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@  A  composition  comprising  a  particulate  fuel  typically  pul- 
verised  coal,  carried  in  water  is  formed  such  that  it  is  readily 
able  to  be  pumpted  without  adding  emulsifiers  or  lubricants 
to  the  composition.  The  composition  typically  includes  at 
least  25%  water  and  preferably  30 to  50%  water.  The  composi- 
tion  is  pumped  to  burner  2  and  is  atomised  therein,  typically 
by  means  of  a  stream  of  oxygen  supplied  through  a  passage 
34  in  the  nozzle  6  of the  burner.  This  oxygen  is  taken  from  that 
supplied  to  passage  16  for  supporting  combustion  of  the 
particulate  fuel.  A  relatively  short  and  intense  flame  can  be 
produced  at  relatively  low  coal  concentrations  in  the  composi- 
tion  such  that  the  need  to  use  expensive  emulsifiers  etc.  is 
avoided. 



This  i n v e n t i o n   r e l a t e s   to  a  method  of  combustion  and  to  f u e l  

b u r n e r s .   It   is  p a r t i c u l a r l y   concerned  with  the  combustion  of  a 

p a r t i c u l a t e   fue l ,   p a r t i c u l a r l y   p u l v e r i s e d   coa l ,   in  an  aqueous  

c a r r i e r   medium. 

It  is  known  to  burn  p u l v e r i s e d   coal  in  an  aqueous  c a r r i e r   medium 

using  a i r   to  suppor t   combust ion  of  the  coal .   Even  if  la rge   volumes 

of  excess  a i r   are  used  it  is  found  neces sa ry   to  employ  around  75%  by 

weight   of  coal  in  the  combined  p u l v e r i s e d   c o a l - a q u e o u s   c a r r i e r  

mixture   in  order  to  ob ta in   adequate  combustion  of  the  coal  u n l e s s  

the  a i r   is  p r ehea t ed   to  a  s u b s t a n t i a l   e x t e n t .   At  such  h i g h  

c o n c e n t r a t i o n s   of  coal ,   d i f f i c u l t i e s   a r i s e   in  t r a n s p o r t i n g   the  c o a l -  

aqueous  c a r r i e r   m ix tu re   to  the  burner  and  one  or  both  of  s p e c i a l  

high  p re s su re   pumping  equipment  or  spec i a l   g r i n d i n g   e q u i p m e n t  i s  

t y p i c a l l y   r e q u i r e d .   A l t e r n a t i v e l y ,   in  order  to  f a c i l i t a t e   t r a n s p o r t , .  

of  the  coal  in  su spens ion   in  an  aqueous  c a r r i e r   var ious   a d d i t i v e s  

such  as  e m u l s i f i e r s   and  s t a b i l i s e r s   may  be  i n c o r p o r a t e d   in  t h e  

aqueous  c a r r i e r   medium.  Whichever  of  these  e x p e d i e n t s   is  r e s o r t e d  

to,   c o n s i d e r a b l e   a d d i t i o n a l   cos ts   are  e n t a i l e d .   For  example,  it  i f  

is  decided  to  p rehea t   the  a i r ,   a  large  heat  exchanger  is  t y p i c a l l y  

r e q u i r e d   to  heat  exchange  the  gaseous  p roduc t s   of  combustion  w i t h  

the  a i r .  

We  have  performed  exper iments   using  commercia l ly   pure  oxygen  r a t h e r  

than  a i r   to  support   combustion  of  pu lve r i s ed   coal  in  suspension  i n  

water .   We  have  ob ta ined   two  s u r p r i s i n g   r e s u l t s .  

F i r s t ,   we  have  managed  to  burn  a  composi t ion   compris ing  p u l v e r i s e d  

coal  of  normal  commerc ia l ly   a v a i l a b l e   p a r t i c l e   size  in  suspens ion   in  

wate r ,   said  compos i t ion   i n c l u d i n g   only  60%  by  weight   of  coal .   We 

have  t h e r e f o r e   found  it   u n - n e c e s s a r y   to  add  e m u l s i f i e r s   to  the  

compos i t ion   to  f a c i l i t a t e   pumping  of  the  compos i t ion   or  to  u s e  

s p e c i a l   high  p ressure   pumping  e q u i p m e n t .  



Second,  by  a tomis ing   the  water  we  have  been  able  to  ob ta in   a  f l a m e  

that  resembles   a  t y p i c a l   fuel  o i l - o x y g e n   flame,  i . e .   one  that   i s  

r e l a t i v e l y   shor t   and  hence  has  a  r e l a t i v e l y   i n t ense   f l a m e .  

Both  these  r e s u l t s   may  be  achieved  without   p r e h e a t i n g   the  oxygen  or 

oxygen-en r i ched   a i r .  

According  to  a  f i r s t   aspect   of  the  p r e sen t   i n v e n t i o n ,   there  i s  

provided  a  method  of  burning  a  p a r t i c u l a t e   fue l ,   which  c o m p r i s e s  

supplying  to  a  combustion  zone  and  a tomis ing   a  compos i t ion   wh ich  

comprises  50  to  70%  by  weight  of  p a r t i c u l a t e   fuel  and  30  to  50%  by  

weight  of  an  aqueous  c a r r i e r   and  which  is  able  to  be  pumped  w i t h o u t  

the  p resence   in  the  composi t ion   of  an  e m u l s i f y i n g   agent  or  l u b r i c a n t  

to  f a c i l i a t e   such  pumping,  and  also  supply ing   to  the  combust ion  zone 

s u b s t a n t i a l l y   pure  oxygen  or  o x y g e n - e n r i c h e d   air   whereby  to  s u p p o r t  
combustion  of  the  p a r t i c u l a t e   f u e l .  

We  p r e f e r   to  atomise  the  compos i t i on ,   at  l e a s t   u n t i l   a  c h o s e n  

t empera tu re   has  been  a t t a i n e d   in  an  e n c l o s u r e   being  heated  by 

burning  the  p a r t i c u l a t e   fuel   and  p r e f e r a b l y   c o n t i n u o u s l y ,   whereby  t o  

obtain   a  flame  having  a  t empera tu re   p r o f i l e   s i m i l a r   to  an  o x y g e n - o i l  

flame.  The  a t o m i s a t i o n   is  p r e f e r a b l y   c a r r i e d   out  upstream  of  t h e  

combustion  z o n e .  

The  p a r t i c u l a t e   fuel   is  p r e f e r a b l y   p u l v e r i s e d   coal .   In  t h i s  

connect ion   the  term  coal  inc ludes   w i t h i n   i t s   scope  minera l   c o a l ,  

a n t h r a c i t e   coal ,   sub-b i tuminous   coal  and  l i g n i t e .  

We  p r e f e r   not  to  p rehea t   the  oxygen  or  oxygen-enr i ched   a i r   to  any 
s u b s t a n t i a l   e x t e n t ,   i . e .   we  find  i t   u n n e c c e s a r y  t o   employ  a  h e a t  

exchanger  to  r a i s e   the  t empera tu re   of  the  oxygen or   o x y g e n - e n r i c h e d  

air  by  heat  exchange  with  the  gaseous  combustion  p r o d u c t s .  

Typ ica l ly ,   the  oxygen  or  o x y g e n - e n r i c h e d   a i r  i s   suppl ied   to  t h e  

combustion  zone  at  ambient  t e m p e r a t u r e ;  a n d   so  is  the  s a i d  

c o m p o s i t i o n .  



The  p r o p o r t i o n   of  coal  in  the -  compos i t ion   is  s e l e c t e d   such  that  t h e  

compos i t ion   is  r e a d i l y   able  to  be  pumped  without   the  presence  of  an 

e m u l s i f y i n g   or  o ther   chemical   agent  or  l u b r i c a n t   to  f a c i l i t a t e   such  

pumping.  Gene ra l ly   a  compos i t ion   i n c l u d i n g   from  5  to  65%  by  we igh t  

of  coal  and  p a r t i c u l a r l y   one  c o n t a i n i n g   about  60%  by  weight  of  c o a l  

and  a  balance  of  water  wi l l   meet  th is   c r i t e r i o n .  

The  coal   is  t y p i c a l l y   p r e s e n t   in  the  composi t ion   in  a  range  o f  

p a r t i c l e   s i z e s .   One  s u i t a b l e   b i tuminous   coal  compos i t ion   had  73.6% 

by  weight  of  i t s   p a r t i c l e s   pass ing   through  a  s ieve  of  106  m i c r o n s  

in  mesh  s ize ;   57.8%  pas s ing   through  a  sieve  of  75  microns  (200  mesh) 

in  mesh  s ize  and  40.7%  pass ing   through  a  sieve  of  40  microns  in  mesh 

s i z e .   Spiers   Techn ica l   Data  on  Fuel,   Sixth  E d i t i o n ,   1961,  p u b l i s h e d  

by  the  The  B r i t i s h   Na t iona l   Committe,  World  Power  Conference ,   201 

Grand  B u i l d i n g ,   T r a f a l g a r   Square,   London,  WC2,  1961  quotes   (at  P a g e  

300)  a  p r o p o r t i o n   of  70%  of  b i tuminous   coal  p a r t i c l e s   p a s s i n g  

through  a  sieve  of  75  microns  mesh  size  (200  mesh)  as  being  t y p i c a l  

of  a  p u l v e r i s e d   b i tuminous   coal  compos i t ion ,   i . e .   the  t y p i c a l  

compos i t ion   is  c o n s i d e r a b l y   f i ne r   than  the  one  which  is  d e s c r i b e d  

above  as  being  s u i t a b l e   for  use  in  accordance  with  the  i nven t ion   and 

which  con ta ins   less   than  60%  by  weight  of  p a r t i c l e s   pass ing   t h r o u g h  

a  75  micron  mesh  s i ze .   This  is  a  r e l a t i v e l y   coa r se ly   g round  

compos i t ion .   Such  a  range  of  p a r t i c l e   s izes  as  desc r ibed   above  can  
be  produced  in  simple  wet  g r ind ing   equipment  of  c o n v e n t i o n a l   d e s i g n  

tha t   can  be  employed  on  s i t e   with  a  burner  or  burners   used  to 

perform  the  method  accord ing   to  the  i n v e n t i o n .  

The  composi t ion   is  p r e f e r a b l y   atomised  by  i n t r o d u c i n g   an  a t o m i s i n g  

agent  into  i t .   The  a tomis ing   agent  is  p r e f e r a b l y   a  p r e s s u r i s e d   n o n -  

condens ib le   f l u i d .   Compressed  air   may  for  example  be  used  as  t he  

a tomis ing   agent  and  may  be  i n t roduced   into  the  said  c o m p o s i t i o n  

upstream  of  a  burner   employed  to  burn  the  c o m p o s i t i o n .  

A l t e r n a t i v e l y ,   s u b s t a n t i a l l y   pure  oxygen  or  oxygen-enr i ched   a i r  m a y  

be  used  as  the  a tomis ing   agent ,   a  part  of  the  oxygen  or  oxygen-  
enr iched  a i r   supp l ied   to  the  combustion  zone  being  used  for  t h i s  

p u r p o s e .  



A  burner  for  use  in  the  p r e s e n t   i nven t ion   may  be  of  r e l a t i v e l y  

simple  c o n s t r u c t i o n .   The  burner  t y p i c a l l y   has  an  outer   she l l   (which 

may  have  a  coo l ing   j a c k e t )   and  a  head  or  nozzle  loca ted   wi th in   t he  

she l l   at  or  near  i ts   o u t l e t   end.  The  head  or  nozzle  p r e f e r a b l y  

def ines   an  inner   passage  or  passages   for  the  said  compos i t ion   and  

may  def ine   s e p a r a t e   p a s s a g e ( s )   for  oxygen  or  oxygen -en r i ched   a i r ,   or 

a l t e r n a t i v e l y   may  de f ine   with  the  she l l   one  or  more  passages   f o r  

this   p u r p o s e .   The  t ip  of  the  head  or  nozzle  may  be  cop lanar   w i t h  

the  tip  of  the  she l l   or  may  be  set  ins ide   the  s h e l l .  

If  des i r ed   the  burner  may  be  provided  with  a  passage  for  an 

a u x i l i a r y   f l u i d   fuel  which  may  be  burnt  at  s t a r t - u p   of  the  burner   i n  

order  to  f a c i l i t a t e   the  c r e a t i o n   of  a  s t ab l e   f lame.  Propane  may  be 

employed  as  the  said  a u x i l i a r y   fue l .   The  passage  for  the  a u x i l i a r y  

fuel  may  be  formed  through  the  head  or  nozzle  of  the  b u r n e r .  

In  a  p r e f e r r e d   burner   the  head  or  nozzle  has  a  passage  communica t ing  

at  one  end  with  the  passage  for  oxygen  or  o x y g e n - e n r i c h e d   a i r   ( o r  

with  one  such  passage  if  more  than  one  oxygen  or  o x y g e n - e n r i c h e d   a i r  

passage  is  p rovided)   and  at  i t s   other   end  with  the  passage  for  the  

sald  compos i t i on ,   whereby  a  p r o p o r t i o n   of  the  oxygen  or  oxygen -  
enr iched  a i r   is  able  to  be  d i v e r t e d   into  the  passage  for  the  s a i d  

composi t ion   so  as  to  a tomise   i t s   water .   T y p i c a l l y ,   from  5% -  10%  by 

volume  of  the  oxygen  or  oxygen-en r i ched   air   is  so  d i v e r t e d .  

The  p r e sen t   i n v e n t i o n   also  p rov ides   a  p a r t i c u l a t e   fuel  burner   f b r  

burning  a  compos i t ion   compris ing   water  and  p a r t i c u l a t e   fue l ,   s a i d  

burner  i n c l u d i n g   a  head  or  nozzle ,   at  l e a s t   one  passage  through  t h e  

head  or  nozzle  for  said  compos i t ion ,   at  l e a s t   one  passage  f o r  

s u b s t a n t i a l l y   pure  oxygen  or  oxygen-enr i ched   a i r ,   and  an  a u x i l i a r y  

passage  a f f o r d i n g   communication  between  a  (or  the)  oxygen  p a s s a g e  
and  a  (or  the)  compos i t ion   passage  whereby  in  o p e r a t i o n   of  t h e  

burner  oxygen  or  oxygen -en r i ched   a i r   is  able  to  be  conducted  i n t o  

the  said  composi t ion   passage  so  as  to  atomise  the  said  c o m p o s i t i o n .  



The  methods  and  burner   accord ing   to  the  i n v e n t i o n   wi l l   now  be 

d e s c r i b e d   by  way  of  example  with  r e f e r e n c e   to  the  accompanying 

drawings ,   in  which :  

F igure   1  is  a  schemat ic   side  e l e v a t i o n ,   p a r t l y   in  s e c t i o n ,   of  a 

burner   accord ing   to  the  i n v e n t i o n   for  burning  a  c o m p o s i t i o n  

compr i s ing   p u l v e r i s e d   coal  and  water;   and 

F igure   2  is  an  end  view  of  the  burner   shown  in  F igure   1 .  

F igure   3  is  a  s c h e m i a t i c   diagram  i l l u s t r a t i n g   p lan t   for  forming  a 

c o a l - w a t e r   compos i t ion   for  use  in  the  p resen t   i n v e n t i o n .  

F igure   4  is  a  graph  i l l u s t r a t i n g   the  p r o f i l e   of  a  c o a l - w a t e r  

compos i t ion   flame  produced  by  the  method  accord ing   to  t h e  

i n v e n t i o n .  

The  drawings  are  not  to  s c a l e .  

R e f e r r i n g   to  the  accompanying  drawings,   a  burner  2  has  an  o u t e r  

s h e l l   4  and  an  inner  head  or  nozzle   6.  The  head  or  nozzle  6  i s  

c o a x i a l   with  the  she l l   4  and  is  in  the  form  of  a  mono l i th i c   body 

having  a  f r u c t o - c o n i c a l   innermost   p o r t i o n   8  d ive rg ing   in  t h e  

d i r e c t i o n   of  the  burner  t ip  14,  a  c e n t r a l   r ight   c y l i n d r i c a l   p o r t i o n  

10,  and  an  outermost   f r u s t o - c o n i c a l   p o r t i o n   12  converging  in  t h e  

d i r e c t i o n   of  the  burner  t ip  14.  

The  head  of  nozzle  6  and  the  she l l   4  def ine   the rebe tween   a  g e n e r a l l y  

annu la r   passage  16  for  s u b s t a n t i a l l y   pure  oxygen  or  o x y g e n - e n r i c h e d  

a i r .   The  head  or  nozzle  6  has  a  c e n t r a l   r e l a t i v e l y   u n r e s t r i c t e d  

a x i a l   passage  18  t h e r e t h r o u g h   for  a  composi t ion  of  water  and 

p u l v e r i s e d   coal.   A  condui t   20  is  rece ived   in  the  passage  18  and 

extends   between  the  head  or  nozzle   6  and  a  b a c k p l a t e   22  of  t h e  

burner   2.  The  backp la te   22  is  provided  with  connec t ing   means  24 

whereby  a  supl ly   of  c o a l - w a t e r   s l u r r y   or  composi t ion  can  be  pumpted 

by  means  not  shown  to  the  condui t   20  and  thence  the  passage  18  o f  

the  head  or  nozzle  6.  The  s h e l l   4  is  s i m i l a r l y   provided  w i t h  



connec t ing   means  26  whereby  oxygen  or  oxygen-enr i ched   air   may  be 

passed  from  o u t s i d e   the  b u r n e r  i n t o   the  i n t e r i o r   of  the  s h e l l   4  and 

thence  to  the  passage  16. 

The  head  of  nozzle   6  has  a  r e l a t i v e l y   narrow  passage  28  t h e r e t h r o u g h  

ex tend ing   p a r a l l e l   to  the  c e n t r a l   passage  18  and  r e c e i v i n g   a  c o n d u i t  

30 . fo r   the  supply  of  propane  or  other   combus t ib le   f l u i d .   The 

condui t   30  is  r ece ived   in  the  b a c k p l a t e   22  which  is  provided  with  a  

connec t ing   means  32  whereby  the  condui t   30  can  be  connected  to  a  

source  of  propane  (not  shown) .  

The  head  or  nozzle   6  also  has  an  a u x i l i a r y   passage  34  e x t e n d i n g   and 

a f f o r d i n g   communicat ion  between  the  passage  16  and  the  passage   18 

thereby  e n a b l i n g   oxygen  to  flow  from  the  passage  16  into  the  p a s s a g e  
1 8   so  as  to  a tomise   the  water  supp l i ed   to  the  passage  18  with  t h e  

p u l v e r i s e d   c o a l .  

The  head  or  nozzle   6  is  t y p i c a l l y   formed  of  copper  and  is  in  good 

h e a t - c o n d u c t i v e   r e l a t i o n s h i p   with  the  s h e l l   4.  The  head  or  nozzle   6 

has  i n t e g r a l   t h e r e w i t h   three   equa l ly   spaced  lugs  36  about  t h e  

c i r c u m f e r e n c e   of  i t s   r igh t   c y l i n d r i c a l   p o r t i o n   10  which  engage  t h e  

inner   s u r f a c e   of  the  she l l   4.  The  she l l   4  is  t y p i c a l l y   provded  w i t h  

a  j acke t   (not  shown)  through  which  a  coolan t   such  as  air   or  w a t e r  

may  be  c i r c u l a t e d   so  as  to  p revent   the  burner  2  from  becoming 

e x c e s s i v e l y   hot  during  i t s   u s e .  

The  exposed  end  of  the  head  or  nozzle   6  may  be  coplanar   with  that   of 

the  s h e l l   4,  or  the  head  or  nozzle   6  may  be  inse t   with  r e s p e c t   t o  

the  s h e l l   4 .  

The  burner   2  is  t y p i c a l l y   provided  with  means  (not  shown)  f o r  

i g n i t i n g   the  fule   at  s t a r t - u p   of  the  burner   2.  Such  means  are  w e l l  

known  in  t h e  c o m b u s t i o n   art   and  wi l l   a c c o r d i n g l y   not  be  f u r t h e r  

desc r ibed   h e r e i n .  



In  o p e r a t i o n   a  compos i t ion   compr is ing   pu lve r i s ed   coal  suspended  i n  

water  without   the  p resence   of  e m u l s i f y i n g   agents  and  the  l ike   i s  

pumped  through  the  condui t   20  to  the  passage  18,  is  a tomised  and 

passes  from  the  passage  18  in to   the  burner   flame  (not  shown) .  

Oxygen,  of  commercial  p u r i t y ,   and  at  or  neat  to  ambient  t e m p e r a t u r e  

is  passed  under  p r e s su re   into  the  she l l   4  and  flows  through  t h e  

passage  16  and  i s sues   t he r e f rom  t y p i c a l l y   but  not  n e c e s s a r i l y   a t  

s u p e r s o n i c   v e l o c i t y   and  passes   into  the  burner  flame  where  i t  

suppor t s   combustion  of  the  p u l v e r i s e d   coal .   Form  5% -  25%  by  volume 

of  the  oxygen  suppl ied   to  the  s h e l l   4  flows  through  the  passage  34 

into  the  stream  of  w a t e r - p u l v e r i s e d   coal  suspens ion   f lowing  t h r o u g h  

the  passage  18.  The  k i n e t i c   energy  of  the  oxygen  pass ing   t h r o u g h  

the  passage  34  is  s u f f i c i e n t   to  a tomise   the  water  as  m e n t i o n e d  

a b o v e .  

It  is  not  e s s e n t i a l   in  per forming   the  methods  according  to  t h e  

i n v e n t i o n   to  employ  the  oxygen  as  the  a tomis ing  medium.  One 

a l t e r n a t i v e   is  to  supply  compressed  a i r   t y p i c a l l y   at  a m b i e n t  

t e m p e r a t u r e   to  the  suspens ion   of  p u l v e r i s e d   coal  in  water  as  it  i s  

being  pumpted  to  the  burner   2.  Other  p r e s s u r i s e d   f l u i d s   that   do  no t  

condense  in  the  water  can  a l t e r n a t i v e l y   be  s u b s t i t u t e d   for  the  a i r .  

The  suspens ion   of  p u l v e r i s e d   coal  in  water  may  t y p i c a l l y   inc lude   60% 

by  weight  of  p u l v e r i s e d   coal  and  40%  by  weight  of  w a t e r .  

As  the  p a r t i c l e s   of  p u l v e r i s e d   coal  leave  the  burner  2  and  enter   t h e  

flame  they  exper ience   the  f o l l owing   sequence  of  even t s .   F i r s t ,   t h e  

heat  of  the  flame  causes  su r round ing   water  to  be  conver ted   to  s t eam.  

Second,  v o l a t i l e   subs tances   are  emi t t ed   from  the  coal  as  t h e  

t empera tu re   r i s e s   and  these  v o l a t i l e   subs tances   burn  in  the  p r e s e n c e  

of  oxygen  molecules   suppl ied   from  the  passage  16  to  the  f lame.   I t  

is  be l ieved   that  supplying  some  of  the  oxygen  through  the  passage  34 

helps  to  bring  the  oxygen  into  i n t i m a t e   contac t   with  the  p a r t i c l e s  

of  coal  and  thereby  f a c i l i t a t e   the  combustion  of  the  v o l a t i l e  

s u b s t a n c e s .   Third,  the  carbon  con ten t   of  the  coal  burns .   I n  

c o n v e n t i o n a l   combustion  of  suspens ions   of  pu lve r i sed   coal  in  w a t e r  



using  a i r   and  not  oxygen  or  oxygen -en r i ched   a i r   to  s u p p o r t  

combust ion,   the  combustion  proceeds   from  the  second  phase  of  t h e  

combustion  p rocess   (combust ion  of  v o l a t i l e   vapours  evolving  from  t h e  

coal)  to  the  t h i rd   phase  (combust ion  of  ca rbon) .   However,  when 

oxygen  i n s t ead   of  a i r   is  used  to  suppor t   combust ion,   we  h y p o t h e s i s e  

that   the  said  second  and  th i rd   phases  proceed  more  or  l e s s  

s i m u l t a n e o u s l y   r a t h e r   than  c o n s e c u t i v e l y   but  do  not  wish  to  l i m i t  

the  scope  of  the  i n v e n t i o n   in  any  way  by  th is   h y p o t h e s i s .  

As  the  p a r t i c e s   of  p u l v e r i s e d   coal  p r o g r e s s   through  the  flame  t h e i r  

t empera tu re   reaches   a  maximum  and  then  f a l l s   again  before  they  e x i t  

from  the  flame  in  the  form  of  ash  having  a  r e l a t i v e l y   small  c a r b o n  

c o n t e n t .   Indeed,   we  have  found  i t   p o s s i b l e   to  produce  an  ash  with  a 

lower  carbon  con ten t   than  has  been  achieved  when  using  air   t o  

support   the  combust ion  of  a  suspens ion   of  p u l v e r i s e d   coal  in  w a t e r .  

Moreover,  we  have  produced  a  r e l a t i v e l y   short   flame  comparable  w i t h  

that   formed  by  an  oxygen-heavy  fuel   oil   burner .   These  r e s u l t s   have  

been  ob ta ined   when  burning   a  su spens ion   c o n t a i n i n g   only  60X  by 

weight  of  p u l v e r i s e d   c o a l .  

T y p i c a l l y ,   s u b s t a n t i a l l y   a l l   the  oxygen  molecules   that   take  part   i n  

the  combustion  of  the  p u l v e r i s e d   coal  are  suppl ied   from  the  b u r n e r  

2.  The  oxygen  or  oxygen-en r i ched   air   may  t y p i c a l l y   be  suppl ied   at  a 

ra te   of  from  90X -  110X  of  that   r equ i r ed   for  complete  s t i o c h i o m e t r i c  

combustion  of  the  c o a l .  

It  is  p r e f e r r e d   to  use  s u b s t a n t i a l l y   pure  oxygen  r a t he r   than  oxygen-  
enr iched   a i r   to  burn  the  p u l v e r i s e d   coal  as  the  n i t r ogen   conten t   o f  

oxygen-en r i ched   a i r   tends  to  m i l i t a t e   aga ins t   complete  combustion  of  

the  c o a l .  

In  order  to  f a c i l i t a t e   the  o b t a i n i n g   of  a  s t ab l e   flame  at  s t a r t - u p  
of  the  burner ,   propane  may  be  supp l i ed   to  the  passage  28  via  t h e  

condui t   30.  This  supply  may,  if  d e s i r e d ,   be  stopped  once  a  f l ame  

t empera tu re   t y p i c a l l y   in  the  order  of  700°C  is  ach ieved .   This  may 
take  from  say  5  -   500  s e c o n d s .  



It  is  an  advantage  of  the  method  accord ing   to  the  i n v e n t i o n   that  a 

burner   of  r e l a t i v e l y   simple  d e s i g n ,   for  example  as  i l l u s t r a t e d   i n  

the  accompanying  drawings ,   may  be  used.  In  p a r t i c u l a r ,   the  p a s s a g e  
18  can  be  of  r e l a t i v e l y   wide  d i ame te r   such  that  b lockages   caused  by 

the  p a r t i c u l a t e   fuel  are  a v o i d e d .  

The  burner   2  may,  if  d e s i r e d ,   f i r e   into  a  cowl  having  a  r e f r a c t o r y  

inner   wall   or  into  a  quorl   forming  par t   of  a  f u r n a c e .  

It  is  not  e s s e n t i a l   to  p rovide   the  passage  28  and  a s s o c i a t e d   c o n d u i t  

30  and  connec t i ng   means  32  for  propane  in  the  burner   2.  If  d e s i r e d ,  

a  s e p a r a t e   supply  of  propane  may  be  used  to  obta in   a  s t ab l e   flame  a t  

s t a r t - u p   and  event  th i s   p r o v i s i o n   is  not  e s s e n t i a l .  

R e f e r r i n g   now  to  Figure  3  of  the  accompanying  drawings,   there  i s  

i l l u s t r a t e d   s c h e m a t i c a l l y   a  p l an t   for  making  a  c o m p o s i t i o n  

compr i s ing   p u l v e r i s e d   coal  and  w a t e r .  

A  s tock   40  of  run  of  mine  c o a l   is  screened  by  means  of  a  s c r e e n i n g  

device  42.  The  p a r t i c l e s   tha t   pass  through  the  screen  are  p a s s e d  

d i r e c t l y   in to   a  wet  g r i n d e r   44.  Those  r e t a i n e d   on  the  screen  a r e  

passed  into  a  jaw  c rusher   46  and  the  r e s u l t i n g   communicated  coal  fed  

into  the  wet  g r inde r   44.  A  pump  48  takes  a  suspens ion   of  coal  d u s t  

in  water  from  the  stock  40  and  pumps  it  to  the  wet  g r i n d e r .   I f  

d e s i r e d ,   c o l l i e r y   t a i l i n g s   or  o ther   c o l l i e r y   waste  may  be  added  t o  

th i s   s u s p e n s i o n .  

S u f f i c i e n t   water  is  fed  into  the  g r i nde r   44  to  form  a  s l u r r y   or  

compos i t ion   of  the  des i r ed   c o m p o s i t i o n .   The  r e s u l t i n g   s l u r r y   i s  

pumped  by  a  pump  50  to  a  burner   system  52  for  burning  the  s l u r ry   i n  

accordance   with  the  i n v e n t i o n .  

If  de s i r ed   a  chosen  p r o p o r t i o n   of  t he"  s lu r ry   may  be  r ecyc led   to  t h e  

suc t i on   side  of  the  pump  50  for  the  purposes  of  moni to r ing   flow  r a t e  

and  another   p r o p o r t i o n   r ecyc l ed   to  the  stock  40  for  the  purpose  o f  

e n t r a i n i n g   p a r t i c l e s   of  coal  d u s t .  



If  d e s i r e d ,   s u i t a b l e   f luxes   to  change  the  chemical  compos i t ion   o f  

the  ash  produced  by  burning  the  coal  may  be  added  to  the  s l u r r y  

upstream  or  downstream  of  the  wet  g r i n d e r .   Such  a d d i t i o n s   a r e  

desc r ibed   in  our  U.K.  pa ten t   a p p l i c a t i o n   No.  2 099  132  A. 

The  method  according  to  the  i nven t ion   wi l l   now  be  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  the  fo l lowing   example .  

EXAMPLE 

A  compos i t ion   compris ing  60X  by  weight  of  water  and  40X  by  weight  o f  

a  coarse   f r a c t i o n   of  b i tuminous  coal  p a r t i c l e s   was  formed.  The 

coarse  f r a c t i o n   had  a  range  of  p a r t i c l e   sizes  such  that   73.6%  by  

weight  passed  through  a  sieve  of  s ieve  s ize  106,  57.8%  p a s s e d  

through  a  sieve  of  sieve  size  75  and  40.7%  passed  through  a  sieve  o f  

sieve  s ize   40.  The  f ine  f r a c t i o n   had  a  range  of  p a r t i c l e   s izes   such 

that   88.7%  by  weight  passed  through  a  sieve  of  s ieve  s ize  106,  76.8% 

by  weight  passed  through  a  s ieve  of  s ieve  size  75,  and  50.7%  by 

weight  passed  through  a  sieve  of  s ieve  size  40.  The  coal  employed 

was  c l a s s i f i e d   as  b i tuminous   701  coa l ,   had  a  c a l o r i f i c   va lue   of  32 

540  KJ/kg,  a  v o l a t i l e   conten t   of  35.4%  by  weight,   an  ash  content   of  

4.6%  by  weight  and  a  mois ture   (DAF)  content   of  0.8%  by  w e i g h t .  

The  compos i t ion   was  burned  using  a  burner  g e n e r a l l y   s i m i l a r   to  t h a t  

shown  in  F igures   1  and  2  save  that   no  i n t e r n a l   passage  for  forming  a  

p i l o t   flame  such  as  the  passage  30  was  employed  and  that   no  p a s s a g e  

e q u i v a l e n t   to  the  passage  34  was  used.  I n s t ead ,   an  e x t e r n a l   p r o p a n e  

p i l o t   flame  and  air   a t o m i s a t i o n   ( i n s t e a d   of  oxygen  a t o m i s a t i o n )   were  

employed.  The  burner   was  f i r ed   into  a  flame  tunnel   0.91  m  i n  

d iameter   and  3.66  m  long.  The  burner   was  t i l t e d   downwards  at  an 

angle  of  30°  to  the  h o r i z o n t a l .   A  flame  p r o f i l e   was  ob ta ined   w i t h  

a  maximum  tunnel   wall  t empera tu re   of  1480°C  and  is  shown  in  F i g u r e  
4.  From  the  shape  of  the  p r o f i l e ,   we  deduce  that  flame  t e m p e r a t u r e s  
in  excess  of  2000°C  can  be  produced  with  a  coa l -wa te r   m i x t u r e  

c o n t a i n i n g   60%  by  weight  of  coal  of  a  r e l a t i v e l y   coarse   g r i n d i n g .  
It  is  to  be  a p p r e c i a t e d   that   the  flame  produced  was  s h o r t ,   i n t e n s e  

and  h igh ly   luminous  in  comparison  with  a i r - o i l   flames  and  a i r -  

p u l v e r i s e d   coal  flames  that  are  c h a r a c t e r i s e d   by  being  long,  l a z y  
and  l ess   l u m i n o u s .  



In  order  to  produce  the  p r o f i l e   in  F igure   4,  at  steady  s t a t e  

o p e r a t i o n ,   the  60%  by  weight  water ,   40%  by  weight  coal  c o m p o s i t i o n  

was  supp l i ed   to  the  burner  at  a  ra te   of  2.0  kg  per  minute  and 

t e m p e r a t u r e   of  15°C  commerc ia l ly   pure  oxygen  was  suppl ied   at  a 

r a te   of  2.16  cubic  metres  per  minute ,   and  a tomis ing  air   at  a  ra te   o f  

0.36  cubic  metres  per  minute.   In  order  to  obta in   i g n i t i o n   and  a 

s t a b l e   flame  a  propane  p i l o t   flame  was  employed.  I n i t i a l l y ,   t h e  

propane  was  suppl ied   at  a  ra te   such  that   the  propane  supp l ied   30  o f  

the  t o t a l   thermal   energy.   When  the  mean  wall  t empera tu re   had 

reached  53°C  a f t e r   4  minu tes ,   the  ra te   at  which  the  propane  was 

supp l i ed   was  halved  and  when  the  mean  wall   t empera tu re   had  r e a c h e d  

7300c  ( a f t e r   about  7  minutes )   the  supply  of  propane  was  s t o p p e d  

and  hence  the  p i l o t   flame  was  e x t i n g u i s h e d .  



1.  A  method  of  burning  a  p a r t i c u l a t e   fuel  which  comprises  supply ing   t o  

a   combust ion   zone  and  a tomis ing   a  composi t ion   which  comprises   50  t o  

70X  by  weight   of  p a r t i c u l a t e   fuel   and  30  to  50%  by  weight  of  an 

aqueous  c a r r i e r   and  which  is  able  to  be  pumped  wi thout   the  p r e s e n c e  
in  the  compos i t ion   of  an  e m u l s i f y i n g   agent  or  l u b r i c a n t   to  

f a c i l i t a t e   such  pumping,  and  also  supplying  to  the  combust ion  zone 

s u b s t a n t i a l l y   pure  oxygen  or  oxygen-en r i ched   air   whereby  to  s u p p o r t  

combust ion  of  the  p a r t i c u l a t e   f u e l .  

2.  A  method  as  claimed  in  claim  1,  in  which  the  c a r r i e r   is  a t o m i s e d  

ups t ream  of  the  combust ion  z o n e .  

3.  A  method  as  claimed  in  claim  1  or  claim  2,  in  which  the  oxygen  o r  

o x y g e n - e n r i c h e d   air   is  supp l i ed   to  the  combustion  zone  at  ambien t  

t e m p e r a t u r e .  

4.  A  method  as  claimed  in  any  one  of  the  p reced ing   c la ims ,   in  which  t he  

compos i t i on   is  suppl ied   to  the  combustion  zone  at  a m b i e n t  

t e m p e r a t u r e .  

5.  A method  as  claimed  in  any  one  of  the  p receding   c la ims,   in  which  t he  

p a r t i c u l a t e   fuel   is  p a r t i c u l a t e   c o a l .  

6.  A method  as  claimed  in  claim  5,  in  which  the  compos i t ion   c o m p r i s e s  

from  50  to  70%  by  weight  of  coal ,   and  a  balance  of  w a t e r .  

7.  A method  as  claimed  in  claim  6,  in  which  the  compos i t ion   compr i se s  

60%  by  weight  of  coal ,   and  a  ba lance   of  w a t e r .  

8  A method  as  claimed  in  any  one  of  the  p receding   c la ims ,   in  which  the  

compos i t i on   comprises  r e l a t i v e l y   coarse  p a r t i c l e s   of  c o a l .  

9.  A  method  as  claimed  in  claim  8,  in  which  the  coal  p a r t i c l e s   for  t h e  

compos i t i on   are  formed  by  wet  g r i n d i n g .  



10.  A  method  as  claimed  in  any  one  of  c la ims  2  to  9,  in  which  t h e  

compos i t ion   is  atomised  by  i n t r o d u c i n g   an  a tomis ing   agent  into  i t .  

11.  A  p a r t i c u l a t e   fuel   burner  for  burning  a  compos i t ion   compris ing   w a t e r  

and  p a r t i c u l a t e   fue l ,   said  burner  i n c l u d i n g   a  head  or  nozz le ,   a t  

l e a s t   one  passage  through  the  head  or  nozzle   for  said  c o m p o s i t i o n ,  

at  l e a s t   one  passage  for  s u b s t a n t i a l l y   pure  oxygen  or  oxygen-  

enr iched   a i r ,   and  an  a u x i l i a r y   passage  a f f o r d i n g   communica t ion  

between  a  (or  the)  oxygen  passage  and  a  (or  the)  compos i t ion   p a s s a g e  

whereby  on  o p e r a t i o n   of  the  burner   oxygen  or  oxygen-enr i ched   a i r   i s  

able  to  be  conducted  into  the  said  compos i t i on   passage  so  as  to  

atomise  the  said  c o m p o s i t i o n .  
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