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@  Waste  gas  circulation  method  and  system  for  sintering  apparatus. 

  Herein  disclosed  are  a  waste  gas  circulation  method  and 
system  for  conducting  the  same.  These  method  and  system 
are  appropriate  for  effectively  recovering  waste  heat  from  an 
on-strand  type  sintering  apparatus  (20)  which  has  its  sintering 
and  cooling  zones  extending  continuously  along  a  horizontal 
strand.  The  hottest  waste  gases  coming  from  the  final  stage  of 
the  sintering  zone  and  the  front  stage  of  the  cooling  zone  (163) 
are  subjected  to  heat  recovery,  and  sulfur  oxides  in  the  hottest 
gases  are  prevented  from  condensing  on  the  water  pipe  or 
pipes  of  a  waste-heat  boiler  (25)  by  preheating  the  water  with 
the  still  hot  waste  gases  coming  from  the  downstream  half  of 
the  cooling  zone  (164).  Thus,  it  is  possible  to  conduct  the  ore 
sintering  operation  of  regenerative  type  while  assuring  that  the 
boiler  components  in  those  heat  exchanging  operations  will 
not  be  corroded  by  the  waste  gases. 



BACKGROND  OF  THE  INVENTION 

F i e l d   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  an  o n -  

s t r a n d   type  s i n t e r i n g   a p p a r a t u s   hav ing   a  s i n t e r i n g   z o n e  

and  a  c o o l i n g   zone  e x t e n d i n g   a long   a  h o r i z o n t a l   s t r a n d  

and,  more  p a r t i c u l a r l y ,   to  both  a  was te   gas  c i r c u l a t i o n  

method  and  a  was te   gas  c i r c u l a t i o n   sys t em  for  h e a t  

r e c o v e r y   of  the  o n - s t r a n d   type  s i n t e r i n g   a p p a r a t u s .  

D e s c r i p t i o n   of  the  P r i o r   A r t  

In  the  p r i o r   a r t ,   t h e r e   have  been  p r o p o s e d   a  

v a r i e t y   of  w a s t e - h e a t   r e c o v e r i n g   methods   for  a 

s i n t e r i n g   a p p a r a t u s ,   a l l   of  which  have  not  s u c c e e d e d   i n  

p r o v i d i n g   an  e f f i c i e n t   one.  In  o t h e r   words ,   t h e  

methods   thus   far   p r o p o s e d   have  f a i l e d   to  reach   t h e  

l e v e l   of  the  s o - c a l l e d   " e n e r g y   g e n e r a t i n g   p r o c e s s "   i n  

which  such  e n e r g y   is  g e n e r a t e d   as  can  s u f f i c i e n t l y  

cover   t h a t   to  be  consumed  for  d r i v i n g   the  s i n t e r i n g  

a p p a r a t u s   i t s e l f .  

The  s i n t e r i n g   a p p a r a t u s   e x i s t i n g   in  the  a r t   i s  

g e n e r a l l y   d i v i d e d   i n t o   two  t y p e s ,   namely ,   a  s e p a r a t e  

t y p e ,   in  which  a  s i n t e r i n g   mach ine   and  a  c o o l i n g  

machine   are  so  s e p a r a t e l y   a r r a n g e d   t h a t   the  s i n t e r e d  

ore  p r o d u c t   d i s c h a r g e d   from  the  former   is  i n t r o d u c e d  



i n t o   and  c o o l e d   by  the  l a t t e r   a f t e r   i t   has  b e e n  

c r u s h e d ,   and  an  o n - s t r a n d   type  in  which  a  s i n t e r i n g  

zone  and  a  c o o l i n g   zone  i m m e d i a t e l y   f o l l o w i n g   t h e  

fo rmer   zone  are  formed  to  ex t end   a long   a  h o r i z o n t a l  

s t r a n d .  

In  the  s e p a r a t e   type  s i n t e r i n g   a p p a r a t u s ,   h e a t  

r a d i a t i o n   t a k e s   p l a c e   whi le   the  s i n t e r e d   ore  p r o d u c t ,  

which  i s  s t i l l   ho t ,   is  be ing   c r u s h e d ,   and  p a l l e t s   o f  

the  s i n t e r i n g   m a c h i n e ,   which  have  conveyed   both  t h e  

c h a r g e   m i x t u r e   of  o r e ,   s o l i d   f ue l   and  f lux   to  be  

s i n t e r e d   and  the  s i n t e r e d   ore  p r o d u c t ,   are  r e t u r n e d  

back  in  a  s t i l l   hot  s t a t e   to  r e c e i v e   a  f r e s h   c h a r g e  

m i x t u r e   wh i l e   a l l o w i n g   i t s   h e a t   to  r a d i a t e   to  t h e  

s u r r o u n d i n g   a t m o s p h e r e .   This  makes  i t   r a t h e r   d i f f i c u l t  

to  e f f e c t i v e l y   r e c o v e r   the  hea t   which  r e m a i n s   c o n s e r v e d  

in  the  c o o l i n g   m a c h i n e .   Ano the r   hea t   l o s s   is  c a u s e d  

whi le   the  s i n t e r e d   ore  p r o d u c t   is  be ing   t r a n s f e r r e d  

from  the  s i n t e r i n g   machine  to  the  c o o l i n g   m a c h i n e .   I n  

the  c o o l i n g   m a c h i n e ,   m o r e o v e r ,   the  s i n t e r   s u p p l i e d   h a s  

been  so  r o u g h l y   c r u s h e d   t h a t   i t   has  a  l i m i t e d   s u r f a c e  

a rea   to  be  e f f e c t i v e   for  the  c o o l i n g   o p e r a t i o n .   As  a 

r e s u l t ,   the  s i n t e r e d   ore  p r o d u c t   or  s i n t e r   c anno t   be  

s u f f i c i e n t l y   c o o l e d   down  u n l e s s   the  flow  r a t e   o f  

c o o l i n g   a i r   is  i n c r e a s e d .   This  i n e v i t a b l y   l owers   t h e  

t e m p e r a t u r e   of  the  waste   ga ses   coming  from  t h e  

d o w n s t r e a m   h a l f   of  the  c o o l i n g   m a c h i n e ,   thus   making  i t  

d i f f i c u l t   to  r e c o v e r   the  hea t   from  the  r e l a t i v e l y   c o o l  

waste   g a s e s .   T h e r e f o r e ,   no  s e p a r a t e   type  s i n t e r i n g  



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

any  h e a t   from  the  d o w n s t r e a m   h a l f   of  i t s   c o o l i n g  

m a c h i n e .   Even  i f ,   on  the  o t h e r   hand,   i t   is  i n t e n d e d   t o  

r e c o v e r   the  hea t   from  the  was te   g a s e s   coming  from  t h e  

u p s t r e a m   h a l f   of  the  c o o l i n g   m a c h i n e ,   i t   is  u n n e c e s s a r y  

to  p r e h e a t   a  h e a t   t r a n s f e r r i n g   medium  such  as  w a t e r  

b e c a u s e   t hose   was te   g a s e s   c o n t a i n   no  s u f l u r   o x i d e s   SOx. 

On  the  c o n t r a r y ,   the  wa te r   has  to  be  p r e h e a t e d   in  c a s e  

the  was te   ga ses   coming  from  the  i n t e r m e d i a t e   a n d  

d o w n s t r e a m   p o r t i o n s   of  the  s i n t e r i n g   machine   are  to  b e  

s u b j e c t e d   to  a  h e a t   e x c h a n g i n g   p r o c e s s .   This  i s  

b e c a u s e   t h o s e   was te   ga ses   c o n t a i n   such  a  c o n s i d e r a b l e  

amount  of  SOx  t h a t   c o n d e n s a t i o n   of  s u l f u r i c   ac id   i s  

u n d e s i r a b l y   i n v i t e d .  

In  the  l a t t e r   t y p e ,   i . e . ,   o n - s t r a n d   type  s i n t e r i n g  

a p p a r a t u s   hav ing   i t s   s i n t e r i n g   and  c o o l i n g   zones  f o r m e d  

a long   the  common  s t r a n d ,   the  h e a t   r e c o v e r y   is  c o n d u c t e d  

only   from  the  was te   ga ses   coming  from  the  c o o l i n g   z o n e  

w h i l e   a l l o w i n g   the  s e n s i b l e   h e a t   of  the  hot  was te   g a s e s  

to  u s e l e s s l y   d i s s i p a t e   i n t o   the  a t m o s p h e r e .   In  t h i s  

r e s p e c t ,   more  s p e c i f i c a l l y ,   the  was te   ga ses   coming  f r o m  

the  c o o l i n g   zone  is  so  s u f f i c i e n t l y   hot   as  to  p e r m i t  

the  h e a t   r e c o v e r y   t h e r e f r o m .   This   is  b e c a u s e   t h e  

s i n t e r   in  the  c o o l i n g   zone  s h r i n k s   to  g e n e r a t e   f i n e  

c r a c k s   a l l   over  the  s e c i o n   of  the  c o o l i n g   zone  so  t h a t  

i t s   e f f e c t i v e   s u r f a c e   a rea   to  be  c o o l e d   can  be  s o  

i n c r e a s e d   as  to  r educe   the  flow  r a t e   of  the  c o o l i n g   a i r  

and  to  s h o r t e n   the  c o o l i n g   time  p e r i o d .  



SUMMARY  OF  THE  INVENTION 

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the  p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  was te   gas  c i r c u l a t i o n   method  f o r  

e f f e c t i v e l y   r e c o v e r i n g   the  h e a t   which  might   o t h e r w i s e  

be  r e l e a s e d   from  an  o n - s t r a n d   type  s i n t e r i n g   a p p a r a t u s  

hav ing   i t s   s i n t e r i n g   and  c o o l i n g   zones  e x t e n d i n g  

c o n t i n u o u s l y   a long  a  h o r i z o n t a l   s t r a n d .  

Anothe r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  was te   gas  c i r c u l a t i o n   sys tem  for  p u t t i n g   t h e  

a b o v e - s p e c i f i e d   method  i n t o   p r a c t i c e   by  r e p e a t e d l y  

c i r c u l a t i n g   the  waste   ga ses   t h r o u g h   a  cha rge   m i x t u r e   o f  

o r e ,   s o l i d   f u e l   and  f l ux   be ing   s i n t e r e d   and  t h r o u g h   t h e  

s i n t e r e d   ore  p r o d u c t   t h e r e b y   to  e f f e c t i v e l y   r e c o v e r   t h e  

h e a t   which  might   o t h e r w i s e   be  c a r r i e d   away  by  the  w a s t e  

g a s e s   d i s c h a r g e d .  

The  p r e s e n t   i n v e n t i o n   is  based  upon  t h e  

a f o r e m e n t i o n e d   d i f f e r e n c e s   be tween   the  s e p a r a t e   t y p e  

and  o n - s t r a n d   type  s i n t e r i n g   a p p a r a t u s   and  has  b e e n  

c o n c e i v e d   in  view  of  the  f a c t s   t h a t   the  waste   g a s e s  

d i s c h a r g e d   from  the  s i n t e r i n g   a p p a r a t u s   take   t h e i r  

maximum  t e m p e r a t u r e   at  a  p o i n t   where  the  s i n t e r i n g  

r e a c t i o n   is  c o m p l e t e d   in  the  a c t u a l   run  of  t h e  

s i n t e r i n g   a p p a r a t u s ,   namely ,   where  the  c o o l i n g  

o p e r a t i o n   is  s t a r t e d ,   and  t h a t   the  p o i n t   and  i t s  

n e i g h b o r h o o d   act   as  an  i m p o r t a n t   zone  for  r e c o v e r i n g  

t h a t   s e n s i b l e   h e a t .  

The  g i s t   of  the  p r e s e n t   i n v e n t i o n   r e s i d e s   in  t h a t  

the  h o t t e s t   waste   g a s e s   a r i s i n g   at  the  f i n a l   s t a g e   o f  



the  s i n t e r i n g   zone  and  at   the  f r o n t   s t a g e   of  t h e  

c o o l i n g   zone,   in  which  the  s i n t e r i n g   r e a c t i o n   i s  

c o m p l e t e d ,   are  s u b j e c t e d   to  h e a t   r e c o v e r y ,   and  in  t h a t  

the  p r o b l e m ,   which  n a t u r a l l y   t a k e s   p l a c e   in  the  case   o f  

the  h e a t   r e c o v e r y ,   name ly ,   the  c o n d e n s a t i o n   of  s u l f u r  

o x i d e s   SOx  of  the  was te   g a s e s   in  the  form  of  d r o p l e t s  

of  s u l f u r i c   ac id   is  p r e v e n t e d   by  p r e h e a t i n g   the  w a t e r ,  

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

r e c o v e r y ,   with  the  was te   g a s e s   coming  from  t h e  

d o w n s t r e a m   h a l f   of  the  c o o l i n g   z o n e .  

A c c o r d i n g   to  a  f e a t u r e   of  the  p r e s e n t   i n v e n t i o n ,  

t h e r e   is  p r o v i d e d   a  was te   gas  c i r c u l a t i o n   method  f o r  

h e a t   r e c o v e r y   of  o n - s t r a n d   type   s i n t e r i n g   a p p a r a t u s  

which  i n c l u d e s :   a  s i n t e r i n g   zone  hav ing   a  p l u r a l i t y   o f  

wind  boxes ;   and  a  c o o l i n g   zone  e x t e n d i n g   j u s t  

d o w n s t r e a m   of  s a id   s i n t e r i n g   zone  and  hav ing   a  

p l u r a l i t y   of  wind  b o x e s ,   c o m p r i s i n g :   a  f i r s t   s t ep   o f  

e x c h a n g i n g   the  h e a t   of  s t i l l   hot   was te   g a s e s   c o m i n g  

from  the  wind  boxes  b e l o n g i n g   to  both  the  i n t e r m e d i a t e  

s t a g e   and  at  l e a s t   a  p o r t i o n   of  the  f i n a l   s t a g e   of  s a i d  

c o o l i n g   zone  with  co ld   wate r   to  r e c o v e r   sa id   h e a t  

t h e r e b y   to  hea t   sa id   cold   wate r   i n t o   hot  w a t e r ;   and  a 

second  s t e p   of  e x c h a n g i n g   the  h e a t   of  the  hot  w a s t e  

g a s e s   coming  d i r e c t l y   from  the  wind  boxes  b e l o n g i n g   t o  

a  mixed  zone  c o n s i s t i n g   of  the  f i n a l   s t a g e   of  s a i d  

s i n t e r i n g   zone  and  the  f r o n t   s t a g e   of  s a id   c o o l i n g   z o n e  

wi th   the  hot  w a t e r ,   which  has  been  h e a t e d   at  the  f i r s t -  

named  hea t   e x c h a n g i n g   s t e p , t o   r e c o v e r   the  s e c o n d - n a m e d  



h e a t   t h e r e b y   to  h e a t   s a id   hot  water   i n to   s t eam,   w h e r e b y  

the  hea t   g e n e r a t e d   by  the  s i n t e r i n g   a c t i o n   of  a  c h a r g e  

m i x t u r e   of  o re ,   s o l i d   f u e l   and  f lux   can  be  e f f i c i e n t l y  

r e c o v e r e d   as  s a id   s team  from  a  s i n t e r e d   ore  p r o d u c t ,  

and  whereby  s u l f u r   o x i d e s ,   which  are  c a r r i e d   in  t h e  

m i x t u r e   of  the  hot   was te   g a s e s   hav ing   p a s s e d   t h r o u g h  

both  the  wind  boxes  b e l o n g i n g   to  the  f i n a l   s t a g e   o f  

s a id   s i n t e r i n g   zone  and  wind  boxes  be long   to  the  f r o n t  

s t a g e   of  sa id   c o o l i n g   zone ,   can  be  m a i n t a i n e d   at  a 

r e l a t i v e l y   high  t e m p e r a t u r e   d u r i n g   the  s e c o n d - n a m e d  

hea t   e x c h a n g i n g   s t e p   by  the  hot  w a t e r ,   which  h a s  

r e c o v e r e d   the  hea t   of  s a i d   s t i l l   hot  waste   g a s e s ,   s o  

t h a t   sa id   s u l f u r   o x i d e s   can  be  p r e v e n t e d   f r o m  

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

wh i l e   e n s u r i n g   s u b s t a n t i a l l y   c o r r o s i o n - f r e e   o p e r a t i o n  

of  the  s econd-named   h e a t   e x c h a n g i n g   s t e p .  

Acco rd ing   to  a n o t h e r   f e a t u r e   of  the  p r e s e n t  

i n v e n t i o n ,   the  second  h e a t   e x c h a n g i n g   s t ep   c o m p r i s e s ;   a 

f i r s t   s u b - s t e p   of  e x c h a n g i n g   the  hea t   of  the  h o t t e s t  

was te   gases   coming  d i r e c t l y   from  the  wind  boxes  (163)  

b e l o n g i n g   to  a  mixed  zone  c o n s i s t i n g   of  the  f i n a l   s t a g e  

of  sa id   s i n t e r i n g   zone  and  the  f r o n t   s t age   of  s a i d  

c o o l i n g   zone  with  s team  to  r e c o v e r   the  s e c o n d - n a m e d  

h e a t   t h e r e b y   to  hea t   s a id   s team  i n to   s u p e r h e a t e d   s t e a m ,  

and  a  second  s u b - s t e p   of  e x c h a n g i n g   the  hea t   of  t h e  

was te   g a s e s ,   which  have  been  s u b j e c t e d   to  the  f i r s t  

h e a t   e x c h a n g i n g   s u b - s t e p ,   wi th   the  hot  w a t e r ,   which  h a s  

been  h e a t e d   at  the  f i r s t   hea t   e x c h a n g i n g   s t e p ,   t h e r e b y  



to  h e a t   s a id   hot  wa te r   i n t o   the  s team  which  is  to  b e  

h e a t e d   at  the  f i r s t   h e a t   e x c h a n g i n g   s u b - s t e p .  

A c c o r d i n g   to  s t i l l   a n o t h e r   f e a t u r e   of  the  p r e s e n t  

i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  was te   gas  c i r c u l a t i o n  

sys t em  for  h e a t   r e c o v e r y   of  o n - s t r a n d   type   s i n t e r i n g  

a p p a r a t u s   which  i n c l u d e s :   a  s i n t e r i n g   s t r a n d   a r r a n g e d  

g e n e r a l l y   in  a  h o r i z o n t a l   d i r e c t i o n ;   c o n v e y i n g   m e a n s  

for  c o n v e y i n g   a  c h a r g e   m i x t u r e   of  o r e ,   s o l i d   f u e l   a n d  

f l ux   a long  s a id   s i n t e r i n g   s t r a n d ;   f e e d i n g   means  f o r  

f e e d i n g   s a id   c o n v e y i n g   means  wi th   sa id   c h a r g e   m i x t u r e ;  

i g n i t i o n   means  for  i g n i t i n g   the  s o l i d   f u e l   in  s a i d  

c h a r g e   m i x t u r e   at  the  s u r f a c e   t h e r e o f   so  t h a t   t h e  

s i n t e r i n g   of  s a id   c h a r g e   m i x t u r e   may  be  s t a r t e d ;   and  a  

p l u r a l i t y   of  wind  boxes  a r r a n g e d   on  l i n e   below  and  

opened  toward  sa id   c h a r g e   m i x t u r e   t h r o u g h   the  p a l l e t s  

of  s a id   s i n t e r i n g   s t r a n d ,   s a id   wind  boxes   be ing   s o  

g rouped   as  to  be long   to  an  i g n i t i o n   zone,   w h i c h  

u n d e r l i e s   s a id   i g n i t i o n   means,   a  s i n t e r i n g   zone,   i n  

which  the  s i n t e r i n g   r e a c t i o n   of  s a id   c h a r g e   m i x t u r e  

p r o c e e d s   u n t i l   i t   is  c o m p l e t e d ,   and  a  c o o l i n g   zone  i n  

which  a  s i n t e r e d   ore  p r o d u c t   r e s u l t i n g   from  s a i d  

s i n t e r i n g   r e a c t i o n   is  c o o l e d   down,  c o m p r i s i n g :   f i r s t  

h e a t   e x c h a n g i n g   means  for  e x c h a n g i n g   the  h e a t   of  s t i l l  

hot   was te   g a s e s   coming  from  the  wind  boxes  b e l o n g i n g   t o  

both   the  i n t e r m e d i a t e   s t a g e   and  at  l e a s t   a  p o r t i o n   o f  

the  f i n a l   s t a g e   of  s a id   c o o l i n g   zone  wi th   cold  water   t o  

r e c o v e r   s a id   h e a t   t h e r e b y   to  hea t   sa id   cold   wate r   i n t o  

hot  w a t e r :   f i r s t   was te   gas  c i r c u l a t i n g   means  f o r  



s u c k i n g   and  s u p p l y i n g   f r e s h   a i r   to  the  s i n t e r e d   o r e  

p r o d u c t   at  both  the  i n t e r m e d i a t e   s t a g e   and  at  l e a s t   a  

p o r t i o n   of  the  f i n a l   s t a g e   of  s a id   c o o l i n g   zone,   and  

for  c i r c u l a t i n g   the  s t i l l   hot   waste   g a s e s ,   which  h a v e  

p a s s e d   t h r o u g h   sa id   wind  boxes  of  s a id   i n t e r m e d i a t e   a n d  

f i n a l   s t a g e s   of  s a id   c o o l i n g   zone ,   t h r o u g h   sa id   f i r s t  

h e a t   e x c h a n g i n g   means  to  the  c h a r g e   m i x t u r e ,   which  i s  

be ing   and  has  been  s i n t e r e d   at  a  mixed  zone  c o n s i s t i n g  

of  the  f i n a l   s t a g e   of  sa id   s i n t e r i n g   zone  and  the  f r o n t  

s t a g e   of  s a id   c o o l i n g   zone;   second  hea t   e x c h a n g i n g  

means  for  e x c h a n g i n g   the  h e a t   of  the  was te   gases   coming  

d i r e c t l y   from  the  wind  boxes  b e l o n g i n g   to  s a id   m i x e d  

zone  with  s team  to  r e c o v e r   the  s e c o n d - n a m e d   hea t   t o  

h e a t   s a id   s team  i n t o   s u p e r h e a t e d   s team;   t h i r d   h e a t  

e x c h a n g i n g   means  d i s p o s e d   in  tandem  downs t r eam  of  s a i d  

second  hea t   e x c h a n g i n g   means  for  e x c h a n g i n g   the  heat   o f  

the  h o t t e s t   waste   g a s e s ,   which  have  p a s s e d   t h rough   s a i d  

s e c o n d - n a m e d   h e a t   e x c h a n g i n g   means,   to  r e c o v e r   t h e  

t h i r d - n a m e d   hea t   t h e r e b y   to  h e a t   s a id   hot  water   i n t o  

the  s team  which  is  to  be  h e a t e d   by  sa id   s e c o n d - n a m e d  

hea t   e x c h a n g i n g   means;  second  waste   gas  c i r c u l a t i n g  

means  for  s u c k i n g   and  s u p p l y i n g   sa id   h o t t e s t   w a s t e  

g a s e s   to  the  s econd-named   hea t   exchanging  means  and  t h e n  

to  the  t h i r d - n a m e d   hea t   e x c h a n g i n g   means  and  f o r  

c i r c u l a t i n g   the  waste   g a s e s ,   which  have  pa s sed   t h r o u g h  

sa id   s e c o n d - a n d   t h i r d - n a m e d   h e a t   e x c h a n g i n g   means,   t o  

the  c h a r g e   m i x t u r e   which  is  to  be  s i n t e r e d   at  the  f r o n t  

and  i n t e r m e d i a t e   s t a g e s   of  s a id   s i n t e r i n g   z o n e .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of  t h e  

p r e s e n t   i n v e n i o n   w i l l   become  more  a p p a r e n t   from  t h e  

f o l l o w i n g   d e s c r i p t i o n   t aken   in  c o n j u n c t i o n   wi th   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F ig .   1  is  a  s c h e m a t i c   view  showing  the  a r r a n g e m e n t  

of  an  example   of  a  s e p a r a t e   type   s i n t e r i n g   a p p a r a t u s  

a c c o r d i n g   to  the  p r i o r   a r t ;  

F ig .   2  is  a l s o   a  s c h e m a t i c   view  but  shows  t h e  

a r r a n g e m e n t   of  an  o n - s t r a n d   type  s i n t e r i n g   a p p a r a t u s  

which  is  e q u i p p e d   with  a  was te   gas  c i r c u l a t i o n   s y s t e m  

embodying  the  p r e s e n t   i n v e n t i o n ;  

F ig .   3  is  an  e n l a r g e d   flow  c h a r t   showing  a n  

e s s e n t i a l   p o r t i o n   of  the  was te   gas  c i r c u l a t i o n   s y s t e m  

of  F ig .   2  for  r e g e n e r a t i v e l y   c o o l i n g   the  s i n t e r e d   o r e  

p r o d u c t   so  as  to  e f f e c t i v e l y   r e c o v e r   i t s   hea t   t h r o u g h  

h e a t   e x c h a n g i n g   o p e r a t i o n s ;  

F ig .   4  is  s i m i l a r   to  F ig .   3  but  shows  a n o t h e r  

embodiment   of  the  was te   gas  c i r c u l a t i o n   s y s t e m  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;   a n d  

Fig .   5  is  a  g r a p h i c a l   p r e s e n t a t i o n   i l l u s t r a t i n g  

the  p a t t e r n s   of  both   t e m p e r a t u r e s   and  NOx  and  SOx 

c o n c e n t r a t i o n s   in  the  s i n t e r i n g   zone ,   which  are  p l o t t e d  

a g a i n s t   the  d i s t a n c e   t aken   a long   the  s t r a n d .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Befo re   e n t e r i n g   i n to   d e t a i l e d   d e s c r i p t i o n   of  t h e  

p r e s e n t   i n v e n t i o n ,   c u r s o r y   r ev i ew  w i l l   now  be  made  u p o n  



the  s e p a r a t e   type  s i n t e r i n g   a p p a r a t u s   of  the  p r i o r   a r t ,  

which  is  i n d i c a t e d   g e n e r a l l y   at  r e f e r e n c e   numera l   1 0 .  

I n d i c a t e d   at  r e f e r e n c e   numera l   11  is  a  s i n t e r i n g   s t r a n d  

which  is  a r r a n g e d   to  e x t e n d   in  a  h o r i z o n t a l   d i r e c t i o n .  

The  s i n t e r i n g   s t r a n d   11  s u p p o r t s   a  p l u r a l i t y   o f  

n o t - s h o w n   p a l l e t s   which  are  d r i v e n   to  t r a v e l   in  s e r i e s  

t h e r e a l o n g   so  t h a t   they  are  s u c c e s s i v e l y   fed  with  a 

h e a r t h   l a y e r   and  a  c h a r g e   m i x t u r e   of  o re ,   s o l i d   f u e l  

and  f l u x   from  a  h e a r t h   l a y e r   hopper   12  and  a  m i x t u r e  

su rge   hopper   13,  r e s p e c t i v e l y .   As  the  p a l l e t s   on  t h e  

s i n t e r i n g   s t r a n d   11  t r a v e l ,   the  c h a r g e   m i x t u r e   i s  

i g n i t e d   at  i t s   s u r f a c e   by  the  a c t i o n   of  an  i g n i t i o n  

f u r n a c e   14  so  t h a t   the  s i n t e r i n g   r e a c t i o n   of  the  c h a r g e  

m i x t u r e   may  be  s t a r t e d .   At  the  same  t ime ,   f r e s h   a i r   i s  

sucked  by  the  a c t i o n   of  a  s u c t i o n   b lower   15  t h r o u g h   t h e  

c h a r g e   m i x t u r e   by  way  of  a  p l u r a l i t y   of  wind  boxes  1 6 ,  

which  are  a r r a n g e d   on  l i n e   below  the  s i n t e r i n g   s t r a n d  

11  and  which  are  c o n s e c u t i v e l y   numbered  a t  1   to  14  and  

t h r o u g h   a  s u c t i o n   sys tem  17  so  t h a t   the  r e s u l t a n t   w a s t e  

g a s e s   may  be  i n t r o d u c e d   i n t o   an  e l e c t r o s t a t i c  

p r e c i p i t a t o r   181  and  s u b s e q u e n t l y   i n t o   a  d e s u l f u r a t i n g  

and  d e n i t r a t i n g   d e v i c e   182.  The  s u c t i o n   sys tem  17  i s  

composed  of  a  c o r r e s p o n d i n g   number  of  b ranch   duc t s   o r  

downcomers   171,  which  are  r e s p e c t i v e l y   c o n n e c t e d   w i t h  

the  wind  boxes  16  ( i . e . ,   N o s .  1   to  14) ,   and  a  t r u n k  

duct   or  c o l l e c t o r   main  172  which  is  c o n n e c t e d   with  t h e  

downcomers   171  in  a  merg ing   manner  and  which  has  i t s  

d o w n s t r e a m   p o r t i o n   e x t e n d i n g   t h r o u g h   the  e l e c t r o s t a t i c  



p r e c i p i t a t o r   1 8 1  ,   the  s u c t i o n   b lower   15  and  t h e  

d e s u l f u r a t i n g   and  d e n i t r a t i n g   d e v i c e   182.  M o r e o v e r ,  

the  downcomers  171  are   r e s p e c t i v e l y   e q u i p p e d   w i t h  

v a l v e s   173  for  c o n t r o l l i n g   the  r e s p e c t i v e   flow  r a t e s   o f  

the  was te   g a s e s   t h e r e t h r o u g h .   The  was te   g a s e s   t h u s  

c l e a r e d   of  the  dus t   and  the  SOx  and  NOX  are  d i s c h a r g e d  

from  the  c o l l e c t o r   main  172  to  the  a t m o s p h e r e   by  way  o f  

a  s t a c k   19.  I n c i d e n t a l l y ,   the  p a l l e t s   are  d r i v e n   t o  

t r a v e l   on  r a i l s   21,  which  are  mounted  on  the  s i n t e r e d  

s t r a n d   11,  by  the  r o t a t i o n s   of  a  c h a r g e   s i de   s p r o c k e t  

22  and  a  d i s c h a r g e   s i de   s p r o c k e t   2 3 .  

As  t hose   p a l l e t s   t r a v e l   a long   the  s i n t e r i n g   s t r a n d  

11,  the  cha rge   m i x t u r e   is  i g n i t e d   at  i t s   s u r f a c e   by  t h e  

a c t i o n   of  the  i g n i t i o n   f u r n a c e   14.  The  s o l i d   f ue l   i n  

the  c h a r g e   m i x t u r e   thus   i g n i t e d   s i n t e r s   the  ore  m o r e  

d e e p l y   i n t o   the  c h a r g e   m i x t u r e   as  t h i s   m i x t u r e   i s  

conveyed   from  the  feed  end  to  the  d i s c h a r g e   end.  The 

r e s u l t a n t   s i n t e r   or  the  s i n t e r e d   ore  p r o d u c t   is  c r u s h e d  

by  means  of  a  c r u s h e r   24.  The  c r u s h e d   s i n t e r   is  fed  t o  

a  n o t - s h o w n   c o o l i n g   mach ine   in  which  i t   is  coo led   down.  

In  t h i s   m e a n w h i l e ,   dus t   r e s u l t i n g   from  the  c r u s h i n g  

o p e r a t i o n   is  so  much  t h a t   i t   has  to  be  c a r r i e d   by 

s u c t i o n   to  a  n o t - s h o w n   dus t   c o l l e c t o r   (which  may  be  o f  

e l e c t r o s t a t i c   t y p e ) .  

Turn ing   now  to  F ig .   2,  an  o n - s t r a n d   type  s i n t e r i n g  

a p p a r a t u s ,   which  is  i n d i c a t e d   g e n e r a l l y   at  r e f e r e n c e  

numera l   20  and  which  is  e q u i p p e d   with  a  waste   g a s  



c i r c u l a t i o n   sys tem  30  a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n ,   w i l l   be  d e s c r i b e d .   I n c i d e n a l l y ,   l i k e  

r e f e r e n c e   numera l s   i n d i c a t e   l i k e   or  c o r r e s p o n d i n g   p a r t s  

of  the  s i n t e r i n g   a p p a r a t u s   10  of  the  p r i o r   a r t   shown  i n  

F ig .   1.  Below  the  s t r a n d   11  of  the  s i n t e r i n g  

a p p a r a t u s   20,  t h e r e   are  a r r a n g e d   on  l i n e   a  number  o f ,  

e . g . ,   twen ty   wind  boxes .   These  wind  boxes  are  d i v i d e d  

i n t o   a  f i r s t   group  of  wind  boxes  161  (which  a r e  

numbered  a t  1   to  6),  a  second  group  of  wind  boxes  162 

(which  are  numbered  at  7  to  11) ,   a  t h i r d   group  of  w i n d  

boxes   163  (which  are  numbered  at  12  to  16) ,   and  a 

f o u r t h   group  of  wind  boxes  164  (which  are  numbered  a t  

17  to  2 0 ) .  

More  s p e c i f i c a l l y ,   the  f i r s t   group  wind  boxes  161 

are  f u r t h e r   g rouped   i n t o   the  wind  boxes  N o s .  1   and  2 ,  

which  be long   to  the  i g n i t i o n   zone  u n d e r l y i n g   t h e  

i g n i t i o n   f u r n a c e   14,  and  i n t o   the  wind  boxes  Nos.  3  t o  

6,  which  be long   to  the  f r o n t   s t a g e   of  the  s i n t e r i n g  

zone  where  the  s i n t e r i n g   r e a c t i o n   of  the  c h a r g e   m i x t u r e  

p r o c e e d s .   The  second  group  wind  boxes  Nos.  7  to  11 

be long   to  the  i n t e r m e d i a t e   s t a g e   of  the  s i n t e r i n g   z o n e  

where  t h a t   s i n t e r i n g   r e a c t i o n   f u r t h e r   p r o c e e d s .   The 

t h i r d   group  wind  boxes  Nos.  12  to  16  be long   to  t h e  

f i n a l   s t a g e   of  the  s i n t e r i n g   zone,   where  t h a t   s i n t e r i n g  

r e a c t i o n   is  c o m p l e t e d ,   and  to  the  f r o n t   s t age   of  a 

c o o l i n g   zone  where  the  s i n t e r e d   ore  p r o d u c t   is  c o o l e d  

down.  The  f o u r t h   group  wind  boxes  Nos.  17.  to  20  b e l o n g  

to  the  i n t e r m e d i a t e   and  f i n a l   s t a g e s   of  the  c o o l i n g  



zone  where  the  s i n t e r   or  s i n t e r e d   ore  p r o d u c t   i s  

s u f f i c i e n t l y   coo led   down  for  the  s u b s e q u e n t   c r u s h i n g  

o p e r a t i o n   r e s o r t i n g   to  a  c r u s h e r   2 4 ' .  

The  f i r s t   group  wind  boxes   1 6 1  ,   i . e . ,   N o s .  1   t o  

6,  are  c o n n e c t e d   wi th   the  s t a c k   19  t h r o u g h   a n  

e l e c t r o s t a t i c   p r e c i p i t a t o r   181  and  a  b lower   151  by  way 

of  the  downcomers  1711  and  the  c o l l e c t o r   main  1721.  On 

the  o t h e r   hand,   the  second   group  wind  boxes  1 6 2  ,   i . e . ,  

Nos.  7  to  11,  are  made  to  merge  i n to   the  c o l l e c t o r  

main  1721  t h r o u g h   a  d e s u l f u r a t i n g   and  d e n i t r a t i n g  

d e v i c e   182  and  a  b lower   152  by  way  of  the  d o w n c o m e r s  

1712  and  the  c o l l e c t o r   main  1722.  On  the  c o n t r a r y ,   t h e  

t h i r d   group  wind  boxes   16g,  i . e . ,   Nos.  12  to  16,  a r e  

c o n n e c t e d   t h r o u g h   the  downcomers   1713  and  the  c o l l e c t o r  

main  1723  with  a  w a s t e - h e a t   b o i l e r   25  so  t h a t   the  w a s t e  

g a s e s   may  be  c i r c u l a t e d ,   a f t e r   they  have  e x c h a n g e d  

t h e i r   hea t   wi th   hot   wa te r   or  steam  f l o w i n g   t h r o u g h  

wa te r   p i p e s ,   to  a  s i n t e r i n g   zone  hood  26  by  the  a c t i o n  

of  a  blower  153.  M o r e o v e r ,   the  f o u r t h   group  wind  b o x e s  

164,  i . e . ,   Nos.  17  to  20,  are  conneced   t h r o u g h   t h e  

downcomers  1714  and  the  c o l l e c t o r   main  1724  wi th   a 

w a s t e - h e a t   b o i l e r   27  so  t h a t   the  waste   ga ses   may  b e  

c i r c u l a t e d ,   a f t e r   they  have  exchanged   t h e i r   h e a t   w i t h  

the  water   f l o w i n g   t h r o u g h   a  wa te r   p i p e ,   to  a  mixed  z o n e  

hood  28  by  the  a c t i o n   of  a  b lower   154.  I n c i d e n t a l l y ,  

r e f e r e n c e   numera l   29  i n d i c a t e s   a  f r e s h   a i r   gu ide   h o o d  

which  e x t e n d s   above  the  p a l l e t s   t r a v e l l i n g   over  t h e  

wind  boxes  Nos.  17  to  20  of  the  i n t e r m e d i a t e   and  f i n a l  



s t a g e s   of  the  c o o l i n g   zone  and  above  the  d i s c h a r g e   e n d  

of  the  s i n t e r i n g   a p p a r a t u s   20  for  g u i d i n g   f r e s h   a i r  

i n t o   the  s i n t e r .   S ince   the  f r e s h   a i r   gu ide   hood  29 

forms  such  a  c o m p a r t m e n t   as  is  opened  toward  t h e  

d i s c h a r g e   end  for  a l l o w i n g   the  d u s t ,   which  m i g h t  

o t h e r w i s e   drop  down  to  the  o u t s i d e ,   to  be  r e t u r n e d  

t o g e t h e r   with  the  f r e s h   a i r   to  the  p a r t i c u l a r   s i n t e r .  

Pure  wate r   is  s u p p l i e d   from  the  o u t s i d e   to  f l o w  

t h r o u g h   the  wate r   p ipe   of  the  w a s t e - h e a t   b o i l e r   27 

u n t i l   the  r e s u l t a n t   hot   wate r   f lows  i n t o   a  s team  drum 

31,  as  b e t t e r   seen  from  Fig .   3.  On  the  o t h e r   hand,   t h e  

hot   wa te r   r e s e r v e d   in  the  lower  p o r t i o n   of  the  s t e a m  

drum  31  is  pumped  out  by  the  a c t i o n   of  a  pump  32  to  t h e  

e v a p o r a t o r   p o r t i o n   252  of  the  w a s t e - h e a t   b o i l e r   25  s o  

t h a t   i t   is  h e a t e d   i n to   s t eam,   which  is  to  be  r e t u r n e d  

to  the  s team  drum  31.  The  steam  thus   r e s e r v e d   in  t h e  

upper   p o r t i o n   of  the  s team  drum  31  is  gu ided   t h r o u g h  

the  s u p e r h e a t e r   p o r t i o n   251  of  the  w a s t e - h e a t   b o i l e r  

25,  in  which  i t   is  h e a t e d   i n to   s u p e r h e a t e d   s team.   T h i s  

s u p e r h e a t e d   s team  is  then  d i s c h a r g e d   to  the  o u t s i d e   s o  

t h a t  i t s   ene rgy   may  be  r e c o v e r e d   as  an  e l e c t r i c   power  

by  d r i v i n g   a  s team  t u r b i n e   or  the  l i k e .  

R e v e r t i n g   to  F ig .   2,  i n c i d e n t a l l y ,   r e f e r n e c e  

n u m e r a l s   331  and  332  i n d i c a t e   dampers   which  a r e  

c o n n e c t e d ,   r e s p e c t i v e l y ,   be tween  the  downcomers   1711  

and  1712  l e a d i n g   from  the  wind  boxes  161  and  162  of  t h e  

f r o n t   and  i n t e r m e d i a t e   s t a g e s   of  the  s i n t e r i n g   zone  and  

be tween   the  downcomers   1712  and  1713  l e a d i n g   from  t h e  



wind  boxes  162  of  the  i n t e r m e d i a t e   s t a g e   of  t h e  

s i n t e r i n g   zone  and  the  wind  boxes   163  of  the  m i x e d  

zone .   The  dampers   331  and  332  thus   c o n n e c t e d   a r e  

a d j u s t e d   so  as  to  o b t a i n   a  smooth  s l o p i n g   v a r i a t i o n   i n  

the  p r e s s u r e   d i f f e r e n c e   at  each  b o u n d a r y   p o r t i o n  

b e t w e e n   the  a d j a c e n t   g roups   of  wind  b o x e s .  

T u r n i n g   now  to  F ig .   4,  t h e r e   is  shown  a n o t h e r  

embodiment   of  the  p r e s e n t   i n v e n t i o n ,   in  which  the  w a t e r  

p ipe   of  the  w a s t e - h e a t   b o i l e r   27  is  a l s o   d i v i d e d   i n t o  

two  p o r t i o n s ,   i . e . ,   an  e v a p o r a t o r   p o r t i o n   271  and  a n  

e c o n o m i z e r   p o r t i o n   272  both  c o n n e c t e d   wi th   the  s t e a m  

drum  31.  The  r e m a i n i n g   c o n s t r u c t i o n   is  a b s o l u t e l y   t h e  

same  as  the  f i r s t   embodiment   shown  in  F ig .   3,  and  t h e  

d e s c r i p t i o n   to  be  made  in  the  f o l l o w i n g   is  a c c o r d i n g l y  

d i r e c t e d   only  to  the  d i f f e r e n t   p o r t i o n   of  t h e  

c o n s t r u c t i o n .  

The  pure  water   is  s u p p l i e d   at  a  flow  r a t e ,   w h i c h  

c o r r e s p o n d s   to  the  s team  g e n e r a t i o n   r a t e   of  the  w a s t e -  

h e a t   b o i l e r s   25  and  27,  f i r s t   to  the  e c o n o m i z e r   p o r t i o n  

272  of  the  w a s t e - h e a t   b o i l e r   27,  in  which  i t   i s  

p r e h e a t e d   u n t i l   i t   f lows  i n t o   the  s team  drum  31.  On 

the  o t h e r   hand,   the  hot   wa te r   r e s e r v e d   in  the  l o w e r  

p o r t i o n   of  the  s team  drum  31  is  pumped  out  by  t h e  

a c t i o n s   of  the  pumps  32  and  321,  r e s p e c t i v e l y ,   to  t h e  

e v a p o r a t o r   p o r t i o n s   252  and  271  of  the  w a s t e - h e a t  

b o i l e r s   25  and  27,  in  which  i t   is  h e a t e d   u n t i l   i t   i s  

r e t u r n e d   to  the  s team  drum  31.  The  s team  t h u s  

s e p a r a t e d   by  the  s team  drum  31  is  then  i n t r o d u c e d   i n t o  



the  h i g h e s t - t e m p e r a t u r e   p o r t i o n   or  the  s u p e r h e a t e r  

p o r t i o n   251  of  the  water   p ipe   of  the  w a s t e - h e a t   b o i l e r  

25  u n t i l   i t   is  d i s c h a r g e d   as  the  s u p e r h e a t e d   s team  t o  

the  o u t s i d e   of  the  hea t   e x c h a n g i n g   sys tem  u n d e r  

d i s c u s s i o n .  

F ig .   5  i l l u s t r a t e s   the  s i n t e r i n g   zone  t e m p e r a t u r e  

d i s t r i b u t i o n   and  t h e   NOx  and  SOx  c o n c e n t r a t i o n   p a t t e r n s  

a long   the  s t r a n d   in  a c c o r d a n c e   with  the  p r e s e n t   E x a m p l e  

.  With  c l o s e   r e f e r e n c e   to  F ig .   5,  i t   w i l l   b e  

u n d e r s t o o d   t h a t   the  p o i n t   at  which  the  s i n t e r i n g  

r e a c t i o n   is  c o m p l e t e d   is  l o c a t e d   at  the  wind  box  No. 

14.  More  s p e c i f i c a l l y ,   the  i n s t a n t   when  t h e  

t e m p e r a t u r e s   A  of  the  waste   g a s e s   r each   t h e i r   maximum 

in  an  a c t u a l   r u n n i n g   o p e r a t i o n   is  found  to  o c c u r  

a p p r o x i m a t e l y   t h r e e   m i n u t e s   a f t e r   the  t e m p e r a t u r e   o f  

the  c o m b u s t i o n   zone  of  the  l owermos t   l a y e r   has  r e a c h e d  

the  maximum  t e m p e r a t u r e .   That  i n s t a n t   is  r e f e r r e d   t o  

as  the  "Burn  Through  P o i n t "   which  is  i n d i c a t e d   a t  

r e f e r e n c e   l e t t e r s   BTP.  In  the  p r e s e n t   Example ,   t h e  

mixed  zone  e x t e n d i n g   from  the  wind  box  No.  12  to  t h e  

wind  box  No.  16,  the  l a t t e r   of  which  b e l o n g s   to  t h e  

c o o l i n g   zone  downs t r eam  of  the  Burn  Through  P o i n t ,  

a l l o w s   hea t   r e c o v e r y   of  the  was te   gases   at  a  h i g h  

t e m p e r a t u r e   of  400  to  500  °C.  F u r t h e r m o r e ,   the  w a s t e  

gases   in  t h a t   mixed  zone,   which  c o n s i s t s   of  the  f i n a l  

s t a g e   of  the  s i n t e r i n g   zone  and  the  f r o n t   s t a t e   of  t h e  

c o o l i n g   zone ,   s t i l l   has  an  oxygen  c o n c e n t r a t i o n   as  h i g h  

as  19  to  20  %  and  a  m o i s t u r e   c o n t e n t   as  low  as  1.0  t o  



1.5  %  so  t h a t   the  p a r t i c u l a r   was te   g a s e s   can  be  

a d v a n t a g e o u s l y   r e u s e d   as  the  b u r n i n g   a i r .   Thus,   t h i s  

r e u s e   is  c o n d u c t e d   for  the  wind  boxes   Nos.  3  to  1 1 ,  

which  be long   to  the  f r o n t   and  i n t e r m e d i a t e   s t a g e s   o f  

the  s i n t e r i n g   'zone,   so  t h a t   g e n e r a t i o n   of  NOx  can  b e  

r e s t r i c t e d   to  15  to  20  %.  I n c i d e n t a l l y ,   r e f e r e n c e  

l e t t e r   C  a p p e a r i n g   in  F ig .   5  i n d i c a t e s   the  h i g h -  

t e m p e r a t u r e   zone  at  1200  OC  or  h i g h e r ,   namely ,   t h e  

c o m b u s t i o n   zone  where  the  c h a r g e   m i x t u r e   is  b e i n g  

b u r n e d .  

The  h i g h - t e m p e r a t u r e   c o m b u s t i o n   zone  C  r e a c h e s   t h e  

l o w e r m o s t   s u r f a c e   at  the  end  of  the  second  group  w i n d  

boxes   162.  D e s p i t e   of  t h i s   f a c t ,   the  s i n t e r i n g  

r e a c t i o n   at  t h i s   p o i n t   is  not   c o m p l e t e d   y e t ,   as  h a s  

been  t ouched   in  the  above ,   so  t h a t   the  SOx  is  s t i l l  

g e n e r a t e d   at  such  a  c o n s i d e r a b l e   r a t e   as  w i l l   i n v i t e  

the  mix ing   of  the  SOx  wi th   the  was te   g a s e s   coming  f r o m  

the  t h i r d   group  wind  boxes  163  b e l o n g i n g   to  the  m i x e d  

zone.   T h e r e f o r e ,   one  might   deduce   t h a t   s u l f u r i c   a c i d  

would  c o n d e n s e   in  the  form  of  d r o p l e t s   on  the  w a t e r  

p i p e s   of  the  w a s t e - h e a t   b o i l e r   25  and  would  c a u s e  

c o r r o s i o n   of  the  e v a p o r a t o r   and  s u p e r h e a t i n g   p i p e s .  

However ,   s i n c e   the  pure  water   has  a l r e a d y   been  h e a t e d  

in  the  w a s t e - h e a t   b o i l e r   27  so  t h a t   at  l e a s t   the  warm 

wate r   w i l l   flow  t h r o u g h   t hose   p i p e s   of  the  w a s t e - h e a t  

b o i l e r   25,  t h e r e   is  no  danger   of  the  p ipe   c o r r o s i o n   d u e  

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

Next ,   the  e x p e r i m e n t a l   c o n d i t i o n s   and  t h e  



r e s u l t a n t   hea t   r e c o v e r y   r a t e s   in  case   the  was te   g a s  

c i r c u l a t i o n   sys tem  of  the  f o r e g o i n g   embodiments   was  r u n  

for  a c t u a l   a p p l i c a t i o n s   are  e n u m e r a t e d   in  t h e  

f o l l o w i n g :  

P r o d u c t i o n   r a t e   of  s i n t e r e d   ore :   12 ,000  t o n s / d a y  

Supply  of  pure  w a t e r :   90  t o n s / h o u r   (at  20  °C) 

Temp.  of  waste   g a s e s   i n t o   b o i l e r   25:  530  °C 

Temp.  of  waste   ga ses   out  of  b o i l e r   25:  155  °C 

Temp.  of  was te   g a s e s   i n t o   b o i l e r   27:  380  °C 

Temp.  of  was te   ga ses   out   of  b o i l e r   27:  200  °C 

S u p e r h e a t e d   s team:   90  t o n s / h o u r   (at   370  °C,  30 

a t m . )  

T u r b i n e - g e n e r a t e d   power:   20,000  KW 

(For  r e f e r e n c e ,   the  s i n t e r i n g   a p p a r a t u s   has  a 

t o t a l   power  c o n s u m p t i o n   of  10,000  KW.) 

Thanks  to  the  c o n s t r u c t i o n   thus   far   d e s c r i b e d ,  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   i t   is  p o s s i b l e   t o  

a c h i e v e   hea t   r e c o v e r y   of  r e g e n e r a t i v e   type  w h i l e  

a s s u r i n g   t h a t   the  b o i l e r   componen t s   w i l l   not  b e  

c o r r o d e d   by  the  was te   g a s e s .  



1.  A  waste   gas  c i r c u l a t i o n   method  for  hea t   r e c o v e r y  

of  o n - s t r a n d   type  s i n t e r i n g   a p p a r a t u s   (20)  w h i c h  

i n c l u d e s :   a  s i n t e r i n g   zone  hav ing   a  p l u r a l i t y   of  w ind  

boxes   (16) ;   and  a  c o o l i n g   zone  e x t e n d i n g   j u s t  

d o w n s t r e a m   of  s a id   s i n t e r i n g   zone  and  hav ing   a  

p l u r a l i t y   of  wind  boxes  (16) ,   c o m p r i s i n g :  

a  f i r s t   s t ep   of  e x c h a n g i n g   the  h e a t   of  s t i l l   h o t  

was te   g a s e s   coming  from  the  wind  boxes  (164)  b e l o n g i n g  

to  both  the  i n t e r m e d i a t e   s t a g e   and  at  l e a s t   a  p o r t i o n  

of  the  f i n a l   s t a g e   of  s a id   c o o l i n g   zone  wi th   cold  w a t e r  

to  r e c o v e r   sa id   hea t   t h e r e b y   to  h e a t   s a id   cold  w a t e r  

i n t o   hot  w a t e r ;   a n d  

a  second  s t e p   of  e x c h a n g i n g   the  hea t   of  the  h o t  

was te   ga ses   coming  d i r e c t l y   from  the  wind  boxes  (163)  

b e l o n g i n g   to  a  mixed  zone  c o n s i s t i n g   of  the  f i n a l   s t a g e  

of  s a id   s i n t e r i n g   zone  and  the  f r o n t   s t a g e   of  s a i d  

c o o l i n g   zone  with  the  hot  w a t e r ,   which  has  been  h e a t e d  

at  the  f i r s t - n a m e d   hea t   e x c h a n g i n g   s t e p ,   to  r e c o v e r   t h e  

s e c o n d - n a m e d   hea t   t h e r e b y   to  hea t   sa id   hot  water   i n t o  

s t e a m ,  

whereby  the  hea t   g e n e r a t e d   by  the  s i n t e r i n g   a c t i o n  

of  a  cha rge   m i x t u r e   of  o r e ,   s o l i d   f ue l   and  f lux   can  be  

e f f i c i e n t l y   r e c o v e r e d   as  s a id   s team  from  a  s i n t e r e d   o r e  



p r o d u c t ,   and  whereby  s u l f u r   o x i d e s ,   which  are  c a r r i e d  

in  the  hot  was te   ga ses   h a v i n g   p a s s e d   t h r o u g h   both  t h e  

wind  boxes  (163)  b e l o n g i n g   to  the  f i n a l   s t a g e   of  s a i d  

s i n t e r i n g   zone  and  to  the  f r o n t   s t a g e   of  s a i d   c o o l i n g  

zone,   can  be  m a i n t a i n e d   at  a  r e l a t i v e l y   h i g h  

t e m p e r a t u r e   d u r i n g   the  s e c o n d - n a m e d   hea t   e x c h a n g i n g  

s t ep   by  the  hot  w a t e r ,   which  has  r e c o v e r e d   the  hea t   o f  

s a i d   s t i l l   hot   was te   g a s e s ,   so  t h a t   s a id   s u l f u r   o x i d e s  

can  be  p r e v e n t e d   from  c o n d e n s i n g   in  the  form  o f  

d r o p l e t s   of  s u l f u r i c   ac id   wh i l e   e n s u r i n g   s u b s t a n t i a l l y  

c o r r o s i o n - f r e e   o p e r a t i o n   of  the  s e c o n d - n a m e d   h e a t  

e x c h a n g i n g   s t e p .  

2.  A  waste   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  C l a i m  

1,  the  second  named  hea t   e x c h a n g i n g   s t ep   c o m p r i s e s :  

a  f i r s t   s u b - s t e p   of  e x c h a n g i n g   the  h e a t   of  t h e  

h o t t e s t   waste   gases   coming  d i r e c t l y   from  the  wind  b o x e s  

(163)  b e l o n g i n g   to  a  mixed  zone  c o n s i s t i n g   of  the  f i n a l  

s t a g e   of  sa id   s i n t e r i n g   zone  and  the  f r o n t   s t age   o f  

sa id   c o o l i n g   zone  with  s team  to  r e c o v e r   the  s e c o n d -  

named  hea t   t h e r e b y   to  hea t   s a i d   s team  in to   s u p e r h e a t e d  

s t eam;   and  

a  second  s u b - s t e p   of  e x c h a n g i n g   the  hea t   of  t h e  

was te   g a s e s ,   which  have  been  s u b j e c t e d   to  the  f i r s t  

h e a t   e x c h a n g i n g   s u b - s t e p ,   wi th   the  hot  w a t e r ,   which  h a s  



been  h e a t e d   at  the  f i r s t   hea t   e x c h a n g i n g   s t e p ,   t h e r e b y  

to  h e a t   s a id   hot   wa te r   i n t o   the  s team  which  is  to  b e  

h e a t e d   at  the  f i r s t   hea t   e x c h a n g i n g   s u b - s t e p .  

3.  A  was te   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  c l a i m  

2,  f u r t h e r   c o m p r i s i n g :  

a  f i r s t   s t e p   of  c i r c u l a t i n g   the  was te   g a s e s ,   w h i c h  

have  been  s u b j e c t e d   to  the  second  hea t   e x c h a n g i n g   s t e p ,  

to  the  c h a r g e   m i x t u r e   c a r r i e d   on  the  p a l l e t s   above  t h e  

wind  boxes  (162)  of  the  r e m a i n i n g   or  f r o n t   a n d  

i n t e r m e d i a t e   s t a g e s   of  sa id   s i n t e r i n g   zone  t h e r e b y   t o  

p r e h e a t   the  same  c h a r g e   m i x t u r e ,   whereby  r e d u c i n g   t h e  

c o n t e n t   of  n i t r o g e n   o x i d e s   and  s u l f u r i c   o x i d e s   in  t h e  

was te   g a s e s   from  the  f r o n t   and  i n t e r m e d i a t e   s t a g e   o f  

the  s i n t e r i n g   zone;   a n d  

a  second  s t e p   of  c i r c u l a t i n g   the  was te   g a s e s ,  

which  have  been  s u b j e c t e d   to  the  f i r s t   hea t   e x c h a n g i n g  

s t e p ,   to  the  c h a r g e   m i x t u r e   which  is  be ing   and  has  b e e n  

s i n t e r e d   on  the  p a l l e t s   above  the  wind  boxes  (163)  

b e l o n g i n g   to  the  f i n a l   s t a g e   of  sa id   s i n t e r i n g   zone  and 

to  the  f r o n t   s t a g e   of  s a id   c o o l i n g   zone,   w h e r e b y  

r e c o v e r i n g   the  s e n s i b l e   hea t   of  s a id   was te   g a s e s .  

4.  A  waste   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  C l a i m  

2,  f u r t h e r   c o m p r i s i n g :  



a  t h i r d   s t ep   of  e x c h a n g i n g   the  h e a t   of  sa id   s t i l l  

hot   was te   gases   wi th   s a id   hot   wa te r   to  r e c o v e r   s a i d  

h e a t   t h e r e b y   to  hea t   s a id   hot  wa te r   i n to   s t e a m .  

5.  A  waste   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  C l a i m  

2,  w h e r e i n   sa id   h o t t e s t   was te   g a s e s   come  from  t h a t  

p o r t i o n   of  sa id   c h a r g e   m i x t u r e ,   in  which  the  s i n t e r i n g  

r e a c t i o n   is  c o m p l e t e d .  

6.  A  waste   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  C l a i m  

5,  w h e r e i n   sa id   p o r t i o n   is  l o c a t e d   to  ex tend   over  t h e  

Burn  Through  P o i n t   of  sa id   s i n t e r i n g   a p p a r a t u s .  

7.  A  waste   gas  c i r c u l a t i o n   sys tem  for  c o n d u c t i n g   t h e  

was te   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  Claim  1,  s a i d  

sys tem  be ing   c h a r a c t e r i z e d   by  c o m p r i s i n g :  

f i r s t   hea t   e x c h a n g i n g   means  (27)  for  e x c h a n g i n g  

the  hea t   of  s t i l l   hot  waste   g a s e s   coming  from  the  w ind  

boxes  (164)  b e l o n g i n g   to  both  the  i n t e r m e d i a t e   s t a g e  

and  at  l e a s t   a  p o r t i o n   of  the  f i n a l   s t a g e   of  s a i d  

c o o l i n g   zone  with  cold  water   to  r e c o v e r   s a id   h e a t  

t h e r e b y   to  hea t   s a id   cold  water   i n to   hot  w a t e r :  

f i r s t   waste   gas  c i r c u l a t i n g   means  (154,  1 7 1 4 ,  

1724)  for  suck ing   and  s u p p l y i n g   f r e s h   a i r   to  t h e  

s i n t e r e d   ore  p r o d u c t   at  both  the  i n t e r m e d i a t e   s t age   and  



at  l e a s t   a  p o r t i o n   of  the  f i n a l   s t a g e   of  s a id   c o o l i n g  

zone,   and  for  c i r c u l a t i n g   the  s t i l l   hot   was te   g a s e s ,  

which  have  p a s s e d   t h r o u g h   sa id   wind  boxes  (164)  of  s a i d  

i n t e r m e d i a t e   and  f i n a l   s t a g e s   of  s a id   c o o l i n g   z o n e ,  

t h r o u g h   sa id   f i r s t   hea t   e x c h a n g i n g   means  (27)  to  t h e  

c h a r g e   m i x t u r e ,   which  is  be ing   and  has  been  s i n t e r e d   a t  

a  mixed  zone  c o n s i s t i n g   of  the  f i n a l   s t a g e   of  s a i d  

s i n t e r i n g   zone  and  the  f r o n t   s t a g e   of  s a id   c o o l i n g  

z o n e ;  

second  hea t   e x c h a n g i n g   means  (25)  for  e x c h a n g i n g  

the  h e a t   of  the  was te   g a s e s   coming  from  the  wind  b o x e s  

(163)  b e l o n g i n g   to  s a id   mixed  zone  wi th   sa id   hot  w a t e r  

to  h e a t   sa id   hot   wate r   i n t o   s t e a m ;  

second  was te   gas  c i r c u l a t i n g   means  (153,  1 7 1 3 ,  

1723)  for  s u c k i n g   and  s u p p l y i n g   sa id   was te   ga ses   to  t h e  

second  hea t   e x c h n g i n g   means  and  for  c i r c u l a t i n g   t h e  

waste   g a s e s ,   which  have  p a s s e d   t h r o u g h   sa id   second  h e a t  

e x c h a n g i n g   means,   to  the  c h a r g e   m i x t u r e   which  is  to  be  

s i n t e r e d   at  the  f r o n t   and  i n t e r m e d i a t e   s t a g e s   of  s a i d  

s i n t e r i n g   z o n e .  

8.  A  waste   gas  c i r c u l a t i o n   sys tem  for  c o n d u c t i n g   t h e  

was te   gas  c i r c u l a t i o n   method  a c c o r d i n g   to  Claim  2,  s a i d  

sys tem  be ing   c h a r a c t e r i z e d   by  c o m p r i s i n g :  

f i r s t   hea t   e x c h a n g i n g   means  (27)  for  e x c h a n g i n g  



the  hea t   of  s t i l l   hot  was te   g a s e s   coming  from  the  w ind  

boxes   (164)  b e l o n g i n g   to  both  the  i n t e r m e d i a t e   s t a g e  

and  at  l e a s t   a  p o r t i o n   of  the  f i n a l   s t a g e   of  s a i d  

c o o l i n g   zone  wi th   cold   wate r   to  r e c o v e r   s a id   h e a t  

t h e r e b y   to  hea t   s a id   cold  water   i n to   hot  w a t e r :  

f i r s t   was te   gas  c i r c u l a t i n g   means  (154,  1 7 1 4 ,  

1724)  for   s u c k i n g   and  s u p p l y i n g   f r e s h   a i r   to  t h e  

s i n t e r e d   ore  p r o d u c t   at  both  the  i n t e r m e d i a t e   s t a g e   a n d  

at  l e a s t   a  p o r t i o n   of  the  f i n a l   s t a g e   of  sa id   c o o l i n g  

zone,   and  for  c i r c u l a t i n g   the  s t i l l   hot   was te   g a s e s ,  

which  have  p a s s e d   t h r o u g h   sa id   wind  boxes  (164)  of  s a i d  

i n t e r m e d i a t e   and  f i n a l   s t a g e s   of  s a i d   c o o l i n g   z o n e ,  

t h r o u g h   sa id   f i r s t   hea t   e x c h a n g i n g   means  (27)  to  t h e  

c h a r g e   m i x t u r e ,   which  is  be ing   and  has  been  s i n t e r e d   a t  

a  mixed  zone  c o n s i s t i n g   of  the  f i n a l   s t a g e   of  s a i d  

s i n t e r i n g   zone  and  the  f r o n t   s t a g e   of  s a id   c o o l i n g  

z o n e ;  

second  h e a t   e x c h a n g i n g   means  (251)  for  e x c h a n g i n g  

the  h e a t   of  the  waste   gases   coming  d i r e c t l y   from  t h e  

wind  boxes  (163)  b e l o n g i n g   to  sa id   mixed  zone  w i t h  

s team  to  hea t   s a id   s team  i n to   s u p e r h e a t e d   s t e a m ;  

t h i r d   hea t   e x c h a n g i n g   means  (252)  d i s p o s e d   i n  

tandem  downs t r eam  of  sa id   second  hea t   e x c h a n g i n g   means  

(251)  for  e x c h a n g i n g   the  hea t   of  the  waste   g a s e s ,  

which  have  p a s s e d   t h r o u g h   the  second  h e a t   e x c h a n g i n g  



means  (251) ,   t h e r e b y   to  h e a t   sa id   hot  water   i n t o   t h e  

s team  which  is  to  be  h e a t e d   by  s a id   second  h e a t  

e x c h a n g i n g   means  ( 2 5 1 ) ;  

second  waste   gas  c i r c u l a t i n g   means  (153,  1 7 1 3 ,  

1723)  for  s u c k i n g   and  s u p p l y i n g   sa id   h o t t e s t   w a s t e  

g a s e s   to  the  second  hea t   e x c h n g i n g   means  (251)  and  t h e n  

to  the  t h i r d   h e a t   e x c h a n g i n g   means  (252)  and  f o r  

c i r c u l a t i n g   the  was te   g a s e s ,   which  have  p a s s e d   t h r o u g h  

the  second  and  t h i r d   h e a t   e x c h a n g i n g   means  (251,  2 5 2 ) ,  

to  the  c h a r g e   m i x t u r e   which  is  to  be  s i n t e r e d   at  t h e  

f r o n t   and  i n t e r m e d i a t e   s t a g e s   of  sa id   s i n t e r i n g   z o n e .  

9.  A  waste   gas  c i r c u l a t i o n   sys tem  a c c o r d i n g   to  C l a i m  

8,  w h e r e i n   the  f i r s t   h e a t   e x c h a n g i n g   means  i n c l u d e s   a 

w a s t e - h e a t   b o i l e r   (27)  hav ing   i t s   u p s t r e a m   p o r t i o n  

c o m m u n i c a t i n g   wi th   the  r e s p e c t i v e   wind  boxes  (164)  o f  

both  the  i n t e r m e d i a t e   and  f i n a l   s t a g e s   of  sa id   c o o l i n g  

zone,   w h e r e i n   the  f i r s t - n a m e d   waste   gas  c i r c u l a t i n g  

means  i n c l u d e s   a  b lower   (154)  for  s u c k i n g   the  w a s t e  

g a s e s ,   which  have  p a s s e d   t h r o u g h   the  f i r s t - n a m e d   h e a t  

e x c h a n g i n g   means,   and  for  s u p p l y i n g   them  to  the  c h a r g e  

m i x t u r e   at  s a id   mixed  zone,   w h e r e i n   the  second  and  

t h i r d   hea t   e x c h a n g i n g   means  (251,  252)  commonly  i n c l u d e  

a  w a s t e - h e a t   b o i l e r   (25)  hav ing   i t s   u p s t r e a m   p o r t i o n  

c o m m u n i c a t i n g   with  the  r e s p e c t i v e   wind  boxes  (163)  o f  



sa id   mixed  zone,   and  w h e r e i n   the  second  c i r c u l a t i n g  

means  i n c l u d e s   a  b lower   (153)  for  s u c k i n g   the  w a s t e  

g a s e s ,   which  have  p a s s e d   t h r o u g h   the  second  and  t h i r d  

h e a t   e x c h a n g i n g   means  (251,  252) ,   and  for  s u p p l y i n g  

them  to  the  c h a r g e   m i x t u r e   at  both  s a id   i g n i t i o n   z o n e  

and  the  f r o n t   and  i n t e r m e d i a t e   s t a g e s   of  s a id   s i n t e r i n g  

z o n e .  

10.  A  waste   gas  c i r c u l a t i o n   sys tem  a c c o r d i n g   to  C l a i m  

8,  s a id   sys tem  f u r t h e r   i n c l u d i n g   a  s team  drum  (31)  

hav ing   i t s   hot  wate r   r e s e r v i n g   p o r t i o n   c o n n e c t e d   w i t h  

both  the  f i r s t   and  t h i r d   hea t   e x c h a n g i n g   means  ( 2 7 ,  

252)  and  i t s   s team  r e s e r v i n g   p o r t i o n   c o n n e c t e d   with  t h e  

second  and  t h i r d   hea t   e x c h a n g i n g   means  (251,  2 5 2 ) .  

11.  A  waste   gas  c i r c u l a t i o n   sys tem  a c c o r d i n g   to  a n y o n e  

of  Claim  7  or  8,  f u r t h e r   c o m p r i s i n g :  

f o u r t h   hea t   e x c h a n g i n g   means  (271)  d i s p o s e d   i n  

tandem  u p s t r e a m   of  the  f i r s t   hea t   e x c h a n g i n g   means  

(272)  for  e x c h a n g i n g   the  hea t   of  sa id   s t i l l   hot  w a s t e  

g a s e s ,   b e f o r e   the  f i r s t   hea t   e x c h a n g i n g   means,   w i t h  

sa id   hot  water   to  hea t   sa id   hot  water   i n t o   s t e a m .  

12.  A  waste   gas  c i r c u l a t i o n   sys tem  a c c o r d i n g   to  C l a i m  

11,  w h e r e i n   sa id   f o u r t h   h e a t   e x c h a n g i n g   means  (271)  



i n c l u d e s   a  w a s t e - h e a t   b o i l e r   (27)  s h a r e d   with  the  f i r s t  

h e a t   e x c h a n g i n g   means  ( 2 7 2 ) .  
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