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DIRECT  REDUCTION  PROCESS  USING  SHAFT  FURNACE 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   use  w i t h  

a  d i r e c t   r e d u c t i o n   p r o c e s s   to   r e d u c e   or   p r e v e n t   t h e  

5  o c c u r r e n c e   of  c l u s t e r i n g   of  m a t e r i a l ,   s u c h   as   i r o n   o r e ,  

in  t h e   f u r n a c e ,   t h e r e b y   to  i m p r o v e   e f f i c i e n c y   a n d  

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

The  d i r e c t   r e d u c t i o n   p r o c e s s   i s   s u i t e d   to   s m a l l   s c a l e  

10  p r o d u c t i o n   a n d   i s   v e r y   f l e x i b l e   so  t h a t   c o a l ,   n a t u r a l  

g a s ,   or  t h e   l i k e   c a n   be  u s e d   as   t h e   r e d u c t i o n   a g e n t ,  

and   t h e r e f o r e ,   t h e   p r o c e s s   is   b e i n g   i n c r e a s i n g l y  

a d o p t e d .  

15  The  s y s t e m s   now  p r e d o m i n d a t i n g   in  t h e   d i r e c t   r e d u c t i o n  

p r o c e s s   a r e   the   M i d r e x   s y s t e m   and  t he   HyL  s y s t e m   w h i c h  

u s e   as   a  r e d u c t i o n   f u r n a c e   a  v e r t i c a l   f u r n a c e ,  

t y p i c a l l y   a  s h a f t   f u r n a c e .   As  c h a r g e   m a t e r i a l   fo r   t h e  

s h a f t   f u r n a c e ,   i r o n   o r e   in  m a s s i v e   f o r m   ( l u m p   o r e )   o r  

20  p e l l e t s   ( p o w d e r   o r e   c o m p r e s s e d   in  b a l l   f o r m )   i s   u s e d ,  

b u t   i t   is   k n o w n   t h a t   t h e s e   m a t e r i a l s ,   w h e n   t r e a t e d   in   a  

h i g h   t e m p e r a t u r e   r e d u c t i o n   a t m o s p h e r e   w i t h i n   t"he  s h a f t  

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

and  the   e f f i c i e n c y   of  t he   o p e r a t i o n   is   t h e r e b y   g r e a t l y  

25  i m p a i r e d .   C l u s t e r i n g   is   a  p h e n o m e n o n   in  w h i c h   m a s s e s  

of  l u m p   o r e   or  p e l l e t s   f u s e   and   a d h e r e   to   e a c h   o t h e r  

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

t e m p e r a t u r e   r e d u c t i o n   a t m o s p h e r e   w i t h i n   t h e   s h a f t  

f u r n a c e .   Once  s u c h   a  p h e n o m e n o n   d e v e l o p s ,   d i s c h a r g i n g  

30  of  t h e   r e d u c e d   i r o n   f r o m   t h e   b o t t o m   of   t h e   f u r n a c e  

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

" h a n g i n g " ,   of   t h e   c h a r g e d   o r e   a n d   o t h e r   m a t e r i a l  

h e r e i n a f t e r   r e f e r r e d   to  as  " c h a r g e " )   o c c u r s   w i t h i n   t h e  

s h a f t   f u r n a c e ,   w h e r e b y   t h e   s t e a d y   d e s c e n t   of  t h e   c h a r g e  

35  i s   i m p a i r e d   and   t h e   o p e r a t i n g   e f f i c i e n c y   i s   g r e a t l y  
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d e c r e a s e d .   For  t h i s   r e a s o n ,   d u r i n g   o r d i n a r y   o p e r a t i o n  

of  t he   s h a f t   f u r n a c e ,   t he   maximum  r e d u c t i o n   t e m p e r a t u r e  
i s   k e p t   r e l a t i v e l y   low  to  p r e v e n t   t h e   o c c u r r e n c e   o f  

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

5  r e d u c t i o n   r a t e   to   t h e   f u l l   e x t e n t   a n d   i m p r o v e  

p r o d u c t i v i t y   to  a  s a t i s f a c t o r y   d e g r e e .  

For   e x a m p l e ,   t h e   m a x i m u m   r e d u c t i o n   t e m p e r a t u r e   i s  

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

the   r e d u c t i o n   gas   d e l i v e r e d   f rom  an  o r d i n a r y   r e d u c t i o n  

gas   g e n e r a t i n g   a p p a r a t u s   i s   g e n e r a l l y   r a t h e r   h i g h e r  

t h a n   t h e   a b o v e   m e n t i o n e d   maximum  r e d u c t i o n   t e m p e r a t u r e .  

T h e r e f o r e ,   t he   r e d u c t i o n   gas   must   be  c o o l e d   down  to  t h e  

15  m e n t i o n e d   max imum  r e d u c t i o n   t e m p e r a t u r e   b e f o r e   r e a c h i n g  

t h e   f u r n a c e   and   t h i s   c a u s e s   a  l o s s   of  t h e r m a l   e n e r g y .  
The  p r o b l e m   is   e s p e c i a l l y   s e r i o u s   b e c a u s e   t h e r e   i s  

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

p r o d u c i n g   r e d u c t i o n   g a s   a t   an  e x t r e m e l y   h i g h  
20  t e m p e r a t u r e   a n d   t h e   l o s s   o f   h e a t   e n e r g y   i n c u r r e d   b y  

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

m e n t i o n e d   maximum  r e d u c t i o n   t e m p e r a t u r e   w o u l d   be  e v e n  

g r e a t e r   . 

25  As  an  e x a m p l e ,   a  t y p i c a l   maximum  r e d u c t i o n   t e m p e r a t u r e  

of   a  s h a f t   f u r n a c e   c u r r e n t l y   in   o p e r a t i o n   i s  

a p p r o x i m a t e l y   8 3 0 ° C   in  t h e   c a s e   of  t h e   M i d r e x   s y s t e m  

and  mos t   f u r n a c e s   of  o t h e r   s y s t e m s   a r e   o p e r a t e d   b e l o w  

t h a t   t e m p e r a t u r e .   On  t h e   o t h e r   h a n d ,   t h e   o p e r a t i n g  
30  t e m p e r a t u r e   of  a  r e f o r m e r   a p p a r a t u s   fo r   m a n u f a c t u r i n g  

t h e   r e d u c t i o n   g a s   i s   a p p r o x i m a t e l y   1 1 0 0 ° C   and   t h i s  

a p p a r a t u s   p r o d u c e s   r e d u c i n g   gas   a t   a  t e m p e r a t u r e   o f  

a p p r o x i m a t e l y   9 7 0 ° C .   T h e r e f o r e ,   t h e   gas   w h e n   b l o w n  

i n t o   a  s h a f t   f u r n a c e   m u s t   be  c o o l e d   down  to   850  -  

35  9 0 0 ° C ,   a n d   t h u s ,   h e a t   l o s s   c o r r e s p o n d i n g   to   t h e  
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t e m p e r a t u r e   d i f f e r e n c e   of  100°C  is  i n c u r r e d .  

In  t h e   c a s e   of  t h e   m e l t   r e d u c t i o n   p r o c e s s ,   s i n c e   t h e  

r e d u c t i o n   gas   is   m a n u f a c t u r e d   a t   a  t e m p e r a t u r e   a b o v e  

5  t he   m e l t i n g   p o i n t   of  m e t a l l i c   i r o n ,   t he   t e m p e r a t u r e   o f  

the   gas  g e n e r a t e d   in  t h i s   s y s t e m   s o m e t i m e s   b e c o m e s   a s  

h i g h   as  a p p r o x i m a t e l y   1 5 0 0 ° C ,   and   in   t h e   c a s e   w h e r e   a  

s h a f t   f u r n a c e   is  e m p l o y e d   as  i t s   p r e l i m i n a r y   r e d u c t i o n  

f u r n a c e ,   t h e   r e d u c t i o n   g a s   m u s t   be  c o o l e d   f r o m  

10  a p p r o x i m a t e l y   1500°C  to  a r o u n d   850  -  900°C  and  t he   h e a t  

l o s s   t h u s   c a u s e d   is  v e r y   g r e a t .  

F u r t h e r ,   i t   has   t h e o r e t i c a l l y   been   e s t a b l i s h e d   t h a t   t h e  

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

15  i n c r e a s e d   1.3  t i m e s   by  a  r i s e   of  100°C  in  the   o p e r a t i n g  

t e m p e r a t u r e .   If   such   a  r a i s e d   t e m p e r a t u r e   is  u t i l i z e d  

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

30%  in  p r o d u c t i v i t y   w i l l   be  a c h i e v e d .  

20  In  t h e   p r e s e n t   s t a t e   o p e r a t i o n s   a r e   b e i n g   c o n d u c t e d  

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

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

c l u s t e r i n g   o c c u r s   as  p r e v i o u s l y   d e s c r i b e d   and  t h e r e b y  

t h e   s t a b i l i t y   and   e f f i c i e n c y   of  t h e   o p e r a t i o n   i s  

25  g r e a t l y   i m p a i r e d .  

Such  b e i n g   the   c a s e ,   s t u d i e s   have   b e e n   a d v a n c e d   in  s o m e  

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

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

30  to  the   m e t h o d   d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No  5 9 - 1 0 4 1 1   ( 1 9 8 4 ) ,   f o r   e x a m p l e ,   w a t e r   s o l u t i o n  

c o n t a i n i n g   C a ( 0 H ) 2   or  M g ( 0 H ) 2   i s   a t t a c h e d   to   m a t e r i a l  

i r o n   o r e   and  t h e n   the   m a t e r i a l   is  h e a t   t r e a t e d   so  t h a t  

a  f i l m   c o m p o s e d   of  CaO  or   MgO  is   f o r m e d   on  t h e   m a t e r i a l  

35  a c c o r d i n g   to  the  f o l l o w i n g   r e a c t i o n   t h e r e b y   to   p r e v e n t  
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the   c l u s t e r i n g  

C a ( 0 H ) 2   -  CaO  +  H20  

Mg(OH)2  -  MgO  +  H 2 0 .  

Howeve r   as  w i l l   be  made  c l e a r   in  t he   l a t e r   d e s c r i p t i o n  

of  t he   p r e f e r r e d   e m b o d i m e n t ,   no  s a t i s f a c t o r y   c l u s t e r  

p r e v e n t i n g   e f f e c t   can  be  o b t a i n e d   t h r o u g h   t h i s   m e t h o d .  

The  p r e s e n t   i n v e n t i o n   u n d e r   t h e   a b o v e   d e s c r i b e d  

c i r c u m s t a n c e s   r e d u c e s   or  e l i m i n a t e s   t h e   d i f f i c u l t i e s  

e n c o u n t e r e d   in  t he   c o n v e n t i o n a l   r e d u c t i o n   p r o c e s s .  

I t   i s   a c c o r d i n g l y   a  p r i m a r y   o b j e c t   of  t h e   d e s c r i b e d  

e m b o d i m e n t   to   p r o v i d e   a  d i r e c t   r e d u c t i o n   p r o c e s s  

w h e r e i n   t he   o c c u r r e n c e   of  c l u s t e r i n g   of  t he   o r e   in  t h e  

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

v e r t i c a l   s h a f t   w i l l   be  e f f e c t i v e l y   r e d u c e d   or  p r e v e n t e d  

and   i m p r o v e m e n t   of   s t a b i l i t y   in  t h e   o p e r a t i o n   w i l l  

t h e r e b y   be  a c h i e v e d   and  a l s o   t he   r e d u c t i o n   t e m p e r a t u r e  

can  be  r a i s e d   and  t h e r e b y   the   r e d u c t i o n   e f f i c i e n c y   w i l l  

be  i m p r o v e d   and   the   h e a t   l o s s   w i l l   be  d e c r e a s e d .  

The  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   c o n s i s t s   in  the   a p p l i c a t i o n   of  c e m e n t   to  t h e  

s u r f a c e   of   i r o n   o r e   m a t e r i a l   ( i n c l u d i n g   l u m p   o r e   a n d  

p e l l e t s )   b e f o r e   t h e   s a m e   i s   c h a r g e d   in   a  d i r e c t  

r e d u c t i o n   v e r t i c a l   f u r n a c e .  

As  p r e v i o u s l y   d e s c r i b e d ,   t he   r e d u c t i o n   t e m p e r a t u r e   u s e d  

in  t he   d i r e c t   r e d u c t i o n   p r o c e s s   in  a  v e r t i c a l   f u r n a c e  

is   d e t e r m i n e d   by  t h e   t e m p e r a t u r e   a t   w h i c h   c l u s t e r i n g  

o c c u r s .   The  c l u s t e r i n g   t e m p e r a t u r e ,   when  i r o n   o re   i s  

u sed   as  t he   m a t e r i a l ,   d e p e n d s   on  s u c h   f a c t o r s   as  g r a d e  

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

a r e   u s e d ,   d e p e n d s   on  the   b a s i c   c o m p o n e n t s   t h e r e o f ,   i e ,  

c a l c i u m   c o m p o u n d s   a n d   m a g n e s i u m   c o m p o u n d s   ( C a O ,  
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Ca(OH)2,   CaC03,   CaCO3.MgC03) ,   e t c .   The  c o m p o s i t i o n   o f  

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

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

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

5  a c c o r d i n g l y .   In  t h e   c a s e   of  p e l l e t s ,   t h e   c l u s t e r i n g  

t e m p e r a t u r e   i s   c h a n g e d   by  t h e   k i n d s   a n d   q u a n t i t i e s   o f  

t h e   a d d i t i v e s   and   a l s o   by  t h e   f i r i n g   t e m p e r a t u r e s   a n d  

o t h e r   f a c t o r s .   B u t ,   as   t h e   i r o n   o r e   m a t e r i a l   f o r   t h e  

d i r e c t   r e d u c t i o n   ( t h e   m e t h o d   in  w h i c h   i r o n   a f t e r   b e i n g  

10  r e d u c e d   i s   m e l t e d   in  an  e l e c t r i c   f u r n a c e ) ,   h i g h   g r a d e  

i r o n   o r e   i s   o r i g i n a l l y   s e l e c t e d   f o r   e c o n o m i e s   o f  

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

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

t e m p e r a t u r e   by  c h a n g i n g   the   k i n d s   and   q u a n t i t i e s   of  t h e  

15  a d d i t i v e s   a n d   o t h e r   f a c t o r s .   In  t h i s   c o n n e c t i o n ,   i t  

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

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

l i m e d   m i n e r a l s   t h e r e t o   so  t h a t   t h e   r a t i o   C a O / S i 0 2   i n  

t h e   o r e ,   i e ,   t h e   b a s i c i t y ,   may  be  i n c r e a s e d .   But  t h i s  

20  m e t h o d   l o w e r s   t he   g r a d e   of  i r o n .   On  t he   o t h e r   h a n d ,   i t  

i s   s a i d   t h a t   t h e   r e q u i r e d   g r a d e   of  i r o n   as   raw  m a t e r i a l  

f o r   d i r e c t   r e d u c t i o n   p r o c e s s   i s   "67%  a t   t h e   l o w e s t " .  

W i t h   s u c h   a  r e s t r i c t i o n ,   i f   l i m e d   m i n e r a l   i s   to   b e  

a d d e d ,   t h e r e   is  n a t u r a l l y   a  l i m i t   in  t h e   q u a n t i t y   to  b e  

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

be  e f f e c t i v e l y   p r e v e n t e d .  

The  p r e s e n t   i n v e n t i o n   shows   t h a t ,   i f   t he   s u r f a c e   of  t h e  

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

30  c e m e n t ,   t h e   o c c u r r e n c e   of  c l u s t e r i n g   can  be  p r e v e n t e d  

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

can  be  r a i s e d   c o n s i d e r a b l y .  

The  r e a s o n   why  t h e   a b o v e   e f f e c t   i s   o b t a i n e d   can   b e  

35  c o n s i d e r e d   l i k e   t h i s .   I t   is  c o n s i d e r e d   t h a t   the   f u s i o n  
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b e t w e e n   p i e c e s   of  t h e   i r o n   o r e   t h a t   o c c u r s   a t   a  l a t e  

s t a g e   of   t h e   r e d u c t i o n   of   t h e   i r o n   o r e   i s   due   t o  

d i f f u s i o n   among  p a r t i c l e s   of  i r o n   m e t a l   or  e n t a n g l e m e n t  

of  w h i s k e r - l i k e   p r o j e c t i o n s   or  due  to  f u s i o n   w e l d i n g   b y  

5  low  m e l t i n g   p o i n t   s l a g   wh ich   is  p r o d u c e d   a t   t h a t   t i m e .  

C o v e r i n g   the   s u r f a c e   of  the   i r o n   o re   w i t h   c e m e n t   p r e v e n t s  

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

t h e   d i f f u s i o n   a n d   s i n t e r i n g   w h i c h   i s   r e g a r d e d   as  t h e  

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

10  s u r f a c e s   is  p r e v e n t e d .   Hence  c l u s t e r i n g   is   p r e v e n t e d .  

The  p r e f e r r e d   q u a n t i t y   of  c e m e n t   f o r   e f f e c t i v e l y  

p r e v e n t i n g   c l u s t e r i n g   i s   w i t h i n   t h e   r a n g e   o f   0 .05   t o  

1.0%  by  w e i g h t   of  t h e   i r o n   o re   m a t e r i a l .   I f   i t   is  l e s s  

15  t h a n   0.05%  by  w e i g h t ,   t he   c l u s t e r i n g   p r e v e n t i n g   e f f e c t  

is  no t   w e l l   e x h i b i t e d ,   and  i f   i t   is  more  t h a n   1.0%,  t h e  

c e m e n t   c o a t i n g   t e n d s   to   s u p p r e s s   the   r e d u c t i o n   r e a c t i o n  

i t s e l f .   But  i f   t h e   c e m e n t   d e p o s i t   q u a n t i t y   i s   s e t  

w i t h i n   t h e   r a n g e   o f   0 . 0 5   to   1.0%  by  w e i g h t ,   t h e  

20  c l u s t e r i n g   c a n   be  e f f e c t i v e l y   p r e v e n t e d   w i t h o u t  

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

r e d u c t i o n   t e m p e r a t u r e   can  be  r a i s e d   and  t h e   r e d u c t i o n  

e f f e c t   can  t h e r e b y   be  g r e a t l y   i m p r o v e d .  

25  T h e r e   i s   no  s p e c i f i c   r e s t r i c t i o n   as   t o   t h e   k i n d s   o f  

c e m e n t   to   be  u s e d .   A l l   k i n d s   of  c e m e n t ,   s u c h   a s  

P o r t l a n d   c e m e n t ,   h y d r a u l i c   c e m e n t ,   and  n a t u r a l   c e m e n t ,  

c a n   be  u s e d .   F r o m   t h e   p o i n t   of  v i e w   of   a d h e s i v e  

s t r e n g t h   to   t h e   i r o n   o r e ,   h o w e v e r ,   n o r m a l   P o r t l a n d  

30  c e m e n t ,   h i g h   e a r l y   s t r e n g t h   P o r t l a n d   c e m e n t ,   and  h i g h  

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

h i g h e r   h y d r a u l i c   p r o p e r t y ,   c o n t a i n   l a r g e   a m o u n t   of  t h e  

c o m p o u n d   (3CaO.SiC<2)  show  a  h i g h   d e g r e e   of   h y d r a t i o n  

r e a c t i o n ,   and  in  a d d i t i o n   a r e   r e a d i l y   a v a i l a b l e   at  l o w  

35  c o s t .   A l s o   t h e r e   is   no  r e s t r i c t i o n   as  to  t h e   m e t h o d   o f  
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a p p l y i n g   the   c e m e n t   to   t h e   s u r f a c e   of  t he   m a t e r i a l   o r e .  

As  the   c o m m o n e s t   e x a m p l e s ,   t he   m e t h o d s   as  i n d i c a t e d   i n  

F i g s   1  and  2  ( e a c h   b e i n g   a  s c h e m a t i c   p r o c e s s   c h a r t )   m a y  

be  m e n t i o n e d .  

5 

T h a t   i s ,   F i g   1  s h o w s   a  m e t h o d   in   w h i c h   i r o n   o r e  

m a t e r i a l   0  i s   d r o p p e d   f r o m   a b o v e   to   a  b u c k e t   c o n v e y e r   2 

d i p p e d   i n t o   a  t a n k   1  of  an  a q u e o u s   s o l u t i o n   of   c e m e n t  

so  t h a t   t h e   c e m e n t   s o l u t i o n   C  i s   a p p l i e d   to   t h e   s u r f a c e  

10  of  t h e   o r e ,   t h e   i r o n   o r e   m a t e r i a l   O  is   t h e n   c o n v e y e d  

u p w a r d   f r o m   t h e   c e m e n t   s o l u t i o n   t a n k   1  a n d   i n  

s u c c e s s i o n   i s   s e n t   t h r o u g h   a  h o p p e r   3  t o   a  d r u m   t y p e  

d r i e r   4  to   be  d r i e d   a n d   b u r n e d   t h e r e i n   (4a   in  t h e  

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

15  o r e   m a t e r i a l   p a s s i n g   t h r o u g h   t h e   s c r e e n   4a  a r e   s e n t  

back   as  r e c o v e r e d   o r e   f o r   r e u s e ) .  

F i g   2  s h o w s   a  m e t h o d   in   w h i c h   t h e   i r o n   o r e   i s   b u r n e d   i n  

a  r o t a r y   k i l n   5  and  s e n t   o n t o   a  s c r e e n   c o n v e y e r   t h r o u g h  

20  a  c o o l e r   6  w h o s e   o u t l e t   t e m p e r a t u r e   i s   s e t   a t   a b o u t  

1 0 0 ° C ,   a n d ,   on  t h e   c o n v e y e r   7,  t h e   i r o n   o r e   i s   c o a t e d  

on  i t s   s u r f a c e   w i t h   c e m e n t   s o l u t i o n   C  c o m i n g   f r o m   a  

c e m e n t   s o l u t i o n   p r e p a r i n g   t a n k   8  t h r o u g h   a  pump  9  a n d  

s p r a y e d   t h e r e t o   by  a  s p r a y e r   10,  and   t h e   m o i s t u r e   i s  

25  r e m o v e d   by  e v a p o r a t i o n   c a u s e d   by  t h e   h e a t   r e t a i n e d   i n  

t h e   i r o n   o r e   ( a b o u t   1 0 0 ° C ) .   11  in  t h e   d r a w i n g   d e n o t e s  

a  c e m e n t   s o l u t i o n   r e c o v e r y   t a n k   and  12  d e n o t e s   a  d r y i n g  

c h a m b e r   w h i c h   is   p r o v i d e d   when  n e c e s s a r y .  

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s   1  and   2  a r e   e x p l a n a t o r y   d r a w i n g s   e x e m p l i f y i n g  

m e t h o d s   f o r   a p p l y i n g   a  c e m e n t   c o a t i n g   to  t he   i r o n   o r e ;  

35  F i g   3  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p s   b e t w e e n  



0 2 0 7 7 7 9  

-  8  -  

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

v a r i o u s   i r o n   o r e   p e l l e t s   u s e d ;   a n d  

F i g   4  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

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

In  an  e x a m p l e   of  the   m e t h o d   of  t he   i n v e n t i o n ,   i r o n   o r e  

p e l l e t s   ( a p p r o x i m a t e l y   500  g)  a r e   p u t   in   a  b a s k e t   a n d  

d i p p e d   in  an  a q u e o u s   s o l u t i o n   of  c e m e n t   of  20%  b y  

10  w e i g h t   ( h e r e i n a f t e r   to  be  w r i t t e n   s i m p l y   as  %)  fo r   o n e  

-  two   s e c o n d s ,   a r e   t a k e n   o u t   a n d   d r i e d   by  a  d r i e r   a t  

110°C  f o r   t h r e e   h o u r s   so  as  to   be  d e h y d r a t e d .  

R e s u l t s   of   c h e m i c a l   a n a l y s e s   of   t h e   p e l l e t   b e f o r e   a n d  

15  a f t e r   t h e   a b o v e   m e n t i o n e d   t r e a t m e n t   a r e   as   s h o w n   i n  

T a b l e   1 .  

T a b l e   1 

C h e m i c a l   A n a l y s e s   (%) 

P e l l e t   T . F e   FeO  CaO  s i 0 2  

B e f o r e  

C o a t i n g   6 7 . 5 4   1 . 3 4   0 . 0 4   0 . 6 8  

A f t e r  

C o a t i n g   6 7 . 3 0   0 . 9 3   0 . 2 1   0 . 7 1  

As  is   a p p a r e n t   f rom  T a b l e   1,  the   t o t a l   q u a n t i t y   of  CaO 

30  and   S i 0 2   in   t h e   p e l l e t   was  i n c r e a s e d   by  0.2%  by  t h e  

c e m e n t   c o a t i n g   t r e a t m e n t .   An  i n c r e a s e   of  CaO  and  S i 0 2  
of  s u c h   a  d e g r e e   d o e s   no  s u b s t a n t i a l   ha rm  to  t he   g r a d e  

of  t he   p e l l e t   as  an  i r o n   s o u r c e   f o r   a  d i r e c t   r e d u c t i o n  

p r o c e s s   . 
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Then  c l u s t e r i n g   e v a l u a t i o n   t e s t s   were   c o n d u c t e d   u s i n g  

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

the   f o l l o w i n g   m a n n e r .  

5  Tha t   i s ,   a  r e d u c t i o n   gas   ( a t   910°C)   of  the   c o m p o s i t i o n  

as  s h o w n   in  T a b l e   2  was  p r e p a r e d   on  t h e   a s s u m p t i o n   t h a t  

d e n a t u r e d   n a t u r a l   gas   w o u l d   be  u s e d   as  t h e   r e d u c t i o n  

gas ,   and  e a c h   s a m p l e   of  t he   a b o v e   d e s c r i b e d   p e l l e t s   o f  

500  g  in   w e i g h t   was  c h a r g e d   in  to   a  r e a c t i o n   t u b e   o f  

10  75o  x  165  1  (mm)  ( w h e r e i n   t h e   h i g h e s t   l a y e r   of   t h e  

s a m p l e   r e a c h e d   t he   h e i g h t   of  a p p r o x i m a t e l y   50  mm)  a n d  

s u b j e c t e d   to   a  r e d u c t i o n   r e a c t i o n   a t   a  t e m p e r a t u r e   o f  

9 1 0 ° C   f o r   t h r e e   h o u r s   w i t h   a  l o a d   2  k g / c m 2   a p p l i e d  

t h e r e t o   f r o m   a b o v e .   The  p e l l e t s   w e r e   e n c o u r a g e d   t o  

15  f u s i o n   w e l d   t o   e a c h   o t h e r   by  t h e   p r e s s u r e   f r o m   a b o v e .  

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

t a k e n   o u t ,   a n d   p u t   in   a  c y l i n d e r   of   1 2 0 o   x  700  1  ( m m )  

and   r o t a t e d   a t   30  rpm  f o r   f i v e   m i n u t e s .   T h e n   t h e  

s a m p l e   was  t a k e n   o u t   of  t h e   c y l i n d e r   and   t h e   c l u s t e r  

20  f a c t o r   (  ie  t h e   r a t i o   by  w e i g h t   of  t h e   c l u s t e r s   f o r m e d  

by  f u s i o n   w e l d i n g   b e t w e e n   two   or  m o r e   p e l l e t s   to   t h e  

t o t a l   w e i g h t   of   t h e   p e l l e t s )   was  d e t e r m i n e d   on  t h e  

s a m p l e .   The  r e s u l t s   a r e   as  shown  in  T a b l e   3 .  

T a b l e   2 

Gas  C o m p o s i t i o n   H2  CO  CO2  CH^ 
%  55  36  5  4  
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T a b l e   3 

S h r i n k a g e   C l u s t e r   R a t e   of  Ra te   o f  

F a c t o r   F a c t o r   R e d u c t i o n   M e t a l l i -  

z a t i o n  

(%)  (%)  (%)  (%) 

U n t r e a t e d   3 3 . 7 5   6 7 . 8 9   9 7 . 9 6   9 7 . 6 0  

0.2%  C e m e n t  

C o a t e d   2 7 . 1 1   0  9 8 . 8 8   9 8 . 6 3  

10  As  is   a p p a r e n t   f rom  T a b l e   3,  t he   s h r i n k a g e   f a c t o r   w a s  

29%  and   i m p r o v e d   by  4%  as  c o m p a r e d   w i t h   33%  of  t h e  

u n t r e a t e d   s a m p l e ,   a n d   as   to   t h e   c l u s t e r   f a c t o r ,   w h i l e  

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

6 7 . 8 9 % ,   t h e   c e m e n t - c o a t e d   s a m p l e   s h o w e d   z e r o   and   n o  

15  c l u s t e r i n g   w a s   p r o d u c e d .   F u r t h e r ,   t h e   r a t e   o f  

m e t a l l i z a t i o n   was  i m p r o v e d   f rom  97.6%  to  9 8 . 6 % .  

Then ,   u s i n g   the   c e m e n t - c o a t e d   p e l l e t e d   o b t a i n e d   in  t h e  

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

20  a f t e r   a  r e d u c t i o n   r e a c t i o n   a t   r a i s e d   t e m p e r a t u r e s   t o  

9 6 0 ° C   and   1 0 0 0 ° C   w e r e   i n v e s t i g a t e d   a n d   t h e   r e s u l t s   a s  

shown  in  T a b l e   4  were   o b t a i n e d .  

T a b l e   4  

Cemen t   R e d u c i n g   S h r i n k a g e   C l u s t e r   P r e s s u r e  

D e p o s i t   Temp  F a c t o r   F a c t o r   L o s s  

(%)  (°C)   (%)  {%)  (%) 

0 .2   960  3 1 . 3 7   0  8 . 0  

0 .2   1000  3 6 . 5 3   0  1 0 . 0  

As  i s   a p p a r e n t   f r o m   T a b l e   4,  t h e   s a m p l e   t r e a t e d   w i t h  

t he   c e m e n t   c o a t i n g ,   a l t h o u g h   the   r e d u c t i o n   t e m p e r a t u r e  
35  was  r a i s e d   to   9 6 0 ° c ,   s h o w e d   a  l o w e r   s h r i n k a g e   f a c t o r  
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t h a n   the   u n t r e a t e d   s a m p l e   (33.75%,  T a b l e   3),  r e d u c e d   a t  

9 1 0 ° C ,   and   no  c l u s t e r i n g   was  o b s e r v e d .   When  t h e  

r e d u c t i o n   t e m p e r a t u r e   was   r a i s e d   t o   1 0 0 0 ° C ,   t h e  

s h r i n k a g e   f a c t o r   was  i n d e e d   i n c r e a s e d   b u t   i n c r e a s e   i n  

5  t h e   p r e s s u r e   l o s s   was  v e r y   s m a l l   and  gas   p e r m e a b i l i t y  

was  s u b s t a n t i a l l y   u n a f f e c t e d   and   t h e   c l u s t e r   f a c t o r  

s t i l l   i n d i c a t e d   z e r o .  

The  r e f e r e n c e   p h o t o g r a p h s   1 - 4   show  t h e   e x t e r n a l  

10  a p p e a r a n c e s   of  t h e   p e l l e t s   a f t e r   t h e   a b o v e   d e s c r i b e d  

c l u s t e r i n g   t e s t s ,   in  w h i c h   t h e   r e f e r e n c e   p h o t o g r a p h   1 

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

t e m p e r a t u r e   of  910°C  and  the   r e f e r e n c e   p h o t o g r a p h s   2  -  

4  show  t h e   c e m e n t - c o a t e d   p e l l e t s   p r o c e s s e d   a t   t h e  

15  r e d u c t i o n   t e m p e r a t u r e s   of  9 1 0 ° C ,   9 6 0 ° C ,   a n d   1 0 0 0 ° C ,  

r e s p e c t i v e l y .   A l s o   f r o m   t h e s e   p h o t o g r a p h s ,   t h e  

e x c e l l e n t   c l u s t e r i n g   p r e v e n t i n g   e f f e c t s   in  t he   p e l l e t s  

p r o v i d e d   w i t h   t h e   c e m e n t   c o a t i n g   t r e a t m e n t   can   b e  

r e a d i l y   c o n f i r m e d .  

2 0  

In  o r d e r   to  c o m p a r e   the   c l u s t e r i n g   p r e v e n t i n g   e f f e c t s  

of  the   p e l l e t s   w i t h   CaO  a t t a c h e d   to  t he   s u r f a c e   t h e r e o f  

as  d i s c l o s e d   in  p r e v i o u s l y   m e n t i o n e d   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No  5 9 - 1 0 4 1 1 ,   p e l l e t s   w i t h   a d d e d   l i m e   s t o n e ,  

25  a n d   ce  m e n t   - c o a   t e d   p e l l e t s   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n ,   w e r e   p r e p a r e d   t o   i n v e s t i g a t e   t h e  

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

f a c t o r s   of  t h e   p e l l e t s   v a r i o u s l y   t r e a t e d   as   d e s c r i b e d  

a b o v e   and  the   r e s u l t s   a r e   shown  in  F ig   3 .  

3 0  

As  is  a p p a r e n t   f rom  Fig  3,  a l t h o u g h   the   p e l l e t s   w i t h  

a d d e d   l i m e   s t o n e   and   p e l l e t s   w i t h   CaO  a t t a c h e d   to  t h e  

s u r f a c e   t h e r e o f   s h o w e d   0%  c l u s t e r   f a c t o r   in   t he   c a s e   o f  

9 1 0 ° C   of  r e d u c t i o n   t e m p e r a t u r e ,   when   t h e   r e d u c t i o n  

35  t e m p e r a t u r e   was  r a i s e d   to  1 0 0 0 ° C ,   t h e   c l u s t e r   f a c t o r  

i 
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i n c r e a s e d   s h a r p l y .   On  the   c o n t r a r y ,   the   c e m e n t - c o a t e d  

p e l l e t s   s h o w e d   0%  c l u s t e r   f a c t o r s   e v e n   w h e n   t h e  

r e d u c t i o n   t e m p e r a t u r e   was  r a i s e d   to   1000°C ,   w h e r e b y   t h e  

e x c e l l e n c e   of  t he   p r e s e n t   i n v e n t i o n   can  be  c o n f i r m e d .  

5 

F i g   4  s h o w s   t h e   r e s u l t s   o f   i n v e s t i g a t i o n   o f  

r e l a t i o n s h i p   b e t w e e n   t he   q u a n t i t y   of  c e m e n t   c o a t i n g   a n d  

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

1000°C  c o r r e s p o n d i n g   to  the   p r e v i o u s l y   m e n t i o n e d   t e s t ,  

10  f r o m   w h i c h   i t   i s   k n o w n   t h a t   c l u s t e r i n g   c a n   be  f u l l y  

p r e v e n t e d   at   t h i s   r e d u c t i o n   t e m p e r a t u r e   by  the   c e m e n t  

c o a t i n g   of  m o r e   t h a n   0 .05%.   H o w e v e r ,   i f   t h e   q u a n t i t y  

of   c e m e n t   c o a t i n g   e x c e e d s   1 .0%,  a  d e c r e a s e   in  t h e  

r e d u c t i o n   e f f e c t   a n d   r a t e   of   m e t a l l i z a t i o n   due  t o  

15  l o w e r i n g   of  i r o n   c o n t e n t   in  t h e   i r o n   o r e   m a t e r i a l  

b e c o m e s   n o t i c e a b l e .   T h e r e f o r e ,   t h e   m a x i m u m   l i m i t   o f  

t h e   c e m e n t   c o a t i n g   q u a n t i t y   i s   s e t   a t   1.0%  in  t h e  

p r e s e n t   i n v e n t i o n .  

20  The  p r e s e n t   i n v e n t i o n   c o n s t i t u t e d   as   d e s c r i b e d   a b o v e  

has   e f f e c t s   in  b r i e f   as  f o l l o w s :  

(1)   By  c o a t i n g   w i t h   o n l y   a  s m a l l   q u a n t i t y   of   c e m e n t ,  

c l u s t e r i n g   can   be  s u b s t a n t i a l l y   p r e v e n t e d   and  s t a b i l i t y  

25  in   t h e   o p e r a t i o n   of   a  v e r t i c a l   f u r n a c e   c a n   t h e r e b y   b e  

i m p r o v e d .  

(2)  S i n c e   t h e   c l u s t e r i n g   i s   p r e v e n t e d ,   t h e   r e d u c t i o n  

t e m p e r a t u r e   c a n   be  r a i s e d   c o n s i d e r a b l y ,   to   p r o v i d e   a n  
30  i n c r e a s e   in  t he   r a t e   of  r e d u c t i o n ,   a  r e s u l t a n t   i n c r e a s e  

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

( i e   h i g h - t e m p e r a t u r e   h e a t   q u a n t i t y )   of   t h e   r e d u c t i o n  

gas  f rom  a  r e d u c t i o n   gas   g e n e r a t i n g   a p p a r a t u s .  

35  (3)  S i n c e   s u f f i c i e n t   e f f e c t   i s   o b t a i n e d   by  v e r y   s m a l l  
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q u a n t i t y   o f   c e m e n t   c o a t i n g ,   t h e   i r o n   c o n t e n t   of  t h e  

i r o n   o r e   m a t e r i a l   is   not   s i g n i f i c a n t l y   r e d u c e d .  
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CLAIMS 

1.  A  d i r e c t   r e d u c t i o n   p r o c e s s   u s i n g   a  v e r t i c a l  

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

5  c o a t i n g   to  t h e   s u r f a c e   of  i r o n   o r e   b e f o r e   r e d u c i n g   t h e  

i r o n   o r e .  

2.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to   c l a i m   1 ,  

w h e r e i n   s a i d   c e m e n t   i s   P o r t l a n d   c e m e n t .  

10 

3.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to  c l a i m   1  o r  

2,  w h e r e i n   t he   q u a n t i t y   of  s a i d   c e m e n t   s u r f a c e   c o a t i n g  

is   0 . 05   t o   1.0%  of   t h e   w e i g h t   of   t h e   i r o n   o r e .  

15  4.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to   any   o f  

c l a i m s   1  to  3,  w h e r e i n   s a i d   i r o n   o r e   c o m p r i s e s   p e l l e t s .  

5.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to   any   o f  

c l a i m s   1  to   4,  w h e r e i n   s a i d   v e r t i c a l   f u r n a c e   is  a  

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

p r o c e s s   . 

6.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to   any   o f  

c l a i m s   1  to   5  in   w h i c h   t h e   c e m e n t   c o a t i n g   i s   a p p l i e d   b y  

25  s p r a y i n g .  

7.  A  d i r e c t   r e d u c t i o n   p r o c e s s   a c c o r d i n g   to   any   o f  

c l a i m s   1  to   5  in   w h i c h   t h e   c e m e n t   c o a t i n g   i s   a p p l i e d   b y  

p a s s i n g   t he   on  o r e   t h r o u g h   an  a q u e o u s   c e m e n t   s o l u t i o n .  

30  

8.  I r o n   o r e   f o r   u s e   in   a  d i r e c t   r e d u c t i o n   p r o c e s s  

c o a t e d   w i t h   c e m e n t .  

9.  I r o n   o r e   as   c l a i m e d   in   c l a i m   8  in   w h i c h   t h e   c e m e n t  
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s u r f a c e   c o a t i n g   c o m p r i s e s   0 . 0 5   to   1%  of   t h e   w e i g h t   o f  

t h e   i r o n   o r e .  
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