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@  process  for  preparation  of  stable  coal-water  mixtures. 

A  specific  type  of  wet  grinding  of  coal  utilizing  the  total 
quantity  of  water  needed  for  the  final  mixture,  plus  appro- 
priate  additives,  furnishes  a  very  stable  product  that  is  es- 
pecially  suitable  for  use  as  fuel. 



The  present  invention  r e l a t es   to  a  process  for  the  preparat ion  o f  

stable  coal-water   mixtures.   More  prec ise ly   it  r e l a t e s   to  the  produc 

tion  of  coal-water  mixtures  with  a  high  coal  content,  sui table   f o r  

use  as  a  subs t i tu t e   for  fuel  oil  or  meta l lu rg ica l   coke  (e.g.  i n  

blast   f u r n a c e s ) .  

The  increase  in  the  price  of  oil,   only  s l igh t ly   mit igated  by  the  

recent  small  reduct ions,   as  well  as  the  prospects   of  p o s s i b l e  

scarc i ty   of  this   raw  mater ial   on  the  markets,  have  given  a  spur  to  

the  search  for  oil  subs t i t u t e s ,   or  at  least   greater   o  i  1   sav ings .  

For  these  reasons,  major  f u e l - o i l   consuming  sectors  such  as  e l e c t r i  

city  generat ing  a u t h o r i t i e s   and  the  iron  and  steel  industry  a re  

act ively  engaged  in  seeking  a l t e rna t ive   and  fue l - sav ing   s o l u t i o n s .  

As a  resu l t ,   o i l -water ,   coa l -o i l ,   coal-water  and  c o a l - o i l - w a t e r  

mixtures  have  been  proposed.  

In  pa r t i cu l a r ,   coal  is  coming  to  play  an  ever  more  important  r o l e  

for  use  as  aux i l i a ry   fuel  in jected  into  the  b las t   furnace  via  the 

t u y e r e s .  

Among  the  various  solut ions  one  of  the  most  promising  for  r e p l a c i n g  

fuel  oil,   e spec ia l ly   for  maintaining  r egu la r i ty   of  b l a s t - f u r n a c e  

operation  and  reducing  production  costs,  is  the  use  of  c o a l - w a t e r  

mixes  with  a  high  coal  c o n t e n t .  

In  this  regard  it  has  been  found  that  mixtures  containing  from  70  t o  

80%  coal  are  of  special   i n t e r e s t ,   both  from  the  fuel  consumption 

and  b las t - fu rnace   operat ing  qual i ty   aspects.   However,  some  p r a c t i c a l  

d i f f i c u l t i e s   are  encountered  with  mixtures  of  this   kind,  mainly 



concerning  pumping  and  phase  separat ion,   with  sett lement  of  the  

coal  on  the  bottom  of  the  storage  t a n k s .  

This  invention  proposes  to  el iminate  these  d i f f i c u l t i e s   by  p rov id -  

ing  a  simple,  cheap  process  for  preparing  coal-water  mixture  wi th  

a  coal  content  of  70  to  80%  which  is  easy  to  pump  and  is  s t a b l e  

t imewise .  

According  to  this   invention,  coal  p referab ly   f iner   than  3  mm  i n  

size,  is  fed  into  a  mill  together   with  the  quanti ty  of  water  d e s i r  

ed  in  the  f ina l   mixture.  Typically  70-80%  (by  weight)  of  coal  i s  

added  to  20-30%  of  water.  At  this   stage  between  0,05  and 2%  (by 

weight)  of  known  f l u i d i z i n g   agents  such  as  humic  acid  based  compounds 

or  the i r   der iva tes   or  l ignin   sulphonates  are  added. 

Grinding  must  r e su l t   in  a coal-water  mixture  where  the  harmonic  mean 

diameter  of  the  coal  p a r t i c l e s   is  around  50µm.  It  is  also  neces sa -  

ry  that  at  l eas t   60%  and  preferab ly   at  least   70%  of  the  coal  should 

be  f iner   than  74µm,  while  less  than  10%  should  be  coarser  than 

250  µm. 

In  the  experiments  car r ied   out,  it  has  been  found  useful  to  perform 

the  grinding  in  two  stages  in  a  disc  mi l l .   While  the  f ina l   g rad ing  

must  be  as  indicated  above,  the  f i r s t   stage  of  grinding  must  provide  

a  mixture  in  which  the  harmonic  mean  diameter  of  the  coal  p a r t i c l e s  

is  around  60  µm,  at  l eas t   50%  of  the  coal  being  f iner   than  74 µm, 

and  less   than  20%  coarser   than  250  µm. 

Of  course,  the  type  of  mill  is  not  binding  according  to  the  inven-  

t ion.   Typically  a  mixture  produced  in  th is   manner  containing  73% 

(by  weight)  of  coal  having  a  mean  diameter  of  54 µ m,  has an  apparent  



viscos i ty   of  about  300  cP  (Brookfield  at  30  rpm). 

This  mixture  is  extremely  s table .   After  45  days  the  suspension  i s  

s t i l l   of  excel lent   qual i ty ,   is  readly  pumpable  and  has  a  v i r t u a l l y  

negl ig ib le   ve r t i ca l   concentrat ion  g r a d i e n t .  

It  is  important  to  note  that  the  addition  of  f l u i d i z i n g   agents  has  

a  very  marked  ef fec t ,   espec ia l ly   on  the  v i scos i ty   of  the  suspension.  

However,  depending  on  the  pa r t i c l e   size  and  the  to ta l   quanti ty  of 

coal,  maximum  e f f ic iency   is  a t ta ined  with  a  given  quantity  of  f l u i d  

izing  agent,  beyond  which  the  v i scos i ty   may  rise  even  markedly.  In 

our  experiments  it  has  been  seen  that  the  maximum  ef f ic iency   i s  

a t ta ined   for  addi t ions  of  between  0,3  and  1,3%. 

The  present  invention  will  now  be  i l l u s t r a t e d   in  r e la t ion   to  a  s e r i e s  

of  p r ac t i ca l   experiments  performed  on  a  medium-high  v o l a t i l e s   American 

coal  commonly  used  in . i ron   and  steel  making,  having  the  fo l lowing  

c h a r a c t e r i s t i c s :   v o l a t i l e   matter  30,8%,  fixed  carbon  64,2%,  ash  5% 

(the  percentages  are  ca lcula ted   on  a  dry-weight  b a s i s ) .  

The  minus  3  mm  coal  was  wet  ground  in  a  disc  mill,  as  described  above, 

feeding  to  the  f i r s t   mill  the  coal,  water  and  additive  in  the  

quan t i t i e s   desired  for  the  f ina l   suspension.  

A  mixture  of  ac t iva ted   sal ts   of  humic  acid  and  phosphates  was  added 

at  a  fixed  rate  of  0, 5%. 

The  r e su l t s   obtained  are  reported  in  the  following  t a b l e :  





The  s ta t ic   s t a b i l i t y   of  the  mixtures  over  the  course  of  time  i s  

indicated  by  the  va r ia t ion   in  the  number  of  seconds  required  f o r  

a  20  g  rod  3  mm  in  diameter  to  penetrate  under  i ts   own  weight 

through  a  180  mm  depth  of  mixture  stored  in  the  undisturbed  s t a t e .  

In  the  f i r s t   t h r e e  t e s t s   the  coal  had  all  se t t l ed   out  af ter   one 

week,  so  pene t ra t ion   of  the  rod  was  stopped  by  the  coal  l a y e r .  

The  assessment  was  made  as  object ively   as  possible ,   beirgbased  on 

the  ra t io   of  the  penet ra t ion   time  af ter   five  weeks  compared  wi th  

that  when  the  mixture  had  just  been  made  up  (zero  weeks).  With  a  

ra t io   of  less  than  4  the  s t a b i l i t y   of  the  mixture  was  cons ide red  

very  good,  while  if  it  was  between  4  and  10  it  was  classed  as  good. 

Of  course,  v i scos i ty   also  has  a  bearing  on  the  assessment,  s t a b l e  

mixtures  with  a  v i scos i ty   of  less  than  about  500  cP  being  c l a s s e d  

as  good.  This  is  why  Test  4  was  considered  to  be  only  s a t i s f a c t o r y ,  

because  although  i t s   s t a b i l i t y   was  good  i ts   v i scos i ty   was  1400  cP. 

As  is  evident  from  the  Table,  as  soon  as  more  than  60%  of  the  coa l  

is  f iner   than  74  µm,  t ime-stable   mixtures  with  good  v i s c o s i t i e s   a re  

obtained.  Of  course,  if  mixtures  with  very  high  s t a b i l i t y   are  n o t  

needed,  because  they  are  to  be  used  immediately  af ter   being  p r e p a r  

ed,  then  it  is  not  necessary  to  grind  the  coal  any  f i n e r  t h a n   50% 

minus  74  µm.  In  this   descr ip t ion  the  average  diameter  of  the  

p a r t i c l e s   is  ca lcu la ted   as  the  harmonic  and  not  the  a r i t h m e t i c  

mean. 

The  mixtures  thus  prepared  are  suitable  for  subs t i t u t i ng   fuel  o i l  

and  similar  petroleum  der iva t ives   in  appl ica t ions   such  as,  f o r  

instance,   fuel  in  t he rma l -e l ec t r i c   power  s ta t ions   or  as  a u x i l i a r y  



fuel  for  i n j ec t ion   into  b las t   furnaces  via  the  tuyeres.   The  mix tures  

appear  to  be  very  i n t e r e s t i n g   for  the  l a t t e r   appl icat ion,   not  only 

from  the  economic  point  of  view  but  also  because  they  permit  p a r t -  

i cu l a r ly   uniform,  e f f i c i e n t   b las t - fu rnace   ope ra t i on .  



1.  Process  for  the  prepara t ion   of  stable  coal-water  mixtures  s u i t -  

able  for  use  as  fuel,   in  which  there  is  between  70%  and  80% 

coal  (by  weight),  charac te r ized   by  the  fact  that  the  coal  i s  

ground  together   with  the  water  in  the  proport ions   desired  f o r  

the  f ina l   mixture,  plus  a  small  quanti ty  of  known  f l u i d i z i n g  

agents  amounting  to  between  0,05  and 2%  (by  weight),  the  g r i nd  

ing  being  car r ied   to  the  point  where  at  least   50%  of  the  coa l  

is  f iner   than  74  µm. 

2.  Process  as  per  Claim  1,  charac te r ized   by  the  fact  that  the  g r i nd  

ing  is  performed  in  two  stages,  during  the  f i r s t   of  which  the  

coal  is  fed  together   with  the  water  and  the  addi t ives   in  the  

propor t ions   desired  for  the  f ina l   mixture,  thus  obtaining  a  

mixture  in  which  at  least   50%  of  the  coal  is  f iner   than  74  µm, 
and  less  than  20%  is  coarser   than  250  µm. 

3.  Process  as  per  Claim  2,  charac ter ized   by  the  fact  that  the  coa l  

feed  is  f iner   than  3  mm. 

4.  Process  as  per  Claim  2,  charac ter ized   by  the  fact  that  a f ter   the  

aforesaid   grinding  the  coal  p a r t i c l e s   have  a  harmonic  mean  d i a -  

meter  of  around  60  µm. 

5.  Process  as  per  Claim  1,  charac te r ized   by  the  fact  that  a f ter   the  

second  grinding  at  least   70%  of  the  coal  has  a  pa r t i c l e   size  o f  

less  than  74  µm. 
6.  Process  as  per  Claim  5,  charac te r ized   by  the  fact  that  af ter   the  

second  grinding  the  coal  p a r t i c l e s   have  a  harmonic  mean  d iameter  

of  around  50  µm. 
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