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©  An  improved  raw  materials  mix  and  process  for  producing  self-fluxing,  sintered  ores,  and  improved  self-fluxing,  sintered 
ores. 

 A  process  is  disclosed  for  producing  self-fluxing,  sintered 
ores  using  a  raw  materials  mix  comprising  at  least  25  wt% of 
fine  grains  below  1  mm  in  size  and  not  more  than  5.4  wt% of 
SiO2  in  terms  of  sintered  ore  product.  The  process  is  charac- 
terized  by  control  of  the  Si02  content  of  said  fine  grains  to  be 
at  least  50  wt%  of  the  total  Si02  content  of  the  mix,  and 
sintering  of  the  thus  controlled  mix. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   raw  m a t e r i a l s  

mix  f o r   p r o d u c i n g   s e l f - f l u x i n g ,   s i n t e r e d   o r e s ,   and  m o r e  

p a r t i c u l a r l y ,   to  an  i m p r o v e d   p r o c e s s   f o r   p r o d u c i n g   l o w -  

s l a g ,   s i n t e r e d   o r e s   w h i c h   a r e   r e s i s t a n t   to  d i s i n t e g r a t i o n ,  

and  the   i m p r o v e d   s e l f - f l u x i n g   s i n t e r e d   o r e s   r e s u l t i n g  

f rom  the   p r o c e s s .   The  p r o c e s s   is  b a s e d   on  the  f i n d i n g  

t h a t   the   S i02   c o n t e n t   of  the   f i n e   g r a i n s   of  the   n e w  

m a t e r i a l s   mix  is  i m p o r t a n t   to  the   p r o d u c t i o n   o f  

i m p r o v e d   s e l f - f l u x i n g ,   s i n t e r e d   o r e s .  

S i n t e r e i n g   by  a  common  D w i g h t - L l o y d   s i n t e r   m a c h i n e  

g e n e r a l l y   c o m p r i s e s   p r e p a r i n g   a  raw  m a t e r i l a s   mix  of  i r o n  

o r e ,   l i m e s t o n e ,   s i l i c a ,   m i s c e l l a n e o u s   o t h e r   m a t e r i a l s  

and  c o k e ,   a g g l o m e r a t i n g   the   mix  in  the   p r e s e n c e   of  w a t e r ,  

and  c h a r g i n g   the   r e s u l t i n g   a g g l o m e r a t e   i n t o   t he   s i n t e r  

m a c h i n e .   In  t h a t   m a c h i n e ,   t he   s u r f a c e   l a y e r   of  t h e  

s i n t e r   bed  is  i g n i t e d   in   an  i g n i t i o n   f u r n a c e ,   and  s u c t i o n  

i s  a p p l i e d   d o w n w a r d l y   of  t he   s i n t e r   bed  f o r   a  p e r i o d   o f  

a b o u t   20  m i n u t e s   d u r i n g   w h i c h   the   who le   t h i c k n e s s   of  t h e  

s i n t e r   bed   is  s i n t e r e d ,   s t a r t i n g   f rom  t he   s u r f a c e   l a y e r  

and  e n d i n g   w i t h   the   b o t t o m   l a y e r .  

In  the   p r o d u c t i o n   of  s i n t e r e d   o r e s   w h i c h   f l u x  

t h e m s e l v e s   and  have   a  C a 0 / S i O 2   l e v e l   in  the   r a n g e   of  f r o m  

1 . 0 : 1   to  2 . 0 : 1   g e n e r a l l y   f r o m  1 . 3 : 1   to  1 . 8 : 1 ,   a  h i g h  

p r o d u c t i v i t y ,   a  low  f u e l   c o n s u m p t i o n   and  all  i m p r o v e d  

q u a l i t y   in  t e r m s   of  s h a t t e r   i n d e x   and  d e g r a d a t i o n   i n d e x  

a f t e r   r e d u c t i o n   a t   550°C  (RDl)   a r e   f a c t o r s   a l w a y s   to  b e  

k e p t   in  m i n d .   In  o r d e r   to  i m p r o v e   the   RDI  v a l u e   w h i c h  

e x p r e s s e s ,   as  a  w e i g h t   p e r c e n t a g e   of  g r a i n s   b e l o w  3   min 



in  s i z e ,   t he   e a s e   w i t h   w h i c h   the   s i n t e r e d   ore  d i s i n t e g r a t e  

when  s u b j e c t e d   to  a  r e d u c i n g   a t m o s p h e r e   in   a  b l a s t  

f u r n a c e   a t   a  t e m p e r a t u r e   in  t he   r a n g e   of  f rom  400  to  6 0 0 ° c  

a c c o r d i n g   to  t he   c o n v e n t i o n a l   t e c h n i q u e ,   e i t h e r   t h e   c o k e  

c o n t e n t   of  the   mix  or  i t s   s l a g   c o n t e n t   ( e x p r e s s e d   a s  

the   sum  of  Ca0  a n d  S i O 2 )   i s   i n c r e a s e d .   The  f i r s t   m e t h o d ,  

i . e .   i n c r e a s i n g   t h e   coke   c o n t e n t ,   i s   e f f e c t i v e   i n  

i m p r o v i n g   the   RDI  v a l u e ,   b u t   l o w e r s   t he   gas   p e r m e a b i l i t y  

of  the   s i n t e r   b e d ,   t h u s   d e c r e a s i n g   the   p r o d u c t i v i t y  

and  r e d u c i b i l i t y   w h i l e   i n c r e a s i n g   c o k e   c o n s u m p t i o n .  

The  s e c o n d   m e t h o d ,   i . e .   i n c r e a s i n g   t h e   s l a g   c o n t e n t  

( e x p r e s s e d   as  t he   sum  of  CaO  and  S i O 2 ) ,   a c h i e v e s   t h e   i n -  

t e n d e d   p u r p o s e ,   b u t   c a l l s   f o r   more  s l a g   to  be  c h a r g e d  

i n t o   t h e   b l a s t   f u r n a c e ,   t h u s   i n c r e a s i n g   t he   b l a s t  

f u r n a c e   f u e l   c o n s u m p t i o n .   U s u a l l y ,   b l a s t   f u r n a c e s   a r e  

c h a r g e d   w i t h   a b o u t   300  kg  of  s l a g   p e r   ton   of  p i g ,   a n d  

t h i s   a m o u n t   is   f a r   g r e a t e r   t h a n   t h e   a m o u n t   n e c e s s a r y   f o r  

f u r n a c e   o p e r a t i o n s .   As  m e n t i o n e d   a b o v e ,   s u c h   e x c e s s  

s l a g   is  p r i m a r i l y   due  to  the   h i g h   c o n t e n t   of  S i O 2  

c a r r i e d   w i t h   t h e   f u r n a c e   c h a r g e ,   e s p e c i a l l y   i t s m a j o r  

i n g r e d i e n t ,   i . e . ,   the   s i n t e r e d   o r e .   A  s m a l l   SiO2  c o n t e n t  

of  s i n t e r e d   ore   d e n o t e s   a  low  s t r e n g t h   and   a  low  y i e l d  

of  s i n t e r e d   o r e .   To  a v o i d   t h i s   p r o b l e m ,   i t   has   b e e n  

n e c e s s a r y   to   k e e p   t h e   SiO2  c o n t e n t   of  t he   s i n t e r e d   ore  i n  

t h e   r a n g e   of  f rom  a b o u t   5 .6   to  a b o u t   6 . 0   w t % ,  i n c l u s i v e .  

C e r t a i n   p r o p o s a l s   have   b e e n   made  f o r   d e c r e a s i n g   t h e  

SiO2  c o n t e n t   of  s i n t e r e d   ore  w i t h o u t   i n c r e a s i n g   t h e  

coke   c o n t e n t .  

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

of  a  g a s e o u s   f u e l   ( c o k e   oven  g a s )   in   an  i g n i t i o n   f u r n a c e  

or  h e a t i n g   f u r n a c e   to  r e p l a c e   t he   u s u a l   s o l i d   f u e l  

( c o k e ) .   H o w e v e r ,   the   t e c h n i q u e   p r o p o s e d   u s e s   e s s e n t i a l l y  

low  f i r i n g   t e m p e r a t u r e s   and  r e q u i r e s   t h e   h i g h e r   r a n g e  

of  f i r i n g   t e m p e r a t u r e   to  be  r e t a i n e d   f o r   a  l e n g t h y  

p e r i o d   of  t i m e ;   t h i s   i n e v i t a b l y   l o w e r s   the   p r o d u c t i v i t y  

of  the  p r o c e s s .   In  a d d i t i o n ,   p a s t   r e c o r d s   of  t h e  



t e c h n i q u e   For  r e d u c i n g   the  SiO2  c o n t e n t   in  t e r m s   of  t h e  

s i n t e r e d   ore  show  t h a t   the   SO2  c o n t e n t   c a n n o t   be  made  

l o w e r   t h a n   a b o u t   5 .6   Wt%,  and ,   t h e r e f o r e ,   t he   t e c h n i q u e  

is  no t   an  e f f e c t i v e   m e t h o d   of  l o w e r i n g   the   SiO2  c o n t e n t  

of  the   s i n t e r e d   o r e .   The  h i g h   b l a s t   f u r n a c e   s l a g   v o l u m e  

a l s o   d e n o t e s   an  i n c r e a s e d   f u r n a c e   f u e l   c o n s u m p t i o n ,  

a n d ,   t h e r e f o r e ,   w i t h   the  c u r r e n t   c o n c e r n   o v e r   e n e r g y  

s a v i n g ,   a  r e d u c t i o n   in   the  b l a s t   f u r n a c e   s l a g   v o l u m e  

is  an  i m p o r t a n t   t a s k   f o r   the  i n d u s t r y .  

We  have   now  s u r p r i s i n g l y   f o u n d   t h a t ,   in  a  r a w  

m a t e r i a l s   mix  f o r   s i n t e r i n g   wh ich   c o n s i s t s   o f  

c o a r s e   and  f i n e   g r a i n s ,   the   SiO2  c o n t e n t   of  the  f i n e  

g r a i n s   is  c r i t i c a l   to  the   p r o d u c t i o n   of  an  i m p r o v e d  

s e l f - f l u x i n g ,   s i n t e r e d   o r e .  

More  s p e c i f i c a l l y ,   t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

f o r   p r o d u c i n g   a  s e l f - f l u x i n g   s i n t e r e d   ore  is  b a s e d   on  

t he   f i n d i n g   t h a t   SiO2  c o n t a i n e d   in  t he   f i n e   g r a i n s  

of  the   raw  m a t e r i a l s  m i x   m e l t s   e a s i l y   in   t he   s i n t e r i n g  

o p e r a t i o n   to  form  a  m e l t ,   and  t h a t   e v e n   a  s m a l l   a m o u n t  

of  such   SiO2  can   b i n d   and  a g g l o m e r a t e   t he   c o a r s e   g r a i n s  

of  the   i r o n   ore  to  g i v e   a  s t r e n g t h   w h i c h   is   such   t h a t  

the   r e s u l t i n g   s i n t e r e d   ore  w i l l   n o t   d i s i n t e g r a t e   u n d e r  

t h e   l o a d   ( t h e   w e i g h t   of  f u r n a c e   c h a r g e )   when  i t   i s  

c h a r g e d   i n t o   a  b l a s t   f u r n a c e .  

A c c o r d i n g   to  our   i n v e n t i o n ,   we  p r o v i d e :  

(1)   a  p r o c e s s   f o r   p r o d u c i n g   a  s e l f - f l u x i n g ,   s i n t e r e d  

ore   u s i n g   a  raw  m a t e r i a l   mix  c o m p r i s i n g   i r o n   o r e ,  

l i m e s t o n e ,   s i l i c a   and  c o k e ,   a t   l e a s t   25  wt%  of  s a i d  

mix  c o n s i s t i n g   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   a n d  

s a i d   mix  c o n t a i n i n g   n o t   more  t h a n   5 .4   wt%  of  SiO2  i n  

t e r m s   of  s i n t e r e d   ore  p r o d u c t ,   i . e .   s i n t e r e d   ore  p r o d u c t  

f rom  w h i c h   c o k e ,   c o m b i n e d   C02  and  c o m b i n e d   w a t e r   have  b e e n  

r e m o v e d   by  s i n t e r i n g   of  the   mix ,   s a i d   p r o c e s s   b e i n g  

c h a r a c t e r i z e d   by  c o n t r o l l i n g   the   SiO2  c o n t e n t   of  s a i d  

f i n e   g r a i n s   to  be  a t   l e a s t   50  wt%  o f  t h e   t o t a l   S i O 2  

c o n t e n t   of  the  mix ,   and  s i n t e r i n g   the   t h u s   c o n t r o l l e d  

m i x ;  



(2)  a  p r o c e s s   f o r   p r o d u c i n g . s e l f - f l u x i n g   s i n t e r e d   o r e s  

u s i n g   a  raw  m a t e r i a l s   m i x  c o m p r i s i n g   i r o n   o r e ,   l i m e s t o n e ,  

s i l i c   and  r e t u r n   f i n e s ,   a t   l e a s t   25  wt%  of  s a i d   m i x  

c o n s i s t i n g   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   and  s a i d  

mix  c o n t a i n i n g   no t   more  t h a n   5 .4   wt%  of  SiO2  in  t e r m s   o f  

s i n t e r e d   ore  p r o d u c t ,   i . e .   s i n t e r e d   ore  p r o d u c t   f r o m  

w h i c h   c o k e ,   c o m b i n e d   C02  and   c o m b i n e d   w a t e r   have   b e e n  

r e m o v e d   by  s i n t e r i n g   of  t he   m i x ,   s a i d   p r o c e s s   b e i n g   c h a r a c t e r -  

i s e d   by  c o n t r o l l i n g   the   SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s  

to  a  v a l u e   in  the   r a n g e   of  f rom  2 .4   to  3 .0   wt%,  i n c l u s i v e ,  

of  t he   mix  ( d r y ) ,   and  t he   b a s i c i t y   ( C a O / S i O 2   r a t i o )   o f  

s a i d   f i n e   g r a i n s   to  be  n o t   more  t h a n   1 . 3 : 1   and  s i n c e r i n g  

t he   t h u s   c o n t r o l l e d   mix  ( t h e   e x p r e s s i o n   " m i x ( d r y ) "   r e f e r s  

to  a  raw  m a t e r i a l   mix  w h i c h   has   b e e n   d r i e d   so  as  to  b e  

f r e e d   of  w a t e r   o t h e r   t h a n   c o m b i n e d   w a t e r ) ;  

(3)  a  p r o c e s s   a c c o r d i n g   to   (2)  a b o v e   w h e r e i n   t h e   sum 

of  the   Ca0  and  SiO2  c o n t a i n e d   in  s a i d   f i n e   g r a i n s   is   a t  

l e a s t   4 . 0   wt%  of  s a i d   m i x ;  

(4)  a  p r o c e s s   a c c o r d i n g   to   (2)  or  (3)  a b o v e ,   w h e r e i n  

the   SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   m inus   the   A l 2 O 3  

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

1 .8   to  2 .4   wt%,  i n c l u s i v e ,   b a s e d   on  the   mix ,   and  t h e  

w e i g h t   r a t i o   of  Ca0  to  ( S i O 2 - A l 2 O 3 )   c o n t a i n e d   in  s a i d  

f i n e   g r a i n s   is  w i t h i n   t he   r a n g e   of  f rom  0 . 5 : 1   to  2 . 0 : 1 ,  

i n c l u s i v e ;  

(5)  a  p r o c e s s   a c c o r d i n g   to   (4)  a b o v e ,   w h e r e i n   t he   w e i g h t  

r a t i o   of  Ca0  to  ( S i O 2 - A l 2 O 3 )   c o n t a i n e d   in  s a i d   f i n e   g r a i n s  

is  w i t h i n   t he   r a n g e   of  f rom  1.0:1  to  1 .  5 :  l ,   i n c l u s i v e ;  

( 6 )   a  c o m p o s i t i o n   c o n s i s t i n g   of  a  raw  m a t e r i a l s   m i x  

f o r   p r o d u c i n g   a  s e l f - f l u x i n g ,   s i n t e r e d   o r e ,   s a i d   m i x  

c o m p r i s i n g   i r o n   o r e ,   l i m e s t o n e ,   s i l i c a   and  c o k e ,   at  l e a s t  

25  wt% of  s a i d   mix  c o n s i s t i n g   of  f i n e   g r a i n s   b e l o w   1  mm 

in  s i z e   and  s a i d   mix  c o n t a i n i n g   n o t   more  t h a n   5 .4   wt% 

of  SiO2  in  t e r m s   of  " s i n t e r e d   ore   p r o d u c t . "   ( s a i d   s i n t e r e d  

ore  p r o d u c t   b e i n g   a  p r o d u c t   f rom  w h i c h   c o k e ,   c o m b i n e d  



CO2  and  c o m b i n e d   w a t e r   have   been   r e m o v e d   by  s i n t e r i n g  

of  the  m i x ) ,   s a i d   mix  b e i n g   c h a r a c t e r i s e d   by  an  S i O 2  

c o n t e n t   of  s a i d   f i n e   g r a i n s   of  a t   l e a s t   50% of  the  t o t a l  

SiO2  c o n t e n t   of  s a i d   m i x ;  

(7)  a  c o m p o s i t i o n   c o n s i s t i n g   of  a  raw  m a t e r i a l s   mix  f o r  

p r o d u c i n g   a  s e l f - f l u x i n g ,   s i n t e r e d   o r e ,   s a i d   m i x  

c o m p r i s i n g   i r o n   o r e ,   l i m e s t o n e ,   s i l i c a ,   coke  a n d  

r e t u r n   f i n e s ,   a t   l e a s t   25  wt%  of  s a i d   mix  c o n s i s t i n g   o f  

f i n e   g r a i n s   b e l o w   1  mm  in  s i z e  a n d   s a i d   mix  c o n t a i n i n g  

not   more  t h a n   5.4  wt%  of  SiO2  in  t e r m s   of  " s i n t e r e d   o r e  

p r o d u c t "   (  a s   d e f i n e d   in  (6)  a b o v e ) ,   s a i d   mix  b e i n g  
c h a r a c t e r i z e d   by  an  SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s  

b e t w e e n   2 .4   and  3 .0   wt%  of  s a i d   m i x ( d r y ) ,   and  t h e  

b a s i c i t y   ( C a O / S i O 2   r a t i o )   of  s a i d   f i n e   g r a i n s   b e i n g   n o t  

more  t h a n   1 . 3 : 1 ;   and  a  s e l f - f l u x i n g   s i n t e r e d   i r o n   o r e  

w h i c h   c o n t a i n s   no t   more  t h a n   5 .4   w e i g h t  %   of  SiO2  a n d  

in  w h i c h   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   a c c o u n t   f o r  

a t   l e a s t   23%  of  the   o r e ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

f i n e   g r a i n s   have   a  b a s i c i t y   ( C a O / S i O 2   r a t i o )   b e l o w   1 . 3 : 1 .  

The  i n v e n t i o n   d e f i n e d   above   p r o v i d e s   a  n o v e l  

p r o c e s s   f o r   p r o d u c i n g   a  s i n t e r e d   ore  w i t h   a  r e d u c e d   s l a g  

c o n t e n t   (Ca0  p l u s   S iO2)   w i t h o u t   i n c r e a s i n g   the   RDI 

v a l u e   of  the   o r e ,   such   s i n t e r e d   ore  of  low  s l a g   c o n t e n t  

r e q u i r i n g   l e s s   t h e r m a l   e n e r g y   f o r   m e l t i n g   in  a  b l a s t  

f u r n a c e .   A  f u r t h e r   f e a t u r e   of  the   i n v e n t i o n   is   t h a t  

the   p r o c e s s   of  t he   i n v e n t i o n   p r o d u c e s   a  s i n t e r e d   ore  t h e  

SiO2  c o n t e n t   of  w h i c h   is   b e l o w   5.4  wt%  w i t h o u t   a d v e r s e  

e f f e c t s   on  the  q u a l i t y   and  p r o d u c t i v i t y   of  the   o r e .  

R e f e r e n c e   is   now  made  to  the   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 :  

FIG.  1  shows  the   r e l a t i o n s h i p   o f  t h e   w e i g h t   p e r c e n t a g e  

of  CaO  and  SiO2  to  the   b a s i c i t y   ( C a O / S i O 2   by  w e i g h t ) . f o r  

s i x   r a n g e s   of  g r a i n   s i z e   of  a  raw  m a t e r i a l s   mix  u s e d   in  t h e  

c o n v e n t i o n a l   s i n t e r i n g   p r o c e s s .  

FIG.  2  shows  the  r e l a t i o n s h i p   of  the   same  p a r a m e t e r s  



f o r   a  raw  m a t e r i a l s   mix  used   in  the   p r o c e s s   of  t h i s  

i n v e n t i o n .  

F I G .  3   shows  the   r e l a t i o n s h i p   of  the   same  p a r a m e t e r s  

f o r   a n o t h e r   raw  m a t e r i a l s   mix  u s e d   in  t he   p r o c e s s   of  t h i s  

i n v e n t i o n .  

FIG.   4  shows  the   r e l a t i o n s h i p   of  t h e   RDI  v a l u e   a n d  

the   r a t i o   of  the   SiO2  c o n t e n t   of  f i n e   g r a i n s   b e l o w   1  mm 

in  s i z e   to  t he   S i02   c o n t e n t   of  the   t o t a l   m i x .  

F IGS.   5,  7  a n d  9   r e s p e c t i v e l y   show  the   p r o d u c t i v i t y  

( a ) ,   the  s i n t e r i n g   t i m e   ( b ) ,   the   s i n t e r   tu  s i n t e r   c a k e  

r a t i o   ( c ) ,   the   coke   c o n s u m p t i o n   ( d ) ,   t he   s h a t t e r   i n d e x  

( e ) ,   and  the   RDI  v a l u e   ( f )   o b t a i n e d   in  the   p r a c t i c e   o f  

the   p r o c e s s   of  t h i s   i n v e n t i o n ,   and  in  v a r i o u s   c o m p a r i s o n  

e x a m p l e s .  

FIG.   6  shows  the   SiO2  c o n t e n t   and   CaO  c o n t e n t   o f  

f i n e   g r a i n s   of  t he   mix  (of   t h i s   i n v e n t i o n )   b e l o w   1  mm 

in  s i z e   in  r e l a t i o n   to  the  RDI  v a l u e   of  the   r e s u l t i n g  

s i n t e r e d   o r e .  

FIG  8  s h o w s t h e   SiO2  c o n t e n t ,   the   Al2O3  c o n t e n t ,   a n d  

the   CaO  c o n t e n t   of  f i n e   g r a i n s   of  the   mix  (o f   t h i s   i n v e n t i o n )  

b e l o w   1  mm  in  s i z e   in  r e l a t i o n   to  t he   RDI  v a l u e   of  t h e  

r e s u l t i n g   s i n t e r e d   o r e .  

P r e f e r r e d   e m b o d i m e n t s   of  the   i n v e n t i o n   a r e   n o w  

d e s c r i b e d   in   d e t a i l .  

In  g e n e r a l ,   p a r t i c l e s   of  s e l f - f l u x i n g   s i n t e r e d   o r e  

h a v i n g   a  C a O / S i O 2   l e v e l   in  the  r a n g e   of  f rom  1 . 0 : 1   to  2 . 0 : 1 ,  

i n c l u s i v e ,   m o s t l y   f rom  1 . 3 : 1   to  1 . 8 : 1 ,   i n c l u s i v e ,   a g g l o m e -  

r a t e   t o g e t h e r   by  the   a c t i o n   of  " s l a g   b o n d "   w h e r e i n   t h e  

g r a i n s   of  i r o n   a r e   b o n d e d   by  means   of  a  m e l t .   S i n c e   t h e  

q u a l i t y   and  p r o d u c t i v i t y   of  the   s i n t e r e d   ore  a r e  

d e t e r m i n e d   by  the   b o n d ,   i t   b e c o m e s   v e r y   i m p o r t a n t   t o  

form  a  s u i t a b l e   b o n d .   H o w e v e r ,   w i t h   the   c u r r e n t   s i n t e r i n g  

p r o c e s s   u s i n g   s u c t i o n   t h r o u g h   the  s i n t e r   bed  as  is  t y p i c a l l y  

p e r f o r m e d   w i t h   a  D w i g h t - L l o y d  w i n t e r i n g   m a c h i n e ,   t h e  

s i n t e r i n g   r e a c t i o n   a t   h i g h   t e m p e r a t u r e s   f i n i s h e s   so  soon.  



t h a t   i t   is  n e c e s s a r y   to  form  the  r e q u i r e d   m e l t   w i t h i n   a 

s h o r t   p e r i o d   of  t i m e .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   we  have   f o u n d  

t h a t   the   q u a n t i t y   and  q u a l i t y   of  the  f i n e   g r a i n s   of  a  

raw  m a t e r i a l s   mix  f o r   s i n t e r i n g   be low  1  mm  in  s i z e  

a r e   i m p o r t a n t   f a c t o r s ,   and  t h a t   the   p r o p e r   c o n t r o l   of  t h e s e  

two  f a c t o r s   a c c e l e r a t e s   the   f o r m a t i o n   of  the  above   m e l t ,  

l e a d i n g   to  a  r e d u c t i o n   in  the  SiO2  c o n t e n t   of  the  r e s u l t i n g  
s i n t e r e d   o r e .  

In  g e n e r a l ,   a  raw  m a t e r i a l s   mix  f o r   s i n t e r i n g   i s  

a b o u t   6%  w a t e r ,   w h i c h   a c c e l e r a t e s   the  f o r m a t i o n   of  p s e u d o -  

p a r t i c l e s   t h a t   i n c r e a s e   the  gas  p e r m e a b i l i t y   of  the  s i n t e r  

b e d .   Each  p s e u d o - p a r t i c l e   c o m p r i s e s   a  c o a r s e   g r a i n   c o r e  

a b o u t   1  to  5 mm  in  s i z e   wh ich   is  s u r r o u n d e d   b y  f i n e  

g r a i n s   b e l o w   1  mm  in  s i z e   a d h e r i n g   to  the  c o r e .   O u r  

s t u d i e s   s u g g e s t   t h a t   the   f o r m a t i o n   of  the  m e l t   in  q u e s t i o n  

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

w h i c h   m e l t s   at   low  t e m p e r a t u r e s .   The  q u a n t i t y   of  i n i t i a l l y  

f u s e d   g r a i n s   g r a d u a l l y   i n c r e a s e s   by  m e l t i n g   a d j a c e n t  

c o a r s e   g r a i n s ,   bu t   b e c a u s e   the   s i n t e r i n g   m a t e r i a l s   s t a y s  

in  a  h i g h   t e m p e r a t u r e   r a n g e   o n l y   f o r   a  s h o r t   p e r i o d   o f  

t i m e ,   the   c o a r s e   g r a i n s   do  no t   f u s e   c o m p l e t e l y   and  t h e  

r e s u l t i n g   m e l t   is  no t   a  u n i f o r m   m i x t u r e   of  f i n e   and  c o a r s e  

g r a i n s   bu t   c o n t a i n s   a  h i g h e r   p r o p o r t i o n   of  the   i n i t i a l l y  

f u s e d   f i n e   g r a i n s   when  i t   has  c o a g u l a t e d   and  f o r m e d   s l a g  

b o n d s .   T h e r e f o r e ,   to  form  a  r e q u i r e d   a m o u n t   of  m e l t  

q u i c k l y ,   i t   is  n e c e s s a r y   t h a t   the   f i n e   g r a i n s   b e l o w   1  mm 

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

s t a r t i n g   p o i n t s   as  p o s s i b l e   wh ich   m e l t   a t   low  t e m p e r a t u r e s .  

The  m e l t   b a s i c a l l y   c o n s i s t s   of  SiO2,   CaO  and  i r o n  

o x i d e s ,   and ,   s i n c e   the  g r e a t e r   p a r t   of  the  s i n t e r i n g  

m a t e r i a l   is  made  up  of  i r o n   ore  as  the  s o u r c e   of  i r o n  

o x i d e s ,  t h e   f i n e   g r a i n s   s u r r o u n d i n g   a  c o a r s e   g r a i n  

u n a v o i d a b l y   c o n t a i n   a  l a r g e   p r o p o r t i o n   of  i r o n   o x i d e s .  

A c c o r d i n g l y ,   the   more  SiO2  and  CaO  s o u r c e s   which   a r e  

p r e s e n t   in  the   f i n e   g r a i n s ,   the   more  e a s i l y   is  a  m e l t  



is  f o r m e d .   T h i s   may  be  a c h i e v e d   by  u s i n g   a  raw  m a t e r i a l  

w h i c h   c o n t a i n s   a  l a r g e   p r o p o r t i o n   of  SiO2  and  Ca0  i n  

o n l y   f i n e   g r a i n s .   H o w e v e r   no  such   i r o n   ore   is  f o u n d   i n  

n a t u r e ,   and ,   t h e r e f o r e ,   a  p r a c t i c a l   m e t h o d   is  to  a d d  

f i n e   g r a i n s   of  s i l i c a ,   s e r p e n t i t e ,   p e r i d o t i t e   a n d  

N i - s l a g   as  SiO2  s o u r c e s   and   f i n e   g r a i n s   of  l i m e s t o n e   a s  

a  CaO  s o u r c e .   O t h e r   e f f e c t i v e   m a t e r i a l s   a r e   s l a g   f r o m  

a  b l a s t   f u r n a c e ,   s l a g  f r o m  a   c o n v e r t e r ,   and  r e t u r n e d  

f i n e s   wh ich   c o n t a i n   l a r g e   p r o p o r t i o n s   of  SiO2  and  C a U .  

1.  The  f i r s t   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s   i n v e n t i o n  

is  a  p r o c e s s   f o r   p r o d u c i n g   s e l f - f l u x i n g ,   s i n t e r e d   o r e s  

u s i n g   a  raw  m a t e r i a l s   mix  c o m p r i s i n g   a t   l e a s t   25  wt% 

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   and  no t   more  t h a n  

5 .4   wt%  of  "SiO2  in  t e r m s   of  s i n t e r e d   o re   p r o d u c t " ,   a s  

d e f i n e d   a b o v e ,   s a i d   p r o c e s s   b e i n g   c h a r a c t e r i z e d   b y  

c o n t r o l l i n g   the   SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   to  b e  

a t   l e a s t   50  wt%  of  the   t o t a l   SiO2  c o n t e n t   of  the  m i x ,  

and  s i n t e r i n g   the   t h u s   c o n t r o l l e d   m i x .  

The  f i r s t   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s   i n v e n t i o n  

is  now  d e s c r i b e d   in  d e t a i l   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s   and  the   f o l l o w i n g   t a b l e s .   L e t  

the   mix  u s e d   in   t he   c o n v e n t i o n a l   s i n t e r i n g   p r o c e s s   ( s e e  

FIG.   1  and  T a b l e   1)  be  c o m p a r e d   w i t h   the   mix  u s e d   i n  

the   f i r s t   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s   i n v e n t i o n  

( s e e   FIG.  2 ,   T a b l e   2  and   F I G .  5   and  T a b l e   5 ) .   FIGS.   1 ,  

2  a n d  3   e a c h   show  t h e   r e l a t i o n s h i p   of  t he   w e i g h t   o f  

SiO2  and  Ca0  f o r   e a c h   g r a i n   s i z e   (as   p e r c e n t a g e   of  t h e  

t o t a l   c o n t e n t   of  e a c h   s i z e )   to  the   b a s i c i t y   ( C a O / S i O 2  

r a t i o   by  w e i g h t )   f o r   e a c h   g r a i n   s i z e .   The  g r a i n   s i z e  

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

n a m e l y :   - 0 . 2 5   mm,  0 . 2 5 ~ 0 . 5   mm,  0 . 5 ~ 1   mm,  1 ~ 2   mm, 

2 ~ 5   mm,  and  5 ~ 1 0   mm.  The  p r e m i x   has   an  a v e r a g e  

b a s i c i t y   ( C a O / S i O 2 )   of  a b o u t   1 . 3 3 : 1 .   T a b l e s   1 ,  2   a n d  

3  ( b e l o w )   each   show  the   g r a i n   s i z e   d i s t r i b u t i o n   of  t h e  

mix  and  the   c o n t e n t s   of  CaO  and  S iO2,   r e s p e c t i v e l y ,   f o r  



e a c h   g r a i n   s i z e   as  p e r c e n t a g e s   of  the   CaO  and  S i O 2  

c o n t e n t s   of  the  m i x .  













As  FIG.  1  s h o w s ,   tile  mix  f o r   the   c o n v e n t i o n a l   p r o c e s s  

c o n t a i n s   more  CaO  in  the  r a n g e   of  from  1  to  2  mm  and  o f  

from  0 . 2 5   to  0 .5  mm  than   in  the  o t h e r   r a n g e s ,   but   i t s  

SiO2  c o n t e n t   is  u n i f r o m l y   d i s t r i b u t e d   o v e r   the  s i x  

r a n g e s .   In  a d d i t i o n ,   as  T a b l e   1  (above)   s h o w s ,   b o t h   t h e  

Ca0  and  SiO2  c o n t e n t s ,   as  p e r c e n t a g e s   of  the   Ca0  a n d  

SiO2  c o n t e n t s   of  the  mix ,   a r e   b e l o w   50%  in  tile  c a s e   o f  

gram  s i z e s   b e l o w   1  mm.  On  the   o t h e r   h a n d ,   as  FIG  2 

s h o w s ,   the  mix  f o r   the  p r o c e s s   of  t h i s   i n v e n t i o n   i s  

c h a r a c t e r i z e d   by  a  CaO  d i s t r i b u t i o n   f o r   g r a i n   s i z e s  

b e l o w   1 mm  which   is  s i m i l a r   to  t h a t   o b t a i n e d   w i t h   t h e  

mix  of  the   c o n v e n t i o n a l   p r o c e s s   and  ye t   c o n t a i n s   m o r e  

SiO2  in  g r a i n s   b e l o w   1  mm  in  s i z e   t h a n   does   the  c o n v e n t i o n a l  

mix .   F u r t h e r m o r e ,   the  mix  f o r   the   p r o c e s s   of  t h i s   i n v e n t i o n  

is   c o n t r o l l e d   so  t h a t   is  c o n t a i n s   no t   more  t h a n   5 .4   w t %  

of  SiO2  in  t e rms   of  the  SiO2  c o n t e n t   of  the   s i n t e r e d   o r e  

p r o d u c t .   In  c o n s e q u e n c e ,   t h e   g r a i n s   of  the   mix  b e l o w   1  mm 

in  s i z e   have   a  low  b a s i c i t y   ( C a O / S i O 2 ) .   As  T a b l e   2 

s h o w s ,   the   SiO2  c o n t e n t   f o r   g r a i n   s i z e s   b e l o w   1  mm, 

as  a  p e r c e n t a g e   of  the   t o t a l   SiO2  of  the   mix ,   is  h i g h e r  

t h a n   50%. 

F I G .  3   i l l u s t r a t e s   a n o t h e r   mix  to  be  u s e d   in  t h e  

p r o c e s s   of  t h i s   i n v e n t i o n .   The  mix  is   such   t h a t   the   S i O 2  

c o n t e n t   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  at  l e a s t  

50%  of  the  t o t a l   SiO2  c o n t e n t   of  the  mix ,   and  t h a t   t h e  

SiO2  c o n t e n t   of  the   mix  is  5.2%  in  t e r m s   of  the  S i O 2  

c o n t e n t   of  the   s i n t e r e d   ore  p r o d u c t .   The  mix  i s  

c h a r a c t e r i z e d   in  t h a t   g r a i n s   b e l o w   1  mm  in  s i z e   have   a  

h i g h e r   SiO2  c o n t e n t   and  a  l o w e r   b a s i c i t y   ( C a O / S i O 2 )  

t h a n   g r a i n s   b e l o w   1  mm  in  s i z e   in  the   c o n v e n t i o n a l   m i x  

( s e e   FIG  1) .   I t   f o l l o w s   t h a t ,   as  shows  in  T a b l e  5  

( a b o v e ) ,   the   SiO2  c o n t e n t   of  g r a i n s   b e l o w   1  mm  in  s i z e  

as  c o m p a r e d   w i t h   the  t o t a l   SiO2  c o n t e n t   of  the  mix  i s  

a t   l e a s t   50%  as  w i t h   the   mix  the  c h a r a c t e r i s t i c s   of  w h i c h  

a r e   shown  in  T a b l e   2  ( a b o v e ) .  



As  d e s c r i b e d   in  the   f o r e g o i n g ,   the   SiO2  c o n t e n t   o f  

the  mix  to  be  u s e d   in  the  p r o c e s s   of  t h i s   i n v e n t i o n   i s  

so  c o n t r o l l e d   t h a t   i t   is  not   more  t h a n   5.4%  as  c o n v e r t e d  

to  a  v a l u e   f o r   s i n t e r e d   ore  p r o d u c t .   Such  c o n v e r s i o n  

is  n e c e s s a r y   f o r   d e t e r m i n i n g   a c c u r a t l y   the   S i O 2  

c o n t e n t   of  the   mix  b e c a u s e   some  p o r t i o n s   of  t h e   mix  a r e  

e l i m i n a t e d   as  gas  and  d u s t   in  the   c o u r s e   of  s i n t e r i n g .  

No  g e n e r a l   c o n v e r s i o n   f o r m u l a   can   be  s e t   b e c a u s e   the   t y p e  

and  a m o u n t   of  t he   i n g r e d i e n t s   to  be  e l i m i n a t e d   from  the  m i x  

v a r y   s l i g h t l y   w i t h   the   c o m p o s i t i o n   of  t he   mix  and  t h e  

s i n t e r i n g   c o n d i t i o n s ,   but   i t   can  be  a p p r o x i m a t e d   by  t h e  

f o l l o w i n g   r e l a t i o n s h i p :  

in  w h i c h :   Y  is  the   SiO2  c o n t e n t   (wt%)  of  t he   s i n t e r e d  

ore  p r o d u c t ,   X  is   the   SiO2  c o n t e n t   (wt%)  of  t he   m i x ,  

and  a  and  b  a r e   c o n s t a n t s ,   g e n e r a l l y   1 .1   and  n o t   m o r e  

t han   0 . 2 ,   r e s p e c t i v e l y ,   wh ich   c a n b e   d e t e r m i n e d   e m p i r a c a l l y  

on  the   b a s i s   of  a c t u a l   r e c o r d s   of  s i n t e r i n g   o p e r a t i o n s .  

The  mix  f o r   use   in  t he   p r o c e s s   of  t h i s   i n v e n t i o n  

c o n t a i n s   a t   l e a s t   25%,  p r e f e r a b l y   f rom  25  t o  6 0 % ,   of  f i n e  

g r a i n s   b e l o w   1  mm  in  s i z e .   If   the   c o n t e n t   of  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   is  l o w e r   t h a n   25%,  n o t   e n o u g h   s l a g  

bonds   a r e   f o r m e d   by  s i n t e r i n g   to  p r o v i d e   a  s t r o n g   s i n t e r e d  

o r e .   I f   t he   c o n t e n t   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e  

e x c e e d s   60%,  the  gas   p e r m e a b i l i t y   of  t h e   s i n t e r   bed  i s  

d e c r e a s e d   b u t   t h i s   w i l l   no t   s a c r i f i c e   t he   p r o d u c t i v i t y  

of  t he   p r o c e s s   of  t h i s   i n v e n t i o n   i f   the   a g g l o m e r a t i o n  

o p e r a t i o n   is   e n h a n c e d   by  l o n g e r   a g g l o m e r a t i o n   or  i f   a  

b i n d e r   s u c h   as  q u i c k l i m e   or  b e n t o n i t e   is  a d d e d .  

S i n t e r e d   o r e s   were   p r o d u c e d   f rom  t h e m i x   d e s c r i b e d  

above   w i t h   v a r y i n g   p r o p o r t i o n s   of  SiO2  in  g r a i n s   b e l o w  

1 mm  in  s i z e   r e l a t i v e   to  the  t o t a l   SiO2  of  the  mix ,   a n d  

the  RDI  v a l u e s   of  the  p r o d u c t s   were  p l o t t e d   in  F I G  4 ,  

from  wh ich   one  can   u n d e r s t a n d   t h a t   the  RDJ  v a l u e   i s  



g r e a t  ly  and  s u d d e n l y   i m p r o v e d   when  the   SiO2  c o n t e n t   o f  

mix  g r a i n s   b e l o w   1  mm  in  s i z e   e x c e e d s   50%  of  the  t o t a l  

SiO2  c o n t e n t   of  the   mix .   Th i s   is  p r o b a b l y   b e c a u s e  

an  i n c r e a s e d   r e a c t i v e   a r e a   of  the   S i O 2 - c o n t a i n i n g   m i x  

c a u s e s   r a p i d   and  u n i f o r m   f o r m a t i o n   of  SiO2  s l a g ,   t h e  

b a s i c   c o m p o n e n t   of  the   s l a g   bond  wh ich   b i n d s   the   p a r t i c l e s  

or  i r o n   o x i d e   t o g e t h e r   and  g o v e r n s   the   s t r e n g t h   of  t h e  

s i n t e r e d   are  p r o d u c t .   As  a  r e s u l t ,   a  l o w - s l a g   s i n t e r e d  

ore  c o n t a i n i n g   n o t   more  t h a n   5.4%  of  SiO2  is  p r o d u c e d .  

The  f o l l o w i n g   a r e   i l l u s t r a t i v e   m e t h o d s   of  c o n t r o l l i n g  

the  SiO2  c o n t e n t   of  the  s i n t e r e d   ore  p r o d u c t .   to  be  n o t  

g r e a t e r   t h a n   5.4%  and  a l s o   of  c o n t r o l l i n g   the  S i O 2  

c o n t e n t   of  mix  g r a i n s   b e l o w   1  mm  in  s i z e   to  be  a t  l e a s t  

50%  of  the  t o t a l   SiO2  c o n t e n t   of  the  m i x :  

(1)  f i r s t   c o n t r o l l i n g   the   SiO2  c o n t e n t   of  the   mix  to  b e  

not   more  t h a n   5.4%  in  t e r m s   of  the  SiO2  c o n t e n t   of  t h e  

s i n t e r e d   ore  p r o d u c t ,   and  a t   the   same  t ime  d e c r e a s i n g   t h e  

CaO  c o n t e n t   of  the   mix  so  t h a t   i t s   b a s i c i t y   ( C a O / S i O 2 )  

does   no t   v a r y ,   and  t h e n   d e c r e a s i n g   the  g r a i n   s i z e   o f  

SiO2  s o u r c e s   such   as  s i l i c a ,   d u n n i t e ,   s e r p t e n t i t e ,  

M i f e r m a   and  o t h e r   h i g h   SiO2  c o n t e n t   o r e s   to  b e l o w   1  mm; 
(2)  s e c o n d ,   d e c r e a s i n g   the   s i z e   of  r e t u r n e d   f i n e s   c o n t a i n -  

ing   more  SiO2  t h a n   o r d i n a r y   o r e s   to  b e l o w   1  mm;  a n d  

(3)  t h i r d ,   u s i n g   a  l a r g e   p r o p o r t i o n   of  o r e s   wh ich   c o n t a i n  

more  SiO2  t h a n   o r d i n a r y   o r e s ,   and  wh ich   c o m p r i s e   m a n y  
f i n e   g r a i n s   b e l o w   1  mm  in  s i z e .  

2.  The  s e c o n d   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s   i n v e n t i o n  

is  a  p r o c e s s   f o r   p r o d u c i n g   a  low  s l a g - c o n t e n t   s i n t e r e d  

ore  u s i n g   a  raw  m a t e r i a l s   mix  f o r   a  s e l f - f l u x i n g   s i n t e r e d  

ore  c o m p r i s i n g   a t   l e a s t   25  w e i g h t  %   of  f i n e   g r a i n s  

b e l o w   1 mm  in  s i z e ,   s a i d   p r o c e s s   b e i n g   c h a r a c t e r i z e d   by  

l o w e r i n g   the  SiO2  c o n t e n t   of  the   mix  to  no t   more  t h a n  

5.4    in  t e r m s   of  s i n t e r e d   ore  p r o d u c t ,   i n c r e a s i n g   t h e  

SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   of  the  mix  be low  1  mm 

in  s i z e   to  be  b e t w e e n   2 .4   and  3.4  w e i g h t  %   of  the   r a w  

m a t e r i a l   mix  ( d r y ) ,   and  c o n t r o l l i n g   the   w e i g h t   r a t i o   o f  



CaO  tu  SiO2  b a s i c i t y   of  s a i d   f i n e   g r a i n s   to  be  b e l o w  

1 . 3 : 1 ,   and  s i n t e r i n g   the   t h u s   c o n t r o l l e d   m i x .  

T h e r e f o r e ,   t he   s i n t e r e d   ore  p r o d u c e d   by  the   s e c o n d  

e m b o d i m e n t   of  t h i s   i n v e n t i o n   is  a  s e l f - f l u x i n g   ( b a s i c )  

s i n t e r e d   ore  w h i c h   c o n t a i n s   no t   more  t h a n   5 .4   wt%  o f  

SiO2,   and  the   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   w h i c h  

a c c o u n t   f o r   a t   l e a s t   25%  of  the  ore   a r e   c h a r a c t e r i z e d  

by  h a v i n g   a  b a s i c i t y   ( C a O / S i O 2 )   b e l o w   1 . 3 : 1 .  

Thus ,   t he   n e x t   p o i n t   to  be  c o n s i d e r e d   is  t h e  

c o m p o s i t i o n   of  t he   f i n e   g r a i n s   of  t he   mix  b e l o w   1  mm  i n  

s i z e .   As  we  have   a l r e a d y   r e v e a l e d ,   the   l o w e r   t h e  

b a s i c i t y   ( C a O / S i O 2   r a t i o )   of  f i n e   g r a i n s   of  t he   m i x  

b e l o w   1  mm  in  s i z e ,   the   h i g h e r   t he   r e d u c t i o n   s t r e n g t h   o f  

the   s i n t e r e d   o r e ,   and  t h i s   e f f e c t   is   p a r t i c u l a r l y  

c o n s p i c u o u s   when  the   f i n e   g r a i n s   have   a  b a s i c i t y   b e l o w  

1 . 0 : 1 .   A c c o r d i n g l y ,   two  raw  m a t e r i a l s   m ixes   w i t h  

the   same  a v e r a g e   c o m p o s i t i o n   w i l l   p r o v i d e   s i n t e r e d  

o r e s   of  d i f f e r e n t   r e d u c t i o n   s t r e n g t h s   i f   t he   f i n e  

g r a i n s   b e l o w   1 mm  in  s i z e   have   d i f f e r e n t   b a s i c i t i e s .   F o r  

e x a m p l e ,   a  mix  in  w h i c h   the   f i n e   g r a i n s   b e l o w   1  mm  i n  

s i z e   have   a  h i g h e r   b a s i c i t y   p r o v i d e s   a  s i n t e r e d   ore  o f  

h i g h e r   r e d u c t i o n   s t r e n g t h   t h a n   a  mix  in  wh ich   s u c h   f i n e  

g r a m s  h a v e   a  l o w e r   b a s i c i t y .  

However ,   our   s t u d i e s   h a v e   a l s o   shown  t h a t   n o t   o n l y   i s  

the  b a s i c i t y   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e ,   a n  

i m p o r t a n t   f a c t o r ,   bu t   a l s o   t he   a b s o l u t e   a m o u n t s   o f  

SiO2  and  Ca0  c o n t a i n e d   in   s u c h   f i n e   g r a i n s .  

The  a b o v e   d i s c u s s i o n   shows  t h a t   the   a m o u n t s   of  f i n e  

g r a i n s   of  a  mix  b e l o w   1 mm  in  s i z e   and  t h e i r   c o n s t i t u e n t s ,  

e s p e c i a l l y   SiO2  and  CaO,  have   an  i m p o r t a n t   e f f e c t   o n  

the  q u a l i t y   of  the   s i n t e r e d   ore  p r o d u c t .   We  have   a l s o  

found   t h a t   mos t   of  the   SiO2  and  CaO  in  c o a r s e   g r a i n s  

l a r g e r   t h a n   1  mm  in  s i z e   e i t h e r   r e m a i n s   u n r e a c t e d   or  i s  

r e a c t e d   bu t   m o s t l y   c o n f i n e d   w i t h i n   the   c o a r s e   p a r t i c l e s ,  

t h u s   f a i l i n g   to  p e r f o r m   the   f u n c t i o n   of  a  " b o n d " .   H o w e v e r ,  



CaO  wh ich   fo rms   s l a g   more  e a s i l y   t h a n   SiO2  w i l l   f o r m  

some  s l a g   in  the  l a t e r   s t a g e   of  the   s i n t e r i n g   r e a c t i o n .  

T h e r e f o r e ,   by  p r o p e r l y   c o n t r o l l i n g   the  SiO2  and  CaO 

c o n t e n t s   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e ,   s i n t e r e d  

o r e s   can   be  p r o d u c e d   w i t h o u t   i m p a i r i n g   t h e i r   q u a l i t y  

and  p r o d u c t i v i t y   even   i f   the   SiO2  and  Ca0  c o n t e n t s  

of  c o a r s e   g r a i n s   l a r g e r   t h a n   1  mm  in  s i z e   a r e  

d e c r e a s e d .   In  o t h e r   w o r d s ,   the   n e c e s s a r y   and  s u f f i c i e n t  

r e q u i r e m e n t   fo r   h i g h   q u a l i t y   and  p r o d u c t i v i t y   of  s i n t e r e d  

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

c o n s t i t u e n t s   (SiO2  and  Ca0)  of  f i n e   g r a i n s   of  a  r a w  

m a t e r i a l s   mix  f o r   s i n t e r i n g   b e l o w   1  mm  in  s i z e   s h o u l d  

be  s a t i s f i e d .   By  r e d u c i n g   the  SiO2  and  Ca0  c o n t e n t s  

of  c o a r s e   g r a i n s   more  t h a n   1  mm  i n  s i z e   w h i c h   have   n o t  

been   i n v o l v e d   in  the  f o r m a t i o n   of  a  " b o n d " ,   and  t h e r e b y  

d e c r e a s i n g   the  t o t a l   SiO2  and  Ca0  c o n t e n t s   of  the   r a w  

m a t c r i a l ,   a  l o w - s l a g   s i n t e r e d   ore  can   be  p r e p a r e d  

w h i c h   c o n t a i n s   no t   more  t h a n  5 . 4   wt%  of  SiO2  bu t   w h i c h  

has   p r e v i o u s l y   been   d i f f i c u l t   to  p r o d u c e   c o m m e r c i a l l y  

due  to  low  q u a l i t y   and  p r o d u c t i v i t y .   H o w e v e r ,   i t   i s  

s u b s t a n t i a l l y   i m p o s s i b l e   in  p r a c t i c e   s e l e c t i v e l y   t o  

e l i m i n a t e   SiO2  and  CaO  from  o n l y   the   c o a r s e   g r a i n s   o f  

the   raw  m a t e r i a l   w h i c h   a r e   more  t h a n   1  mm  in  s i z e .  

T h e r e f o r e ,   as  a  p r a c t i c a l l y   f e a s i b l e   m e t h o d ,   the   S i O 2  

and  CaO  c o n t e n t s   of  the   c o a r s e   g r a i n s   a r e   r e d u c e d   n o t  

d i r e c t l y   bu t   i n d i r e c t l y   by  d e c r e a s i n g   the  SiO2  a n d  

Ca0  c o n t e n t s   of  t he   t o t a l  m i x ,   and  t h e n   c o m p e n s a t i n g   f o r  

the   r e q u i r e d   a m o u n t s   of  SiO2  and  CaO  in  t he   f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e .   T h e r e f o r e ,   a  40  k g - p o t   t e s t   w a s  

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

b e t w e e n   the   SiO2  and  Ca0  c o n t e n t s   of  f i n e   g r a i n s   b e l o w  

1  mm  in  s i z e   and  the  q u a l i t y   of  the   s i n t e r e d   o r e  

p r o d u c t .   The  r e s u l t s   of  the   t e s t   a r e   shown  in  FIG  6 

of  the  d r a w i n g s .  

FIG  6  is  a  g r a p h   p l o t t i n g   the   RD1  v a l u e s   of  s i n t e r e d  



ore  p r o d u c t s   p r o d u c e d   by  v a r y i n g   the   SiO2  and  CaO  c o n t e n t s  

of  f i n e   g r a i n s   of  a  raw  m a t e r i a l s   mix  b e l o w   1 mm  i n  

s i z e .   On  the  x - a x i s ,   the   w e i g h t   of  SiO2  c o n t a i n e d   i n  

f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  p l o t t e d   as  a  p e r c e n t a g e  
of  the  c o m p o n e n t s   of  t he   mix  ( d r y ) .   T h i s   f a c t o r   i s  

d e f i n e d   by  the  f o l l o w i n g   f o r m u l a   ( t h e   f a c t o r   w i l l   h e r e -  

u n d e r   be  r e f e r r e d   to  as  [ S i O 2 ] i n   -1  mm) :  

w h e r e i n   A  is  the   p e r c e n t a g e   by  w e i g h t   of  the   l i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   c o n t a i n e d   in  the   mix ,   and  B  is  t h e  

p e r c e n t a g e   by  w e i g h t   of  SiO2  c o n t a i n e d   in  the   f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e .   On  the   y - a x i s ,   the   w e i g h t   of  CaO 

c o n t a i n e d   in  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  p l o t t e d  

as  a  p e r c e n t a g e   of  t he   c o m p o n e n t s   of  the   m i x ( d r y ) .  

The  RD1  v a l u e s   of  the   r e s u l t i n g  s i n t e r e d   ore  p r o d u c t s  

a r e   i n d i c a t e d   by  n u m e r a l s   in  the  g r a p h .   The  b a s i c i t y  .  

( C a O / S i O 2   r a t i o )   of  the   f i n e   g r a i n s   b e l o w   1 mm  in  s i z e  

is  shown  as  a  s o l i d   l i n e   s l o p i n g   u p w a r d s   to  the  r i g h t ,  

and  t he   sum  of  t he   Ca0  and   SiO2  c o n t a i n e d   in  the   f i n e  

g m i n s   b e l o w   1  mm  in   s i z e   is  shown  as  a  d o t t e d   l i n e  

s l o p i n g   u p w a r d s   to   t he   l e f t .   As  is  c l e a r   f rom  FIG  6 ,  

t he   a r e a   of  RDI  <40  is  h a t c h e d   and  i t   e n c l o s e d   t h e  

r e g i o n   whe re   [ S i O 2 ]   in   -1  mm  is  a t   l e a s t   2 .4   and  t h e  

C a O / S i O 2   r a t i o   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  n o t  

more  t h a n   1 . 3 : 1 .   In  p a r t i c u l a r ,   t he   r e g i o n   w h e r e  

[ S i O 2 ]   in  -1  mm  i s   a t   l e a s t   3 .0   and  the   C a O / S i O 2   r a t i o  

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  n o t   more  t han   1 . 0 : 1  

is  c h a r a c t e r i z e d   by  v e r y   d e s i r a b l e   RDI  v a l u e s   ( < 3 0 ) .  

T h e r e f o r e ,   to  k e e p   the   RD1  v a l u e   of  a  s i n t e r e d   ore  p r o d u c t  

w i t h i n   a  d e s i r e d   r a n g e ,   i t   is  n e c e s s a r y   tha t   t h e  

[ S i O 2 ]   in  -1  mm  s h o u l d   be  h i g h e r   t h a n   a  c e r t a i n   v a l u e   a n d  

t h a t   the  C a O / S i O 2   r a t i o   of  l i n e   g r a i n s   be low  1  mm  in  s i z e  

s h o u l d   no t   e x c e e d   a  g i v e n   v a l u e .  



S i n c e   the   s i n t e r e d   ore  p r o d u c e d   by  the   p r o c e s s  

of  t h i s   i n v e n t i o n   is  of  low  SiO2  c o n t e n t ,   the   t o t a l  

SiO2  c o n t e n t   of  the   mix  s h o u l d   n a t u r a l l y   be  s m a l l e r   t h a n  

t h a t   of  the  c o n v e n t i o n a l   mix ,   and  t h i s   r e q u i r e m e n t  

u n a v o i d a b l y   c o n s t i t u t e s   a  l i m i t   to  the   i n c r e a s e   i n  t h e  

l e v e l   of  [ S i O 2 ]   i n  -  1   mm.  The  r e g i o n   where   [ S i O 2 ]  

in  -1  mm  e x c e e d s   5 .0   in  FIG  6  is  o b t a i n a b l e   o n l y  i n  

a  l a b o r a t o r y   by  s e l e c t i n g   on ly   i r o n   o r e s   w h i c h   a r c  

e x t r e m e l y   low  in  SiO2  c o n t e n t ,   b l e n d i n g   them  w i t h   f i n e  

p o w d e r s   of  SiO2  s o u r c e s   and  s i n t e r i n g   the  r e s u l t i n g  

mix .   In  c o m m e r c i a l   o p e r a t i o n s   where   s e l e c t i o n   of  s u c h  

o r e s   is  d i f f i c u l t ,   t h e r e   is  l i t t l e   p o s s i b i l i t y   of  o b t a i n -  

ing  the  s t a t e d   r a n g e .  

F u r t h e r m o r e ,   the   s t r e n g t h   at   o r d i n a r y   t e m p e r a t u r e s  

( s h a t t e r   i n d e x )   of  a  s i n t e r e d   ore  is  d i r e c t l y   c o r r e l a t e d  

w i t h   the  sum  of  t he   CaO  and  SiO2  c o n t a i n e d   in  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e ,   and ,   t h e r e f o r e ,   the  v a l u e   of  t h e  

sum  c a n n o t   be  made  e x c e s s i v e l y   low.  With   the   l e v e l  

of  S i O 2  i n   -1  mm  of  the   mix  b e i n g   a t   l e a s t   2 . 4 ,   i f   the   sum 

of  CaO  and  SiO2  c o n t a i n e d   in  f i n e   g r a i n s   b e l o w   1  mm  i n  

s i z e   is  s m a l l e r   t h a n   4 . 0 ,   the   s i n t e r e d   ore  p r o d u c t  

has   a  t e n d e n c y   to  e x h i b i t   low  s t r e n g t h   at   o r d i n a r y  

t e m p e r a t u r e s   ( s h a t t e r   i n d e x ) ,   m a k i n g   i t   n e c e s s a r y   t o  

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

i n d e x   by,  f o r   i n s t a n c e ,   i n c o r p o r a t i n g   more  coke   in  t h e  

m i x .  

The  f o l l o w i n g   c o n c l u s i o n   can   be  d rawn   from  t he   a b o v e  

d i s c u s s i o n :   the   t e c h n i q u e   of  t h i s   i n v e n t i o n   can   be  e a s i l y  

i m p l e m e n t e d   w i t h i n   the   h a t c h e d   a r e a   of  FIG  6  where   t h e  

[ S i O 2 ]   in  -1  mm  v a l u e   is  at  l e a t   2 .4   and  the  C a O / S i O 2  

r a t i o   of  f i n e   g r a i n s   be low  1  mm  in  s i z e   is  not   more  t h a n  

1 . 3 : 1 ,   e s p e c i a l l y   in  the   d o t t e d   a r e a   where   the  [ S i O 2 ]  

in  -1  mm  v a l u e   is  b e t w e e n   2 .4  and  3 . 0 ,   the  C a O / S i O 2  

r a t i o   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  no t   g r e a t e r  

t h a n   1 . 3 : 1   and  the   sum  of  CaO  and  SiO.,  c o n t a i n e d   in  t h e  



f i n e   g r a i n s   be low  1.  mm  in  s i z e   is  a t   l e a s t   4 . 0 .   It  i s  

to  be  n o t e d   a g a i n  t h a t   the   mix  f o r   use   in   t he   p r o c e s s  

o f   t h i s   i n v e n t i o n   g e n e r a l l y   c o n t a i n s   f rom  23  to  60  wt% 

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e .  

I t   i s   w e l l   known  t h a t   the   r e d u c t i o n   s t r e n g t h   of  a  

i n t e r e d  o r e   w i l l   u s u a l l y   d e c r e a s e   w i t h   an  i n c r e a s e   i n  

t h e   Al2O3  c o n t e n t  o f   t h e   o r e .   In  c o n t r a s t  w i t h  t h i s  

s t a t i s t i c a l   f a c t ,   some  c a s e s   a r e   o b s e r v e d   in  which   a n  

i n c r e a s e   in  t he   Al2O3  c o n t e n t   docs   n o t   n e c e s s a r i l y   r e s u l t  

in  a  low  r e d u c t i o n   s t r e n g t h   a n d ,   t h e r e f o r e ,   the   r e l a t i o n -  

s h i p   b e t w e e n   the  Al2O3  c o n t e n t   and  the   r e d u c t i o n   s t r e n g t h  

has   n o t   been   a l t o g e t h e r   c l e a r .   On  the   b a s i s   of  o u r  

u n d e r s t a n d i n g   t h a t   a  s l a g   bond  is  f o r m e d   of  r e l a t i v e l y  

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

in  t he   u n m e l t e d   o r e ,   we  have   c a r r i e d   ou t   e x p e r i m e n t s  

v a r y i n g   the   Al2O3  c o n t e n t   of  f i n e   g r a i n s   o n l y   r a t h e r  

t h a n   the  AL2O3  c o n t e n t   a v e r a g e d   by  b o t h   f i n e   and  c o a r s e  

g r a i n s ,   and  we  have   f o u n d   t h a t   t h e r e   i s   an  i n v e r s e  

r e l a t i o n s h i p   b e t w e e n   the  Al2O3  c o n t e n t   of  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   and  the   r e d u c t i o n   s t r e n g t h   of  t h e  

s i n t e r e d   ore  p r o d u c t .   We  have   a l s o   f o u n d   t h a t   t h e  

i n c o n s i s t e n c y   w h i c h   has   b e e n   o b s e r v e d   in   some  c a s e s  

b e t w e e n   the   a v e r a g e   A l 2 0 3   c o n t e n t   of  t h e   s i n t e r e d   o r e  

and  i t s   r e d u c t i o n   s t r e n g t h   can   be  e x p l a i n e d   by  t h e  

Al2O3  c o n t e n t   of  f i n e   g r a i n s   b e l o w   1  mm  i n  s i z e .  

A c c o r d i n g l y ,   i t   is  n e c e s s a r y   to  c o n t r o l   n o t   on ly   t h e  

a v e r a g e   Al2O3  c o n t e n t   of  a  s i n t e r e d   ore  b u t   a l s o   t h e  

Al2O3  c o n t e n t   of  f i n e   g r a i n s   b e l o w   1  mm  in   s i z e .   W h a t  

is  m o r e ,   a  raw  m a t e r i a l   f o r   s i n t e r i n g   s h o u l d   no t   b e  

c o m p o s e d   of  c r u s h e d   i r o n   o r e s   h a v i n g   a  h i g h   A l 2 O 3  c o n t e n t ,  

and  t h i s  i s   i m p o r t a n t   f o r - e n s u r i n g   all  a c c e p t a b l e   r e d u c t i o n  

s t r e n g t h   in  the  s i n t e r e d   o r e .  

T h e  a b o v e   d i s c u s s i o n   shows  t h a t   t he   p r o p o r t i o n s   o f  

f i n e   g r a i n s   of  a  raw  m a t e r i a l   f o r   s i n t e r i n g   which   a r c  

b e l o w   1 mm  in  s i z e   and  of  t h e i r   c o n s t i t u e n t s ,   e s p e c i a l l y  



S i 0 2 ,   CaO  and  A l 2 O ,   have   an  i m p o r t a n t   e f f e c t   on  t h e  

q u a l i t y   of  the  s i n t e r e d   ore  p r o d u c t .   We  have  a l s o  

found   t h a t   mos t   of  the   SiO2 ,  CaU  and  Al203   in  t h e  

c o a r s e   g r a i n s   l a r g e r   t h a n   1  n u n  i n  s i z e   e i t h e r   r e m a i n s  

u n r e a c t e d   or  is  r e a c t e d   bu t   m o s t l y   c o n f i n e d   w i t h i n   t h e  

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

a " b o n d " .   H o w e v e r ,   CaO  wh ich   more  e a s i l y   forms  s l a g  

t h a n   SiO2  and  Al2O3  w i l l   form  some  s l a g   in  the  l a t e r  

s t a g e   of  the   s i n t e r i n g   r e a c t i o n .   T h e r e f o r e ,   by  p r o p e r l y  

c o n t r o l l i n g   the  S i O 2   Ca0  and  Al2O3  c o n t e n t s   of  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e ,   s i n t e r e d   o r e s   w i t h   q u a l i t y   and  p r o -  

d u c t i v i t y   u n i m p a i r e d   can  be  p r o d u c e d   even   i f   the   S i O 2  
and  CaO  c o n t e n t s   of  c o a r s e   g r a i n s   l a r g e r   t h a n   1  mm  in  s i z e  

a re   d e c r e a s e d ,   or  even   i f   the   Al2O3  c o n t e n t   of  s a i d   c o a r s e  

g r a i n s   is  i n c r e a s e d .   In  o t h e r   w o r d s ,   as  s t a t e d   a b o v e ,  

the  n e c e s s a r y   and  s u f f i c i e n t   r e q u i r e m e n t   f o r   h i g h   q u a l i t y  

and  p r o d u c t i v i t y   of  the   s i n t e r e d   ore  is  t h a t   the   p r o p e r  

c o n d i t i o n s   w i t h   r e s p e c t   to  the  amount   and  c o n s t i t u e n t s  

( S i O 2 ,   CaO  and  A l2O3)   of  f i n e   g r a i n s   of  a  r a w   m a t e r i a l s  

mix  fo r   s i n t e r i n g   b e l o w   1  mm  in  s i z e   s h o u l d   be  s a t i s f i e d .  

By  r e d u c i n g   the  SiO2  and  CaO  c o n t e n t s   of  c o a r s e   g r a i n s  

l a r g e r   t h a n   1  mm  in  s i z e   w h i c h   have  no t   been   i n v o l v e d   i n  

the   f o r m a t i o n   of  a  " b o n d " ,   and  t h e r b y   d e c r e a s i n g   t h e  

t o t a l   SiO2  and  CaO  c o n t e n t s   of  the   raw  m a t e r i a l ,   a  l o w -  

s l a g   s i n t e r e d   ore  can   be  p r e p a r e d   which   c o n t a i n s   n o t  

more  t h a n   5 .4   wt%  of  SiO2  b u t   which   has  p r e v i o u s l y   b e e n  

d i f f i c u l t   to  p r o d u c e   c o m m e r c i a l l y   due  to  low  q u a l i t y  

and  p r o d u c i v i t y .   H o w e v e r ,   i t   is  s u b s t a n t i a l l y   i m p o s s i b l e  

in  p r a c t i c e   s e l e c t i v e l y   to  e l i m i n a t e   SiO2  and  Ca0  f r o m  

only   the  c o a r s e   g r a i n s   of  the   raw  m a t e r i a l   b e l o w   1  mm 

in  s i z e .   T h e r e f o r e ,   as  a  p r a c t i c a l l y   f e a s i b l e   m e t h o d ,   t n e  

SiO2  and  CaO  c o n t e n t s   of  the   c o a r s e   g r a i n s   a r e  

r e d u c e d   no t   d i r e c t l y   b u t   i n d i r e c t l y   by  d e c r e a s i n g   t h e  

SiO2  and  CaO  c o n t e n t s   of  the   t o t a l   raw  m a t e r i a l ,   and  t h e n  

c o m p e n s a t i n g   f o r   the   r e q u i r e d   a m o u n t s   of  SiO2  and  CaO  i n  



the   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e .   A c c o r d i n g l y ,  

a  40  k g - p o t   t e s t   was  c o n d u c t e d   to  d e t e r m i n e   the   q u a n t i t a t i v e  

r e l a t i o n s h i p   b e t w e e n   the  S i O 2 ,   Ca0  and  Al2O3  c o n t e n t s  

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   and  the   q u a l i t y   o f  

the   s i n t e r e d   ore  p r o d u c t .   The  r e s u l t s   of  the   t e s t   a r e  

shown  in  FIG  8  of  the   a c c o m p a n y i n g   d r a w i n g s .  

FIG  8  is   a  g r a p h   p l o t t i n g   the   RDI  v a l u e s   of  s i n t e r e d  

ore   p r o d u c t s   p r o d u c e d   by  v a r y i n g   t he   S i 0 2 ,   Ca0  a n d  

A l 2 0 3   c o n t e n t s   of  f i n e   g r a i n s   of  a  raw  m a t e r i a l s   m i x  

w h i c h   a r e   b e l o w   1  mm  in  s i z e .   We  have   p l o t t e d   on  t h e  

x - a x i s   the   w e i g h t   of  the   SiO2  c o n t a i n e d   in  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   m i n u s   t he   w e i g h t   of  A l203   c o n t a i n e d  

in  t he   f i n e   g r a i n s   as  a  p e r c e n t a g e   of  the   c o m p o n e n t s   o f  

the   m i x ( d r y ) .   T h i s   f a c t o r   is  d e f i n e d   by  the   f o l l o w i n g  

f o r m u l a   ( t h e   f a c t o r   w i l l   h e r e u n d e r   be  r e f e r r e d   to  a s  

[ S i O 2  -   A l 2 0 3   in  -1  mm) :  

w h e r e i n   A  is   t he   p r e c e n t a g e   by  weight  of  the   f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   c o n t a i n e d   in  t h e   mix ,   B  is   t he   p e r -  

c e n t a g e   by  w e i g h t   of  S i 0 2   c o n t a i n e d   in  the   f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e ,   and  C  is  t h e   p e r c e n t a g e   by  w e i g h t   o f  

Al2O3  c o n t a i n e d   in   the   f i n e   g r a i n s   b e l o w . 1   mm  in  s i z e .  

On  the   y - a x i s ,   we  have   p l o t t e d   the   w e i g h t   of  t h e  

Ca0  c o n t e n t   of  t he   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   as  a  

p e r c e n t a g e   of  t he   c o m p o n e n t s   of  t he   mix   ( d r y ) .   The  RDI 

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

by  n u m e r a l s   in  t he   g r a p h   of  F ig   8.  The  C a O / ( S i O 2  -   A l 2 O 3 )  

v a l u e s   f o r   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   a r e   shown  a s  

d o t t e d   l i n e s .   As  is  c l e a r   f rom  FIG  8,  the  a r e a   o f  

RDI  40  is   h a t c h e d   and  i t   e n c l o s e s   the   r e g i o n   w h e r e  

[ S i O 2  -   Al2O3]  in  -1  mm  is   a t   l e a s t   1  .8  and  the   C a O /  

( S i O 2  -   A l2O3)   r a t i o - o f   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e  i s  



not   g r e a t e r   t h a n   2 . 0 :  1 .   ]n  p a r t i c u l a r   the   r e g i o n   w h e r e  

t h e   SiO2  - A l 2 O 3 ]   in  -1mm  v a l u e   is  at   l e a s t   2.4  and  t h e  

C a O / ( S i O 2  -   A l 2 0 3 )   r a t i o   or  f i n e   g r a i n s   be low  1  mm  in  s i z e  

is  not   g r e a t e r   t h a n   1 . 8 : 1   is  c h a r a c t e r i z e d   by  v e r y  

d e s i r a b l e   RDI  v a l u e s   ( < 3 0 ) .   T h e  r e f o r e , t o   keep  t h e  

RDI  v a l u e   of  a  s i n t e r e d   ore  p r o d u c t   w i t h i n   a  d e s i r e d  

r a n g e ,   i t   is  n e c e s s a r y   t h a t   t h e   [ S i O 2  -   Al2O3]   in  - 1   mm 

v a l u e   s h o u l d   be  h i g h e r   t h a n   a  c e r t a i n   l e v e l   and  t h a t   t h e  

C a O / ( S i O 2  -   A l2O3)   r a t i o   of  f i n e   g r a i n s   be low  1  mm 

in  s i z e   s h o u l d   no t   e x c e e d  a   g i v e n   v a l u e .  

Now,  the  c h a n g e   in  the  A l203   c o n t e n t   of  a  r aw  

m a t e r i a l   fo r   s i n t e r i n g   is  g e n e r a l l y   s m a l l e r   than   t h a t   i n  

the  SiO2  c o n t e n t ,   and  f u r t h e r m o r e ,   in  p r a c t i c e   i r o n   o r e s  

h a v i n g   an  e x t r e m e l y   low  c o n t e n t   of  A l203   a re   n o t  

g e n e r a l l y   a v a i l a b l e   in  l a r g e   q u a n t i t i e s ,   T h e r e f o r e ,   i t  

is  u n a v o i d a b l e   t h a t   the   l e v e l   of  S i O 2  -   Al203  i n  

-1  mm  must  be  i n c r e a s e d   by  i n c r e a s i n g   the  SiO2  c o n t e n t  

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e .   H o w e v e r ,   s i n c e   t h e  

s i n t e r e d   ore  p r o d u c e d   by  the  p r o c e s s   of  t h i s   i n v e n t i o n  

is  of  low  SiO2  c o n t e n t ,   the  t o t a l   SiO2  c o n t e n t   of  t h e  

raw  m a t e r i a l s   mix  s h o u l d   n a t u r a l l y   b e  s m a l l e r   t h a n   t h a t  

of  the  c o n v e n t i o n a l   m ix ,   and  t h i s   r e q u i r e m e n t   u n a v o i d a b l y  

c o n s t i t u t e s   a  l i m i t   to  the  a v a i l a b l e   i n c r e a s e   in  t h e  

l e v e l   of  S i O 2  -   A l 2 O 3 ]   in  -1  mm.  The  r e g i o n   w h e r e  

[ S i O 2  -   Al2O3)  ]  i  n  - 1   mm  e x c e e d s   2.4  in  FIG  8  i s  

o b t a i n a b l e   o n l y   in  a  l a b o r a t o r y   by  s e l e c t i n g   o n l y   i r o n  

o r e s   which   a r e   e x t r e m e l y   low  in  SiO2  and  Al2O3  c o n t e n t s ,  

b l e n d i n g   them  w i t h   f i n e   p o w d e r s   of  SiO2  s o u r c e s   and  s i n -  

t e r i n g   the  r e s u l t i n g   mix .   In  c o m m e r c i a l   o p e r a t i o n s   w h e r e  

s e l e c t i o n   of  such   i r o n   o r e s   is  d i f f i c u l t ,   t h e r e   is  l i t t l e  

p o s s i b l i t y   of  o b t a i n i n g   the  s t a t e d   r a n g e .  

F u r t h e r m o r e ,   the   s t r e n g t h   a t   o r d i n a r y   t e m p e r a t u r e s  

( s h a t t e r   i n d e x )   of  the   s i n t e r e d   ore  is  d i r e c t l y   c o r r e l a t e d  

w i t h   the  sum  of  CaO  and  SiO2  c o n t a i n e d   in  f i n e   g r a i n s  

below  1 mm  in  s i z e ,   a n d ,   t h e r e f o r e ,   the   v a l u e   of  t h e  

sum  c a n n o t   be  made  e x c e s s i v l e y   low.  With  the  l e v e l  



o f   S i O 2  -   Al2O3]  in  -1  mm  of  a  raw  m a t e r i a l s   mix  b e i n g  

a t   l e a s t   1 . 8 ,  i f   t he   v a l u e   of  the  C a O / ( S i o 2  -   A l 2 O 3 )  

r a t i o   of  the   f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  s m a l l e r  

t h a n   1 . 0 : 1 ,   the   sum  of  t he   Ca0  and  SiO2  c o n t a i n e d   i n  

s a i d   f i n e   g r a i n s   d e c r e a s e s ,   and  the   s i n t e r e d   ore  p r o d u c t  

has   a  t e n d e n c y   to  e x h i b i t   a  low  s t r e n g t h   a t   o r d i n a r y  

t e m p e r a t u r e s   ( s h a t t e r   i n d e x ) ,   m a k i n g   i t   n e c e s s a r y   t o  

i m p l e m e n t   s e p a r a t e   p r o v i s i o n s   f o r   i n c r e a s i n g   t h e  

s h a t t e r   i n d e x   by,   f o r   i n s t a n c e ,   i n c o r p o r a t i n g   m o r e  

c o k e  i n   the   mix .   I t   is  to  be  m e n t i o n e d   h e r e   t h a t   t h e  

l e v e l   of  the   C a O / ( S i O 2  -   A l 2 0 3 )   r a t i o   of  f i n e  g r a i n s  

b e l o w   1  mm  in  s i z e   s h o u l d   n o t   be  b e l o w   O . 5 : 1   b e c a u s e ,  

o t h e r w i s e ,   s i n t e r e d   ore   w h i c h   is  v e r y  l o w   in  s t r e n g t h  

a t   o r d i n a r y   t e m p e r a t u e s   is  p r o d u c e d .  

The  f o l l o w i n g   c o n c l u s i o n   can   be  d r a w n   from  the   a b o v e  

d i s c u s s i o n :   the   t e c h n i q u e   of  t h i s   i n v e n t i o n   can  be  e a s i l y  

i m p l e m e n t e d   w i t h i n   t he   h a t c h e d   a r e a   of  FIG  8  Where  t h e  

[ S i O 2  -   Al20_  ]   in   -1  mm  v a l u e s   a r e   a t   l e a s t   1.S  and  t h e  

C a o /  S i o 2  -   A l 2 0 3 )   r a t i o   of  f i n e   g r a i n s   b e l o w   1  mm  i n  

s i z e a r e   no t   g r e a t e r   t h a n   2 . 0 : 1   e s p e c i a l l y   in  the   d o t t e d  

a r e a   Where  the   [  S i O 2  -  A l 2 O 3 ]  in  -1  mm  v a l u e s   a r e   b e t w e e n  

1 . S  and  2 . 4  and  the   C a O  /  ( S i o 2  -  Al2 O3)  r a t e s   b e t w e e n  

0 . 5 : 1   p r e f e r a b l y   1 . 0 : 1   and  2 . 0 : 1 .  

P r e f e r r e d  e m b o d i m e n t s   of  the   p r o c e s s   of  t h i s   i n v e n t i o n  

a r e   d e s c r i b e d   h e r e u n d e r   in   g r e a t e r   d e t a i l   w i t h   r e f e r e n c e  

to  t he   f o l l o w i n g   e x a m p l e s .  

T h r e e   d i f f e r e n t   raw  m a t e r i a l s   m i x e s   e a c h   c o m p r i s i n g  

i r o n   o r e s ,   l i m e s t o n e ,   s i l i c a ,   coke   and  r e t u r n   f i n e s   w e r e  

a g g l o m e r a t e d   in  the   p r e s e n c e   of  w a t e r  ,   and  the   r e s u l t i n g  

a g g l o m e r a t e s   were   c h a r g e d   i n t o   a  40  kg  t e s t   po t   at.  a  

n e g a t i v e   p r e s s u r e   of  1700  mm  II20  to  p r o d u c e   t h r e e  

d i f f e r e n t   s i n t e r e d   o r e s .   The  d e s c r i p t i o n   of  t h e  

i n g r e d i e n t s   of  e a c h   mix  and  the  g r a i n   s i z e   d i s t r i b u t i o n  

of  e a c h   i n g r e d i e n t  a r e   shown  in  T a b l e   4  ( f o r   C o m p a r a t i v e  

E x a m p l e   1) ,   T a b l e   5  ( f o r   E x a m p l e   1)  and  T a b l e  6  ( 1 - :  



E x a m p l e   2 ) .   The  a v e r a g e   b a s i c i t y   ( C a O / S i O 2 )   of  e a c h  

raw  m a t e r i a l s   mix  was  a b o u t   1 . 3 5 : 1 .   The  raw  m a t e r i a l s  

mix  u s e d   in  Example   1  a c c o r d i n g   to  one  e m b o d i m e n t   o f  

the  p r o c e s s   of  t h i s   i n v e n t i o n   i n c o r p o r a t e d   f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e )   of  s i l i c a   c o n t a i n i n g   a t   l e a s t   90% 

of  S i 0 2  so  t h a t   the   S i02   c o n t e n t   of  t he   mix  was  n o t  

more  t h a n   5 . 4 %  in  t e r m s   of  s i n t e r e d   ore  p r o d u c t .  

The  raw  m a t e r i a l s   mix  u s e d   in  Example   2  a c c o r d i n g   t o  

a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n   l i k e w i s e  

i n c o r p o r a t e d   f i n e   g r a i n s   ( b e l o w   1  mm  in  s i z e )   of  s i l i c a  

c o n t a i n i n g   at   l e a s t   90% of  S i 0 2 ,  but  i t   c o n t a i n e d  a  

s m a l l e r   amoun t   of  s i l i c a   and  l i m e s t o n e   so  t h a t   t h e  

S i02   c o n t e n t   of  the   mix was  no t   more  t h a n  5 . 2 %   in  t e r m s  

of  s i n t e r e d   ore  p r o d u c t .   T a b l e s   4 ,5  and  6  a r c   keyed   t o  

T a b l e  1,  2  and  3,  r e s p e c t i v e l y .   The  c o m p o s i t i o n s  

of  the   p r i n c i p a l   i n g r e d i e n t s   of  e ach   mix  a r e   i d e n t i f i e d  

in  T a b l e  8   b e l o w .  









The  t e s t .   r e s u l t s   a r e   shown  in  T a b l e  7   ( b e l o w )   a n d  

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

( E x a m p l e s   1  and  2)  was  s l i g h t l y   more  p r o d u c t i v e   t h a n  

the  c o n v e n t i o n a l   p r o c e s s  ( C o m p a r a t i v e   Example   1)  due' 

to  a  s h o r t e r  s i n t e r i n g   p e r i o d   and  a  h i g h e r   r a t i o   o f  

s i n t e r   to  s i n t e r   c a k e .   The  p r o c e s s   of  t h i s  i n v e n t i o n  

c o n s u m e d   s l i g h t l y  l e s s   coke   t h a n   the  c o n v e n t i o n a l  

p r o c e s s .   T h i s   means   t h a t ,   a l t h o u g h   the  p r o c e s s   o f  

t h i s   i n v e n t i o n   a c h i e v e d   a l m o s t   the  same  resul ts   o f  

s i n t e r i n g   as  in  t he   c o n v e n t i o n a l   t e c h n i q u e   w i t h   r e s p e c t  

to  m o i s t u r e  c o n t e n t ,   coke  c o n t e n t ,   p r o d u c t i v i t y ,   s i n t e r i n s  

t i m e ,   s i n t e r   to  s i n t e r   cake   r a t i o ,   coke  c o n s u m p t i o n   a n d  

s h a t t e r   i n d e x ,   i t   g r e a t l y   r e d u c e d   the  RDI  v a i u e   of  t h e  

s i n t e r e d  o r e   p r o d u c t   (as  in  E x a m p l e   1) ,   or  r e d u c e d  

the  S I 0 2  c o n t e n t   of  the   s i n t e r e d   ore  p r o d u c t   to  l e s s  

t h a n  3 . 2  % without  g r e a t l y   i n c r e a s i n g   i t s   RDI  v a l u e   ( a s  

in  E x a m p l e   2 )  .  





As  d e s c r i b e d   in  the  f o r e g o i n g ,   the  p r o c e s s   of  t h i s  

i n v e n t i o n   is  c o m p a r a b l e   w i t h ,   or  even   s u p e r i o r   to ,   t h e  

c o n v e n t i o n a l   s i n t e r i n g   p r o c e s s   w i t h   r e s p e c t   to  p r o d u c t i v i t y ,  

coke  c o n s u m p t i o n ,   s h a t t e r   i n d e x   and  o t h e r   f a c t o r s   w h i l e  

i t   can   g r e a t l y   r e d u c e   the   RDI  v a l u e   of  the   s i n t e r e d  

p r o d u c t ,   or  r e d u c e   the   S i 0 2  c o n t e n t   of  t h e . s i n t e r e d   p r o d u c t  

to  b e l o w  5 . 4 %   w i t h o u t   g r e a t l y   i n c r e a s i n g   i t s   RDI  v a l u e .  

C o m p a r a t i v e   E x a m p l e s  2   a n d  3   and  E x a m p l e s  3  t o  7   o f  

t h i s   i n v e n t i o n   a r e   d e s c r i b e d   h e r e u n d e r .   S e v e n  d i f f e r e n t  

raw  m a t e r i a l s   m i x e s   each   c o m p r i s i n g   i r o n   o r e s ,   l i m e s t o n e ,  

s i l i c a ,   coke  and  r e t u r n   f i n e s   were  a g g o l o m e r a t e d   in  t h e  



p r e s e n c e   of  w a t e r ,   and  the  r e s u l t i n g   a g g l o m e r a t e s   w e r e  

c h a r g e d   i n t o   a  40  kg  t e s t   po t   a t   a  n e g a t i v e   p r e s s u r e  

of  1700  mmll20  to  p r o d u c e   s e v e n   d i f f e r e n t   s i n t e r e d   o r e s .  

The  d e s c r i p t i o n   of  the  i n g r e d i e n t s   of  e a c h   mix  and  t h e  

c o m p o s i t i o n   of  e a c h   i n g r e d i e n t   a re   shown  in  T a b l e s   9 

to  12  ( C o m p a r i s o n   E x a m p l e   2  and  E x a m p l e s  3   to  5)  a n d  

T a b l e s   19  to  22  ( C o m p a r i s o n   e x a m p l e  3   and  E x a m p l e s  6  

and  7 ) .   The  p r o p o r t i o n s   of  t he   i n g r e d i e n t s   of  t h e  

mixes   a r e   i n d i c a t e d   in   T a b l e   13  ( C o m p a r i s o n   E x a m p l e  

2  and  E x a m p l e s  5   to  5)  and  in  T a b l e   23  ( C o m p a r i s o n  

E x a m p l e  3   and  E x a m p l e s  6   and  7) .   T a b l e s   s  14  to  17  a r c  

k e y e d   to  t he   d a t a   on  the   p r o p o r t i o n s   of  i n g r e d i e n t s  

s e t   f o r t h   in   T a b l e   13  f o r   C o m p a r a t i v e   E x a m p l e  2   a n d  

E x a m p l e s  3   to  5,  r e s p e c t i v e l y ,   and  e a c h   t a b l e   s h o w s  

the   SiO2  and  Ca0  c o n t e n t s   of  the   raw  m a t e r i a l s   mix  a n d  

the  s i n t e r e d   ore  p r o d u c t .   In  e a c h   of  T a b l e s   14  to  1 7 ,  

the  d a t a   on  the   S i02   c o n t e n t ,   t he   CaO  c o n t e n t   and  t h e  

C a O / S i O 2  r a t i o   of  the  mix  a r e   c l a s s i f i e d   u n d e r   c o a r s e  

g r a i n s   l a r g e r t h a n   1  mm  in  s i z e   and  f i n e   g r a i n s   b e l o w  

1  mm  in  s i z e .  

T a b l e s   24  to  26 a r e   k e y e d   to  the   d a t a   on  t h e  

p r o p o r t i o n s   of  i n g r e d i e n t s   s e t   f o r t h   in   T a b l e   23  f o r  

C o m p a r a t i v e   E x a m p l e  3   and  E x a m p l e s   6  and  7,  r e s p e c t i v e l y ,  

and  e a c h   t a b l e   shows  the   S iO2,   Ca0  and  A l 2 0 3  c o n t e n t s  

a n d - t h e   C a 0 / S i 0 2  r a t i o s   of  the   raw  m a t e r i a l s   mix  a n d  

s i n t e r e d   o re   p r o d u c t ,   and  the   ( S i 0 2  -  A l 2 0 3 )   c o n t e n t s  

and  C a 0 / ( S i 0 2  -   A l 2 0 3 )  r a t i o s   of  f i n e   g r a i n s   ( b e l o w  

1  mm  in  s i z e )   of  the   mix .   In  e a c h   of  T a b l e s   24  to  2 6 ,  

the  d a t a   on  the   Si02  c o n t e n t ,   Ca0  c o n t e n t   and  A l 2 0 3   c o n t e n t  

of  the   mix  a r e   c l a s s i f i e d   u n d e r ' c o a r s e   g r a i n s "   ( a b o v e  

l  mm  in  s i z e )   and  " f i n e   g r a i n s "   ( b e l o w   1  mm  in  s i z e ) ,  

r e s p e c t i v e l y .  

As  m e n t i o n e d   a b o v e   in  c o n n e c t i o n   w i t h   the  raw  m a t e r i a l  

mix  to  be  u s e d   in  the   p r o c e s s   of  t h i s   i n v e n t i o n ,   t h e  

r e l a t i o n s h i p   b e t w e e n  Y   w h i c h  i s   the  S i 0 2   c o n t e n t   ( w t % )  



of  the  s i n t e r e d   ore  p r o d u c e   and  X  wh ich   is  the  S i 0 2  

c o n t e n t   (wt%)  of  the   raw  m a t e r i a l s   mix  can   b e  

a p p r o x i m a t e d   by  the  f o l l o w i n g   f o r m u l a :  

w h e r e i n  a  and  b a r e   c o n s t a n t s ,   g e n e r a l l y   1 .1   and  not  m o r e  

t h a n   0 . 2 ,   r e s p e c t i v e l y ,   wh ich   can  be  d e t e r m i n e d   e m p i r i c a l l y  

on  the   b a s i s   of  a c t u a l   r e c o r d s   of  s i n t e r i n g   o p e r a t i o n s .  

As  T a b l e s   13  and  14  show,   the  raw  m a t e r i a l s   m i x  

p r e p a r e d   in  C o m p a r a t i v e   Example   2  is  such   t h a t   the  a m o u n t  

of  s i l i c a   c o n t a i n i n g   a t   l e a s t   90% of  S i 0 2  is  s i m p l y  

d e c r e a s e d   to  l o w e r   the  S i 0 2  c o n t e n t   in  t e r m s   of  s i n t e r e d  

ore  p r o d u c t   from  the  o r d i n a r y   r a n g e   of  5 . 6   t.o  6.0 wt% 

down  to  5 .4   w t%.   As  a  r e s u l t ,   the   l e v e l   of  [ S i 0 2  

in  -1  mm  of  the   mix  is  2 .25   and  the  C a 0 / S i 0 2  r a t i o  

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  1 . 2 0 : 1 .  

T h e r e f o r e ,   a  s i m p l e   r e d u c t i o n   of  the   S i 0 2   c o n t e n t   g i v e s  

a  l e v e l   of  [ S i 0 2 ]  in  -1  mm  w h i c h   is  b e l o w   2 . 4 .  

As  shown  in  T a b l e s   13  and  15,  the   raw  m a t e r i a l s  

mix  p r e p a r e d   in  E x a m p l e  3   is  such   t h a t   n o t   o n l y   is  t h e  

a m o u n t   of  s i l i c a   w h i c h   is  a d d e d   l o w e r e d   b u t   the   g r a i n  

s i z e   is  a l s o   d e c r e a s e d   to  b e l o w   1  mm  so  as  t h e r e b y   t o  

d e c r e a s e   the  S i 0 2  c o n t e n t   in  t e r m s   of  s i n t e r e d   o r e  

p r o d u c t   down  to  5.4  wt%.  As  a  r e s u l t ,  t h e   [ S i 0 2 ]  i n  -   1 

mm  v a l u e   is  i n c r e a s e d   to  2 . 7 7   and  the  C a 0 / S i 0 2  r a t i o  

of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  d e c r e a s e d   t o  

0 . 9 5 : 1 .  

I n  E x a m p l e   4  ( shown  in  T a b l e s   s  13  and  1 6 ) ,   the   r a w  

m a t e r i a l s   mix  c o n t a i n s   b o t h   r e t u r n   f i n e s   a  p a r t   of  w h i c h  

is  c r u s h e d   to  a  s i z e   b e l o w   1  mm  and  r e l a t i v e l y   c o u r s e  

g r a i n s   of  o t h e r   i r o n   o r e s ,   so  t h a t   the   S i 0 2  c o n t e n t   i n  

t e rms   of  s i n t e r e d   ore   p r o d u c t   is  d e c r e a s e d   to  5 .4   wt%.  

The  m i x  is  c h a r a c t e r i z e d   by  an  [ S i 0 2 ]   in  -1  mm  v a l u e  

wh ich   is  as  h i g h  a s   2 . 9 7   and  a  C a 0 / S i 0 2  r a t i o   of  f i n e  

g r a i n s   be low  1  mm  in  s i z e   as  h i g h   as  1 . 2 5 : 1 .  



In  E x a m p l e  5   ( i l l u s t r a t e d   in  T a b l e s   13  and  17) ,   t h e  

raw  m a t e r i a l s   mix  is   such   t h a t   n o t   o n l y   is  the  a m o u n t  

of  s i l i c a   added   d e c r e a s e d   to  0 . 8   wt%  b u t   a l s o   the  g r a i n  

s i z e   is  d e c r e a s e d   to  b e l o w   1 mm  and  a l s o   i t   i n c o r p o r a t e s  

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

of  S i 0 2  t h a n   f o r   the   mix  as  a  w h o l e ,   so  t h a t   the   S i 0 2  

c o n t e n t   in  t e r m s   of  s i n t e r e d   ore  is  d e c r e a s e d   to  5 .0   w t % .  

I n c o n s e q u e n c e ,   the  [ S i 0 2 ]  i n  -   1 mm  of  the  mix  is  2 . 55   a n d  

the   C a 0 / S i 0 2   r a t i o   of  f i n e   g r a i n   b e l o w   1  mm  in  s i z e   i s  

1 . 1 2 : 1 .   The  r e s u l t s   o b t a i n e d   by  s i n t e r i n g   the  r a w  

m a t e r i a l   m i x e s   p r e p a r e d   in  C o m p a r a t i v e   E x a m p l e  2   and  E x a m p l e s  

3  t o   5,  r e s p e c t i v e l y ,   a r e   shown  in  T a b l e   18  and  i l l u s t r a t e d  

in  the  g r a p h   of  FIG.  7 .  

As  shown  in  T a b l e   18  and  F I G  7 ,   t he   raw  m a t e r i a l  

mix  of  C o m p a r a t i v e   E x a m p l e   2,  w h i c h   was  p r e p a r e d   b y  

s i m p l y   r e d u c i n g   t h e   SiO2  c o n t e n t ,   p r o v i d e d   a  s i n t e r e d  

ore   h a v i n g   an  e x c e s s i v e l y   h i g h   RDI  v a l u e   wh ich   c o u l d  

o n l y   be  p r o d u c e d   a f t e r   an  e x t e n d e d   s i n t e r i n g   p e r i o d  

and  in  a  low  s i n t e r   to  s i n t e r   c a k e   r a t o .   The  m i x  

c o n s u m e d   a  l a r g e   a m o u n t   of  coke   as  i t   was  s i n t e r e d .   I n  

c o n t r a s t ,   the  raw  m a t e r i a l s   mix  of  E x a m p l e   3,  w h i c h   w a s  

p r e p a r e d   by  no t   o n l y   d e c r e a s i n g   the   a m o u n t   of  s i l i c a  

a d d e d   b u t   a l s o   by  r e d u c i n g   i t s   g r a i n   s i z e   to  b e l o w   1  mm, 

p r o v i d e d   a  s i n t e r e d   ore  h a v i n g   a  d e s i r e d   RDI  v a l u e   ( b e l o w  

4 0 ) ,   w h i c h   c o u l d   be  p r o d u c e d   w i t h   h i g h   p r o d u c t i v i t y  

and   in   a  s h o r t   s i n t e r i n g   p e r i o d ,   c o n s u m i n g   l e s s   c o k e ,  

a l t h o u g h   the   s i n t e r e d   o re   p r o d u c t   c o n t a i n e d   5 .4   wt%  of  S i O 2  
w h i c h   was  l e s s   t h a n   the   o r d i n a r y   v a l u e s   b e t w e e n   5 . 6  

and  6 . 0   w t%.  

The  raw  m a t e r i a l s   mix  of  E x a m p l e   4,  wh ich   c o n t a i n e d  

r e t u r n   f i n e s   w i t h   s o m e w h a t   more  SiO2  t h a n   the   i n t e n d e d  

s i n t e r e d  o n e   p r o d u c t   and  p a r t   of  w h i c h   was  c r u s h e d   t o  

a  s i z e   b e l o w   1  mm,  p r o v i d e d   a  s i n t e r e d   ore   h a v i n g   a  h i g h  

s h a t t e r   i n d e x   and  an  RDI  v a l u e   b e l o w   40.   Such  o r e  

c o u l d   be  p r o d u c e d   in  a  h i g h   s i n t e r   to  s i n t e r   cake   r a t i o ,  

c o n s u m i n g   a  s m a l l   a m o u n t   of  c o k e .  



The  raw  m a t e r i a l s   mix  of  Example   5,  p r e p a r e d   by  n o t  

o n l y   d e c r e a s i n g   the   amount   of  s i l i c a   a d d e d   to  0 .8   wt% 

b u t   a l s o   by  r e d u c i n g   i t s   g r a i n   s i z e   to  b e l o w   I  mm  a n d  

by  i n c o r p o r a t i n g   p a r t i a l l y   c r u s h e d   i r o n   o r e s   wh ich   w e r e  

r e l a t i v e l y   h i g h   in  SiO2  c o n t e n t ,   p r o v i d e d   a  s i n t e r e d  

ore  h a v i n g   a  d e s i r e d   v a l u e   of  RDI  b e l o w   40  w i t h o u t  

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

c a k e   r a t i o   and  w i t h o u t   i n c r e a s i n g   the   c o k e   c o n s u m p t i o n ,  

a l t h o u g h   the   r e s u l t i n g   s i n t e r e d   ore  had  i t s   S i O 2  

c o n t e n t   d e c r e a s e d   to  5 .0   wt%.  









As  T a b l e s   23  and  24  show,  the   raw  m a t e r i a l s   m i x  

p r e p a r e d   in  C o m p a r a t i v e   E x a m p l e  3   is  such  t h a t   the   a m o u n t  

of  s i l i c a   c o n t a i n i n g   a t   l e a s t   90%  of  SiO2  is  s i m p l y   d e -  

c r e a s e d   to  l o w e r   t h e   SiO2  c o n t e n t   in  t e r m s   of  s i n t e r e d   o r e  

p r o d u c t   f rom  t he   o r d i n a r y   r a n g e   of  5 .6   to  6 .0   wt%  down  t o  

5. 4  wt%.  As  a  r e s u l t   t he   l e v e l   of  [ S i O 2 -   Al2O3]   in   -1  mm 
of  the   mix  is  1 . 6 4   and  the   w e i g h t   r a t i o  o f   C a O / ( S i O 2  -  

Al2O3)   of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   is  1 . 3 4 : 1 .  

T h e r e f o r e ,   a  s i m p l e   d e c r e a s e   in  the   SiO2  c o n t e n t   g i v e s   a  

l e v e l   of  [ S i O 2  -   A l 2 O 3 ]   in  -1  mm  w h i c h   is  b e l o w   1 . 8 .  

As  shown  in  T a b l e s   23  and  25,  the   raw  m a t e r i a l s   m i x  

p r e p a r e d   in  E x a m p l e   6  c o n t a i n s   b o t h   r e t u r n   f i n e s ,   p a r t   o f  

w h i c h   is   c r u s h e d   to  a  s i z e   b e l o w   1  mm,  and  r e l a t i v e l y  

c o a r s e   g r a i n s   of  o t h e r   o r e s   so  t h a t   the   SiO2  c o n t e n t   i n  

t e r m s   of  s i n t e r e d   o re   p r o d u c t   is  d e c r e a s e d   to  5 .4   wt%.  T h e  

mix  is  c h a r a c t e r i z e d   by  an  [ S i O 2  -   A l2O3]   in  -1  mm  v a l u e  

which   is  as  h i g h   as  2 . 0 3   and  a  w e i g h t   r a t i o   of  C a O / ( S i O 2  -  

Al2O3)  of  f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   w h i c h   is   as  h i g h  

as  1 . 8 3 : 1 .  

In  E x a m p l e  7   i l l u s t r a t e d   in  T a b l e s   23  and  26,  t h e  

r aw  m a t e r i a l s   mix  i s   such   t h a t   no t   o n l y   is   the   amoun t   o f  

s i l i c a   a d d e d   d e c r e a s e d   to  0 .7   wt%  b u t   a l s o   i t s   g r a i n   s i z e  

is   l o w e r e d   to  b e l o w   1  mm  and  f u r t h e r   i t   i n c o r p o r a t e s  

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

of  SiO2  t h a n   f o r   t h e   mix  as  a  w h o l e ,   so  t h a t   the   SiO2  c o n -  

t e n t   in   t e r m s   of  s i n t e r e d   ore   is  d e c r e a s e d   to  5 .0   wt%.  I n  

c o n s e q u e n c e ,   t he   [ S i O 2  -   A l2O3]   in   -1  mm  of  the   mix  is   1 . 8 3  

and  the   w e i g h t   r a t i o   of  C a O / ( S i O 2  -   Al2O3)   of  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   i s   1 . 2 9 : 1 .  

The  r e s u l t s   o b t a i n e d   by  s i n t e r i n g   the   raw  m a t e r i a l s  

mix  p r e p a r e d   in   C o m p a r a t i v e   E x a m p l e  3   and  E x a m p l e s   6  a n d  7  

a re   shown  in  T a b l e   27  and  i l l u s t r a t e d   in  the   g r a p h   of  FIG  9 .  

As  is   c l e a r   f rom  T a b l e   27  and  FIG  9,  t he   raw  m a t e r i a l s   m i x  

of  C o m p a r a t i v e   E x a m p l e   3,  w h i c h   w a s  p r e p a r e d   by  s i m p l y   l o w -  

e r i n g   the   SiO2  c o n t e n t ,   p r o v i d e d   a  s i n t e r e d   ore  h a v i n g   a  

r e l a t i v e l y   h i g h   RDI  v a l u e   w h i c h   c o u l d   o n l y   be  p r o d u c e d   a f t e r  



e x t e n d e d   s i n t e r i n g   and   in   a  low  s i n t e r  t o   s i n t e r   c a k e  

r a t i o .   The  mix  c o n s u m e d   a  l a r g e   a m o u n t  o f   c a k e  a s   It  w a s  

s i n t e r e d .  





The  raws   m a t e r i a l s   mix  of  Example   6,  w h i c h   c o n t a i n e d  

r e t u r n   f i n e s   h a v i n g   s o m e w h a t   more  Sl O2  t h a n   the   i n t e n d e d  

s i n t e r e d   o re   p r o d u c t   and  p a r t   of  wh ich   was  c r u s h e d  t o  a  

s i z e   b e l o w   1  mm  p r o v i d e d   a  s i n t e r e d   ore   h a v i n g   a  h i g h  

s h a t t e r   i n d e x   and  an  RDI  v a l u e   b e l o w   40.  Such  ore  c o u l d   b e  

p r o d u c e d   in   a  h i g h   s i n t e r   t o  i n t e r   cake   r a t i o ,   consanat ing  a 

s m a l l   amount   of  c o k e .  

The  raw  m a t e r i a l   mix  of  E x a m p l e  7   p r e p a r e d   by  b o t h  

l o w e r i n g   t h e   a m o u n t   of  s i l i c a   added   to  0 .7   wt %  and  d e c r e a -  

s i n g  i t s   g r a i n   s i z e   to  be low  1  mm,  and  a l s o   by  i n c o r p o r a -  

t i n g   i n t o   t h e   mix  p a r t i a l l y   c r u s h e d   i r o n   o r e s   w h i c h   w e r e  

r e l a t i v e l y   h i g h   in   SiO2  content  p r o v i d e d   a  s i n t e r e d   o r e  

h a v i n g   a  d e s i r e d   v a l u e   of  RDT  b e l o w   40  w i t h o u t   s a c r i f i c i n g  

the   p r o d u c t i v i t y   and  s i n t e r   to  s i n t e r   cake  r a t i o ,   a n d  

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

r e s u l t i n g   s i n t e r e d   o re   had   i t s   SiO2  c o n t e n t   d e c r e a s e d   t o  

5.0  w t % .  







As  d e s c r i b e d   in  the   f o r e g o i n g ,   t he   p r o c e s s   of  t h i s  

i n v e n t i o n   i s   c o m p a r a b l e   w i t h ,   or  even   s u p e r i o r   t o ,   t h e  

c o n v e n t i o n a l   s i n t e r i n g   t e c h n i q u e   w i t h   r e s p e c t   to  p r o d u c t i -  

v i t y ,   coke  c o n s u m p t i o n ,   s h a t t e r   i n d e x   and  o t h e r   f a c t o r s ,  

w h i l e   i t   can   l o w e r   t he   SiO2  c o n t e n t   of  t he   s i n t e r e d   ore  t o  

b e l o w  5 . 4   wt%  and  d e c r e a s e  t h e   s l a g   c o n t e n t   (S iO2  p l u s  

CaO)  of  t h e   o re   w i t h o u t   g r e a t l y   i n c r e a s i n g   the   l e v e l   o f  

RDI.  A c c o r d i n g l y ,   the   p r o c e s s   can  g r e a t l y   c u r t a i l   t h e  

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

a p p r e c i a b l e   d e c r e a s e   in  t he   b l a s t   f u r n a c e   f u e l   c o n s u m p t i o n .  



1.  A  p r o c e s s   f o r   p r o d u c i n g   a  s e l f - f l u x i n g   s i n -  

t e r e d   ore   u s i n g   a  raw  m a t e r i a l s   mix  c o m p r i s i n g   i r o n ,  

o r e ,   l i m e s t o n e ,   s i l i c a   and  c o k e ,   a t   l e a s t   25  wt%  of  s a i d  

mix   c o n s i s t i n g   of  f i n e   g r a i n s   b e l o w   1  mm  in   s i z e   a n d  

s a i d   mix  c o n t a i n i n g   n o t   more  t h a n   5 .4   wt%  of  SiO2  i n  

t e r m s   of  " s i n t e r e d   o re   p r o d u c t "   ( s a i d   s i n t e r e d   o r e  

p r o d u c t   b e i n g   a  p r o d u c t   f rom  w h i c h   c o k e ,   c o m b i n e d   CO2 
and   c o m b i n e d   w a t e r   h a v e   b e e n   r e m o v e d   by  s i n t e r i n g   o f  

t h e   m i x ) ,   s a i d   p r o c e s s   b e i n g   c h a r a c t e r i z e d   by  c o n t r o l -  

l i n g   the   SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   to  be  a t  

l e a s t   50  wt%  of  t he   t o t a l   SiO2  c o n t e n t   of  the   r a w  

m a t e r i a l s   mix,   and  s i n t e r i n g   t h e   t h u s   c o n t r o l l e d   m i x .  

2.  A  p r o c e s s   f o r   p r o d u c i n g   a  s e l f - f l u x i n g  

s i n t e r e d   ore   u s i n g   a  raw  m a t e r i a l s   mix  c o m p r i s i n g   i r o n  

o r e ,   s i l i c a ,   l i m e s t o n e ,   coke  and  r e t u r n   f i n e s ,   a t  

l e a s t   25  wt%  of  s a i d   mix  c o n s i s t i n g   of  f i n e   g r a i n s  

b e l o w   1  mm  in   s i z e   and  s a i d   mix  c o n t a i n i n g   n o t   m o r e  

t h a n   3 .4   wt%  of  SiO2  in   t e r m s   of  " s i n t e r e d   ore  p r o d u c t "  

(as   d e f i n e d   in   C l a i m   1  a b o v e ) ,   s a i d   p r o c e s s   b e i n g   c h a r -  

a c t e r i z e d   by  c o n t r o l l i n g   t h e   SiO2  c o n t e n t   of  s a i d   f i n e  

g r a i n s   to  be  b e t w e e n   2 . 4   and  3 .0   wt%  of  t he   raw  m a t e r -  

i a l s   mix  ( d r y )   and  t h e   b a s i c i t y   ( C a O / S i O 2   r a t i o )   o f  

s a i d   f i n e   g r a i n s   to  be  n o t   more  t h a n   1 . 3 : 1 ,   a n d  

s i n t e r i n g   t h e   t h u s   c o n t r o l l e d   m i x .  

3.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   2,  w h e r e i n   t h e  

sum  of  t he   Ca0  and  SiO2  c o n t a i n e d   in   s a i d   f i n e   g r a i n s  

is   a t   l e a s t   4.0  wt%  o f  s a i d   m i x .  

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   2  or  C l a i m   3 ,  

w h e r e i n   t he   SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   minus   t h e  

Al2O3  c o n t e n t   of  s a i d   f i n e   g r a i n s   is   b e t w e e n   1 .8   a n d  

2 . 4   wt%  of  t he   raw  m a t e r i a l s   mix,   and  t h e   w e i g h t   r a t i o  

of  CaO  to  ( S i O 2  -   A l2O3)   c o n t a i n e d   in   s a i d   f i n e   g r a i n s  

is   b e t w e e n   0 . 5 : 1   and  2 . 0 : 1 .  



5.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   4,  w h e r e i n   t h e  

w e i g h t   r a t i o   of  Ca0  to  ( S i O 2 -   Al2O3)   c o n t a i n e d   in  s a i d  

f i n e   g r a i n s   is  b e t w e e n   1 . 0 : 1   and  1 . 8 : 1 .  

6.  A  c o m p o s i t i o n   c o n s i s t i n g   of  a  r a w   m a t e r i a l s  

mix  f o r   p r o d u c i n g   a  s e l f - f l u x i n g ,   s i n t e r e d   ore  s a i d   m i x  

c o m p r i s i n g   i r o n   o r e ,   l i m e s t o n e ,   s i l i c a   and  coke ,   a t  

l e a s t   23  wt%  of  s a i d   mix  c o n s i s t i n g   of  f i n e   g r a i n s  

b e l o w   1  mm  in  s i z e   and  s a i d   mix  c o n t a i n i n g   not   m o r e  

t h a n   3 .4   wt%  of  SiO2  in  t e r m s   of  " s i n t e r e d   ore  p r o d u c t "  
( s a i d   s i n t e r e d   ore  p r o d u c t   b e i n g   a  p r o d u c t   f rom  w h i c h  

c o k e ,   c o m b i n e d   CO2  and  c o m b i n e d   w a t e r   have   been   r e m o v e d  

by  s i n t e r i n g   of  t he   n i x ) ,   s a i d   mix  b e i n g   c h a r a c t e r i z e d  

by  an  SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   of  at   l e a s t   50% 

of  t he   t o t a l   SiO2  c o n t e n t   of  s a i d   m i x .  

7.  A  c o m p o s i t i o n   c o n s i s t i n g   of  a  r a w  m a t e r i a l s   mix  f o r  

p r o d u c i n g   a  s e l f - f l u x i n g ,   s i n t e r e d   o r e ,   s a i d   m i x  

c o m p r i s i n g   i r o n   o r e ,   l i m e s t o n e ,   s i l i c a ,   coke  a n d  

r e t u r n   f i n e s ,   at   l e a s t   25  w t   of  s a i d   mix  c o n s i s t i n g   o f  

f i n e   g r a i n s   be l   ow  1  mm  in  s i z e ,   and  no t   more  t h a n   5 .  

w t %  o f   SiO2,  in  t e r m s   of  " s i n t e r e d   o re   p r o d u c t "   ( a s  

d e f i n e d   in  C la im   6  a b o v e ) ,   s a i d   mix  b e i n g   c h a r a c t e r -  

i z e d   by  an  SiO2  c o n t e n t   of  s a i d   f i n e   g r a i n s   b e t w e e n  

2 . 4  a n d   3 .0   wt%,  of  s a i d   mix  ( d r y ) ,   and  the   b a s i c i t y  

( C a 0 / S i O 2   r a t i o )   of  s a i d   f i n e   g r a i n s   b e i n g   not   m o r e  

t h a n   1 . 3 : 1 .  

8.  A  s e l f - f l u x i n g   s i n t e r e d   i r o n   ore  wh ich   c o r r -  

t a i n s   n o t   more  t h a n   5 .4  w e i g h t  %   of  SiO2  and  in   w h i c h  

f i n e   g r a i n s   b e l o w   1  mm  in  s i z e   a c c o u n t   f o r   at  l e a s t  

2 5 %  o f   t he   o r e ,   c h a r a c t e r i z e d   in   t h a t   s a i d   f i n e   g r a i n s  

have   a  b a s i c i t y   (Ca0/S iO2,   r a t i o )   b e l o w   1 . 3 : 1 .  
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