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©  Coal  oil  fuel. 

A  coal  oil  fuel  contains  asphaltenes  separated  from  vis- 
broken  fuel  oil.  Preferably  the  oil  component  is  not  vis-broken. 
Stability  is  improved  without  excessive  increases  in  viscosity. 



The  p re sen t   i n v e n t i o n   r e l a t e s   to  coal  o i l   f u e l s .  

Coal  o i l   f u e l s   are  pumpable  m a t e r i a l s   which  con ta in   c o a l  

p a r t i c l e s   suspended  in  an  o i l .  

Coal  oi l   f u e l s   may  be  the  s o - c a l l e d   coal  oi l   m i x t u r e s   (COM)  w h i c h  

are  d i s p e r s i o n s   of  powdered  coal  of  r e l a t i v e l y   l a rge   p a r t i c l e   size  i n  

an  o i l .   These  of ten   r e q u i r e   the  p resence   of  a  s u r f a c t a n t   to  p r o v i d e  

adequate   s t a b i l i t y .   Coal  o i l   f u e l s   may  a l so   take  the  form  of  t h e  

s o - c a l l e d   coal  oi l   d i s p e r s i o n   (COD)  in  which  the  coal  p a r t i c l e   size  i s  

c o n s i d e r a b l y   f i n e r   and  which  do  not  u s u a l l y   r e q u i r e   the  use  of  a d d e d  

s u r f a c t a n t s   to  ob ta in   a  s a t i s f a c t o r y   s to rage   s t a b i l i t y .  

It  is  d i s c l o s e d   in  US  2  231  513  tha t   coal  o i l   f u e l s   may  be  made 

from  i n t e r   a l i a   v i sb roken   fuel   o i l .   There  is   no  sugges t ion   however  

than  any  s p e c i f i c   component  in  the  v i sb roken   fuel   o i l   gives  a n y  

advantage   in  improving  the  s t a b i l i t y   of  the  r e s u l t i n g   f u e l .  

It  is  d i s c l o s e d   in  Japanese   unexamined  p u b l i s h e d   p a t e n t  

s p e c i f i c a t i o n   57-98595  tha t   a s p h a l t e n e s   may  be  added  to  d i s p e r s i o n s   o f  

coal  powder  in  a  l i q u i d   o i l .   The  a s p h a l t e n e   may  be  ob ta ined   f rom 

crude  o i l .  

We  have  now  found  tha t   the  source  of  the  a s p h a l t e n e   is   v e r y  

impor tan t   if  a  u s e f u l   improvement  in  the  s t a b i l i t y   a g a i n s t   s e t t l i n g   o f  

a  coal  o i l   fuel   is  to  be  o b t a i n e d .  

According  to  the  p r e s e n t   i n v e n t i o n   a  coal  oi l   fuel   c o m p r i s i n g  

coal  p a r t i c l e s   suspended  in  oi l   is  c h a r a c t e r i s e d   in  tha t   i t   c o n t a i n s  

a s p h a l t e n e s   s epa ra ted   from  v i sb roken   fuel   o i l .  

Coal  oi l   f u e l s   are  well  known  m a t e r i a l s   and  the  s k i l l e d   r e a d e r  



wi l l   be  r e a d i l y   able  to  make  coal  oi l   f u e l s   s u i t a b l e   for  i n c o r p o r a t i o n  

of  a s p h a l t e n e s   in  accordance   with  the  p r e s e n t   i n v e n t i o n .  

The  coal  o i l   f u e l s   which  are  known  as  coal  o i l   m ix tu r e s   (COM)  a r e  

in  gene ra l   made  from  the  product   known  as  " p u l v e r i s e d   c o a l " .  

" P u l v e r i s e d   coal"  is   the  ground  coal  u s u a l l y   suppl ied   for  la rge   c o a l  

burn ing   f u r n a c e s   in  for  example  power  s t a t i o n s .   Examples  of  t y p i c a l  

p a r t i c l e   s i ze s   for  such  m a t e r i a l   are  80X  by  weight  through  a  200  mesh 

sieve  or  80%  by  weight  l e s s   than  75  mic rons .   Coal  oi l   m ix tu r e s   may  be 

made  by  a g i t a t i n g   the  coal  p a r t i c l e s   and  the  oi l   t o g e t h e r   u n d e r  

r e l a t i v e l y   low  shear  c o n d i t i o n s   as  is   well  known  to  those  s k i l l e d   i n  

making  coal  oi l   m i x t u r e s .  

Where  the  coal  o i l   fuel   is  a  coal  o i l   d i s p e r s i o n   (COD)  the  c o a l  

p a r t i c l e s   w i l l   be  much  f i n e r .   Examples  of  p r e f e r r e d   coal  p a r t i c l e  

s i z e s   are  for  example  those  having  an  average  p a r t i c l e   size  between  1 

and  10  mic rons .   The  method  of  making  coal  oi l   d i s p e r s i o n s   i s  

i m p o r t a n t   if  optimum  s t a b i l i t y   is   to  be  o b t a i n e d .   P r e f e r r e d   me thods  

of  making  coal  o i l   d i s p e r s i o n s   are  d i s c l o s e d   in  GB  1  523  193 .  

The  q u a n t i t y   of  coal  p r e s e n t   may  vary  over  a  modera te ly   wide  

range  eg  30  -   50%  wt  coal  based  on  t o t a l   weight  of  coal  o i l   f u e l .  

The  o i l s   which  may  be  used  to  make  the  coal  oi l   fuel   may  be  any 
combus t ib l e   non-wate r   m i s c i b l e   l i q u i d .   Vegetable   o i l s   may  be  used,   a s  

can  o i l s   de r ived   from  coal .   In  gene ra l   pe t ro leum  and  i t s  

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

o i l s .   Fuel  o i l s   are  de r ived   from  r e s i d u e s   from  pe t ro leum  d i s t i l l a t i o n  

or  c r a c k i n g .   The  v i s c o s i t y   is   u s u a l l y   not  more  than  600  mm2/sec 

(600  cSt)  at  50°C,  p r e f e r a b l y   not  more  than  380  cSt  at  50°C.  The 

r e q u i r e d   v i s c o s i t y   may  be  a c h i e v e d  b y   d i l u t i n g   ( o the rwi se   known  a s  

" c u t t i n g   back")  with  a  l e s s   v i s c o u s   m a t e r i a l   eg  gas  oi l   or  k e r o s e n e .  

The  o i l   is   p r e f e r a b l y   a  n o n - v i s   broken  fuel   o i l ,   and  may  for  example  

be  a  s t r a i g h t   run  fuel   o i l   ie  a  fue l   o i l   ob ta ined   d i r e c t l y   by 

d i s t i l l a t i o n   of  crude  p e t r o l e u m .  

A s p h a l t e n e s   are  high  mo lecu la r   weight  m a t e r i a l s   found  in  c r u d e  

pe t ro leum  and  in  r e s i d u a l   m a t e r i a l s   r e s u l t i n g   from  the  d i s t i l l a t i o n   o f  

crude  pe t ro l eum.   They  are  i n s o l u b l e   in  lower  molecu la r   w e i g h t  

a l i p h a t i c   h y d r o c a r b o n s   such  as  heptane  and  are  p r e c i p i t a t e d   out  when 



heptane  is  added  to  a  m a t e r i a l   such  as  crude  pe t ro leum  or  fuel   o i l   i n  

which  the  a s p h a l t e n e s   are  d i s s o l v e d .  

A s p h a l t e n e s   are  of ten  cons ide r ed   to  be  u n d e s i r a b l e   in  l i q u i d  

pe t ro leum  de r ived   p r o d u c t s   such  as  fuel   o i l s .   They  may  be  removed 

from  such  m a t e r i a l s   by  the  solvent   d e a s p h a l t i n g   p r o c e s s .   In  t h i s  

p roces s   a  r e l a t i v e l y   low  b o i l i n g   a l i p h a t i c   so lvent   eg  oc tane ,   h e p t a n e  

or  pentane  is  added  to  the  l i q u i d   to  be  d e a s p h a l t e d   causing  t h e  

a s p h a l t e n e s   to  p r e c i p i t a t e   out.  The  a s p h a l t e n e s   may  be  recovered   by 

c e n t r i f u g i n g .  

The  a s p h a l t e n e s   used  in  the  p roces s   of  the  p r e sen t   i n v e n t i o n   a r e  

those  ob ta ined   from  a  v i s - b r o k e n   fuel   o i l .   The  p rocess   o f  

" v i s - b r e a k i n g "   is  a  well   known  r e f i n e r y   p roces s   in  which  r e s idue   f rom 

crude  oi l   d i s t i l l a t i o n   is  sub jec t ed   to  a  mild  thermal   c r a c k i n g  

o p e r a t i o n   to  break  down  some  of  the  high  b o i l i n g   compounds  into  l o w e r  

b o i l i n g ,   l e s s   v i scous   compounds  the reby   reduc ing   the  v i s c o s i t y   of  t h e  

r e s u l t i n g   p roduc t .   This  p roces s   must  be  d i s t i n g u i s h e d   from  more 

severe  c rack ing   p r o c e s s e s   which  are  i n t ended   to  conver t   the  fuel   o i l  

in to   o ther   p r o d u c t s .  

The  q u a n t i t y   of  a s p h a l t e n e   used  may  for  example  vary  between  0 . 5  

and  10%  based  on  t o t a l   weight  of  coal  and  o i l ,   p r e f e r a b l y   1  to  3%. 

High  v i s c o s i t i e s   are  u n d e s i r a b l e   as  i t   becomes  more  d i f f i c u l t   t o  

handle   the  coal  oi l   f u e l .  

In  the  case  of  coal  oi l   d i s p e r s i o n s   the  v i s c o s i t y   of  the  coal  o i l  

d i s p e r s i o n   c o n t a i n i n g   a s p h a l t e n e s   is  p r e f e r a b l y   not  more  t h a n  

2.5  Pa .s   at  80°C,  p r e f e r a b l y   not  more  than  2  Pa.s   at  80°C.  (The 

v i s c o s i t y   may  be  de termined   with  a  B r o o k f i e l d   v i s c o m e t e r   at  12  r p m ) .  

In  order  to  meet  these  p r e f e r r e d   v i s c o s i t y   l i m i t s ,   r e s t r i c t i o n s  

are  n e c e s s a r y   on  the  q u a n t i t y   of  a s p h a l t e n e s   added.  In  a d d i t i o n   a  

r e s t r i c t i o n   on  the  o i l s   which  can  be  used  is  i n v o l v e d ,   and  i n  

p a r t i c u l a r   it   is  n e c e s s a r y   to  avoid  the  use  of  vis   broken  fuel   o i l s   a s  

can  be  seen  from  the  e x p e r i m e n t s   set  out  below,  if   p r o d u c t s   c o n t a i n i n g  

a  u s e f u l   amount  of  coal  are  to  be  ob ta ined   w i thou t   e x c e s s i v e l y   h i g h  

v i s c o s i t i e s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   to  t h e  

fo l lowing   e x a m p l e s .  



Comparat ive   Test  A 

A  coal   oi l   mixture   was  p repared   from  coal  from  the  H e r r i n g t o n  

C o l l i e r y   (NCB  Rank  401)  and  from  a  commerc ia l ly   a v a i l a b l e   fuel   o i l .  

The  coal  was  in  the  form  of  p u l v e r i s e d   coal  and  had  a  p a r t i c l e   s i z e  

d i s t r i b u t i o n   as  f o l l o w s :  

The  fuel   o i l   ex  BP  Oil  Kent  Re f ine ry   Limited  had  the  f o l l o w i n g  

c h a r a c t e r i s t i c s :  

The  coal  o i l   mixture   was  p repared   as  fo l lows :   100  g  of  coal  was  

s t i r r e d   i n to   100  g  of  fuel   o i l   at  70°C  us ing  a  high  speed  m i x e r .  

Mixing  was  con t inued   for  5  minu tes   to  ensure   complete  d i s p e r s a l   of  t h e  



coal .   The  s t a b i l i t y   of  the  r e s u l t i n g   coal  oi l   mixture   was  d e t e r m i n e d  

by  the  BP  S t a b i l i t y   Test .   This  is   d e s c r i b e d   on  page  3  of  the  p a p e r  

"S tab le   Coa l /Fue l   Oil  D i s p e r s i o n s "   p r e s e n t e d   at  the  second  

I n t e r n a t i o n a l   Symposium  of  Coal  Oil  Mixture  Combustion,  D a n v e r s ,  

M a s s a c h u s e t t s ,   USA,  27-29  November  1979  by  Veal  et  a l .  

This  i n v o l v e s   de t e rmin ing   the  c o n c e n t r a t i o n   of  so l i d s   p r e s e n t   a t  

the  base  of  the  s tandard   tube  kept  at  100°C  for  24  hours  and  

s u b t r a c t i n g   from  i t   the  i n i t i a l   c o n c e n t r a t i o n   of  so l i d s   in  t h e  

d i s p e r s i o n .   C l e a r l y ,   the  g r e a t e r   the  d i f f e r e n c e   the  more  the  s o l i d s  

have  s epa ra t ed   and  the  more  u n s t a b l e   is  the  d i s p e r s i o n .  

When  no  a s p h a l t e n e s   are  added  to  the  fue l   oi l   used  to  make  c o a l  

oi l   mixture   the  value  from  the  s t a b i l i t y   t e s t   was  12.0%. 

Comparat ive  Test  B 

In  ano the r   compara t ive   t e s t   c a r r i e d   out  as  in  the  p reced ing   t e s t ,  

a  coal  oi l   mixture   was  p repared   us ing  the  same  fuel   oi l   to  which  was  

added  2%  by  weight ,   c a l c u l a t e d   on  the  t o t a l   weight  of  coal  and  f u e l  

o i l ,   of  a s p h a l t e n e s   s epa ra t ed   from  the  fuel   oi l   u s e d .  

The  r e s u l t   ob ta ined   in  the  s t a b i l i t y   t e s t   was  11.6%  wt.  The  f u e l  

oi l   used  was  not  p repared   us ing  a  v i s - b r e a k i n g   p roces s   and  t h i s   showed 

tha t   the  a d d i t i o n   of  a s p h a l t e n e s   from  non  v i s - b r o k e n   fuel   oi l   has  v e r y  
l i t t l e   e f f e c t   on  the  s t a b i l i t y   of  the  r e s u l t i n g   coal  oi l   m i x t u r e .  

Example  1 

Coal  o i l   mixture   was  prepared   as  in  the  p r ev ious   exper iment   b u t  

us ing   a s p h a l t e n e s   der ived   from  a  v i sb roken   fuel   oi l   (see  Table  C) .  

The  r e s u l t   ob ta ined   in  the  s t a b i l i t y   t e s t   was  2.1%  wt.  As  the  f i g u r e  

given  by  the  s t a b i l i t y   t e s t   should  be  as  low  as  p o s s i b l e   for  maximum 

s t a b i l i t y ,   t h i s   shows  tha t   the  use  of  a s p h a l t e n e s   from  v i sb roken   f u e l  

o i l   g ives   very  s u b s t a n t i a l ,   and  unexpec ted   improvements  in  t h e  

s t a b i l i t y   of  coal  oi l   m i x t u r e s .  

E x a m p l e   s  2 - 4  

This  example  shows  the  p r e p a r a t i o n   of  a  coal  oi l   d i s p e r s i o n  

(COD).  The  coal  used  was  from  the  H e r r i n g t o n ,   UK,  c o l l i e r y   and  was  i n  

p u l v e r i s e d   form  ie  i t   co r responded   to  the  coal  used  to  p repare   t h e  

coal  oil   mixture   of  Example  1.  It   was  mixed  with  heptane  to  form  a  

s lu r ry   and  was  ground  in  a  KDL  P i l o t   Dyno  s t i r r e d   ba l l   m i l l  



manufac tu red   by  Willy  A  Bachofen  M a s c h i n e f a b r i k ,   Bas le ,   S w i t z e r l a n d .  

The  heptane  was  al lowed  to  e v a p o r a t e   in  a i r   in  a  c u r r e n t   of  n i t r o g e n  

to  produce  a  q u a n t i t y   of  f i n e l y   d iv ided   coa l .   The  average  p a r t i c l e  

size  was  known  from  p r e v i o u s   e x p e r i e n c e   to  be  between  1  and  10  m i c r o n s  

d i a m e t e r .  

40  grams  of  t h i s   coal  powder  was  added  to  weight  a l i q u o t s   of  t h e  

same  n o n - v i s b r o k e n   fuel   o i l   as  was  used  in  Example  1,  to  which  known 

w e i g h t s   of  a s p h a l t e n e   m a t e r i a l   had  been  a d d e d .  

The  a s p h a l t e n e   m a t e r i a l   used  was  p r e c i p i t a t e d   us ing  an  excess   o f  

hep t ane ,   from  a  v i sb roken   fuel   o i l   having  the  f o l l o w i n g  

c h a r a c t e r i s t i c s :  

The  mix ture   of  coa l ,   fue l   o i l   and  a s p h a l t e n e s   were  s t i r r e d   for  10 

m i n u t e s  u s i n g   a  high  speed  s t i r r e r .  

The  s t a b i l i t y   was  measured  us ing  the  BP  s t a b i l i t y   t e s t .   The 

v i s c o s i t y   was  measured  us ing  a  B r o o k f i e l d   v i s c o m e t e r .   The  q u a n t i t i e s  

of  m a t e r i a l s   used  and  the  r e s u l t s   ob ta ined   are  given  in  Table  1.  

Comparat ive   Test  C 

An  exper iment   was  c a r r i e d   out  as  in  Example  2  but  wi thout   a d d i n g  

any  a s p h a l t e n e s .   The  q u a n t i t i e s   used  and  r e s u l t s   ob ta ined   are  shown 

in  Table  1 .  

Comparat ive  Test  D 

An  exper iment   was  c a r r i e d   out  as  in  Example  2  us ing  a  v i s b r o k e n  

fue l   o i l .   This   was  the  same  v i sb roken   fuel   oi l   as  was  used  as  a  

source  of  a s p h a l t e n e s   in  Example  1.  This  v i sb roken   fuel   oi l   c o n t a i n e d  



a  la rge   p r o p o r t i o n   of  a s p h a l t e n e s   such  that   the  COD  c o n t a i n i n g   40% 
coal  con ta ined   4.2%  of  a s p h a l t e n e s .   However  no  a s p h a l t e n e s   were  added 
to  the  fuel   o i l .   The  q u a n t i t i e s   used  and  the  r e s u l t s   ob ta ined   a r e  
shown  in  Table  D. 

Comparative  Tes t s   E  and  F 

An  exper iment   was  c a r r i e d   out  as  in  Example  2  but  u s i n g  

a s p h a l t e n e s   from  ano the r   sample  of  the  n o n - v i s b r o k e n   fuel   oi l   used  i n  

Example  1 .  

The  r e s u l t s   are  shown  in  T a b l e  D .  

Comparat ive  Test  G 

40  g  of  f i n e l y   d iv ided   H e r r i n g t o n   coal  powder  (average   s i z e  

between  1  and  10  microns  d iamete r   was  s t i r r e d   into  a  commercial  f u e l  

o i l   (820Z  see  Table  E)  for  10  minu tes   us ing   a  high  speed  s t i r r e r   a s  

before   (Example  2).  The  s t a b i l i t y   was  measured  us ing  the  BP  s t a b i l i t y  

t e s t   and  showed  an  i n c r e a s e   in  base  coal  content   of  16.9%  w t .  

Example  5 

Mix tu res   of  coal  and  oil   were  then  prepared   as  in  Test  G  b u t  

c o n t a i n i n g   1%  and  2%  wt  of  a s p h a l t e n e   m a t e r i a l   p r e c i p i t a t e d   from  t h e  

v i sb roken   oil   (Table  C).  These  m i x t u r e s   showed  i n c r e a s e d   in  base  c o a l  

content   of  6.9%  and  1.6%  by  weight  r e s p e c t i v e l y   (see  Table  F ) .  

Comparative  Test  H 

S imi la r   m i x t u r e s   c o n t a i n i n g   1  and  2X  wt  of  a s p h a l t e n e   m a t e r i a l  



p r e c i p i t a t e d   from  a  n o n - v i s b r o k e n   o i l   (Table  B)  showed  i n c r e a s e s   i n  

base  coal  c o n t e n t s   of  13.4%  and  5.9%  by  weight  r e s p e c t i v e l y .  

D i s c u s s i o n s   of  E x p e r i m e n t a l   R e s u l t s  

A  comparison  of  the  r e s u l t s   for  Example  2  and  Test  E  and  Example 

3  and  Test   F  shows  tha t   a s p h a l t e n e s   r ecovered   from  v i sb roken   fuel   o i l  

give  a  g r e a t e r   i n c r e a s e   in  s t a b i l i t y   ie  lower  s t a b i l i t y   t e s t   v a l u e s ,  

than  a s p h a l t e n e s   from  n o n - v i s b r o k e n   fue l   o i l .  

A  comparison  of  Examples  2,  3  and  4  with  Test   D  shows  that   t h e  

use  of  a s p h a l t e n e s   from  v i sb roken   fuel   o i l   in  a  n o n - v i s b r o k e n   fuel   o i l  

e n a b l e s   high  l e v e l s   of  s t a b i l i t y   to  be  ob t a ined   with  lower  p r o d u c t  

v i s c o s i t y   than  p o s s i b l e   us ing   v i sb roken   fuel   o i l .   The  lower  v i s c o s i t y  

is   of  course  d e s i r a b l e   as  i t   a ids   pumping.  



1.  A  coal  oi l   fuel   compris ing  coal  p a r t i c l e s   suspended  in  oil   i s  

c h a r a c t e r i s e d   in  tha t   i t   c o n t a i n s   a s p h a l t e n e s   separa ted   from  v i s  

broken  fuel   o i l .  

2.  A  coal  oil   fuel   accord ing   to  claim  1  c h a r a c t e r i s e d   in  that   i t   i s  

a  coal  oi l   d i s p e r s i o n .  

3.  A  coal  oi l   fuel   accord ing   to  e i t h e r   of  c laims  1  and  2  wherein  t h e  

o i l   in  which  the  p a r t i c l e s   are  suspended  is   fuel   o i l .  

4.  A  coal  oi l   fuel   accord ing   to  claim  3  where in   the  fuel   oi l   is  a  

n o n - v i s   broken  fuel   o i l .  

5.  A  coal   oi l   fuel   accord ing   to  any  one  of  the  p reced ing   c l a i m s  

wherein   the  q u a n t i t y   of  a s p h a l t e n e s   der ived   from  vis   broken  fuel   o i l  

is   0.5  to  10X  by  weight  based  on  t o t a l   weight  of  coal  and  o i l .  

6.  A  coal  oi l   fuel   accord ing   to  claim  5  wherein  the  q u a n t i t y   o f  

a s p h a l t e n e s   is  in  the  range  1  to  3%  by  w e i g h t .  

7.  A  c o a l - o i l   d i s p e r s i o n   accord ing   to  any  one  of  the  p r e c e d i n g  

c la ims  having  a  v i s c o s i t y   of  not  more  than  2.5  Pa.s   measured  at  80°C.  

8.  A  c o a l - o i l   d i s p e r s i o n   acco rd ing   to  claim  7  wherein   the  c o a l - o i l  

d i s p e r s i o n   has  a  v i s c o s i t y   of  not  more  than  2  P a . s .  
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