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54)  A  method  for  the  preparation  of  a  uniform  dispersion  ot  a  inaDie  soim  luei,  011  ana  woier. 

57)  A  uniform  dispersion  of  a  friable  solid  fuel,  e.g.  coal,  oil 
tnd  water  is  prepared  by  grinding  the  solid  fuel  in  a  medium 
insisting  essentially  of  a  major  proportion  of  oil  and  a  minor 
proportion  of  water  in  the  absence  of  added  dispersant  or 
emulsifier.  Air  is  excluded  during  the  grinding  operation.  The 
solid  fuel  is  present  in  amount  15  to  55%  by  weight  of  the 
dispersion  and  is  ground  until  the  mean  particle  size  of  the 
solid  fuel  is  reduced  to  a  value  in  the  range  1  to  1  5  micron. 

The  water  enhances  thestability  of  the  dispersion. 
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A   uniform  dispersion  of  a  friable  solid  fuel,  e.g.  coal,  oil 
and  water  is  prepared  by  grinding  the  solid  fuel  in  a  medium 
consisting  essentially  of  a  major  proportion  of oil  and  a  minor 
proportion  of  water  in  the  absence  of  added  dispersant  or 
emulsifier.  Air  is  excluded  during  the  grinding  operation.  The 
solid  fuel  is  present  in  amount  15  to  55%  by  weight  of  the 
dispersion  and  is  ground  until  the  mean  particle  size  of  the 
solid  fuel  is  reduced  to  a  value  in the  range  1  to  15  micron. 

The water  enhances the stability  of the  dispersion. 



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

fue l ,   oi l   and  w a t e r .  

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  for  example ,  

B r i t i s h   Pa ten t   S p e c i f i c a t i o n   975687.  Whi l s t   these  have  behaved  as  n e a r -  

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  s e p a r a t e   on  s t a n d i n g .  

Thus  such  s l u r r i e s   are  s u i t a b l e   for  use  immedia te ly   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   for  t r a n s p o r t a t i o n   nor  for  s t o r a g e .  

Our  B r i t i s h   Pa t en t   S p e c i f i c a t i o n   No.  1523193  d e s c r i b e s   and  c l a i m s  

a  method  for  the  p r e p a r a t i o n   of  a  uniform  coal  oi l   d i s p e r s i o n   which  

method  comprises  g r ind ing   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   o f  

gas  o i l   and/or   a  h e a v i e r   pe t ro leum  f r a c t i o n   u n t i l   the  p a r t i c l e   s i z e  

is  reduced  to  a  value  below  10  micron  and  the  d i s p e r s i o n   con ta in s   15 

to  55%  by  weight   coal ,   expressed   as  a  p e r c e n t a g e   by  weight   of  the  t o t a l  

d i s p e r s i o n ,   and  u n t i l   a  s t a b l e   d i s p e r s i o n   r e s u l t s   on  ceas ing   g r i n d i n g .  

B r i t i s h   Pa ten t   S p e c i f i c a t i o n   No.  1548402  d i s c l o s e s   a  method  f o r  

making  a  f l u id   fuel  which  comprises   the  s teps   of  mixing  coal  to  a  g r a i n  

s ize   of  up  to  6  mm  with  up  to  30  wt %  of  water   based  on  the  mixture  o f  

coal  and  water ,   pass ing   the  wetted  coal  to  a  mixer  wherein  i t   is  mixed 

with  l i qu id   hydrocarbon  fue l ,   the  coal  forming  no  more  than  50  wt % 

in  the  mixture  and  pass ing   the  so  formed  mixture  through  a  g r ind ing   m i l l  

wherein  the  coal  g ra ins   are  mi l led   to  p a r t i c l e s   of  at  most  500  micron  i n  

size  to  produce  the  f l u id   f u e l .  

1548402  s t a t e s   tha t   i t   is  e s s e n t i a l   t ha t   the  water  and  coal  be  

mixed  before   the  a d d i t i o n   of  the  l i qu id   hydrocarbon  fuel  in  order  t h a t  

the  de s i r ed   form  of  the  product   may  be  ob t a ined ,   namely  a  f l o c c u l a t e d  



s t r u c t u r e   in  o i l   of  the  coal   p a r t i c l e s   in  which  water   p r e f e r e n t i a l l y  

wets  p a r t   of  the  s u r f a c e   of  each  coal  p a r t i c l e   and  l i nks   i t   to  t h e  

o the r   coal  p a r t i c l e s .   I t   a lso  s t a t e s   thà:  i f   the  mixing  is  c a r r i e d  

out  in  any  o the r   sequence,   as  for  example  in  Uni ted  S t a t e s   P a t e n t  

S p e c i f i c a t i o n   No.  1431225,  an  emulsion  of  water   in  the  o i l   is  fo rmed ,  

the  coal   p a r t i c l e s   are  not  wet ted  by  the  water   and  the  p roduc t   i s  

s t a b i l i s e d   to  a  much  sma l l e r   e x t e n t   a g a i n s t   s e t t l i n g .   According  t o  

1548402,  adding  water   to  the  su spens ion   of  coal  in  l i q u i d   h y d r o c a r b o n  

fue l   simply  forms  an  emuls ion  in  the  hydroca rbon   which  does  not  a i d  

s t a b i l i t y   for  a  long  d u r a t i o n .  

The  a f o r e s a i d   Uni ted  S t a t e s   P a t e n t   S p e c i f i c a t i o n   1431225  d i s c l o s e s  

a  method  for  the  p r e p a r a t i o n   of  a  f l u i d   fuel   in  which  a  s o l i d   fuel   i s  

ground  to  a  f i n e n e s s   of  about  200  mesh  (76  micron)  or  l e s s .   The 

powdered  s o l i d   is  then  mixed  with  a  l i q u i d   f u e l ,   water   is  added  and  t h e  

mix tu re   a g i t a t e d   to  p rov ide   an  emuls ion .   USP  1431225  acknowledges  t h a t  

under  c e r t a i n   c o n d i t i o n s   the re   is  a  tendency  for  the  emulsion  to  become 

u n s t a b l e   and  s e p a r a t e   in to   i t s   c o n s t i t u e n t s   and  to  c o u n t e r a c t   t h i s   a 

s t a b i l i s i n g   agent   such  as  soap  may  be  a d d e d .  

We  have  now  s u r p r i s i n g l y   d i s c o v e r e d   t h a t   the  s t a b i l i t y   of  s o l i d  

f u e l - o i l   d i s p e r s i o n s   of  the  type  d i s c l o s e d   in  GB  1523193  can  be  improved  

by  the  a d d i t i o n   of  water   p r i o r   to  or  dur ing  g r i n d i n g .   In  p a r t i c u l a r ,  

the  s t a b i l i t y   is  improved  in  the  t e m p e r a t u r e   range  of  60  to  100°C. 

A l t e r n a t i v e l y   the  g r i n d i n g   time  r e q u i r e d   to  produce  a  d i s p e r s i o n   o f  

d e s i r e d   s t a b i l i t y   is  r e d u c e d .  

Thus  accord ing   to  the  p r e s e n t   i n v e n t i o n   the re   is  p rov ided   a  m e t h o d  

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   s o l i d   f u e l ,  

o i l   and  water   which  method  comprises   g r i n d i n g   the  s o l i d   fue l   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  a  major  p r o p o r t i o n   of  o i l   and  a  minor  p r o p o r t i o n   o f  

wate r   in  the  absence  of  added   d i s p e r s a n t   or  e m u l s i f i e r ,   a i r   being  e x c l u d e d  

dur ing   the  g r i nd ing   o p e r a t i o n ,   the  so l id   fuel   being  p r e s e n t   in  amount  15  to  55%  b; 

we igh t   of  the  d i s p e r s i o n   and  being  ground  u n t i l   the  mean  p a r t i c l e   s ize   o f  

the  s o l i d   fuel   is  reduced  to  a  value  in  the  range  1  to  15  m i c r o n .  

S u i t a b l e   f r i a b l e   so l id   fue ls   i nc luded   coals   of  v a r i o u s   ranks,   s o l v e n t  

r e f i n e d   coal ,   coal  coke  and  pe t ro leum  coke.  The  p r e f e r r e d   s o l i d   fuel   i s  

b i t uminous   c o a l .  



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

preground  to  a  p a r t i c l e   size  not  g r e a t e r   than  250  mic ron .  

A  s u i t a b l e   oi l   is  a  petroleum  based  fuel   oi l   f r a c t i o n   having  a 

v i s c o s i t y   of  not  more  than  6000  seconds,  p r e f e r a b l y   not  more  t han  

3500  seconds,  Redwood  No. 1  at  100°F  (37.8°C) .   The  r equ i red   v i s c o s i t y  

may  be  achieved  by  " c u t t i n g   back"  if   necessa ry   with,  for  example,  gas  
o i l .  

In  the  case  of  c e r t a i n   heav ie r   fuel   oi l   f r a c t i o n s   i t   may  be  

necessa ry   to  heat   them  in  order  to  render  them  s u f f i c i e n t l y   mobile  t o  

permit   use  as  a  g r ind ing   l i q u i d .  

The  amount  of  so l id   fuel  added  is  p r e f e r a b l y   in  the  range  30  t o  

45%  by  weight  of  the  t o t a l   weight  of  the  d i s p e r s i o n   of  so l id   fue l ,   o i l  

and  w a t e r .  

The  amount  of  water  added  is  s u i t a b l y   in  the  range  1  to  15%, 

p r e f e r a b l y   5  to  10%  of  the  t o t a l   weight  of  the  d i s p e r s i o n   of  s o l i d  

fue l ,   oil   and  w a t e r .  

The  water  can  be  added  to  the  oi l   p r io r   to  mixing  with  the  s o l i d  

fuel  or  the  so l id   fuel  added  to  the  oi l   p r io r   to  mixing  with  water  o r  

a l l   three  added  s imu l t aneous ly   p r io r   to  g r i n d i n g .  

The  i n i t i a l   mixing  may  take  place  in  a  high  speed  vor tex   m i x e r .  

Grinding  can  be  c a r r i e d   out  in  commercial ly   a v a i l a b l e   ba l l   m i l l s ,  

e.g.   a g i t a t o r y ,   v i b r a t o r y   or  tumbling  ba l l   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   ba l l   mi l l ,   the  coal  is  p r e f e r a b l y  

premixed  with  the  oil   before   g r ind ing ,   e.g.  in  a  high  speed  vor tex  m i x e r .  

Grinding  is  p r e f e r a b l y   c a r r i e d   out  u n t i l   the  sol id   fuel  mean 

p a r t i c l e   size  is  reduced  to  a  value  in  the  range  2  to  8  micron .  

The  g r ind ing   time  wil l   depend  on  the  na tu re   of  the  mil l .   However, 

this   time  wil l   g e n e r a l l y   be  about  ha l f   the  time  requ i red   to  produce  a 

d i s p e r s i o n   of  s imi l a r   s t a b i l i t y   when  gr ind ing   in  the  absence  of  w a t e r .  

For  example,  when  using  an  a g i t a t o r y   ba l l   mi l l ,   the  gr inding  time  may 
be  reduced  from  about  6  minutes  to  3  m i n u t e s .  

I t   is  necessary   to  exclude  a i r   during  the  gr inding   ope ra t i on .   Th i s  

can  e a s i l y   be  achieved  in  the  case  of  v i b r a t o r y   and  a g i t a t o r y   bal l   m i l l s  

by  f i l l i n g   the  mill  c o m p l e t e l y .  

When  using  a  ba l l   mill  i t   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  d o e s  n o t   rc·acL  with  the  so l id   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   su r f ace   of  the  m i l l  

during  the  g r i n d i n g .   Ball  mi l l s   u sua l ly   con ta in   s t e e l   or  g lass   b a l l s  

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

The  d i s p e r s i o n s   wi l l   g e n e r a l l y   be  p repared ,   used  and  s tored  a t  

e l e v a t e d   t empera tu re   and  under  these  c o n d i t i o n s   wi l l   be  more  s t a b l e  

than  c o r r e s p o n d i n g   d i s p e r s i o n s   prepared   in  the  absence  of  w a t e r .  

They  are  s u i t a b l e   for  use  in  b l a s t   fu rnaces ,   cement  k i lns   and 

i n d u s t r i a l ,   marine  and  u t i l i t y   b o i l e r s .  

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

of  three   impor t an t   v a r i a b l e s  -   the  method  of  g r i n d i n g ,   the  f i na l   p a r t i c l e  
s ize   and  the  c o n c e n t r a t i o n   of  so l id   in  o i l  -   enhanced  by  a  four th  -   t h e  

presence   of  water  during  g r ind ing .   If   a l l   four  are  chosen  c o r r e c t l y , t h e n  

the  d i s p e r s i o n   is  of  enhanced  s t a b i l i t y   at  e l eva t ed   and  ambient  t e m p e r a t u r e s .  
At  ambient  t e m p e r a t u r e ,   the  d i s p e r s i o n   is  in  the  form  of  a  weak, 

t h i x o t r o p i c   gel  in  which  a  phys ica l   network  is  formed  by  so l i d   p a r t i c l e s  

which  i n t e r a c t   with  the  oi l   r e i n f o r c e d   by  water  l i nks   between  the  s o l i d  

p a r t i c l e s .   I t   is  a  uniform  s t r u c t u r e   from  which  the  so l id   p a r t i c l e s  

cannot   s e t t l e   out  because  they  form  par t   of  i t .  

This  is  un l ike   p rev ious   so l id   f u e l - o i l - w a t e r   d i s p e r s i o n s   which  have  

been  d i s p e r s i o n s   of  wa te r -wet   coal  p a r t i c l e s   suspended  in  oi l   o r  

d i s p e r s i o n s   of  coal  p a r t i c l e s   suspended  in  an  emulsion  of  oi l   and  w a t e r .  

At  e l eva t ed   t empe ra tu r e ,   a l though  the  gel  l ike   s t r u c t u r e   is  l e s s  

appa ren t ,   the  same  i n t e r a c t i o n s   occur  to  confer   enhanced  s t a b i l i t y .  

If   the  so l id   p a r t i c l e s   are  not  ground  in  the  o i l   in  the  absence  o f  

a i r ,   the  so l id   p a r t i c l e s   wi l l   become  ox id i sed   and  i n t e r a c t   u n f a v o u r -  

ably.   If   the  so l id   p a r t i c l e   s ize  is  too  g rea t ,   fo rces   wi l l   be  

i n s u f f i c i e n t   to  confer   s t a b i l i t y .   The  c o n c e n t r a t i o n   of  the  s o l i d  

p a r t i c l e s   is  also  c r i t i c a l .   If   i t   is  too  low,  the  d i s p e r s i o n   wil l   be  

u n s t a b l e .   If  i t   is  too  high,  the  d i s p e r s i o n   wi l l   become too  so l id   l i k e  

for  pumping.  The  water  enhances  s t a b i l i t y   by  a  complex  mechanism 

probably   i nvo lv ing   b r idges   between  the  so l id   p a r t i c l e s .  
The  i n v e n t i o n   is  i l l u s t r a t e d   with  r e f e r e n c e   to  the  f o l l o w i n g  

e x a m p l e s .  



Example  1 

The  fuel  oil   was  a  mixed-source   fuel  oi l   with  a  v i s c o s i t y   of  3500 

Redwood  N o . 1   seconds  at  37.8°C.  I t   had  the  fo l lowing  p r o p e r t i e s .  

The  coal  was  a  b i tuminous  coal  ex  Durham  coal  f i e l d   of  Rank  501 

with  the  fo l lowing  u l t i m a t e   and  i n i t i a l   p a r t i c l e   size  ana lyses   ( a i r -  

dr ied  b a s i s ) :  

The  fuel  oil   (3.42  kg)  was  warmed  to  35°C  and  the  pu lve r i s ed   c o a l  

(2.1  kg)  was  added  with  cont inuous   s t i r r i n g   to  a  vor tex  mixer.  To  t h e  

r e s u l t i n g   mixture  water  was  added  (0.48  kg)  and  f u r t h e r   mixing  was 

cont inued  u n t i l   the  mixture  a t t a i n e d   54°C.  The  r e s u l t i n g   s l u r r y  

con ta in ing   35%  wt  coal ,   8%  wt  water  and  57%  wt  fuel  oi l   was  pumped  a t  

a  rate   of  480  ml/min  giving  a  nominal  r e s idence   time  of  1.5  m i n u t e s ,  

to  a  s t i r r e d   bal l   mill  sold  under  the  name  of  Dyno  Mill  Type  KD  P i l o t  

by  Willy  Bachofen  M a s c h i n e f a b r i k , B a s l e ,   S w i t z e r l a n d .   The  mill  g r i n d i n g  

chamber,  a  h o r i z o n t a l l y   mounted  c y l i n d e r   of  volume  1.4  l i t r e s ,   c o n t a i n e d  

2  mm  s tee l   ba l l s   (nominal ly  5  kg).  The  ba l l s   were  s t i r r e d   by  a g i t a t o r  

discs  mounted  on  a  h o r i z o n t a l   sha f t   which  ran  p a r a l l e l   with  the  axis  o f  



the  c y l i n d e r .   The  sha f t   speed  was  set  at  3350  rpm  to  give  a  d i s c  

p e r i p h e r a l   speed  of  14  m/sec.  The  product   was  c o l l e c t e d   as  i t   emerged 

from  the  mi l l .   The  mean  p a r t i c l e   s ize   of  the  coal  was  5.7  micron,  a s  
measured  by  an  o p t i c a l   microscope  t e c h n i q u e .  

The  c o a l - f u e l   o i l - w a t e r   d i s p e r s i o n   showed  no  signs  of  coal  s e t t l i n g  

a f t e r   6  weeks  s to rage   at  ambient  t empera tu re .   I t   showed  no  signs  o f  

i n s t a b i l i t y   a f t e r   s t and ing   for  24  hours  at  100°C. 

For  a  comparison  a  c o a l - f u e l   oi l   d i s p e r s i o n   was  p repared   c o n t a i n i n g  

35%  wt  coal  in  fuel  oi l   in  exac t l y   the  same  g r ind ing   c o n d i t i o n s   as  above .  

This  sample  again  showed  no  signs  of  s e t t l i n g   a f t e r   6  weeks  s to rage   a t  

ambient  t empera tu re   but  showed  c o n s i d e r a b l e   i n s t a b i l i t y   a f t e r   24  h o u r s  

at  100°C  with  the  fo rmat ion   of  a  l ayer   of  s ludge.   I t   did  not  c o n t a i n  

added  water .   The  mean  p a r t i c l e   s ize   of  the  coal  was  5.1  m i c r o n .  

In  order   to  produce  a  p roduct   of  comparable  s t a b i l i t y   a  r e s i d e n c e  

time  of  approx imate ly   3.5  minutes  was  r equ i r ed   in  the  mi l l .   The  mean 

p a r t i c l e   s ize   of  the  coal  had  been  reduced  to  4.1  m i c r o n .  

This  i l l u s t r a t e s   how  the  p resence   of  water  reduces  the  g r i n d i n g  

time  and  thus  energy  r e q u i r e m e n t s .  

Example  2 

The  fuel  oi l   was  a  mixed-source   fuel   oi l   with  a  v i s c o s i t y   of  3500 

Redwood  No. 1  seconds  at  100°F  (37.8°C) .   The  coal  was  drawn  from  a 

d i f f e r e n t   batch  of  the  Durham  coal  used  in  Example  1.  The  a n a l y t i c a l  

d e t a i l s   of  the  coal  and  fuel   oi l   were  s i m i l a r   to  those  used  in  Example  1. 

Water  (0.48  kg)  was  added  to  the  fuel  oi l   (3.42  kg)  and  s t i r r e d  

b r i e f l y   with  a  high  speed  vor tex   m i x e r .   Coal  (2.1  kg)  was  then  added 

and  s t i r r e d   in.  The  r e s u l t i n g   s l u r r y   c o n t a i n i n g   35%  wt  coal ,   8%  wt  

water   and  57%  wt  fuel  oi l   was  pumped  at  a  ra te   of  440  ml/min  giving  a 

nominal  r e s i d e n c e   time  of  1.6  minutes ,   to  the  s t i r r e d   ba l l   mill   d e s c r i b e d  

in  the  p rev ious   example.  The  product   was  c o l l e c t e d   as  i t   emerged  from 

the  mill  and  was  s i m i l a r   in  p r o p e r t i e s   to  the  c o a l - o i l - w a t e r   d i s p e r s i o n  

of  Example  1.  The  mean  p a r t i c l e   size  of  the  coal  was  5.3  m ic ron .  



1.  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   s o l i d  

fue l ,   o i l   and  water  which  method  comprises  g r ind ing   the  so l id   fuel  i n  

a  medium  c o n s i s t i n g   e s s e n t i a l l y   of  a  major  p r o p o r t i o n   of  oi l   and  a  minor  

p r o p o r t i o n   of  water  in  the  absence  of  added  d i s p e r s a n t   or  e m u l s i f i e r ,   a i r  

being  excluded  during  the  g r ind ing   o p e r a t i o n , t h e   so l id   fuel  being  p r e s e n t  

in  amount  15 to  55%  by  weight  of  the  d i s p e r s i o n   and  being  ground  u n t i l   t h e  

mean  p a r t i c l e   s ize  of  the  so l id   fuel  is  reduced  to  a  value  in  the  range  1 

to  15  m i c r o n .  

2.  A  method  according   to  claim  1  wherein  the  mean  p a r t i c l e   s ize  of  the  s o l i d  

fuel  is  reduced  to  a  value  in  the  range  2  to  8  m i c r o n .  

3.  A  method  according  to  e i t h e r   of  the  p receding   claims  wherein  the  d i s p e r s i o n  

con ta in s   30  to  45%  by  weight  of  so l id   f u e l .  

4.  A  method  according  to  any  of  the  preceding   claims  wherein  the  d i s p e r s i o n  

con ta ins   1  to  15%  by  weight  of  w a t e r .  

5.  A  method  according  to  claim  4  wherein  the  d i s p e r s i o n   con ta ins   5  to  10% 

by  weight  of  w a t e r .  

6.  A  method  according  to  any  of  the  preceding  claims  wherein  the  f r i a b l e  

so l id   fuel  is  coal,   so lven t   r e f ined   coal,   coal  coke  or  petroleum  coke .  

7.  A  method  according  to  claim  6  wherein  the  f r i a b l e   so l id   fuel  i s  

b i tuminous  c o a l .  

8.  A  method  according  to  any  of  the  preceding  claims  wherein  the  so l id   f u e l  

is  preground  to  a  p a r t i c l e   size  not  g r e a t e r   than  250  micron  b e f o r e  

g r ind ing   in  the  oil   medium. 

9.  A  method  according  to  any  of  the  preceding  claims  wherein  the  oil   is  a 

petroleum  fuel  oil   f r a c t i o n   having  a  v i s c o s i t y   of  not  more  than  6000 

seconds  Redwood  No. 1  at  37 .8°C.  

10.  A  method  according  to  claim  9  wherein  the  oi l   is  a  pet roleum  fuel  o i l  

f r a c t i o n   having  a  v i s c o s i t y   of  not  more  than  3000  seconds  Redwood  N o .  1  

at  37 .8°C.  



11.  A  method  accord ing   to  any  of  the  p receding   claims  wherein  the  coal  i s  

added  to  the  o i l   p r i o r   to  mixing  with  the  w a t e r .  

12.  A  method  accord ing   to  any  of  claims  1  to  10  wherein  the  water  is  added 

to  the  o i l   p r i o r   to  mixing  with  the  c o a l .  

13.  A  method  accord ing   to  any  of  the  p reced ing   claims  wherein  g r ind ing   i s  

c a r r i e d   out  in  a  ba l l   m i l l .  
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