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(54)  Fuel  composition. 
A  fuel  composition  is  prepared  from  a  friable  solid  fuel, 

e.g.  coal,  and  a  lower  alcohol,  e.g.  methanol.  The  solid  fuel  is 
ground  in  the  alcohol  until  the  mean  particle  size  of the  solid 
fuel  particles  is  reduced  to  a  value  in  the  range  1  to  10  micron 
and  the  composition  contains  15  to  65%  by  weight  of  the 
solid  fuel.  Air  is  excluded  during  the  grinding  operation.  The 
composition  is  suitable  for  use  as  a  liquid  fuel  for  industrial 
burners. 



This  i nven t ion   r e l a t e s   to  fuel   composi t ions   which  are  d i s p e r s i o n s  

of  sol id  fuel  in  an  a lcohol   and  to  a  method  for  the i r   p r e p a r a t i o n .  

Coal  o i l - s l u r r i e s   have  p r e v i o u s l y   been  d i s c l o s e d ,   see  f o r  

example,  B r i t i s h   Patent   S p e c i f i c a t i o n   No.  975687.  Whilst  these  have 

behaved  as  near-Newtonian  n o n - s e t t l i n g   f l u i d s   in  p i p e l i n e s ,   they  

sepa ra te   on  s t and ing .   Thus  such  s l u r r i e s   are  s u i t a b l e   for  use 

immediately  a f t e r   p r e p a r a t i o n   or  p i p e l i n i n g   but  are  not  s u i t a b l e   f o r  

t r a n s p o r t a t i o n   by  tanker  nor  for  s t o r a g e .  

Our  B r i t i s h   Patent   S p e c i f i c a t i o n   No.  1523193  de sc r ibe s   and  c l a ims  

a  method  for  the  p r e p a r a t i o n   of  a  uniform  coal  oil  d i spe r s i on   which 

method  comprises  gr inding  coal  in  a  medium  c o n s i s t i n g   e s s e n t i a l l y   of 

gas  oil   and/or  a  heavier   petroleum  f r a c t i o n   u n t i l   the  p a r t i c l e   size  i s  

reduced  to  a  value  below  10  micron  and  the  d i s p e r s i o n   conta ins   15  to  

55%  by  weight  coal,  expressed  as  a  percen tage   by  weight  of  the  t o t a l  

d i s p e r s i o n ,   and  un t i l   a  s t ab le   d i s p e r s i o n   r e s u l t s   on  ceasing  g r i n d i n g .  

GB  1 5 1 4 8 8 8  -   Kel ler   Corpora t ion   d i s c l o s e s   a  fuel  c o m p o s i t i o n  

compris ing  a  combust ib le ,   p s e u d o - t h i x o t r o p i c   l i q u i d - s o l i d   s u s p e n s o i d  

inc lud ing   a  c r i t i c a l   p ropor t ion   of  coal  p a r t i c l e s   having  a  c r i t i c a l  

s e t t l i n g   v e l o c i t y   uniformly  d i spe r sed   in  a  so lu t i on   of  methyl  f u e l  

inc lud ing   methanol,   water  and  other  alcohol  so luble   c o n s t i t u e n t s   of 

the  coal.   The  coal  p a r t i c l e s   have  a  r e l a t i v e l y   wide  range  of  p a r t i c l e  

s izes   and  a  major i ty   are  less  than  150  micron  in  l a t e r a l   d i m e n s i o n s .  

Because  of  surface  area  c o n s i d e r a t i o n s ,   1514888  warns  that  not  more 

than  1%  of  the  coal  should  have  a  p a r t i c l e   size  below  10  micron.  In 

the  p r e p a r a t i o n   of  such  suspensoids   it  is  necessary   to  store  a  s l u r r y  



of  coal  and  methanol.   The  s torage  period  may  vary  from  one  to  many 

days  or  weeks.  The  p a r t i c l e s   in  the  f ina l   suspenso ids   remain  in 

suspension  wi.th  low  i n t e n s i t y   s t i r r i n g   on  s to rage   and  in  mot ion  

through  a  pipe  l ine .   They  do,  however,  s e t t l e   out  on  s tanding   but  can 

be  r e d i s p e r s e d   by  s t i r r i n g .  

We  have  now  s u r p r i s i n g l y   d i scove red   t ha t ,   con t r a ry   to  the  

t each ings   of  1514888,  d i s p e r s i o n s   of  improved  s t a b i l i t y   can  be 

prepared  by  reducing  the  mean  p a r t i c l e   size  to  below  10  micron  and 

fu r the rmore ,   that   if  this   is  done,  the  lengthy  s to rage   step  is  no t  

n e c e s s a r y .  
Thus  according  to  the  present   i nven t ion   there  is  provided  a  f u e l  

composi t ion  con ta in ing   15  to  65%  by  weight  of  a  f r i a b l e   sol id   f u e l . ,  

p r e f e r a b l y   25  to  40%,  uniformly  d i spe r sed   in  a  lower  a l coho l ,   the  mean 

p a r t i c l e   size  of  the  sol id  fuel  being  in  the  range  1  to  10  m i c r o n ,  

p r e f e r a b l y   2  to  5  micron,  the  pe rcen tage   being  expressed  as  a 

pe rcen tage   by  weight  of  the  d i s p e r s i o n .  

By  lower  a lcohol   we  mean  an  a l coho l   con ta in ing   from  1  to  6  c a rbon  

atoms  per  molecule .   The  p r e f e r r e d   lower  alcohol   is  m e t h a n o l .  

Su i t ab le   f r i a b l e   so l id   fuels   inc lude   coals  of  var ious   r a n k s ,  

so lvent   r e f ined   coal,   coal  coke  and  petroleum  coke.  A  very  s u i t a b l e  

coal  is  bi tuminous  c o a l .  

The  composi t ions   are  prepared  by  grindi.ng  sol id  f r i a b l e   fuel  in  

the  a lcohol   in  the  absence  of  a i r .  

Thus  according   to  another  aspect   of  this  i nven t ion   there  i s  

provided  a  method  for  the  p r e p a r a t i o n   of  a  uniform  d i s p e r s i o n   of  a 
f r i a b l e   so l id   fuel  in  a  lower  a l coho l ,   which  method  comprises  g r i n d i n g  
the  so l id   fuel  in  the  a lcohol   un t i l   the  mean  p a r t i c l e   size  of  t h e  

sol id   fuel  p a r t i c l e s   is  reduced  to  a  value  in  the  range  1  to  10 

micron,  p r e f e r a b l y   2  to  5  micron,  and  the  d i s p e r s i o n   con ta ins   15  to  

65%  sol id   fue l ,   p r e f e r a b l y   25  to  40%,  the  percentage   being  e x p r e s s e d  

as  a  percen tage   by  weight  of  the  to ta l   d i s p e r s i o n ,   air  being  e x c l u d e d  

during  the  g r ind ing   o p e r a t i o n .  

P r e f e r a b l y   the  sol id  fuel  suppl ied   to  the  g r ind ing   process  i s  

pre-ground  to  a  p a r t i c l e   size  not  g r e a t e r   than  250  m i c r o n .  

Grinding  can  be  ca r r i ed   out  in  v i b r a t o r y ,   a g i t a t o r y   or  t umb l ing  
ball  m i l l s .  



When  using  an  a g i t a t o r y   or  v i b r a t o r y   ball   mi l l ,   the  p r e - g r o u n d  

sol id   fuel  is  p r e f e r a b l y   pre-mixed  with  the  alcohol  before  g r i n d i n g ,  

e.g.   in  a  high  speed  vortex  m i x e r .  

The  g r ind ing   time  will   depend  on  the  nature  of  the  m i l l .  

It  is  necessa ry   to  exclude  air   during  the  gr inding   o p e r a t i o n .  

This  can  be  e a s i l y   achieved  in  the  case  of  an  a g i t a t o r y   bal l   mil l   by 

f i l l i n g   the  mil l   comple te ly .   In  the  case  of  v i b r a t o r y   and  t u m b l i n g  

ball   m i l l s ,   it  is  not  p r a c t i c a l   to  f i l l   the  mill  completely   and  the  

mi l l ing   should  be  carri.ed  out  under  an  iner t   gaseous  a tmosphere,   e . g .  

a  blanket   of  n i t r o g e n .  

When  using  a  ball   mill  it  is,  of  course ,   d e s i r a b l e   to  use  b a l l s  

made  of  a  m a t e r i a l   which  does  not  react   with  the  solid  and  which  does 

not  wear  unduly  e i t h e r   i t s e l f   or  the  i n t e r i o r   surface  of  the  m i l l  

during  the  g r i n d i n g .   Ball  mil ls   usua l ly   contain  s t ee l   or  glass  b a l l s  

and  these  are  s u i t a b l e   for  the  present   p u r p o s e .  

The  s t a b i l i t y   of  the  sol id   f u e l  d i s p e r s i o n   is  a  f u n c t i o n   of  t h r e e  

v a r i a b l e s  -   the  method  of  g r ind ing ,   the  f ina l   p a r t i c l e   size  and  the  

f ina l   c o n c e n t r a t i o n   of  sol id  in  a l coho l .   If  a l l   three  are  chosen 

c o r r e c t l y ,   then  the  r e s u l t i n g   d i s p e r s i o n   at  ambient  t empera ture   is  in  

the  form  of  a  gel  in  which  a  phys ica l   network  is  formed  by  s o l i d  

p a r t i c l e s   in  a l coho l .   It  is  a  uniform  s t r u c t u r e   from  which  the  s o l i d  

p a r t i c l e s   cannot  s e t t l e   out  because  they  form  part  of  i t .  

If  the  so l id   is  not  ground  in  the  a lcohol   in  the  absence  of  a i r ,  

the  gel  wil l   not  form.  If  the  sol id  p a r t i c l e - s i z e   is  too  g r ea t ,   then 

the  gel  wil l   not  form.  The  c o n c e n t r a t i o n   of  the  sol id  p a r t i c l e s   i s  

also  c r i t i c a l .   If  it  is  too  low,  the  gel  wil l   not  form.  If  it  is  too 

high,  the  gel  wil l   be  too  s o l i d - l i k e   for  pumping. 

Such  so l id   fuel  alcohol  d i s p e r s i o n s   are  s u i t a b l e   for  use  in  b l a s t  

fu rnaces ,   cement  k i l n s ,   i n d u s t r i a l   b o i l e r s ,   marine  bo i l e r s   and  u t i l i t y  

b o i l e r s .  

Example 1 

The  coal  was  a  bituminous  coal  ex  Durham  coal  f i e ld   of  Rank  501 

and  with  the  fo l lowing  u l t i m a t e   and  i n i t i a l   a n a l y s e s :  



The  coal  (1050  g)  was  mixed  with  methanol  (1950  g)  w i t h  

con t inuous   s t i r r i n g   using  a  h igh-speed   vor tex  mixer.   The  r e s u l t i n g  

s l u r r y ,   which  was  extremely  uns tab le   ( i . e .   the  coal  s e t t l e d   r a p i d l y  

out  of  s u s p e n s i o n ) ,   was  pumped  at  a  rate  of  300  ml/m  giving  a  nominal  

r e s i d e n c e   time  of  one  minute  to  a  s t i r r e d   ball  mill   sold  under  the 

name  Dyno  Mill  Type  KDL  by  Willy  Bachofen  M a s c h i n e n f a b r i k ,   B a s l e ,  

S w i t z e r l a n d .   The  mil l   g r ind ing   chamber,  a  h o r i z o n t a l l y   mounted 

c y l i n d e r   of  c a p a c i t y   600  ml  conta ined  1  mm  s t e e l   ba l l s   ( n o m i n a l l y  

500  ml).  After  a l lowing  for  the  vo id  vo lume   between  the  ba l l s   the 

volume  of  the  g r ind ing   chamber  a c t u a l l y   a v a i l a b l e   to  the  feed  was 

300  ml.  The  ba l l s   were  s t i r r e d   by  a g i t a t o r   d iscs   mounted  on  a 

h o r i z o n t a l   shaf t   running  p a r a l l e l   to  the  axis  of  the  c y l i n d e r .   The 

shaf t   speed  was  set  at  4500  rpm  giving  a  disc  p e r i p h e r a l   speed  of 

15  mm-1.  The  product   was  c o l l e c t e d   as  it  emerged  from  the  mill   and 

was  passed  through  the  mill   for  a  second  time,  at  the  same  flow  r a t e .  

The  doub le -pass   product  emerged  from  the  mill   as  a  mobile  l i q u i d   which 

showed  no  increase   in  coal  content  a t  t h e   base  of  a  tes t   sample  a f t e r  

s to rage   at  ambient  t empera tures   for  seven  d a y s .  

The  mean  par t i . c le   size  of  the  coal  p a r t i c l e s   in  the  d i s p e r s i o n  

was  3.7  micron  as  determined  by  an  o p t i c a l   microscope  t e c h n i q u e .  



1.  A  fuel  composi t ion  con ta in ing   15  to  65%  by  weight  of  a  f r i a b l e   s o l i d  

fuel  uniformly  di.spersed  in  a  lower  a l coho l ,   the  mean  p a r t i c l e   size  of 

the  sol id  fuel  being  in  the  range  1  to  10  micron,  the  percentage  be ing  

expressed  as  a  percentage   by  weight  of  the  t o t a l   weight  of  the 

d i s p e r s i o n .  

2.  A  fuel   composit ion  according  to  claim  1  wherein  the  lower  alcohol  i s  

m e t h a n o l .  

3.  A  fuel   composit ion  according  to  e i the r   of  the  preceding  claims  where in  

the  composi t ion  conta ins   25  to  40%  by  weight  of  the  so l id   f u e l .  

4.  A  fuel  composit ion  according  to  any  of  the  preceding  claims  where in  

the  mean  p a r t i c l e   size  of  the  sol id  fuel  is  in  the  range  2  to  5 

m i c r o n .  

5.  A  fuel  composit ion  according  to  any  of  the  preceding  claims  where in  

the  f r i a b l e   sol id  fuel  is  a  bituminous  c o a l .  

6.  A  method  for  the  p r e p a r a t i o n  o f   a  uniform  d i s p e r s i o n   of  a  f r i a b l e  

so l id   fuel  in  a  lower  alcohol   which  method  comprises  gr inding  the 

sol id   fuel  in  the  a lcohol   un t i l   the  mean  p a r t i c l e   size  of  the  s o l i d  

fuel  p a r t i c l e s   is  reduced  to  a  value  in  the  range  1  to  10  micron  and 

the  d i s p e r s i o n   conta ins   15  to  65%  by  weight  of  sol id   fuel ,   t he  

percen tage   being  expressed  as  a  percentage  by  weight  of  the  t o t a l  

d i s p e r s i o n ,   air   being  excluded  during  the  g r ind ing   o p e r a t i o n .  

7.  A  method  according  to  claim  6  wherein  the  sol id  fuel  is  pre-ground  to  

a  mean  p a r t i c l e   size  not  g rea t e r   than  250  micron  before  being  ground 

in  the  presence  of  the  a l c o h o l .  

8.  A  method  according  to  e i t he r   of  claims  6  or  7  wherein  gr inding  i s  

c a r r i e d   out  in  an  a g i t a t o r y   or  v ib ra to ry   bal l   m i l l .  

9.  A  method  according  to  claim  8  wherein  the  sol id  fuel  is  d ispersed  i n  

the  a lcohol   prior  to  g r i n d i n g .  



10.  A  method  accord ing   to  e i t h e r   of  claims  6  or  7  wherein  g r ind ing   i s  

c a r r i e d   out  in  a  tumbling  ball   m i l l .  
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