n   c a t a l y s t   a t  

the  end  of  or  a f t e r   the  f i n a l   p u l v e r i z a t i o n   of  the  coal .   I t   can  b e  

p r e s e n t ,   however,  and  added  at  any  time  in  the  coal  a t t r i t i o n   c y c l e  

( i . e . ,   dur ing   r e d u c t i o n   to  48  to  200  mesh)  along  with  the  r e m a i n d e r  

of  the  chemical   g r a f t i n g   a d d i t i v e s   d e s c r i b e d   a b o v e .  

The  chemical   g r a f t i n g   r e a c t i o n   occurs  in  an  aqueous  medium 

in  the  p resence   of  the  a b o v e - d e s c r i b e d   r e a c t a n t s .   The  p e r o x i d e  

c a t a l y s t   ( o rgan ic   pe rox ide ,   oxygen,  a i r ,   hydrogen  pe rox ide )   is  added  

to  the  d e s c r i b e d   water   i n s o l u b l e   u n s a t u r a t e d   organic   acid  and  t h e  

metal   i n i t i a t o r   of  the  f ree   r a d i c a l   forming  c a t a l y s t .  

The  o rgan ic   u n s a t u r a t e d   monomer  becomes  coa ted   onto  the  c o a l  

p a r t i c l e s .   Without  i n t e n d i n g   to  be  l i m i t e d   by  any  theory   o r  

mechanism,  t i t r a t i o n   and  e x t r a c t i o n   t e s t s   have  i n d i c a t e d   tha t   t h e  

o rgan ic   u n s a t u r a t e d   monomer  is  b e l i e v e d   c h e m i c a l l y   a t t a c h e d   o r  

g r a f t e d   onto  the  coal  s u r f a c e .   F u r t h e r   p o l y m e r i z a t i o n   of  the  monomer 

is  b e l i e v e d   to  r e s u l t   in  the  coal  being  coa ted   with  the  polymer  o f  

the  u n s a t u r a t e d   monomer.  By  v i r t u e   of  p roper   s e l e c t i o n   of  monomer, 

the  coal  is  r ende red   hydrophobic   and  o l e o p h i l i c   and  can  be  i m m e d i a t e l y  

c l eaned   and  r e c o v e r e d .   The  hydrophobic   f i n e l y   d iv ided   p a r t i c l e s  

f l o c c u l a t e   and  f l o a t   on  the  su r f ace   of  the  wate r .   Upon  water   w e t t i n g  

and  s e t t l i n g ,   the  l a r g e r   p e r c e n t a g e   of  ash  p r e s e n t   in  the  o r i g i n a l  



coal  remains  h y d r o p h i l i c   in  su r f ace   c h a r a c t e r ,   i t   s e t t l e s   and  t e n d s  

to  remain  d i s p e r s e d   in  the  water  and  can  be  pumped  off   below  t h e  

f l o c c u l a t e d   coal  for   f u r t h e r   s e p a r a t i o n   and  d i s p o s a l   of  ash  and  

recovery   and  r e c y c l e   of  the  w a t e r .  

Lime  can  be  used,  if   d e s i r e d ,   to  aid  ash  removal  from  t h e  

water   phase.   It  has  been  e s t a b l i s h e d   as  p r e f e r a b l e   and  a d v a n t a g e o u s ,  

however,  to  w i thho ld   a d d i t i o n   of  a l l   of  the  chemical   g r a f t i n g  

components  u n t i l   a f t e r   r e d u c t i o n   of  the  p a r t i c l e   s ize   of  the  c o a l  

in  i t s   f i n a l   m i l l i n g   o p e r a t i o n .   In  p r a c t i c e ,   the  f ree   r a d i c a l   p o l y -  

m e r i z a t i o n   c a t a l y s t   is  more  e f f i c i e n t l y   u t i l i z e d   i f   w i thhe ld   u n t i l  

a l l   the  o ther   a d d i t i v e   components  (metal   ion  and  p o l y m e r i z a b l e  

monomer)  have  been  a l lowed  to  ob t a in   a  maximum  degree  of  d i s p e r s i o n  

in  the  f i n a l ,   f i n e l y   p u l v e r i z e d   water   wet ted   coal  s l u r r y .  

As  the  chemical   g r a f t i n g   r e a c t i o n   is  completed  by  the  p e r o x i d e  

t r e a t m e n t ,   the  now  hydrophobic   and  o l e o p h i l i c   b e n e f i c i a t e d   c o a l  

p a r t i c l e s   f l o c c u l a t e   and  f l o a t   to  the  su r f ace   of  the  l i q u i d   m a s s .  

The  ash,  s t i l l   r emain ing   h y d r o p h i l i c ,   tends  to  s e t t l e   and  is  removed 

in  the  water  p h a s e .  

The  r ecove red   f l o c c u l a t e d   hydrophobic   coal  is  r e - d i s p e r s e d   a s  

a  s l u r r y   in  f r e s h   wash  water   with  good  a g i t a t i o n .   I n i t i a l l y ,   i t   was 

found  s u c c e s s f u l   to  provide  needed  d i s p e r s i o n   of  the  h y d r o p h o b i c  

coal  p a r t i c l e s   in  the  water   wash  s teps   by  use  of  r e c i r c u l a t i n g   h i g h  

shear  c e n t r i f u g a l   pumps.  I t   has  been  d i s c o v e r e d ,   however,  t h a t  

a d v a n t a g e o u s l y   i f   the  c o a l - o i l - w a t e r   f l o c c u l a t e s   are  more  e f f e c t i v e l y  

broken  up  by  h igher   shear   means,  water  held  in  the  i n t e r s t i c e s   of  t h e  

f l o c c u l a t e d   coal  p a r t i c l e s   (which  hold  an  a d d i t i o n a l   q u a n t i t y   o f  

ash)  is  brought   in to   more  e f f e c t i v e   wash  water  con tac t   and  more  o f  



the  t o t a l   ash  con ten t   is  removed  from  the  r e c o v e r e d   h y d r o p h o b i c  

c o a l  p a r t i c l e   c o n g l o m e r a t e .  

I n c r e a s e d   e f f i c i e n c y   of  ash  removal  dur ing   the  wash  step  h a s  

been  o b t a i n e d   by  r e s o r t i n g   to  equipment  p roduc ing   h i g h  l i q u i d  

v e l o c i t i e s   and  high  shear   r a t e s .   This  has  been  accompl i shed   more 

e f f i c i e n t l y   by  e j e c t i n g   the  c o a l - o i l - w a t e r   f l o c c u l a t e s   in to   f r e s h  

wash  water   under  a tomiz ing   p r e s s u r e   through  a  spray  nozz le ,   t h u s  

forming  minute  d r o p l e t s ,   momentar i ly   in  the  a i r ,   but  d i r e c t e d   w i t h  

force   in to   and  onto  the  su r f ace   of  f r e s h   wash  water   mass.  Some  a i r  

is  t h e r eby   i n c o r p o r a t e d   in to   the  system.  This  improvement  is  b e i n g  

d i s c l o s e d   as  the  bes t   mode  in  the  ash  removal  step  of  the  p r e f e r r e d  

embodiment  of  t h i s   a p p l i c a t i o n .  

Fo l lowing   the  p l u r a l   w a t e r - w a s h i n g - h i g h   shear   r e d i s p e r s i o n  

of  the  coal  f l o c c u l a t e s   and  the  f u r t h e r   removal  of  ash  t h e r e b y  

r e l e a s e d   to  the  water   phase,   in  our  p r e f e r r e d   p r a c t i c e   the  coal  i s  

again  s u b j e c t e d   to  a  second  g r a f t   p o l y m e r i z a t i o n   s tep  u s ing   t h e  

chemical   g r a f t i n g   r eagen t   mixture   i n c l u d i n g   the  u n s a t u r a t e d   RCOOH 

acids   ( t a l l   o i l   f a t t y   a c i d s ) ,   hydrogen  pe rox ide ,   water   s o l u b l e   c o p p e r  

s a l t ,   fue l   o i l   and  water   as  used  p r i o r l y   in  the  p r o c e s s .   However,  t h e  

second  g r a f t   p o l y m e r i z a t i o n   s tep ,   while  p r e f e r r e d ,   is  not  a b s o l u t e l y  

e s s e n t i a l .   The  t r e a t e d   coal ,   b e n e f i c i a t e d   to  p rov ide   a  dry  c o a l  

p roduc t   c o n t a i n i n g   a  small  water   c o n t e n t ,   a  small  amount  of fuel  o i l  

and  an  improved  BTU  con ten t   can  t h e r e a f t e r   be  r ecove red   f o r   'dry '  

f ue l   u s e .  

A  n o n - s e t t l i n g ,   f l u i d ,   pumpable,  s t o r a b l e   l i q u i d   c o a l - o i l  

mix ture   (C.O.M.)  may  be  p r epa red   s t a r t i n g   at  t h i s   p o i n t .   One  n e e d  



not  e s s e n t i a l l y   perform  the  second  g r a f t   p o l y m e r i z a t i o n   s t e p .  

However,  i t   is  a  p r e f e r r e d   mode  of  p r a c t i c e   of  the  i n v e n t i o n .   One 

may  e lec t   to  merely  i n c o r p o r a t e   a  f u r t h e r   small  but  e f f e c t i v e   amount 

of  a  f ree   f a t t y   acid  (RCOOH  acid)   where  the  R  group  may or  may  n o t  

be  u n s a t u r a t e d   as  in  the  p r e f e r r e d   p r a c t i c e   r e f e r r e d   to  i m m e d i a t e l y  

a b o v e .  

The  r ecove red   washed  hydrophobic   coal ,   f r eed   of  a  m a j o r  

amount  of  the  ash  o r i g i n a l l y   p r e s e n t ,   is  f u r t h e r   dehydra ted   to  v e r y  

low  water  l e v e l s   s o l e l y   by  mechanica l   means,  i l l u s t r a t e d   by  c e n t r i -  

fuging,   p r e s s u r e   or  vacuum  f i l t r a t i o n ,   e t c . ,   thus  avo id ing   t h e  

e s s e n t i a l   use  of  thermal   energy  to  remove  r e s i d u a l   water  r e q u i r i n g  

c o s t l y   h e a t i n g   of  the  e n t i r e   coal  mass.  As  the  t r e a t e d   coal  i s  

now  hydrophobic   and  o l e o p h i l i c   or  oi l   wet ted ,   water   is  more  r e a d i l y  

removed.  

At  t h i s   po in t   the  t r e a t e d   coal  is  e l e c t i v e l y   ready  to  p r e p a r e  

a  f l u i d   c o a l - o i l - m i x t u r e   (C.O.M.) .   A d d i t i o n a l   q u a n t i t i e s   of  f u e l  

o i l s ,   as  demanded,  are  b lended  with  the  t r e a t e d   ' d ry '   coal  at  any  

d e s i r e d   r a t i o .   P r e f e r r e d   r a t i o   is  about  1:1  by  w e i g h t .  

Two  avenues  of  f u r t h e r   t r e a t m e n t   remain  open.  If   RCDOH 

is  used  in  the  chemical  g r a f t i n g   step  to  render   the  su r f ace   of  t h e  

coal  p a r t i c l e s   o l e o p h i l i c   and  hydrophobic ,   the  g r a f t e d   acid   g r o u p ,  

as  well  as  the  added  f a t t y   acid  group,  can  be  f u r t h e r   r e a c t e d  

through  t h e i r   a c t i v e ,   a c id i c   hydrogen  atom  with  an  a l k a l i   or  a l k a l i n e  

ear th   metal  or  a  v a r i e t y   of  s e l e c t e d   metal  ions .   Through  s e l e c t i o n  

of  metal  ions ,   the  'drop  p o i n t '   of  the  f i n a l   l i q u e f i e d   c l e a n - o i l -  

mixture   (C.O.M.)  t h i x o t r o p i c   l i q u i d   fuel   p roduc t s   can  be  c o n t r o l l e d .  



If   one  wishes  to  s l u r r y   the  r ecove red   coal  in  water  to  p r o d u c e  

a  s t a b l e   d i s p e r s i o n   and  suspens ion ,   as  might  be  r e q u i r e d   f o r  

pumping  th rough  p i p e l i n e s   for   extended  d i s t a n c e s ,   the  a c i d i c  

hydrogen  can  be  r e p l a c e d   with  an  a l k a l i   metal  ion,  i l l u s t r a t i v e l y  

sod ium.  

However,  i t   is  more  l i k e l y   t ha t   a  f l u i d   suspended  f i n e  

p a r t i c l e   s o l i d   coal  p roduc t   extended  with  a  fuel   o i l   hydrocarbon  w i l l  

f ind   the  g r e a t e s t   commercial  demand.  In  t h i s   case  the  metal   i s  

s e l e c t e d   for   the  d e s i r a b l e   'drop  p o i n t '   of  the  l i q u e f i e d   c o a l - o i l  

fue l   p roduc t .   A l k a l i n e   ea r th   metal  ions  are  qu i te   u s e f u l   for   t h i s  

p u r p o s e .  

I t   has  been  d i s c o v e r e d   tha t   conve r s ion   of  the  a c id i c   h y d r o g e n  

ion,   t r a c e a b l e   to  the  hydrogen  of  the  RCOOR  a d d i t i o n s   (and  in  t h e  

chemical   g r a f t i n g   in  some  i n s t a n c e s )   to  a  metal  ion;  i l l u s t r a t i v e l y  

sodium,  po tass ium,   calc ium,   ( the   a l k a l i   and  a l k a l i n e   e a r t h   m e t a l s )  

s u r r o u n d i n g   the  s u r f a c e s   of  the  b e n e f i c i a t e d   coal  p a r t i c l e s   a l l o w s  

ready  d i s p e r s i o n   of  the  coal  in  fuel   o i l s   of  most  a l l   grades  t o  

produce  a  gel  or  s t r u c t u r e   which  r e t a r d s   s e t t l i n g   almost  i n d e f i n -  

i t e l y .   The 'drop  p o i n t '   ( the  t e m p e r a t u r e   at  which  the  gel  s t r u c t u r e  

al lows  f ree   flow  of  the  l i q u i d   c o a l - o i l - f u e l )   appears   to  be  c o n t r o l -  

l a b l e   by  the  metal   ion  s e l e c t i o n .   Other  metal   ions  may  also  b e  

u s e f u l   alone  or  in  admixture   to  c o n t r o l   the  'drop  p o i n t ' .  

Coal  extended  l i q u i d   fue l   o i l   p roduc t s   of  t h i s   i n v e n t i o n   have  

unique  p r o p e r t i e s .   Among  them  is  the  q u a l i t y   of  t h i x o t r o p y   w h i c h  

gives  s t r u c t u r e   of  g e l - l i k e   v i s c o s i t y   i n c r e a s e   to  the  fue l   o i l  

extended  coal .   When  the  l i q u i d   is  at  a  s t a t e   of  r e s t ,   or  when  i t   i s  



below  i t s   'drop  p o i n t ' ,   the  gel  s t r u c t u r e   is  unbroken.   However,  upon  

s t i r r i n g   or  a g i t a t i o n   as  by  a  c i r c u l a t i n g   pump  or  a g i t a t i o n   o r  

h e a t i n g   above  the  'drop  p o i n t ' ,   the  s t r u c t u r e   in  the  product   i s  

broken  down,  and  the  l i q u i d   flows  n o m a l l y   but  is  non-Newtonian  i n  

n a t u r e .   The  'drop  p o i n t '   t e m p e r a t u r e   has  also  been  i n f l u e n c e d   by  

the  s e l e c t i o n   of  the  metal  i o n .  

Thus,  the  v e r s a t i l i t y   of  the  p u l v e r i z e d   coal  is  i n c r e a s e d ,  

the  energy  conten t   is  i n c r e a s e d ,   u n d e s i r a b l e   ash  is  removed  and  t h e  

p o t e n t i a l   for  a  widely  expanded  market  for   coal  as  a  f l u i d   f u e l  

provide   means  for   f u r t h e r   c o n s e r v a t i o n   of  p e t r o l e u m .  

It  is  a n t i c i p a t e d   t ha t   the  f l u i d i z e d   v e r s i o n   where  fuel   o i l s  

of  va r ious   grades  are  the  c a r r i e r s   wi l l   become  of  major  i m p o r t a n c e  

as  a  l i q u e f i e d   c o a l - o i l   product   as  he r e in   d e s c r i b e d .  

This  i n v e n t i o n   chemica l l y   a l t e r s   the  su r f ace   of  the  c o a l  

p a r t i c l e s   so  tha t   they  both  repe l   water   and  i n v i t e   union  with  t h e  

f l u i d i z i n g   l i q u i d   fuel   in  which  the  coal  p a r t i c l e s   are  d i s p e r s e d .  

This  chemical   su r f ace   r e a c t i o n   is  c a r r i e d   out  p r i n c i p a l l y   in  w a t e r .  

Reduct ion   of  ash  con ten t   ( the  p r i n c i p a l   source  of  m i n e r a l  

s u l f u r   in  coal)   is  ex t remely   impor t an t   in  o b t a i n i n g   an  a c c e p t a b l e  

coal .   The  ash  con ten t   of  coal  is  p r e s e n t   in  ex t remely   f ine   s t a t e s  

of  s u b d i v i s i o n   in  the  coal .   The  su r face   t r e a t m e n t   of  the  c o a l  

p rov ides   a  s t r o n g l y   o i l - l o v i n g   q u a l i t y .   Advan tageous ly ,   the  f r e e l y  

d iv ided   ash  remains  w a t e r - l o v i n g   or  h y d r o p h i l i c   thus  f a c i l i t a t i n g  

s e l e c t i v e   s e p a r a t i o n   of  coal  and  a s h .  

The  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   with  r e f e r e n c e   to  t h e  

accompanying  drawings,   in  w h i c h : -  



Figures   lA  and  1B  taken  t o g e t h e r   r e p r e s e n t   a  f i r s t   p r o c e s s  

in  accordance   with  t h i s   i n v e n t i o n ;   a n d  

F igures   2A  and  2B  taken  t o g e t h e r   r e p r e s e n t   a  second  and  more 

p r e f e r r e d   p rocess   in  accordance   with  the  i n v e n t i o n .  

R e f e r r i n g   more  s p e c i f i c a l l y   to  F igures   lA  and  1B,  raw  c o a l  

from  the  mine  is  reduced  by  c o n v e n t i o n a l   mine  o p e r a t i o n s   to  r e l a t i v -  

ely  uni form  top  s ize   p a r t i c l e s   as  i n d i c a t e d .   Recovered  f i ne s   f rom 

mine  ponds  or  t a i l i n g s   can  be  equa l ly   used.   I f   the  l a r g e r   1" +  s i z e  

(2.5  cm)  is  used  as  a  s t a r t i n g   po in t   a  hydro  r o l l   c ru she r   r e d u c e s  

the  coal  to  about  a  1/4"  (6  mm)  p a r t i c l e   s ize   coarse   aqueous  s l u r r y .  

To  t h i s   aqueous  coal  s l u r r y ,  a f t e r   i t   has  been  f u r t h e r   r e d u c e d  

below  1/4"  (6  mm)  in  p a r t i c l e   s i ze ,   is  added  a  composi te   c h e m i c a l  

g r a f t i n g   r eagen t   mixture   which  may,  or  may  not,   c o n t a i n   the  f r e e  

r a d i c a l   p o l y m e r i z a t i o n   c a t a l y s t .   I t   has  been  found  tha t   h y d r o g e n  

pe rox ide ,   H2O2,  is  s a t i s f a c t o r y   for   t h i s   purpose .   The  o t h e r  

components  to  be  added  are:   the  p o l y m e r i z a b l e   water  i n s o l u b l e  

monomer,  p r e f e r a b l y   an  RCOOH  acid  where  R  is  more  than  about  8 

carbon  atoms  and  is  u n s a t u r a t e d ;   a  r e a c t i v e   metal   ion  s i t e   c a t a l y s t  

i n i t i a t o r   s a l t ;   a  minor  amount  of  a  s e l e c t e d   fue l   o i l .  

The  coarse   coal  s l u r r y ,   now  in  the  p resence   of  the  above  

chemical   g r a f t i n g   r eagen t   mix tu re ,   is  f u r t h e r   reduced  in  s ize   t o  

about  48  to  200  mesh  or  b e t t e r .   P r e f e r a b l y ,   the  peroxide   c a t a l y s t  

is  added  at  t h i s   p o i n t ,   i . e ,   in  the  f ine   m i l l i n g   s t a g e .  

The  coal  becomes  ex t remely   hydrophobic   as  the  chemical   g r a f t -  

ing  occurs .   When  m i l l i n g   ceases   the  now  hydrophobic   coal  f l o c c u l a t e s  

and  s e p a r a t e s   from  the  aqueous  phase  and  thus  the  r emainder   of  t h e  



mil l   charge.   C o n s i d e r a b l e   ash  s e p a r a t e s   out  in  the  water   phase  a t  

t h i s   p o i n t .   The  f l o a t i n g   f l o c c u l a t e d   hydrophobic   coal  is  r e c o v e r e d  

(a  screen   may  be  a d v a n t a g e o u s l y   used  for   s e p a r a t i o n   and  r e c o v e r y  

of  the  f l o c c u l a t e d   coal)   and  is  passed  through  a  p l u r a l i t y   of  wash 

s teps   wherein  good  a g i t a t i o n   with  high  speed  mixers  and  high  s h e a r  

of  the  hydrophobic   c o a l - w a t e r   wash  d i s p e r s i o n   as  i n d i c a t e d   above  

causes  r e l e a s e   of  a d d i t i o n a l   ash  to  the  water   phase,   which  ash  i s  

removed  in  the  water   phase.   The  w a t e r - w e t t e d   ash  suspens ion   i s  

r e c o v e r e d   in  f u r t h e r   s e t t l i n g   tanks  and  is  sent  to  waste .   The  p r o c e s s  

water  is  r e c y c l e d   and  r e - u s e d .   A d d i t i o n a l   ash  and  s u l f u r   can  b e  

removed  from  the  g r a f t e d   c o a l - o i l   conglomera te   by  a  s e r i e s   o f  

c o u n t e r - c u r r e n t   water -wash   s t e p s .  

The  chemica l ly   g r a f t e d   p u l v e r i z e d   coal  (with  most  of  t h e  

ash  o r i g i n a l l y   p r e s e n t   in  the  raw  coal  removed)  is  dewatered   to  a  

very  low  water   l eve l   by  c e n t r i f u g i n g .   In  the  p rocess   be fo re   c h e m i c a l  

g r a f t i n g   the  water   con ten t   of  the  coal  is  in  the  order   of  22  to  28%. 

Af te r   g r a f t   p o l y m e r i z a t i o n   of  the  coal  and  t o t a l   b e n e f i c i a t i o n ,   t h e  

water   con ten t   of  the  g r a f t e d   washed  product   can  be  in  the  order   o f  

6-12%  by  w e i g h t .  

The  r e c o v e r e d   ' d ry '   b e n e f i c i a t i o n   t r e a t e d   coal  mass  can  b e  

used  d i r e c t l y   as  a  'dry  coa l '   product   as  a  fue l   wi thou t   f u r t h e r  

a d d i t i o n   of  fuel   o i l .   P r e f e r a b l y ,   however,  as  i n d i c a t e d   above,  a  

s u f f i c i e n t   q u a n t i t y   of  fuel   o i l   is  admixed  with  the  b e n e f i c i a t e d  

coal  to  produce  a  c o a l - o i l   m i x t u r e .  

Thus,  the  m e c h a n i c a l l y   dewatered  coal  ( ' d r y '   b e n e f i c i a t e d  

t r e a t e d   coal)   is  t r a n s f e r r e d   to  a  c o a l - o i l   d i s p e r s i o n   p r e m i x e r ;  



a d d i t i o n a l   RCOOH  acid   is  added.  The  added  acid  can  be  the  same  a s  

the  u n s a t u r a t e d   ac id   used  in  the  chemical   g r a f t i n g   s tep .   However, 

the  ac id   need  not  be  u n s a t u r a t e d .   S a t u r a t e d   RCOOH  acids   such  a s  

s t e a r i c   ac id   and  the  s e r i e s   of  both  crude  and  r e f i n e d   n a p h t h e n i c  

acids   r e c o v e r e d   from  r e f i n i n g   of  crude  o i l s ,   e tc .   can  be  u s e d .  

Water  s o l u b l e   a l k a l i   hydroxide   metal   is  now  added  to  the  c o a l - o i l  

m ix tu r e .   This  n e u t r a l i z e s   the  f ree   f a t t y   acid   hydrogens  on  a n d  

about  the  hydrophobic   coal  p a r t i c l e s .  

The  f o rma t ion   of  the  c o a l - o i l   mixture   can  be  c a r r i e d   on 

c o n t i n u o u s l y   or  b a t c h w i s e ,   in,  e . g . ,   pa in t   g r i n d i n g   equipment  where  

heavy  small  g r i n d i n g   media  are  used  to  shear   the  d i s p e r s i o n   in to   a  

n o n - s e t t l i n g   fue l   p roduc t   of  t h i x o t r o p i c   na tu re   by  f u r t h e r   m e t a l  

ion  source  a d d i t i o n ,   such  as  calc ium  hydroxide   to  form  an  a l k a l i n e  

ea r th   metal   s a l t   or  soap.  Other  metal   soaps  are  a lso  u s e f u l   a s  

i n d i c a t e d   h e r e i n .  

R e f e r r i n g   more  s p e c i f i c a l l y   to  F igures   2A  and  2B  of  t h e  

drawings .   F igures   2A  and  2B  in  c o n j u n c t i o n   with  the  f o l l o w i n g   w i l l  

expand  and  i l l u s t r a t e   the  bes t   mode.  

By  c o n v e n t i o n a l   coal  mining  r ecove ry   and  b e n e f i c i a t i o n   p r o c e s -  

ses  with  run  of  the  mine  coal  or  on  the  reworking   of  mine  t a i l i n g s   o r  

s o l i d s   from  coal   r e cove ry   ponds,  t h i s   p rocess   begins   with  c o n v e n t i o n -  

a l l y   o b t a i n e d   p a r t i c u l a t e   coal  reduced  to  about  1/4"  (6  mm)  in  s i z e ,  

more  or  l e s s .   Of  a l l   coal  ground  or  c rushed   commerc ia l ly ,   i t   i s  

b e l i e v e d   tha t   50-60°/  becomes  too  f ine   for   commercial  use.   The  ' w a s t e '  

f ine   coal  sources   are  e x c e l l e n t   sources   of  raw  coal  for   the  p r e s e n t  

i n v e n t i o n .  



The  coal  is  i n t r o d u c e d   into  a  ba l l   or  rod  m i l l ,   or  o t h e r  

p u l v e r i z i n g   and  s ize   r e d u c t i o n   equipment.   The  water  is  p r e f e r a b l y  

t r e a t e d   with  sodium  pyrophospha te   and/or   o ther   o rganic   and  i n o r g a n i c  

water  t r e a t m e n t   m a t e r i a l s .   These  m a t e r i a l s   ope ra te   as  d i s p e r s a n t s .  

So  fa r   as  is  known,  the re   is  no  o b j e c t i o n   i f   a  l a r g e  

p e r c e n t a g e   of  the  product   of  the  wet  m i l l i n g   is  sma l l e r   than  200  mesh,  

but  i t   is  p r e f e r r e d   not  to  use  a  l a rge   pe r cen t age   over  48  mesh.  

The  aqueous  s l u r r y   l e a v i n g   the  rod  mi l l   is  put  through  a  

c l a s s i f i e r   and  a l l   p a r t i c l e s   more  than  about  48  mesh  are  r e t u r n e d  

for   f u r t h e r   s ize   r e d u c t i o n .  

The  m a t e r i a l   l e a v i n g   the  c l a s s i f i e r   is  passed  to  a  surge  t a n k  

where  the  d e n s i t y   of  the  coal  s l u r r y   is  a d j u s t e d .   Fine  coal  r e c o v e r e d  

from  l a t e r   p r o c e s s i n g   can  be  i n t r o d u c e d   here .   The  g r a f t   p o l y m e r i z a -  

t ion   r e a c t i o n   g e n e r a l l y   occurs  p r i o r   to  the  f i r s t   of  th ree   w a t e r - w a s h  

s teps   where  the  chemical   g r a f t i n g   r e a c t a n t s   are  a d d e d .  

An  aqueous  chemical  g r a f t i n g   r eagen t   mixture   when  c o m p l e t e  

and  u s e f u l   for  the  i n i t i a l   g r a f t   i n i t i a t i n g   purposes   h e r e i n   c o n t a i n s  

about  1/2  lbs  (0.2  kg)  t a l l   oi l   f a t t y   ac ids ,   100  lbs  (45  kg)  l i q u i d  

water  i n s o l u b l e   hydrocarbon  ( u s u a l l y   a  s e l e c t e d   grade  of  fuel   o i l ) ,  

1  lb  (.45  kg)  of,  i l l u s t r a t i v e l y ,   copper  n i t r a t e .   (Other   metal  i o n s  

are  also  known  to  be  u s e f u l   to  provide   metal  ion  i n i t i a t o r   s i t e s .  

Cost  in  genera l   r u l e s   out  t h e i r   p r a c t i c a l   u s e . )  A   l a s t   e s s e n t i a l  

e lement ,   the  f ree   r a d i c a l   p r o c e s s i n g   pe rox ide   c a t a l y s t   which  may  b e  

any  of  the  known  organic   pe rox ides   or  i n o r g a n i c   pe rox ides   (H202) 

added  d i r e c t l y   or  produced,   in  s i t u ,   with  a i r   or  oxygen,  but  wh ich  

is  here  p r e f e r e n t i a l l y   hydrogen  pe rox ide   c o n s t i t u t e s   a b o u t  

1-5/8  lbs  ( .74  kg)  of  n202  in  s o l u t i o n   of  30%  H2O2-70%  water  s t r e n g t h .  



The  amount  of  chemical   g r a f t i n g   c a t a l y s t   p o l y m e r i z a t i o n   mixture   i s  

exemplary  of  tha t   r e q u i r e d   for   t r e a t i n g   about  2000  lbs  (908  kg)  o f  

the  d e s c r i b e d ,   high  p u l v e r i z e d   coal  product   (by  dry  weight)   i n  

aqueous  s l u r r y .  

In  p r a c t i c e   i t   has  been  found  advantageous   but  not  e s s e n t i a l ,  

to  w i thho ld   the  pe rox ide   or  f ree   r a d i c a l   p o l y m e r i z a t i o n   c a t a l y s t  

a d d i t i o n   u n t i l   j u s t   a f t e r   the  s l u r r y   is  pumped  from  the  surge  t a n k .  

Chemical  g r a f t i n g   takes   p lace   very  r a p i d l y   as  the  f i n e l y  

ground  aqueous  coal  s l u r r y   l eaves   the  surge  tank  and  is  i n t i m a t e l y  

admixed  with  the  chemical   g r a f t i n g   or  p o l y m e r i z a t i o n   m i x t u r e  

d e s c r i b e d   above.  This  mix ture   of  r e a c t a n t s   11  is  pumped  in to   t h e  

coal  s l u r r y   d i s c h a r g e   l i n e   12,  and  is  passed  through  an  i n - l i n e   m i x e r  

13  under  some  p r e s s u r e .   Reac t ion   takes   p lace   r a p i d l y .   The  c o a l  

s u r f a c e s   now  t r e a t e d   become  more  s t r o n g l y   o l e o p h i l i c   and  h y d r o p h o b i c  

than  h e r e t o f o r e   and  are  no  longer   wet ted  by  the  aqueous  p h a s e .  

The  s t ream  of  t r e a t e d   hydrophobic   coal ,   wet ted   with  po lymer  

and  fue l   o i l   under  p r e s s u r e   along  with  the  accompanying  water   p h a s e ,  

is  fed  through  a  high  shear   nozz le   D  where  the  v e l o c i t y   of  the  s t r e a m  

and  the  s h e a r i n g   fo rces   break  up  the  coal  f l o c o u l a n t - w a s h - w a t e r  

s l u r r y   in to   f ine   d r o p l e t s   which  pass  through  an  a i r   i n t e r f a c e   w i t h i n  

the  wash  tank  (1)  and  impinge  downwardly  upon  and  f o r c e f u l l y   j e t t e d  

in to   the  mass  of  the  c o n t i n u o u s  w a t e r   phase  c o l l e c t e d   in  the  f i r s t  

wash  tank  ( 1 ) .  

The  high  s h e a r i n g   fo rces   c r e a t e d   in  nozz le   D  and  as  t h e  

d i s p e r s e d   p a r t i c l e s   f o r c e f u l l y   en te r   the  su r f ace   of  the  water  p h a s e  

break  up  the  c o a l - o i l - w a t e r   f locs   t he reby   w a t e r - w e t t i n g   and  r e l e a s i n g  



ash  from  the  i n t e r s t i c e s   between  the  coal  f l oc s   and  break  up  t h e  

coal  f locs   so  tha t   exposed  ash  s u r f a c e s   so  i n t r o d u c e d   to  the  w a t e r  

phase,   are  s e p a r a t e d   from  the coal  p a r t i c l e s   and  migra te   in to   t h e  

mass  water  phase.   The  f i n e l y   d iv ided   coal  p a r t i c l e s   whose  s u r f a c e s  

are  sur rounded  by  polymer  and  fuel   oi l   also  now  con ta in   a i r   s o r b e d  

in  the  atomized  p a r t i c l e s   d e l i v e r e d   from  and  through  the  s h e a r  

e f f e c t s   of  the  nozz l e .   The  combined  e f f e c t s   on  the  t r e a t e d   c o a l ,  

i n c l u d i n g   the  chemical   g r a f t i n g   and  fuel   oi l   plus  sorbed  a i r ,   c a u s e  

the  f l o c c u l a t e d   coal  to  dec rease   in  apparent   d e n s i t y   and  to  f l o a t  

on  the  su r f ace   of  the  water ,   s e p a r a t i n g   the  f l o c c u l a t e d   c o a l  

upwardly  from  the  major  water  mass  in  wash  tank  (1)  and  then  t o  

overf low  in to   the  side  c o l l e c t o r   ( l A ) .  

The  s t i l l   h y d r o p h i l i c   ash  remains  in  the  bulk  water   p h a s e ,  

tends  to  s e t t l e   downward  in  wash  tank  (1)  by  g r a v i t y ,   and  is  w i t h d r a w n  

in  an  a sh -wa te r   s tream  14  from  the  base  of  the  v e s s e l .   Some  s m a l l  

amount  of  f ine   coal  which  may  not  be  s e p a r a t e d   comple te ly   is  t r a n s -  

f e r r e d   with  the  water  phase  (withdrawn  a sh -wa te r   component)  to  a  

f ine   coal  r ecovery   s t a t i o n   15  (see  F igure   2B) .  

It  is  of  i n t e r e s t   to  review  the  va r ious   p h y s i c a l   phenomena 

tha t   occur  in  each  wash  step  which  enhances  the  e f f i c i e n c y   of  t h e  

o p e r a t i o n .  

In  p a s s i n g   the  hydrophobic   p o l y m e r - o i l   s u r f a c e d   c o a l - i n - w a t e r  

s l u r r y   through  the  nozzle   D,  unwanted  minera l   ash  c o n t a i n i n g   a  l a r g e r  

pe r cen t age   of  o b j e c t i o n a b l e   minera l   s u l f u r   and  i n e r t   n o n - c o m b u s t i b l e s  

is  i n t i m a t e l y   i n t e r f a c e d   with  water .   This  ash  is  p r e f e r e n t i a l l y  

w a t e r - w e t t e d   and  tends  to  en ter   the  water  phase  and  s tay  w e t t e d  



t he r eby .   Passage  of  the  f i n e l y   d iv ided   aqueous  s l u r r y   of  coal  f l o c  

through  the  nozz le   and  through  a i r   space  and  su r f ace   imp ingemen t ,  

a l l   under  high  s h e a r i n g   s t r e s s ,   causes  a i r   to  be  sorbed  by  t h e  

system  and  be  occluded  in  the  coal  f l o c .  

The  coal  f loc   i t s e l f   is  of  l e s s e r   d e n s i t y   than  coal  i t s e l f  

due  to  the  chemica l l y   po lymer ized   organic   l a y e r   on  i t s   s u r f a c e  w h i c h  

is  l e s s   dense  than  water ,   the  fuel   oi l   p r e s e n t   which  is  sorbed  on 

the  o l e o p h i l i c - h y d r o p h o b i c   coal  p a r t i c l e   and  sorbed  a i r   p r e sen t   i n  

the  f l o c .   The  coal  f loc  t he reby   assumes  a  d e n s i t y   l e s s   than  w a t e r  

and  as  i t   r e p e l s   water  by  i t s   i n c r e a s e d   hydrophobic   q u a l i t y   q u i c k l y  

f l o a t s   to  the  su r face   of  the  water  p r e s e n t .   The  ash,  on  the  o t h e r  

hand,  remains  h y d r o p h i l i c   and  i s ,   in  e f f e c t ,   r e p e l l e d   by  the  t r e a t e d  

coal  s u r f a c e s ,   p r e f e r e n t i a l l y   into  the  water   phase.   The  d e n s i t y   o f  

the  ash  is  g r e a t e r   than  water  and  tends  to  s e t t l e   out  downwardly 

th rough  the  water  mass.  While  we  do  not  wish  to  be  bound  by  t h e o r y ,  

the  f o r e g o i n g   f a c t o r s   are  b e l i e v e d   e x p l a n a t o r y   of  the  e x c e l l e n t   and  

remarkab ly   complete  s e p a r a t i o n   of  the  high  s u l f u r   c o n t a i n i n g   h y d r o -  

p h i l i c   ash  from  the  g r a f t   po lymer ized   hydrophobic   coal  and  improved  

coal  r e c o v e r y .   Reducing  s u l f u r   con ten t   overcomes  most  of  t h e  

c o n s i s t e n t   o b j e c t i o n s   to  coal  as  a  f u e l .  

By  the  f o r e g o i n g   t echn ique   not  only  is  the  ash  removed  f rom 

the  t r e a t e d   coal  p roduct   improved  in  p e r c e n t a g e ,   but  the  e n t r a p p e d  

a i r   and  the  more  hydrophobic   and  o l e o p h i l i c   coal  s u r f a c e s   p rov ide   a  

marked  i n c r e a s e   in  e f f i c i e n c y   of  t o t a l   b e n e f i c i a t e d   t r e a t e d   c o a l  

r e c o v e r e d .  

The  wash  p rocess   of  the  f i r s t   wash  is  r e p e a t e d   in  e s s e n c e  

through  a  c o u n t e r - c u r r e n t   wash  system,  the  coal  p r o g r e s s i n g   to  a  



c l e a n e r   s t a t e   through  s e q u e n t i a l   overf low  and  r ecove ry   in  wash  t a n k s  

(1),  (2),   and  (3),   while  c lean  wash  water   becomes  p r o g r e s s i v e l y  

loaded  with  water   so lub l e   and  water  wetted  so l i d   i m p u r i t i e s   e x t r a c t e d  

in  the  wash  water  as  the  c leaned   water  is  r e c y c l e d   from  water   r e c y c l e  

l i n e   A  in to   the  second  washed  f loc   r ecovery   tank  (lB)  through  r e c y c l e  

water  l i ne   16.  Fresh  or  r e c y c l e d   t r e a t e d   wash  water   in to   tank  ( l B )  

is  d i s p e r s e d   into  the  f loc  and  the  r e s u l t a n t   s l u r r y   removed  by  pump 

17  from  i t s   base  with  the  second  washed  overf low  f loc   from  tank  ( l B )  

through  an  i n - l i n e   mixer  18  into  wash  tank  (3)  through  shear   n o z z l e  

means  F .  

The  s e p a r a t e d   a sh -wa te r   wash  water   from  wash  tank  (3)  is  r e -  

moved  from  the  base  of  wash  tank  (3)  and  is  pumped  c o u n t e r - c u r r e n t l y  

into  the  f i r s t   washed  f loc  tank  (lA)  where  i t   i s ,   in  tu rn ,   pumped 

with  the  overf low f loc   c o l l e c t e d   in  tank  ( l A ) t h r o u g h   an  i n - l i n e   m i x e r  

and  nozz le   E  in to   wash  tank  (2) .   The  a sh -wa te r   wash  water   c o n t a i n i n g  

any  coal  p a r t i c l e s   which  did  not  f loc   and  overf low  in to   (lB)  a r e  

removed  by  l i n e   19  from  the  bottom  s e c t i o n   of  wash  tank  (2)  and  a r e  

forced   in to   a  f ine   coal  r ecovery   l i n e   B-1  through  which  r e c o v e r e d   c o a l  

is  c o l l e c t e d   in  a  s e r i e s   of  tanks  at  coal  r ecove ry   15  where  f i n e  

coal  o the rwi se   l o s t   is  r e c o v e r e d .   The  i n t i m a t e l y   admixed  a s h - w a t e r  

suspens ion   c o n t a i n i n g   some  small  amounts  of  p a r t i c u l a t e   coal  i s  

s e p a r a t e d   in  the  wash  water   r ecovery   system  by  p a s s i n g   i t   t h r o u g h  

s e t t l i n g   and  c l a s s i f i e r   appa ra tu s   and  f i n a l l y   through  a  c e n t r i f u g e  

where  high  ash-low  water  s o l i d s   are  r ecove red   and  expe l l ed   f o r  

removal  from  the  p r o c e s s .   Suspended  s o l i d s - f r e e   wash  water  i s  

f u r t h e r   t r e a t e d   at  20  to  con t ro l   the  c o n d i t i o n   of  the  r ecove red   w a t e r  



before   r e c y c l e .   The  c lean   t r e a t e d   p rocess   water   is  r e c y c l e d   t o  

produce  the  o r i g i n a l   aqueous  coal  s l u r r y   and  such  o the r   w a t e r  

make-up  as  the  o v e r a l l   p rocess   may  r e q u i r e   when  m a t e r i a l   flow  is  i n  

b a l a n c e .  

The  washed  coal  f l o c c u l a t e   en t e r s   the  f i n a l   wash  step  f rom 

( lB) .   From  the  i n - l i n e   mixer  18  the  f l o c - w a t e r   s l u r r y   under  p r e s s u r e  

passes   through  shear   nozz le   F.  The  w a t e r - c o a l   p a r t i c l e   admixture   i s  

again  atomized  and  c o l l e c t e d   in  wash  tank  (3) .   V e l o c i t y   and  h i g h  

shear   through  the  nozz les   D,  E,  and  F  al low  wash  water   c o n t a c t   w i t h  

any  ash  p r e v i o u s l y   r e t a i n e d   in  the  i n t e r s t i c e s   of  the  coal  f l o c ,  

t he reby   a s s i s t i n g   ash  removal  in  each  wash  s tep .   The  massive  w a t e r  

phase  c r e a t e d   in  the  wash  tanks  (1),  (2)  and  (3)  f l o a t s   the  f l o c c u -  

l a t e d   c o a l - o i l - a i r   mass  to  the  top  of  the  s e r i e s   of  wash  tanks  ( 1 ) ,  

(2)  and  (3)  and  overf lows  the  coal   f loc  s e q u e n t i a l l y   in to   c o l l e c t o r  

tanks  ( lA),   (lB)  and  ( lC) .   Fine  f loc  overf low  from  tank  (3)  i n t o  

tank  (lC)  c a r r i e s   the  washed  f loc   in  an  aqueous  s t ream  to  a  m e c h a n i -  

cal   d e - w a t e r i n g   means  through  l i n e   C. 

The  b e n e f i c i a t e d ,   g r a f t e d ,   c lean  coal  s l u r r y   is  t h e r e u p o n  

de -wa te red   remarkably   comple te ly   wi thout   r e q u i r i n g   thermal   e n e r g y .  

I l l u s t r a t e d   here  is  a  c e n t r i f u g e ,   one  advantageous   mechanica l   means 

for   the  purpose .   note  a l so ,   the  ' d ry '   r e c o v e r e d   coal   p roduc t   at  t h i s  

poin t   in  the  p rocess   r e q u i r e s   no  thermal   e v a p o r a t i o n   of  water   due  t o  

the  reduced  a t t r a c t i o n  f o r   water  between  the  l a rge   c o a l - o i l   s u r f a c e s  

and  the  water   p h y s i c a l l y   occluded  t he rebe tween   in  the  f l o c c u l a t e d  

' d ry '   coal  r e c o v e r e d   from  the  mechanica l   d ry ing   s t e p .  



fhe  dry  hydrophobic   c leaned   coal  can  be  used  a d v a n t a g e o u s l y   at  t h i s  

point   as  a  h igher   energy  c o n t e n t - s u l f u r   reduced  fue l   which  may  b e  

r e f e r r e d   to  as  Product   I.  This  fuel   can  be  u t i l i z e d   in  d i r e c t   f i r i n g .  

However,  the  p r i n c i p a l   p r a c t i c a l   purpose  of  t h i s   i n v e n t i o n   i s  

to  provide   a  l i q u i d   fuel   which  is  e a s i l y   pumped  as  a  l i q u i d ,   b u t  

which  is  of  such  r h e o l o g i c a l   q u a l i t y   as  to  form  a  t h i x o t r o p i c   l i q u i d .  

A  t h i x o t r o p i c   l i q u i d   is  one  tha t   has  ' s t r u c t u r e '   or  tends  to  become 

v iscous   and  g e l - l i k e   upon  s t a n d i n g   q u i e s c e n t   but  which  loses   v i s c o s i t y  

and  the  ' s t r u c t u r e '   or  gel  d ec r ea se s   markedly  and  r a p i d l y   upon  

s u b j e c t i n g   the  t h i x o t r o p i c   l i q u i d   to  s h e a r i n g   s t r e s s e s ,   as  by  a g i t a -  

t i on   through  mixing  and  pumping  p r o c e s s e s   or  by  h e a t i n g   above  t h e  

'drop  p o i n t ' .  

In  the  p r e f e r r e d   p r a c t i c e   of  t h i s   i n v e n t i o n   the  dry,  b e n e f i -  

c i a t e d ,   coal  Product   I  coming  from  the  conveyor ,   f o l l o w i n g   m e c h a n i c a l  

water  removal,   is  mixed  with  a  q u a n t i t y   of  fue l   o i l   ( i l l u s t r a t i v e l y  

1:1  by  we igh t ) ,   p r e f e r a b l y   hea ted   to  reduce  v i s c o s i t y   in  cases  where  

the  fuel   oi l   is  of  a  heavy  v i s c o s i t y   grade,   in  pre-mix  tanks  to  a g a i n  

provide   a  pumpable  f l u i d   m i x t u r e .  

A  p r e f e r r e d ,   but  a l t e r n a t i v e   p r a c t i c e ,   is  to  s u b j e c t   the  f u e l -  

o i l - c o a l   mixture   in  the  pre-mix  tanks  to  an  a d d i t i o n a l   g r a f t  

p o l y m e r i z a t i o n   s tep ,   f o l l o w i n g   the  genera l   r e a c t i o n   p rocedure   as  i n  

the  f i r s t   g r a f t   p o l y m e r i z a t i o n .   In  th i s   case  the  RCOOH  acids   a r e  

employed,  as  i l l u s t r a t e d   by  t a l l   o i l   f a t t y   ac ids ,   o l e i c   ac id ,   e t c .  

However,  in  an  a l t e r n a t i v e   m o d i f i c a t i o n   of  the  p r o c e s s ,   i t   i s  

p e r m i s s i b l e   and  o p e r a t i v e   to  employ  an  RCOOH  acid  which  is  s a t u r a t e d  

( i f   the re   is  no  d e s i r e   to  c r ea t e   a  second  r e a c t i v e ,   g r a f t i n g   p r o c e d u r e ) .  

In  t h i s   l a t t e r   e l e c t i o n ,   pe rox ide   and  metal  ion  i n i t i a t o r   need  not  be  



i n c o r p o r a t e d   with  the  added  s a t u r a t e d   or  u n s a t u r a t e d   f a t t y   a c i d  

a d d i t i o n .   Naphthenic   ac ids   are  i l l u s t r a t i v e .  

The  n o n - f l u i d   admixture   of  polymer  su r f ace   g r a f t e d   coal ,   f u e l  

o i l   and  RCOOH  acid  is  s u b s t a n t i a l l y   n e u t r a l i z e d   with  a  w a t e r  

s o l u b l e   a l k a l i   metal  and  the  f l u i d i z e d   p a r t i c u l a t e   c o n t a i n i n g   f u e l  

o i l - c o a l   is  pumped  through  an  i n - l i n e   mixer.   A l k a l i n e   ea r th   m e t a l  

ions  from,  for  example,  a  calcium  hydroxide   s o l u t i o n   are  i n c o r p o r a t e d  

in  the  s tream  in  an  amount  to  r e a c t ,   at  l e a s t   in  p a r t ,   by  d o u b l e  

decompos i t ion   r e a c t i o n s   to  form  the  a l k a l i n e   e a r t h   metal   soaps  o r  

s a l t s   of  the  acid  moiety  p r e v i o u s l y   n e u t r a l i z e d   with  the  a l k a l i  

meta l .   Other  metal  ions  may  also  be  s e l e c t e d   at  t h i s   po in t   to  m o d i f y  

the  'drop  p o i n t '   of  the  f i n a l   Product   I I ,   l i q u e f i e d   c o a l - o i l   m i x t u r e  

( C . O . M . ) .  

The  f l u i d   c o a l - o i l   mass  is  then  s u b j e c t e d   to  f u r t h e r   high  s h e a r  

p r o c e s s i n g   in  a  high  shear   m i l l i n g   device ,   such  as  is  used  in  d i s p e r s -  

ing  pigments  in  o i l s   to  produce  pa in t   p r o d u c t s .  

A  l i q u i d   c lean  c o a l - o i l - f u e l   mix tu re ,   having  no  tendency  t o  

s e t t l e   out,   is  s t o r a b l y   r e c o v e r e d   to  p rov ide   a  f lowable   high  e n e r g y  

source  for   a  wide  v a r i e t y   of  end  u s e s .  

The  f o l l o w i n g   Examples  are  f u r t h e r   i l l u s t r a t i v e   of  t h e  

i n v e n t i o n .  

Example  I  

2000g,  I l l i n o i s   #6  coal  having  5.35%  ash  con ten t   reduced  t o  

about  1/4"  (6  mm)  s ize   lumps  was  reduced  in  p a r t i c l e   s ize   to  b e t w e e n  

about  48  to  200  mesh  in  a  hydro  c r u s h e r   r o l l   g r i n d i n g   un i t   in  a n  



aqueous  l i q u i d   s l u r r y   where  the  l i q u i d   phase  is  about  5%  of  t o t a l   a s  

fuel   oi l   and  about  65%  water .   The  coal  so l i d s   are  about  30%  of  t h e  

t o t a l   f l u i d   s l u r r y .  

A  chemical   g r a f t   p o l y m e r i z a t i o n   mixture   c o n s i s t i n g   of  500  mg 

t a l l   o i l ,   100g  of  fue l   o i l ,   2-1/2g  sodium  pyrophospha te   and  lg  o f  

copper  n i t r a t e   were  i n c o r p o r a t e d   into  the  above  mi l l   ba tch   in  t h e  

i n i t i a l   mi l l   l oad ing .   Before  the  mi l l   was  d i s cha rged   1-1 /2g   o f  

H202  in  s o l u t i o n   (30%  H2O2  in  water)   was  i n c o r p o r a t e d   and  g r a f t   p o l y -  

m e r i z a t i o n   of  polymer  on  the  coal  su r f ace   was  completed.   The  aqueous  

s l u r r y   was  removed  s h o r t l y   t h e r e a f t e r   from  the  m i l l ,   t r a n s f e r r e d   t o  

a  s e t t l i n g   ve s se l   and  the  hydrophobic   g r a f t e d   coal  was  r ecove red   by 

removing  i t   from  the  su r f ace   of  the  water  phase  on  which  i t   f l o a t e d .  

The  water  phase  con t a ined   the  hydrophobic   ash  which  was  d i s c a r d e d .  

Water  used  was  between  30°  and  40°C  for  a l l   p r o c e s s i n g   s t e p s .  

Af ter   s eve ra l   r e - d i s p e r s i o n s   and  r e c o v e r i e s   in  and  from  f r e s h  

so f t ened   wash  water  the  agg lomera ted   g r a f t e d   coal  was  r e c o v e r e d .  

Af ter   f i l t e r i n g   on  a  Buchner  funnel   the  water  con ten t   was  about  15/o. 

Coal  normal ly   p roces sed   wi thout   the  g r a f t i n g   step  wi l l   r e t a i n   f rom 

20-50%  water  when  ground  to  the  same  mesh  s i ze .   Washing  can  be  

e f f e c t i v e   at  as  low  as  20°C  but  i t   is  p r e f e r r e d   to  use  at  l e a s t   30°C 

water  t e m p e r a t u r e .   The  water  p r e f e r a b l y   con t a in s   a  phosphate   c o n d i -  

t i o n i n g   a g e n t .  

The  r e cove red ,   m e c h a n i c a l l y   d r i ed   c leaned   t r e a t e d   coal  a g g r e -  

gate  was  admixed  with  o i l   and  an  a d d i t i o n a l   60  gm  of  t a l l   o i l .   A f t e r  

thorough  i n t e r m i x i n g ,   c a u s t i c   soda  e q u i v a l e n t   to  the  acid  value  of  t h e  

mix  was  r e a c t e d   with  the  f ree   carboxyl   groups  of  the  t a l l   o i l .  



Afte r   s t a n d i n g   for   s e v e r a l   months  no  s e t t l i n g   of  the  c o a l -  

l i q u i d   fuel   mix ture   was  o b s e r v e d .  

Example  I I  

A  s e r i e s   of  runs  were  made  s i m i l a r   to  the  d e t a i l   of  Example  I ,  

but  s u b s t i t u t i n g   gram  e q u i v a l e n t   amounts  of  a  s e r i e s   of  p o l y m e r i z a b l e  

monomers  for   the  t a l l   o i l   ( a c i d s )   as  fo l lows :   a)  s t y r ene   monomer, 

b)  methyl  m e t h a c r y l a t e ,   c)  m e t h a c r y l i c   acid,   d)  o l e i c   a c i d ,  

e)  d i c y c l o p e n t a d i e n e ,   f)  dodecyl  m e t h a c r y l a t e ,   g)  o c t a d i e n e   1,  7,  

h)  2,  2,  4  t r i m e t h y l   pentene  -1,  i)  g l y c i d y l   m e t h a c r y l a t e   and 

j)  soyabean  oi l   f a t t y   ac ids .   Chemical  graft ing  of  the  su r f ace   of  t h e  

p u l v e r i z e d ,   t r e a t e d   coal  was  s i m i l a r l y   a l t e r e d   to  the  s t r o n g l y  

hydrophobic   na tu re   and  p r o c e s s e d   s i m i l a r l y   to  Example  I.  In  e a c h  

case  the  same  amount  of  t a l l   oi l   ( a c i d s )   was  admixed  in  the  r e c o v e r e d  

coal  aggrega te   a f t e r   d e - w a t e r i n g .   Ac id i t y   was  n e u t r a l i z e d   w i t h  

c a u s t i c   and  s i m i l a r   l i q u i d   fuel   suspens ions   were  p r epa red .   A l l  

e x h i b i t e d   t h i x o t r o p i c   q u a l i t y   depending  upon  the  metal  ion  s e l e c t e d  

to  d i s p l a c e   the  sodium  ion  of  the  a l k a l i   metal  hydroxide   o r i g i n a l l y  

added.  No  s e t t l i n g   was  observed  over  s eve ra l   weeks  s tudy  i n d e p e n d e n t  

of  the  p o l y m e r i z a b l e   monomer  s e l e c t e d .  

Example  I I I  

As  in  Example  I,  except  2  grams  of  bu ty l   pe rox ide   were  used  i n  

the  g r a f t   p o l y m e r i z a t i o n   step  in  p lace   of  H202.  The  water   was  t r e a t e d  

with  2  grams  of  T r i ton   X-100  ( R e g i s t e r e d   Trade  Hark)  and  25  g  o f  

sodium  pyrophospha te   p r e s e n t   in  the  o r i g i n a l l y   s l u r r y   water .   The  a s h  



in  the  water  phase  was  f i l t e r e d   out  a f t e r   t r e a t i n g   with  l ime.  The 

ash  con ten t   was  reduced  from  about  4.28%  to  about  1.9;c  a f t e r   f i v e  

s e p a r a t e   washings  where  the  water  was  also  t r e a t e d   with  the  same 

c o n d i t i o n i n g   agen t s .   The  t a l l   o i l   ( a c id s )   used  in  the  g r a f t   p o l y -  

m e r i z a t i o n   plus  the  t a l l   o i l   added  a f t e r   p r o c e s s i n g   were  n e u t r a l i z e d ,  

f i r s t   with  c a u s t i c   soda,  and  l a t e r   t r e a t e d   with  an  e q u i v a l e n t  

amount  of  a  water  so lub le   a l k a l i n e   ea r th   metal ,   (ca lc ium  h y d r o x i d e ) .  

The  r ecove red   m e c h a n i c a l l y   dr ied   c lean  c o a l - o i l   product   was  f u r t h e r  

reduced  with  fuel   oi l   to  a  f lowable   v i s c o s i t y .   The  v i s c o s i t y  

q u a l i t y ,   or  rheo logy ,   of  the  system  i n d i c a t e d   i t   was  of  t h i x o t r o p i c  

g e l - l i k e   n a t u r e ,   i n d i c a t i n g   no  s e t t l i n g   was  to  be  e x p e c t e d  u p o n  

s t a n d i n g .  

In  the  i n i t i a l   work,  i t   was  c o n s i d e r e d   probably   a d v a n t a g e o u s  

to  i n c o r p o r a t e   the  chemical   g r a f t i n g   components  compr i s ing   t h e  

RCOOH  u n s a t u r a t e d   monomer  acids  ( t a l l   o i l ) ,   the  metal  i o n  

i n i t i a t o r   c a t a l y s t ,   which  i n i t i a t e s   the  f ree   r a d i c a l   fo rma t ion   f rom 

the  pe rox ide ,   and  the  peroxide   f ree   r a d i c a l   p o l y m e r i z a t i o n   c a t a l y s t  

be fo re   the  coal  had  been  reduced  to  the  -48  mesh  s ize   by  f i n e  

g r i n d i n g   t e c h n i q u e s .  

A  study  of  the  a d d i t i o n   times  i n d i c a t e d   more  f a v o u r a b l e   a s h  

removal  and  coal  r ecovery   by  f i r s t   r educ ing   the  coal  to  l e s s   t h a n  

about  48  micron  s ize   in  c o n d i t i o n e d   water   aqueous  s l u r r y .   T h e r e a f t e r ,  

one  i n c o r p o r a t e s   the  metal  i n i t i a t o r  f o r   the  f ree   r a d i c a l   p e r o x i d e  

c a t a l y s t ,   fuel   o i l ,   and  the  water  i n s o l u b l e   p o l y m e r i z a b l e   monomer. 

The  f ree   r a d i c a l   c a t a l y s t   is  w i thhe ld   u n t i l   j u s t   a f t e r   comple t ion   o f  

the  g r i n d i n g   s teps   and  be fo re   r ecove ry   for   the  washing  s t eps .   Up  t o  



t h i s   time  the  a c t u a l   g r a f t   of  p o l y m e r i z a t i o n   of  the  monomer  i s  

d e l a y e d .  

The  f o l l o w i n g   i l l u s t r a t e s   the  bes t   mode  and  p r a c t i c e   p r e s e n t l y  

known. 

The  coal  is  reduced  to  200  mesh  (more  or  l e s s )   in  a  c o n d i -  

t i oned   water  (sodium  t e t r a p h y r o p h o s p h a t e )   s l u r r y .   2000  grams  of  c o a l  

are  in  the  m i l l .   To  the  mi l l   con t en t s   are  added  1/2  gram  t a l l   o i l  

ac ids ,   100  grams  fue l   o i l   and  1  gram  of  metal   i n i t i a t o r   (Cu  a s  

copper  n i t r a t e ) .   The  ba tch   is  held  at  30°C.  Jus t   as  the  m i l l i n g  

is  to  be  d i s c o n t i n u e d ,   t he re   is  added  1.64  grams  of  n202.  The  m i l l  

c o n t e n t s   are  pumped  by  a  high  shear   c e n t r i f u g a l   pump  in to   a  r e c e i v i n g  

ves se l   equipped  with  a  high  speed  a g i t a t o r .   The  c o a l - w a t e r   s l u r r y  

is  m a i n t a i n e d   in  d i s p e r s e d   s t a t e   in  the  r e c e i v i n g   ve s se l   for  a b o u t  

ten  minutes   and  is  then  pumped  at  high  p r e s s u r e s   through  a  f i ne   s p r a y  

nozz le   where  high  s h e a r i n g   s t r e s s e s   atomize  the  s l u r r y   in to   f i n e  

d r o p l e t s .   The  a i r   a tomized  d r o p l e t s   are  d i r e c t e d   onto  and  in to   t h e  

su r f ace   of  a  c o n d i t i o n e d   wash  water   c o n t a i n i n g   v e s s e l   where  the  a s h  

s e p a r a t e s   in to   the  water   and  the  now  a e r a t e d   coal  p a r t i c l e s   r i s e  

and  f l o a t   on  the  su r f ace   and  are  r e cove red   and  vacuum  f i l t e r e d   o r  

c e n t r i f u g e d .   I n i t i a l   ash  conten t   was  4.45%  and  the  ash  conten t   o f  

the  t r e a t e d   c lean   coal  p roduct   was  1.50%.  It   was  a lso  found  t h a t  

1905  g  c lean   coal  was  r e c o v e r e d   or  in  excess  of  about  95%  c o a l  

r e c o v e r y .  

Monomers  p r e v i o u s l y   used  in  chemical   g r a f t i n g   and  p o l y m e r i z a -  

t i on   p rocedures   in  the  main  r e q u i r e   p r e s s u r e   as  they  are  g a s e o u s .  

However,  for   the  purposes   of  t h i s   i n v e n t i o n   where  t o t a l   economics  o f  



the  p rocess   are  ex t remely   c r i t i c a l   only  monomers  tha t   are  l i q u i d   a t  

room  t e m p e r a t u r e   are  used.   A d d i t i o n a l l y ,   some  of  the  p r i o r   a r t  

monomers  are  capable   of  p roduc ing   a  hydrophobic   su r f ace   on  t h e  

high  s u r f a c e   areas   of  the  p u l v e r i z e d   coal ,   but  are  not  as  o l e o -  

p h i l i c   in  c h a r a c t e r   as  o t h e r s .   For  the  purposes   of  t h i s   i n v e n t i o n  

and  in  the  chemical   g r a f t i n g   and  p o l y m e r i z a t i o n   step  methyl  and  e t h y l  

m e t h a c r y l a t e ,   methyl  and  e thy l   a c r y l a t e ,   a c r y l o n i t r i l e ,   v i n y l a c e t a t e ,  

and  s t y r e n e   are  u s e f u l   as  i l l u s t r a t i v e .  

In  the  chemical   g r a f t i n g   s tep ,   one  may  s u c c e s s f u l l y   use  an  

u n s a t u r a t e d   monomer  which  is  a  l i q u i d   at  room  t e m p e r a t u r e s   and  n o t  

having  the  po la r   carboxyl   r a d i c a l .   Examples  of  monomers  f o u n d  

e f f e c t i v e   in  chemical   g r a f t i n g   of  coal  i nc lude :   s t y r e n e ,   c r a c k e r  

g a s o l i n e ,   d i c y c l o p e n t a d i e n e ,   coker  g a s o l i n e ,   polymer  g a s o l i n e   a l l  

of  which  are  a v a i l a b l e   from  va r ious   r e f i n e r y   p r o c e s s e s .  

It  is  our  p r e f e r r e d   p r a c t i c e ,   however,  and  from  our  r e s e a r c h ,  

i t   is  p r e f e r r e d   to  use  an  u n s a t u r a t e d   water  i n s o l u b l e   monomeric 

organic   acid   having  the  genera l   s t r u c t u r e   RCOOH  where  R  is  u n s a t u r a -  

ted  and  has  at  l e a s t   about  8  carbon  atoms  in  the  hydrocarbon   m o i e t y .  

Economica l ly   a t t r a c t i v e   and  ex t remely   e f f i c i e n t   is  t a l l   o i l ,   a  w e l l  

known  by -p roduc t   in  paper  manufac tu re   which  is  a v a i l a b l e   in  v a r i o u s  

grades  of  p u r i t y .   One  grade  is  g e n e r a l l y   in  excess  of  95;0  o l e i c  

acid,   most  of  the  remainder   being  r o s in   a c id s .   All  of  the  u n s a t u r a -  

ted  f a t t y   acids   a v a i l a b l e   from  v e g e t a b l e   seed  o i l s ,   i l l u s t r a t i v e l y  

soyabean  o i l ,   f a t t y   acids   are  u s e f u l .   Dehydrated  c a s t o r   o i l   f a t t y  

acids  are  r e l a t i v e l y   expens ive ,   but  are  u s e f u l .  

Af te r   the  chemical   g r a f t i n g   s tep  has  been  completed  and  

u s u a l l y   a f t e r   a l l   wa t e r -wash ing ,   a d d i t i o n a l   RCOOH  is  advan tageous .   A l l  



of  the  above  i l l u s t r a t e d   c l a s s   of  u n s a t u r a t e d   long  chain  o r g a n i c  

acids   can  be  used.   In  the  secondary   use,   i f   a  second  g r a f t   p o l y -  

m e r i z a t i o n   is  not  e l e c t e d ,   i t   is  also  f e a s i b l e   to  expand  the  c l a s s  

of  u s e f u l   o rganic   RCOOH  acids   to  i nc lude   those  where  R  is  s a t u r a t e d  

and  t h i s   c l a s s   is  e s p e c i a l l y   opened  to  inc lude   both  h igh ly   r e f i n e d  

n a p h t h e n i c   acid  as  well  as  a  v a r i e t y   of  f a i r l y   unique  sources   o f  

naph then i c   ac id ,   i l l u s t r a t i v e l y   Venezuelan  crudes  and  c e r t a i n   b u n k e r  

f u e l s   known  to  c o n t a i n   many  n a p h t h e n i c   acid  f r a c t i o n s .   Rosin  a c i d s  

are  also  u s e f u l .  

Naphthenic   acid  may  also  be  r e a c t i v e   through  a  r e s o n a n c e  

phenomona  and  be  s u b s t a n t i a l l y   e q u i v a l e n t   in  r e a c t i v i t y   to  t h e  

u n s a t u r a t e d   RCOOH  acids   in  the  g r a f t i n g   s tep .   While  i n i t i a l   t r i a l s  

i n d i c a t e   some  r e a c t i v i t y   d e s p i t e   the  f ac t   tha t   naph then ic   a c i d s  

are  s a t u r a t e d ,   these   l a t t e r   ac ids   have  not  yet  been  e s t a b l i s h e d   a s  

f u l l y   u s e f u l   for  the  chemical   g r a f t i n g   s t e p .  

The  r e a c t i v e   metal  ion  s i t e   c a t a l y s t   i n i t i a t o r   s a l t s   of  t h e  

p r i o r   ar t   d i s c l o s e d   by  U.S.  P a t e n t s   4 ,033 ,852 ,   and  3 ,376,168  t o  

Horowitz  mention  as  u s e f u l ,   namely:  s i l v e r   n i t r a t e ,   s i l v e r   p e r -  

c h l o r a t e ,   s i l v e r   a c e t a t e   and  o ther   noble  metal   ions  i nc lude   p l a t i n u m  

and  gold.   Nickel  and  copper  have  also  been  ment ioned  as  u s e f u l   i n  

i n i t i a t i n g ,   f r ee   r a d i c a l   development  from  the  pe rox ide   c a t a l y s t   t o  

thus  s t i m u l a t e   g r a f t i n g   of  r e a c t i v e   p o l y m e r i z a b l e   monomers  to  t h e  

backboned  of  preformed  polymers .   These  metal   i n i t i a t o r   ions  a r e  

used  in  the  form  of  t h e i r   water   so lub l e   s a l t s .  

We  p r e f e r   to  use  the  copper  ion  as  the  bes t   mode  p r e s e n t l y  

known  in  our  p r o c e s s .   However,  very  p r e l i m i n a r y   evidence  i n d i c a t e s  



tha t   a  r a t h e r   l a r g e r   number  of  o ther   known  c a t a l y t i c a l l y   a c t i v e  

metals   may  be  o p e r a t i v e   for  the  ends  of  the  p r e s e n t   i n v e n t i o n .   Of 

p o s s i b l e   value  are  Fe,  Zn,  As,  Sb,  Sn  and  Cd,  though  not  l i m i t i n g  

by  t h e i r   ment ion.   Thus,  the  term  metal   ion  c a t a l y s t   i n i t i a t o r  

t e n t a t i v e l y   i n c l u d e s   a l l   the  c a t a l y t i c a l l y   a c t i ve   metal   s a l t s   which  

can  be  used  to  provide   p o l y m e r i z a b l y   a c t i v e   metal  ion  s i t e s   on  t h e  

p u l v e r i z e d   coal  s u r f a c e s .  

Process   water  used  is  p r e f e r a b l y   between  3 0   and  40°C.  I f  

the  t e m p e r a t u r e   exceeds  t h i s   g e n e r a l l y   optimum  range  i t   has  b e e n  

observed  while  the re   is  no  coal  l o s s ,   ash  removal  drops  off .   I f  

the  t e m p e r a t u r e   is  below  t h i s   range,   not  only  does  ash  r emova l  

become  l e s s   complete ,   but  coal  r ecove ry   drops  off   in  the  p r o c e s s .  

Washing  can  be  c a r r i e d   out  at  lower  t e m p e r a t u r e s   but  at  about  3 0  

o v e r a l l   improvement  has  been  noted .   Coal  r ecovery   of  about  95%  h a s  

been  ob t a ined   with  water   con ten t   by  vacuum  f i l t r a t i o n   reduced  to  a b o u t  

12%  by  weight .   Water  c o n d i t i o n i n g   has  been  found  u s e f u l .  

Soxhlet   e x t r a c t i o n   of  our  chemica l ly   g r a f t e d   coal  i n d i c a t e s  

very  l i t t l e   f ree   o i l   is  removed  ( e x c l u d i n g   the  fuel   oi l   p r o c e s s  

a d d i t i o n s ) .   The  acid  value  of  the  Product   I  coal  was  found  s u b s t a n -  

t i a l l y   e q u i v a l e n t   to  the  RCOOE  acid  used  both  in  the  g r a f t i n g   s t e p  

or  s teps   and  the  l a t e r   RCOOH  a d d i t i o n s ,   whether  s a t u r a t e d   o r  

u n s a t u r a t e d   in  the  R  g r o u p .  

In  ea r ly   work  the  chemical   g r a f t i n g   s tep  was  a c t i v a t e d   by  u s e  

of  organic   pe rox ides   normal ly   used  in  the  ar t   of  f ree   r a d i c a l   p o l y -  

m e r i z a t i o n   r e a c t i o n s .   However,  i t   was  found  tha t   hydrogen  p e r o x i d e  

was  a  p r o v i d e n t   s u b s t i t u t e   t h e r e f o r ,   i n t r o d u c i n g   economy  of  o p e r a t i o n .  



Higher   e f f i c i e n c y   of  coal  r ecove ry   has  been  noted  where H2O2  i s  

u s e d .  

In  the  g r a f t   monomer  p o l y m e r i z a t i o n   a d d i t i o n   s tep ,   use  o f  

fue l   o i l   of  the  order   of  5%  in  the  c a t a l y s t   c a r r i e r   appears   t o  

f u n c t i o n   to  provide   b e t t e r   coal  r ecove ry   and  is  about  optimum.  More 

or  l e s s   than  5%  is  not  o p e r a t i o n a l l y   c r i t i c a l .  

C o n d i t i o n i n g   of  the  water  wi l l   vary  with  the  water   source  a s  

is  well  known.  Z e o l i t e   water   t r e a t m e n t   may  be  advantageous   in  some 

i n s t a n c e s .   Other  methods  of  water   c o n d i t i o n i n g   is  a  s p e c i a l i z e d  

a r t ,   and  may  provide   advantages   over  and  beyond  mere  t r e a t m e n t   w i t h  

the  known  phosphate   a d d i t i v e s ,   i l l u s t r a t i v e l y   t e t r a   sodium  p y r o p h o s -  

pha te .   Minor  a d d i t i v e s   of  o rganic   s u r f a c t a n t s   of  the  a n i o n i c ,  

n o n - i o n i c   and  c a t i o n i c   c l a s s e s   may  be  v a l u e a b l e   a d d i t i o n s   in  some 

i n s t a n c e s .   Again,  economics  of  t h e i r   use  weighed  a g a i n s t   a d v a n t a g e s  

in  ash  removal  and  coal  r ecove ry   may  be  qui te   s p e c i f i c   to  the  c o a l  

being  t r e a t e d   and  the  source  of  p rocess   w a t e r .  

As  the  p rocess   water   can  be  r e c o v e r e d   r e c y c l e d   from  a s h  

s e t t l i n g   r e s e r v o i r s ,   a  l a rge   pa r t   of  the  i n i t i a l   water  cos ts   can  b e  

r e d u c e d .  

Coal  r ecove ry   may  be  improved  by  a  two  s tage  a d d i t i o n   of  t h e  

chemical   g r a f t i n g   a d d i t i v e s .   In  o ther   words,  two  complete  and  

s e p a r a t e   g r a f t   p o l y m e r i z a t i o n   r e a c t i o n   mixture   a d d i t i o n s   and  

r e a c t i o n s   may  be  c a r r i e d   out  o n ' t h e   f ine   p a r t i c l e   coal  dur ing   t h e  

p r o c e s s i n g ,   i f   d e s i r e d .   Ear ly   work  has  i n d i c a t e d   advan tage .   Ash 

r e d u c t i o n   of  the  order   of  66%  (1.5%  r e s i d u a l   ash  in  coal  p r o d u c t s )  

has  been  r ecove red   in  some  of  the  t r i a l   r u n s .  



The  t o t a l   amount  of  chemical   g r a f t i n g   a d d i t i v e s   shown  in  t h e  

Examples  is  s a t i s f a c t o r y   and  o p e r a t i v e .   Undoubtedly  m o d i f i c a t i o n s  

both  in  r a t i o   of  r e a c t a n t s   as  well  as  t h e i r   r a t i o   to  the  weight  o f  

coal  being  p roces sed   can  be  o p e r a t i o n a l l y   v a r i e d   wi th in   a  wide  

range.   The  l i m i t i n g   f a c t o r s   w i l l ,   of  course ,   be  modi f ied   by  t h e  

economics  of  e s t a b l i s h e d   commercial  p l an t   e x p e r i e n c e .  

In  the  coal  s l u r r y   p repa red   for  coal  s ize   r e d u c t i o n ,   t h e  

p e r c e n t a g e s   of  coal  and  water  wi l l   be  v a r i a b l e ,   again  depending  on 

p u l v e r i z i n g   methods  used  as  well  as  sources   of  coal  and  water .   These  

r a t i o s   can  be  r e a d i l y  d e t e r m i n e d   for  a  given  set  of  c o n d i t i o n s   by  one 

s k i l l e d   in  the  c o a l - g r i n d i n g   a r t s .  

An  unexpec ted   advantage  has  been  found  in  the  r e l a t i v e l y  

small  water  conten t   of  the  r ecove red   oi l   t r e a t e d - g r a f t e d   coal  f l o c c u -  

l a t e ,   and  the  r e l a t i v e   ease  of  removal  of  water  by  pu re ly   m e c h a n i c a l  

means,  e . g . ,   c e n t r i f u g e ,   p r e s s u r e   f i l t r a t i o n ,   e t c . ,   which  are  a d a p t e d  

to  con t inuous   p r o c e s s i n g .   No  thermal   energy  is  r e q u i r e d   for  w a t e r  

removal  and  d ry ing .   Again,  the  advantages   of  the  d i s c l o s e d   p r o c e s s  

are  r e f l e c t e d   in  the  r e l a t i v e l y   small  c a p i t a l   e x p e n d i t u r e   ( e s t i m a t e d  

2/3  of  the  p r i o r   ar t   coal  b e n e f i c i a t i o n   p l a n t s )   for   p lan t   and  p l a n t  

o p e r a t i o n   e x p e n s e s .  

Fuel  oi l   used  for  p r o d u c t i o n   of  f l u i d i z e d   coal  is  p o s s i b l e  

with  a l l   grades  of  fuel   o i l ,   even  i n c l u d i n g   # 6  f u e l   o i l ,   which  i s  

of  ex t remely   v a r i a b l e   c o m p o s i t i o n .  

The  f ac t   tha t   i t   is  usual   in  coal  mining  o p e r a t i o n s   tha t   c o a l  

mi l l ed   to  23  mesh  l eaves   behind  about  40%  of  the  o r i g i n a l   coal  in  a  

f i n e r   mesh  s i ze ,   and  not  p r e s e n t l y   of  s a l e a b l e   use,  p rov ides   an  



o p p o r t u n i t y   for   p r a c t i c a l   use  of  these   mine  t a i l i n g s .   Coal  f r e e z e -  

up  in  b e l o w - f r e e z i n g   weather   wi l l   not  occur  with  the  dr ied   s o l i d  

coal  Product   I  or  II  as  d i s c l o s e d ,   both  because   the re   wi l l   not  b e  

water  p ick-up   in  s t o r age   as  well  as  the  ' d ry '   s t a t e   of  the  s h i p m e n t  

of  the  p roduc t .   In  the  f l u i d i z e d ,   t h i x o t r o p i c   form  (Product   I I )  

of  the  i n v e n t i o n ,   the  p roduc t   can  be  t r a n s f e r r e d   by  pumping.  

Coal  loss   dur ing  the  washing  s teps   has  been  of  the  order   o f  

10%.  Exper ience   thus  far   i n d i c a t e s   r e f i n e m e n t s   of  the  p r e s e n t  

p rocess   wi l l   improve  ( reduce)   l o s s e s   of  raw  m a t e r i a l .  

In  use  of  some  fuel   o i l s   in  p roduc ing   the  l i q u e f i e d   P r o d u c t  

I I ,   i t   is  advantageous   to  heat   the  components  t o g e t h e r   in  t h e  

p r e - m i x e r .   Temperatures   in  the  genera l   range  of  65-107°C  have  b e e n  

found  u s e f u l .  

Very  l i t t l e   water  has  been  l o s t   in  the  p r o c e s s i n g   and  w a t e r  

l o s t   in  the  f i n a l   p roduc t s   is  g e n e r a l l y   r e p l a c e d   by  the  w a t e r  

i n h e r e n t l y   in  the  coal  from  the  p r i o r   ar t   p r o c e s s i n g   or  i n h e r e n t l y  

p r e s e n t .   Product   II  c o n t a i n s   not  more  than  about  6%  water   and  t h e  

dry  c lean  coal  Product   I  is  g e n e r a l l y   not  more  than about  12%  w a t e r .  

Inasmuch  as  the  water   is  r e c y c l e d ,   the  only  waste  p r o d u c t  

from  the  p rocess   is  the  c e n t r i f u g e d   ash.  No  thermal   energy  is  u s e d  

in  dry ing ,   hence  the  p rocess   is  e n v i r o n m e n t a l l y   sound .  



1.  A  b e n e f i c i a t e d   coal  product   compr i s ing   p a r t i c l e s   of  c o a l  

having  a  low  ash  and  s u l f u r   con ten t ,   c h a r a c t e r i s e d   in  t ha t   s a i d  

p a r t i c l e s   are  r endered   hydrophobic   and  o l e o p h i l i c   by  a  su r f ace   c o a t -  

ing  compr i s ing   a  polymer  of  one  or  more  organic   monomers.  

2.  A  coal  product   a cco rd ing   to  claim  1  f u r t h e r   c o m p r i s i n g  

from  0.1  to  10%  by  weight  of  a  w a t e r - i n s o l u b l e ,   l i q u i d   h y d r o c a r b o n  

fuel   o i l .  

3.  A  coal  product   a cco rd ing   to  claim  1  or  2,  c h a r a c t e r i s e d  

by  a  water   con ten t   of  from  6  to  20%  by  w e i g h t .  

4.  A  coal  product   acco rd ing   to  claim  1,  2  or  3,  c h a r a c t e r i s e d  

in  tha t   the  polymer  is  de r ived   from  a  monomer  charge  c o n t a i n i n g   one 

or  more  u n s a t u r a t e d   c a r b o x y l i c   acids   of  the  formula  RCOOH,  where  R 

is  an  e t h y l e n i c a l l y   u n s a t u r a t e d   group  of  at  l e a s t   8  carbon  a t o m s .  

5.  A  coal  product   a cco rd ing   to  any  one  of  claims  1-3,  c h a r a c -  

t e r i s e d   in  tha t   the  u n s a t u r a t e d   organic   monomer  is  s e l e c t e d   f rom 

o l e i c   ac id ,   n a p h t h a l e n i c   acid,   v e g e t a b l e   seed  o i l   f a t t y   a c i d ,  

u n s a t u r a t e d   f a t t y   ac id ,   methyl  and  e thyl   m e t h a c r y l a t e ,   methyl  and  

e thyl   a c r y l a t e ,   a c r y l o n i t r i l e ,   v inyl   a c e t a t e ,   s t y r e n e ,   c r a c k e r  

g a s o l i n e ,   d i c y c l o p e n t a d i e n e ,   coker  g a s o l i n e ,   polymer  g a s o l i n e ,   s oybean  

o i l ,   c a s t o r   o i l ,   Venezuelan  crude,   bunker  fuel   and  t a l l   o i l .  



6.  A  b e n e f i c i a t e d   c o a l - o i l   mixture   compr i s ing   a  c o a l  

product   as  claimed  in  any  one  of  claims  1-5  d i s p e r s e d   in  a  l i q u i d  

h y d r o c a r b o n .  

7.  A  c o a l - o i l   mixture   a c c o r d i n g   to  claim  6,  wherein  t h e  

polymer  c o a t i n g   on  the  coal  p a r t i c l e s   comprises   u n i t s   de r ived   f rom 

an  u n s a t u r a t e d   monomer  c o n t a i n i n g   a  f ree   c a r b o x y l i c   acid  group,  and  

wherein,   in  sa id   c o a l - o i l   mix tu re ,   sa id   groups  are  in  s a l t   f o r m .  

8.  A  coal  b e n e f i c i a t i o n   p rocess   c h a r a c t e r i s e d   by  t r e a t i n g  

the  coal  in  p a r t i c u l a t e   form  in  an  aqueous  medium  to  r ender   t h e  

p a r t i c l e s   hydrophobic   and  o l e o p h i l i c ,   and  s e p a r a t i n g   the  h y d r o p h o b i c ,  

o l e o p h i l i c   p a r t i c l e s   from  the  aqueous  medium. 

9.  A  process   a c c o r d i n g   to  claim  8,  c h a r a c t e r i s e d   in  tha t   s a i d  

p a r t i c l e s   are  r ende red   hydrophobic   and  o l e o p h i l i c   by  forming  a  

polymeric   c o a t i n g   on  sa id   p a r t i c l e s   by  in  s i t u   p o l y m e r i s a t i o n   o f  

monomer  charge  compr i s ing   one  or  more  u n s a t u r a t e d   organic   monomers.  

10.  A  p rocess   a cco rd ing   to  claim  9,  wherein  sa id   p o l y m e r i s a -  

t i on   is  e f f e c t e d   in  an  aqueous  medium  which  c o n t a i n s   also  a  w a t e r -  

i n s o l u b l e   hydrocarbon   fue l   and  the  p a r t i c l e s   are  r e cove red   as  a  

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

11.  A  p rocess   a c c o r d i n g   to  claim  10,  c h a r a c t e r i s e d   in  t h a t  

sa id   p a r t i c l e s  E r e   r ende red   hydrophobic   and  o l e o p h i l i c   by  c o n t a c t i n g  



the  p a r t i c l e s   in  said  aqueous  medium  with  a  p o l y m e r i s a t i o n   m i x t u r e  

c o m p r i s i n g  

i)  a  f ree   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 ,  

i i )   a  f ree   r a d i c a l   c a t a l y s t   i n i t i a t o r ,  

i i i )   a  fuel   o i l ,   and  

iv)  an  u n s a t u r a t e d   o rgan ic   monomer. 

12.  A  process   a c c o r d i n g   to  claims  9,  10  or  11,  wherein  t h e  

monomer  charge  used  to  form  said  polymeric   c o a t i n g   on  the  c o a l  

p a r t i c l e s   comprises   one  or  more  u n s a t u r a t e d   acids   of  the  f o r m u l a  

RCOOH,  where  R  is  an  e t h y l e n i c a l l y   u n s a t u r a t e d   group  of  at  l e a s t  

8  carbon  a t o m s .  

13.  A  p rocess   accord ing   to  claim  9,  10  or  12,  wherein  t h e  

monomer  charge  used  to  form  said  polymeric   c o a t i n g   on  the  p a r t i c l e s  

comprises   one  or  more  of  the  f o l l owing :   o l e i c   ac id ,   n a p h t h a l e n i c  

acid ,   v e g e t a b l e   seed  o i l   f a t t y   acid,   u n s a t u r a t e d   f a t t y  a c i d ,   m e t h y l  

and  e thyl   m e t h a c r y l a t e ,   methyl  and  e thyl   a c r y l a t e ,   a c r y l o n i t r i l e ,  

v iny l   a c e t a t e ,   s t y r e n e ,   c r a c k e r   g a s o l i n e ,   d i c y c l o p e n t a d i e n e ,   c o k e r  

g a s o l i n e ,   polymer  g a s o l i n e ,   soybean  o i l ,   c a s t o r   o i l ,   V e n e z u e l a n  

crude,   bunker  fuel   and  t a l l   o i l .  

14.  A  p rocess   a cco rd ing   to  any  one  of  claims  9-13,  w h e r e i n  

the  hydrophobic ,   o l e o p h i l i c   coal  p a r t i c l e s   are  s e p a r a t e d   from  t h e  

aqueous  medium  by  f r o t h   f l o t a t i o n .  



15.  A  p rocess   acco rd ing   to  claim  14,  c h a r a c t e r i s e d   in  t h a t  

s e p a r a t i o n   step  comprises   e j e c t i n g   an  o i l - w a t e r   mixture   c o n t a i n i n g  

the  hydrophobic ,   o l e o p h i l i c   coal  p a r t i c l e s   through  a  high  s h e a r  

nozz le   onto  the  s u r f a c e   of  a  body  of  wash  water  so  as  to  imp inge  

the reon ,   t he reby   caus ing   the  h y d r o p h i l i c   ash  p a r t i c l e s   to  s e p a r a t e  

out  in to   the  aqueous  phase  and  the  hydrophobic ,   o l e o p h i l i c   c o a l  

p a r t i c l e s   f l o c c u l a t e   as  an  o i l / c o a l   phase  on  the  su r f ace   of  the  wash 

water ,   and  r e c o v e r i n g   the  f l o c c u l a t e d   coal  p a r t i c l e s   from  the  s u r f a c e  

of  the  wash  w a t e r .  

16.  A  process   a cco rd ing   to  claim  14  or  15,  c h a r a c t e r i s e d   i n  

tha t   the  s e p a r a t i o n   of  the  hydrophobic ,   o l e o p h i l i c   coal  p a r t i c l e s  

from  the  aqueous  su spens ion   medium  is  c a r r i e d   out  in  two  or  more 

f l o t a t i o n   s t e p s .  

17.  A  p rocess   acco rd ing   to  claim  14,  15  or  l6,  c h a r a c t e r i s e d  

in  tha t   f o l l o w i n g   s e p a r a t i o n   of  the  hydrophobic   o l e o p h i l i c   c o a l  

p a r t i c l e s   by  f l o t a t i o n ,   the  r ecove red   f l o c c u l a t e d   coal  p a r t i c l e s  

are  f u r t h e r   de -wa te red   by  mechanica l   means .  

18.  A  process   a cco rd ing   to  any  one  of  claims  9-17,  c h a r a c -  

t e r i s e d   in  tha t   the  r ecove red   hydrophobic   o l e o p h i l i c   coal  p a r t i c l e s  

are  s u b s e q u e n t l y   d i s p e r s e d   in  a  l i q u i d   hydrocarbon   to  form  a  c o a l - i n -  

oi l   m i x t u r e .  



19.  A  process   a cco rd ing   to  claim  18,  c h a r a c t e r i s e d   in  t h a t  

f ree   c a r b o x y l i c   acid  groups  in  the  polymer  c o a t i n g   on  the  c o a l  

p a r t i c l e s   are  n e u t r a l i s e d   by  r ep lacemen t   of  the  a c id i c   hydrogen  a toms 

by  a l k a l i   metal  or  a l k a l i n e   ea r th   metal  a t o m s .  

20.  A  process   acco rd ing   to  any  one  of  claims  9 - 1 9 ,  

c h a r a c t e r i s e d   in  tha t   the  r ecove red   hydrophobic   o l e o p h i l i c   c o a l  

p a r t i c l e s   are  s u b j e c t e d   to  a  f u r t h e r   g r a f t   p o l y m e r i s a t i o n   t r e a t m e n t  

in  which  a  f u r t h e r   monomer  charge  is  po lymer i sed   in  s i t u   in  c o n t a c t  

with  the  hydrophobic ,   o l e o p h i l i c   coal  p a r t i c l e s .  

21.  A  process   a cco rd ing   to  claim  20,  in  which  the  f u r t h e r  

monomer  charge  comprises   one  or  more  monomers  of  the  formula  RCOOH, 

where  R  is  an  e t h y l e n i c a l l y   u n s a t u r a t e d   group  c o n t a i n i n g   at  l e a s t  

8  carbon  a t o m s .  

22.  A  p rocess   a cco rd ing   to  claim  18  or  19,  c h a r a c t e r i s e d   i n  

tha t   the  hydrophobic ,   o l e o p h i l i c   coal  p a r t i c l e s   are  d i s p e r s e d   i n  

sa id   hydrocarbon   in  admixture   with  one  or  more  s a t u r a t e d   or  u n s a t u r a t e d  

c a r b o x y l i c   ac ids   of  the  formula  RCOOH  where  R  is  a  s a t u r a t e d   o r  

u n s a t u r a t e d   group  of  at  l e a s t   8  carbon  a t oms .  

23.  A  p rocess   a cco rd ing   to  claim  22,  wherein  sa id   acid   is  a  

n a p h t h e n i c   a c i d .  
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