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The  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  upgrad ing   low-grade   f u e l  

having  a  p a r t i c l e   s ize   of  l e s s   than  25  mm. 

So l id   fue l   which  c o n t a i n s   more  than  10%  by  we igh t ,   and  more  

p a r t i c u l a r l y   more  than  40%  by  weight   of  bound  and/or   unbound  w a t e r  

( h e r e i n   r e f e r r e d   to  as  low-grade   f u e l )   can  s u i t a b l y   be  s u b j e c t e d   t o  

t he rma l   upg rad ing .   This  fue l   is  d e s i g n a t e d   as  low-grade   because   i t s  

weak  or  crumbly  c o n s i s t e n c y   g ives   i t   poor  h a n d l e a b i l i t y   and  b e c a u s e  

the  c a l o r i f i c   va lue   l i e s   too  far   below  t h a t   of  normal ly   used  f u e l s  

such  as  hard  coal   or  o i l .   Examples  of  such  f ue l   are  young  coal  ( s u c h  

as  brown  c o a l ) ,   pea t ,   l i g n i t e ,   wood  and  c a r b o n - c o n t a i n i n g   w a s t e  

(such  as  c o m p o s t ) .  

Young  coa l ,   for  example,  g e n e r a l l y   c o n t a i n s   40-70%  by  weight   o f  

water  and  peat   c o n t a i n s   80-90%  by  weigh t .   The  water   in  sa id   f u e l s  

occurs   in  a  number  of  forms,   namely  as  i n h e r e n t   or  absorbed  w a t e r ,  

as  a  c o n s t i t u e n t   in  compound  o rgan ic   s u b s t a n c e s ,   as  c h e m i c a l l y   bound  

water  ( for   example  water   of  c r y s t a l l i z a t i o n )   and  as  p o t e n t i a l l y  

p r e s e n t   wa te r ,   i . e .   water   t ha t   forms  from  c h e m i c a l l y   bound  oxygen  
and  hydrogen  dur ing  upgrad ing   of  the  f u e l .  

It  is  d e s i r a b l e   to  remove  t hese   types   of  water  down  to  d e s i r e d  

p e r c e n t a g e s   and  to  s e p a r a t e   them  from  the  f u e l ,   so  as  to  r a i s e   t h e  

c a l o r i f i c   value  and  to  improve  h a n d l e a b i l i t y .   As  a  r e s u l t   of  s u c h  

t r e a t m e n t   the  fue l   becomes  l e s s   expens ive   to  t r a n s p o r t   and  i t s   com- 
b u s t i o n   p r o p e r t i e s   are  i m p r o v e d .  

There  are  v a r i o u s   ways  of  upg rad ing   low-grade   f u e l ,   the  mos t  

commonly  used  rou te   being  the rmal   u p g r a d i n g .   Examples  of  the  v a r i o u s  

p o s s i b i l i t i e s   of  a c h i e v i n g   t h e r m a l  u p g r a d i n g   i n c l u d e :  

-  The  fue l   can  be  d r i ed   ( h e a t i n g   at  a tmosphe r i c   p r e s s u r e   at  a 

t e m p e r a t u r e   below  150°C),  as  a  r e s u l t   of  which  the  i n h e r e n t  

water  and  the  absorbed   water  is  d r iven   off   and  e v a p o r a t e d .   T h i s  

r e q u i r e s   a  r e l a t i v e l y   l a rge   amount  of  e n e r g y  ( h e a t   of  e v a p o -  
r a t i o n )   and  in  most  cases  only  produces   a  p a r t i a l   r e d u c t i o n   o f  

the  water  con ten t   of  the  f u e l .   In  g e n e r a l ,   the  water  d r i v e n  



off   w i l l   in  the  course  of  time  be  r e a b s o r b e d .  

-  The  fue l   can  be  s u b j e c t e d   to  such  h e a t i n g   ( s u i t a b l y   between  150 

and  250 C)  t h a t   a  t he rmal   upgrad ing   t akes   p lace   as  a  r e s u l t   o f  

which  c h e m i c a l l y   bound  water  is  e l i m i n a t e d   from  the  fue l   and  

cannot  be  r e a b s o r b e d .   This  the rmal   upgrad ing   can  be  c a r r i e d   o u t  

under  c o n d i t i o n s   in  w h i c h  t h e   water  to  be  removed  e v a p o r a t e s  

(and  t h i s   r e q u i r e d   a d d i t i o n a l   energy,   in  the  form  of  h e a t  

e v a p o r a t i o n )   or  at  such  a  p r e s s u r e   t ha t   the  water  r e m a i n s  

l i q u i d   (so  t h a t   a  p h y s i c a l   s e p a r a t i o n   between  a  so l i d   and  a  

l i q u i d   phase  becomes  n e c e s s a r y ) .  

-  The  f ue l   can  be  s u b j e c t e d   to  a  t r e a t m e n t   under  more  d r a s t i c  

c o n d i t i o n s ,   under  which  o rgan ic   s u b s t a n c e s   such  as  a c i d s ,   s a l t s  

and  e s t e r s   are  p a r t l y   decomposed,  such  as  by  d e c a r b o x y l a t i o n  

( s e p a r a t i o n   of  carbon  d i o x i d e ) .   An  o rgan ic   subs tance   (for   e x -  

ample  R.COOH)  compr i s ing   an  o x y g e n - c o n t a i n i n g   group  (for   e x -  

ample  a  ca rboxy l   group,  i . e .   COOH)  can  s p l i t   off  carbon  d i o x i d e  

while  the  hydrogen  is  becoming  a t t a c h e d   to  the  r e m a i n i n g  

carbon  chain  (for   example:  R . C O O H @ R H   +  CO2).  This  decom- 

p o s i t i o n   occurs   at  h igher   t e m p e r a t u r e s  -   in  p a r t i c u l a r   above  
3500C -  and  is  accompanied  by  a  d r a s t i c   s t r u c t u r a l   change  o f  

the  f u e l .   C a r b o x y l a t i o n ,   for  example,  causes  fue l   to  become 

hydrophobic   i n s t e a d   of  h y d r o p h i l i c ,   s ince  the  d e c a r b o x y l a t i o n  

causes  the  po la r   o x y g e n - c o n t a i n i n g   g roups ,   which  gave  the  f u e l  

i t s   h y d r o p h i l i c   c h a r a c t e r ,   to  d i s a p p e a r .  

An  advantage   of  the rmal   upgrad ing   in  the  p re sence   of  water  ( a t  

a  p r e s s u r e   h igher   than  the  water   vapour  p r e s s u r e   at  the  s e l e c t e d  

t e m p e r a t u r e   is  t h a t   the  f o rma t ion   of  gas  from  the  fue l   ( l a r g e l y   a s  

a  r e s u l t   of  d e c a x b o x y l a t i o n )   a l r e a d y   begins   at  300°C,  whereas  u n d e r  

dry  c o n d i t i o n s   (at  a  p r e s s u r e   lower  than  the  water  vapour  p r e s s u r e  

at  the  s e l e c t e d   t e m p e r a t u r e )   the  f o r m a t i o n   of  gas  is  f a i r l y   i n s i g -  

n i f i c a n t   b e l o w  4 0 0 ° C .  

In  the  past   a  number  of  p r o p o s a l s   have  been  made  e n v i s a g i n g   an 

economica l l y   a c c e p t a b l e   u p g r a d i n g ,   and  the  App l i can t   i t s e l f   has  a l s o  

proposed   a  p rocess   of  the  type  ment ioned  in  the  preamble  (see  U.K. 

p a t e n t   s p e c i f i c a t i o n   No.  1 , 4 7 1 , 9 4 9 ) .   In  said  p r o c e s s ,   which  is  o f  

the  s l u r r y   type ,   f i n e l y   d iv ided   fue l   is  mixed  with  water  into  a  



pumpable  s l u r r y ,   and  the  s l u r r y   is  hea ted   at  high  p r e s s u r e   u n t i l  

upgrad ing   occu r s .   Bes ides   a  number  of  a d v a n t a g e s ,   sa id   s l u r r y  

p rocess   has  the  i n h e r e n t   drawback  t h a t   the  added  q u a n t i t y   of  w a t e r  

also  has  to  be  hea ted .   N e v e r t h e l e s s ,   i t   has  a t t r a c t e d   wide  i n t e r e s t  

f r o m  v a r i o u s   q u a r t e r s .  

The  p r e s e n t   i n v e n t i o n   does  not  r e l a t e   to  the  a b o v e - m e n t i o n e d  

s l u r r y   p r o c e s s ,   but  to  a  f i x e d - b e d   p roce s s   which  has  been  known  f o r  

some  time  and  in  which  the  f u e l ,   not  in  a  pumpable  s l u r r y   but  e s -  

s e n t i a l l y   wi thou t   a d d i t i o n a l   wa te r ,   is  hea ted   in  a  f i xed   bed  u n d e r  

such  c o n d i t i o n s   t h a t   the  d r i v e n - o f f   water   remains   l i q u i d .   In  t h i s  

d e s c r i p t i o n ,   f i xed   bed - type   p r o c e s s e s   i n c l u d e   a l l   p r o c e s s e s   i n  w h i c h  

a  charge  of  s o l i d   fue l   or  a  con t inuous   s t ream  of  s o l i d   f ue l   i s  

hea ted   wi thou t   the  charge  f i r s t   having  been  c o n v e r t e d   in to   a  pumpab le  

s l u r r y   in  wa te r .   Such  p r o c e s s e s   may,  for  example,   make  use  of  a  

f i x e d   bed,  a  moving  bed  or  a  f l u i d i z e d   b e d .  

An  example  of  such  a  f i x e d - b e d   p roces s   is  the  F l e i s s n e r   p r o c e s s ,  
which  e s s e n t i a l l y   compr ises   the  h e a t i n g   in  a  v e s s e l   of  a  q u a n t i t y   o f  

fue l   (see  US  p a t e n t   s p e c i f i c a t i o n   No.  1 ,632,829  and  I n d u s t r i a l   a n d  

E n g i n e e r i n g   Chemis t ry ,   December  1930  (Vol.  22,  No.  12,  pp.  1347-  

1360)) .   The  fue l   is  p r e s e n t   i n  a   f i xed   bed  and  is  hea ted   by  p a s s i n g  

s a t u r a t e d   steam  into  the  v e s s e l ,   which  steam  p a r t i a l l y   c o n d e n s e s .  

The  condensed  steam  and  the  water  o r i g i n a t i n g   from  the  fue l   p e r c o l a t e  

downwards  th rough   t h e  f i x e d   bed  and   are  d r a i n e d   off   at  the  bottom  o f  

the  v e s s e l .   Said  p roces s   is  used  on  a  c o n s i d e r a b l e   sca le   in  p r a c t i c e .  

T h e  i n v e n t i o n   r e l a t e s   to  such  a  p r o c e s s ,   in  which  on  the  one  hand  

l i q u i d   water  is  indeed  p r e s e n t   dur ing  the  h e a t i n g ,   but  on  the  o t h e r  

hand,  t h e r e   is  so  l i t t l e   water  t ha t   t h e  c h a r g e   to  be  hea ted   is  i n  

the  s o l i d   s t a t e .  

In  the  " f i x e d - b e d "   p r o c e s s e s   of  the  F l e i s s n e r   type ,   the  fue l   i n  

the  r e a c t o r   in  which  the  h e a t i n g   t akes   p lace   must  have  as  uni form  a s  

p o s s i b l e   a  p a r t i c l e   s i z e ,   which  s ize   is  s i t u a t e d   between  c e r t a i n  

l i m i t s .   The  upper  l i m i t   is  imposed  by  the  r e q u i r e m e n t   t ha t   t h e  

t h r o u g h - h e a t   time  must  be  s u f f i c i e n t l y   s h o r t ,   i . e .   t ha t   the  i n t e r i o r  

of  the  l a r g e s t   p a r t i c l e s   must  be  capable   of  being  hea ted   to  t h e  

r e q u i r e d   t e m p e r a t u r e   s u f f i c i e n t l y   f a s t   to  a r r i v e   at  an  economic  

p r c c e s s .   The  lower   l i m i t   is  impcsed  by  the  r e q u i r e m e n t   tha t   t h e  



s m a l l e s t   p a r t i c l e s   must  not  be  washed  out  of  the  bed  and  by  the  f a c t  

t ha t   the  p r o p o r t i o n   of  i n h e r e n t   mo i s tu r e   i n c r e a s e s   with  the  p e r -  

centage   of  small  fue l   p a r t i c l e s   ( d r a i n a g e   from  the  bed  d e t e r i o r a t e s ) .  

C e r t a i n   fue l s   become  a v a i l a b l e   with  too  small  a  p a r t i c l e   s i z e ,  

and  they  are  not  s u i t a b l e   for  the  F l e i s s n e r   p r o c e s s .   Other  f u e l s  

c o n t a i n   a  f r a c t i o n ,   o f t e n   c o n s i d e r a b l e ,   wi th   too  l a rge   p a r t i c l e s .  

Reduc t ion   ( for   example  by  g r i n d i n g   or  c r u s h i n g )   always  y i e l d s ,   i n  

a d d i t i o n   t o  a   usab le   f r a c t i o n ,   a  f r a c t i o n   f ines   with  too  s m a l l  

p a r t i c l e s   which,  h i t h e r t o ,   could  not  be  u t i l i z e d   in  the  f ixed   b e d -  

type  p r o c e s s .   I t   w i l l   be  c l e a r   t h a t   t hese   f i ne s   r e p r e s e n t  a   l o s s ,  

s ince   they  c o l l e c t   a  c o n s i d e r a b l y   lower  r e t u r n   than  upgraded  f u e l .  

The  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   is  to  change  t h i s   s i t u a t i o n  

and  to  p rov ide   a  f ixed   bed - type   p rocess   for  the  upgrad ing   of  f u e l  

f i n e s .  

According  to  the  i n v e n t i o n   low  grade  f ue l   f i n e s   having  a  

p a r t i c l e   s ize   of  l e s s   than  25  mm  are  upgraded  by  shaping  the  f i n e s  

in to   coheren t   bodies   and  h e a t i n g   these   bodies   at  a  t e m p e r a t u r e   o f  

150-375°C  in  the  p r e sence   of  water   at  a  p r e s s u r e   which  is  h i g h e r  

than  the  vapour  p r e s s u r e   of  water  at  the  a p p l i e d   t e m p e r a t u r e .  

It  has  been  found  t ha t   the  coheren t   bodies   do  not  lose  t h e i r  

i n i t i a l   s t r e n g t h   dur ing   t he rma l   upg rad ing   and  most ly   even  become 

c o n s i d e r a b l y   s t r o n g e r .   A  p o s s i b l e   e x p l a n a t i o n   of  t h i s   is  t ha t   d u r i n g  

the  upgrad ing   t r e a t m e n t   some  t a r   is  formed,  which  might  act  as  t h e  

b i n d e r .   Of  course ,   the  bodies   must  possess   a  c e r t a i n   minimum  " g r e e n "  

s t r e n g t h   be fo re   the rmal   u p g r a d i n g ,   in  order   tha t   they  can  be  p a s s e d  

wi thou t   d i s i n t e g r a t i n g   to  the  a p p a r a t u s   in  which  they  are  s u b j e c t e d  

to  the  t he rma l   upgrad ing   t r e a t m e n t .  

A  very  i m p o r t a n t   advantage   of  the  p roces s   accord ing   to  t h e  

i n v e n t i o n   is  t ha t   the  s e p a r a t i o n   of  the  upgraded  fue l   and  t h e  

d r i v e n - o f f   water  is  much  s imp le r   and  cheaper  and  tha t   the  u p g r a d e d  

end  p roduc t   is  o b t a i n e d   in  conven ien t   form  and  does  not  d u s t .  

In  p r a c t i c e ,   i t   has  been  found  t h a t   the  r e q u i r e m e n t   of  a  c e r t a i n  

minimum  "green"  s t r e n g t h   can  be  met  in  a  number  of  ways.  The  b o d i e s  

may,  for  example,  be  o b t a i n e d   by  e x t r u d i n g ,   by  b r i q u e t t i n g ,   by  

p r e s s i n g   ( t a b l e t   making)  and  by  compact ion  ( r amming l .  



A  very  a t t r a c t i v e   method  in  which  the  shaping  of  the  bodies   c a n  

be  combined  w i t h  t h e i r   supply  t o  t h e   space  in  w h i c h  t h e   u p g r a d i n g  

t r e a t m e n t   takes   p l a c e ,   c o n s i s t s   of  supp ly ing   the  f i ne s   to  the  u p -  

g rad ing   space  via  an  e x t r u s i o n   p ress   or  v ia   a  s o l i d s   pump  for  o v e r -  

coming  high  p r e s s u r e .  

The  p r e s s u r e   which  is  a p p l i e d   for  the  purpose   of  shaping  t h e  

bodies   depends  i n t e r   a l i a   on  the  type  of  f u e l ,   but  i t   is  u s u a l l y  

between  0.1  and  25  kN/cm2  and  p r e f e r a b l y   between  1  and 15  kN/cm2. 

Al though  the  a p p l i c a t i o n   of  a  h igher   p r e s s u r e   w i l l   be  c o r r e s -  

pond ing ly   more  e x p e n s i v e ,   i t   o f t en   y i e l d s   the  advantage   of  a  g r e a t e r  

s t r e n g t h   and  p o s s i b l y   p a r t i a l   d e w a t e r i n g   when  the  bodies   are  s h a p e d .  

According  to  the  i n v e n t i o n ,   i t   is  p r e f e r r e d   to  shape  b o d i e s  

having  a  l a r g e s t   d imension  between  10  and  150  mm.  On  the  one  h a n d ,  

such  bodies   give  a  s u f f i c i e n t l y   r ap id   upgrad ing   and,  on  the  o t h e r ,  

they  p r e s e n t   no  problem  when  s e p a r a t i n g   the  formed  water   from  t h e  

bod i e s .   I t   is  p r e f e r r e d   t ha t   dur ing   the  h e a t i n g   of  the  bodies   no 

f i ne s   are  p r e s e n t   having  a  p a r t i c l e   s ize   of  l e s s   than  5  mm and 

p r e f e r a b l y   l e s s   than  10  mm. 

In  t h i s   c o n n e c t i o n   i t   is  noted  t h a t   i t   w i l l   be  c l e a r   tha t   i n  

a l l   cases  the  bodies   w i l l   be  l a r g e r   than  the  p a r t i c l e s   of  which  t h e y  

are  composed,  so  t h a t   the  lower  l i m i t   of  10  mm  only  a p p l i e s   t o  

bodies   made  of  p a r t i c l e s   having  a  sma l l e r   s i z e .  

If  the  "green"  s t r e n g t h   of  the  bodies   is  not  s a t i s f a c t o r y ,  

a cco rd ing   to  the  i n v e n t i o n   a  b inde r   can  be  added  to  the  f i ne s   b e f o r e  

the  bodies   are  shaped.  Examples  of  such  b i n d e r s   are  b i tumen,   r e s i d u a l  

pe t ro l eum  f r a c t i o n s ,   and  coal   t a r .  

A  p r i n c i p l e   known  per  se  can  be  a d v a n t a g e o u s l y   a p p l i e d   to  t h e  

p r e s e n t   i n v e n t i o n ,   namely  t h a t   a f t e r   the  h e a t i n g   of  the  bodies   and  

removal  of  the  l i q u i d   wate r ,   the  p r e s s u r e   in  the  upg rad ing   space  i s  

reduced   and/or   the  t e m p e r a t u r e   i s  r a i s e d   so  t h a t   steam  forms,  t h e r e b y  

promot ing  the  d e c a r b o x y l a t i o n   and  f a c i l i t a t i n g   the  s e p a r a t i o n   o f  

fue l   and  water .   D u r i n g  t h i s   second  h e a t i n g   pe r iod   under  the  c h a n g e d  

c o n d i t i o n s ,   the  upgrad ing   t r e a t m e n t   is  c o n t i n u e d .  

The  i n v e n t i o n   w i l l   now  be  e l u c i d a t e d   wi th   r e f e r e n c e   to  two 

s p e c i f i c   examples  of  a  p rocess   a cco rd ing   to  the  i n v e n t i o n .  



EXAMPLE 1 

A  q u a n t i t y   of  V i c t o r i a   brown  coal  (an  A u s t r a l i a n   brown  c o a l  

having  a  water  con ten t   of  53.9%  by  weight  and  a  c a l o r i f i c   value  o f  

3078  c a l / g )   was  compacted  at  a  p r e s s u r e   of  5.0  kN/cm2  to  fo rm 

c u s h i o n - s h a p e d   t a b l e t s   haying  a  l a r g e s t   d i amete r   of  11.4  mm. 

A  q u a n t i t y   of  553.8  g  of  t a b l e t s   was  hea ted   at  a  t e m p e r a t u r e   o f  
250°C  for  60  minutes   at  a  p r e s s u r e   of  45  bar ;   dur ing  h e a t i n g   t h e  

t a b l e t s   remained  in  con t ac t   wi th   the  s e p a r a t i n g   wa te r ,   which  r e m a i n e d  

l i q u i d   ( the  water  vapour  p r e s s u r e   at  250°C  is  approx.   40  b a r ) .   The 

formed  water   was  s u b s e q u e n t l y   d r a ined   o f f .  

Next  the  t a b l e t s   were  hea ted   for  60  minutes   at  360°C  at  a  

p r e s s u r e   of  40  bar ,   dur ing   which  t r e a t m e n t   a l l   the  p r e s e n t   water  and  

a l l   the  forming  s e p a r a t i n g   water  was  in  the  vapour  s t a t e   (the  w a t e r  

vapour  p r e s s u r e   at  360°C  is  approx.   190  b a r ) .  

During  both   t r e a t m e n t s   the  t a b l e t s   remained  i n t a c t ,   but  c o n -  
s i d e r a b l e   c r imping   o c c u r r e d :   a f t e r   the  t r e a t m e n t   the  t a b l e t s   were  

reduced  to  only  37%  of  t h e i r   o r i g i n a l   volumes  ( the  l a r g e s t   t a b l e t  

d imension  was  now  8.2  mm) .  

U p g r a d i n g   may  t h e r e f o r e   be  sa id   to  have  taken  place  with  r e g a r d  

to  t r a n s p o r t a b i l i t y   ( the  fue l   t akes   up  c o n s i d e r a b l y   l ess   space) .   The 

produc t   has  a lso  been  upgraded  with  r ega rd   to  i t s   combust ion  p r o p e r -  

t i e s ,   s ince  the  c a l o r i f i c   va lue   of  the  fue l   a f t e r   the  t r e a t m e n t   was 

7600  c a l / g   ( w h i c h  i s   more  than  double  the  o r i g i n a l   v a l u e ) .  

T h e  f o l l o w i n g   mass  ba lance   can  be  given  for  t h i s   e x p e r i m e n t :  

The  t a b l e t s   o r i g i n a l l y   c o n s i s t e d   of  256  g  dry  coal  and  2 9 8  g  

water .   Af te r   comple t ion   of  the  t r e a t m e n t   t h e r e   remained  207.3  g  o f  

end  p r o d u c t ,   17.75  1  of  gas  was  formed  ( p r i n c i p a l l y   C O 2 ) -   w h i c h  

co r r e sponds   to  a  consumption  of  approx.   35  g  =  13.5%  of  the  dry  c o a l  

of  the  s t a r t i n g   p r o d u c t ,   and  approx.   5.5%  of  the  dry  ceal   of  t h e  

s t a r t i n g   p roduc t   was  conve r t ed   into  t a r .   The  end  product   t h e r e f o r e  

c o n t a i n e d   19%  by  weight  of  dry  coal   l e s s   than  the  s t a r t i n g   p r o d u c t .  

From  t h i s   mass  ba lance   the  f o l l o w i n g   energy  ba lance   can  be  

c a l c u l a t e d :  

The  s t a r t i n g   p r o d u c t ,   namely  553.3  g ,  h a d   a  c a l o r i f i c   c a p a c i t y  

of  5 5 3 . 8 x   3078  cal  =  1705  k c a l .  



The  end  p r o d u c t ,   namely  207.3  g,  had  a  c a l o r i f i c   c a p a c i t y   o f  

207 .3  x   7600  cal   =  1575  k c a l .  

The  end  p roduc t   t h e r e f o r e   s t i l l   r e p r e s e n t e d   92.1% of   the  c a l o -  

r i f i c   c a p a c i t y   of  the  s t a r t i n g   p r o d u c t ,   c o n c e n t r a t e d   in to   37%  of  t h e  

o r i g i n a l   volume  and  in to   37.4%  of  the  o r i g i n a l   weight .   Upgrading  may 

t h e r e f o r e   most  c e r t a i n l y   be  sa id   to  have  taken   p l a c e .  

The  water  con ten t   of  the  t r e a t e d   t a b l e t s   was  approx.   1%  b y  

w e i g h t .  

In  order   to  ob t a in   an  idea  of  the  s t r e n g t h   of  the  t a b l e t s   i n  

the  v a r i o u s   s t a g e s ,   the  loads  at  which  the  t a b l e t s   began  to  b u r s t  

under  a  p ress   were  d e t e r m i n e d :  

-  the  "green"  s t r e n g t h   of  the  u n t r e a t e d   t a b l e t s   was  4.0  N; 

-  the  s t r e n g t h   of  the  t a b l e t s   a f t e r   the  t r e a t m e n t   at  250°C  was 

7.5  N;  and  

-  the  s t r e n g t h   of  the  t a b l e t s   a f t e r   t r e a t m e n t   at  360°C  was  29.8  N. 

This  d e m o n s t r a t e s   c l e a r l y   t h a t   the  s t r e n g t h   of  the  t a b l e t s  

i n c r e a s e s   as  a  r e s u l t   of  the  upgrad ing   t r e a t m e n t ,   which  can  be  a  

g rea t   advantage   in  subsequent   p r o c e s s i n g .   I n c i d e n t a l l y ,   the  s t r e n g t h  

of  lumps  of  the  same  brown  coal   ( u n t r e a t e d )   was  4.2  N. 

In  order   to  ob t a in   an  idea  of  t h e  d u s t i n g   p r o p e r t i e s   of  t h e  

t r e a t e d   brown  coa l ,   the  t a b l e t s   were  s u b j e c t e d   to  a  drop  s h a t t e r  

t e s t   (modi f i ed   ASTM  D  440).  In  t h i s ,   the  e lements   to  be  t e s t e d   a r e  

dropped  a  number  of  t imes  in  a  c o n d i t i o n e d   manner  and  a f t e r   t h e  t e s t  

the  weight   p e r c e n t a g e   of  the  f r a c t i o n   of  small  p a r t i c l e s   in  t h e  

r e s i d u e s   is  a n a l y s e d :  

-  of  t a b l e t s   hea ted   only  to  250°C,  33.0%  by  weight  s h a t t e r e d   i n t o  

p a r t i c l e s   sma l l e r   than  2  m m :  .  

-  of  t a b l e t s   a d d i t i o n a l l y   hea ted   at  360°C,  only  6.3%  by  w e i g h t  

s h a t t e r e d   into  p a r t i c l e s   sma l l e r   than  2  mm,  and  

-  of  lumps  of  brown  coal  of  comparable  d imensions   which  had  b e e n  

t h e r m a l l y   d r i e d ,   84.0%  by  weight  s h a t t e r e d   in to   p a r t i c l e s  

smal le r   than  2  mm. 

This  shows  c l e a r l y   tha t   upgrad ing   may  a l so   be  said  to  h a v e  

taken  p lace   with  r ega rd   to  the  d u s t i n g   p r o p e r t i e s   and  h a n d l e a b i l i t y .  



EXAMPLE 2 

A  q u a n t i t y   of  Morwell  brown  coal  (an  A u s t r a l i a n   brown  c o a l  

having  a  water  con ten t   of  61.2%  by  weight  and  a  c a l o r i f i c   value  o f  

2600  c a l / g l   was  compacted  at  a  p r e s s u r e   of  5.0  kN/cm2  to  form  u n i f o r m  

t a b l e t s   ( the  same  d imensions   as  in  Example  1).  The  t a b l e t s   were  t h e n  

hea ted   at  340°C  at  a  p r e s s u r e   of  156  bar  for  1  minute  (the  v a p o u r  

p r e s s u r e   of  water  at  340°C  is  approx.   149  bar)   in  the  p resence   o f  

some  i n h e r e n t   m o i s t u r e .  

During  t h i s   t r e a t m e n t   t h e r e   was  a  c r imping  of  40%  and  a p p r o x .  
12%  of  the  dry  coal  was  l o s t   dur ing   the  t r e a t m e n t .  

The  end  p roduc t   had  a  water   con ten t   of  34.6%  by  weight  and  a  

c a l o r i f i c   value  of  4960  c a l / g .  

Here  aga in ,   upgrad ing   may  t h e r e f o r e   be  said  to  have  t a k e n  

p l a c e ,   s ince  the  volume  was  dec rea sed   by  40%  and  the  c a l o r i f i c   v a l u e  

was  more  than  d o u b l e d .  

I n c i d e n t a l l y ,   the  water  con ten t   of  the  brown  coal  is  s t i l l  

c o n s i d e r a b l e   and  capab le   o f  f u r t h e r   improvemen t .  

In  a  drop  s h a t t e r   t e s t ,   1.9%  by  weight  of  the  upgraded  t a b l e t s  

s h a t t e r e d   in to   a  f r a c t i o n   smal l e r   than  1.18  mm,  while  of  u p g r a d e d  

brown  coal  lumps  ( p a r t i c l e   s ize   7 .5-12   mm)  a  q u a n t i t y   of  6.9%  by  

weight  s h a t t e r e d   into  a  f r a c t i o n   smal le r   than  1.18  mm. 

This  shows  t ha t   even  an  upgrad ing   t r e a t m e n t   of  shor t   d u r a t i o n  

produces   s t rong   t a b l e t s   and  a  r e d u c t i o n   in  water  c o n t e n t .  



1.  A  p rocess   for  upg rad ing   low-grade   fue l   f i n e s   having  a  p a r t i c l e  

s ize  of  l e s s   than  25  mm  compr i s ing   shaping  the  f ines   in to   c o h e r e n t  

bodies   and  h e a t i n g   t hese   bodies   at  a  t e m p e r a t u r e   o f  150-375°C  i n  

the  p r e sence   of  water   at  a  p r e s s u r e   which  is  h ighe r   than  the  v a p o u r  

p r e s s u r e   of  water  at  the  a p p l i e d   t e m p e r a t u r e .  

2.  A  p r o c e s s  a s   c la imed  in  claim  1,  in  which  the  bodies   a r e  

o b t a i n e d   by  e x t r u d i n g ,   b r i q u e t t i n g ,   p r e s s i n g   or  c o m p a c t i n g .  

3.  A  p rocess   as  c la imed  in  claim  1  or  2,  in  which  the  bodies   a r e  

shaped  at  a  p r e s s u r e   of  0 .1-25  kN/cm2  and  p r e f e r a b l y   at  a  p r e s s u r e  
of  1-15  kN/cm2. 

4.  A  p roces s   as  c la imed  in  any one  of  claims  1-3,  in  which  b o d i e s  

are  shaped  having  a  l a r g e s t   d imension   between  10  and  150  mm. 

5.  A  p rocess   as  c laimed  in  any one  of  claims  1-4,  in  which  a  

b inde r   is  added  to  the  f i n e s   be fo re   the  bodies   are  s h a p e d .  
6.  A  p rocess   as  c la imed  in  any one  of  c laims  1-5,  in  which  d u r i n g  

the  h e a t i n g   of  the  bodies   no  f i ne s   are  p r e s e n t   having  a  p a r t i c l e  

s ize   of  l e s s   than  5  mm  and  p r e f e r a b l y   l e s s   than  10  mm. 

7.  Fuel  when  o b t a i n e d   by  a  p roce s s   as  c la imed  in  any one  of  c l a i m s  

1 - 6 .  




	bibliography
	description
	claims
	search report

