
s  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 4 4   6 6 9  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81303130.9  ©  Int.  CI.3:  C  22  B  1 /245  
~  C  22  B  1/24 
(22)  Date  of  filing:  09.07.81 

©  Priority:  21.07.80  US  170643 

©  Date  of  publication  of  application: 
27.01.82  Bulletin  82/4 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

©  Applicant:  BOARD  OF  CONTROL  OF  MICHIGAN 
TECHNOLOGICAL  UNIVERSITY 
College  Avenue 
Houghton,  Michigan(US) 

@  Inventor:  Goksel,  Mehmet  Adnan 
505  West  Douglas  Avenue 
Houghton  Michigan  49931  (US) 

©  Representative:  Taylor,  Derek  George  et  al, 
c/o  MATHISEN,  MACARA  &  CO.  Lyon  House  Lyon  Road 
Harrow  Middlesex,  HA1  2ET(GB) 

©  Self-reducing  iron  oxide  agglomerates. 

Self-reducing  agglomerates  of  an  iron  oxide-containing 
material,  such  as  an  iron  ore  concentrate,  having  a  com- 
pressive  strength  of  at  least  about  45  Kg.  are  produced  by 
preparing  a  moistened  mixture  of  the  ore  concentrate,  a 
finely-divided  natural  pyrolyzed  carbonaceous  material  hav- 
ing  a  volatile  matter  (on  dry  basis)  content  of  about  20%  by 
weight  or  less  in  an  amount  at  least  sufficient  to  reduce  all 
the  iron  oxide  to  metallic  iron,  about  1  to  about  30%  by 
weight  of  a  bonding  agent,  such  as  burned  or  hydrated  lime, 
and  0  up  to  about  3%  by  weight  of  a  siliceous  material  (as 
SiO2),  such  as  silica;  forming  green  agglomerates  from  this 
mixture;  and  hydrothermally  hardening  the  green  agglomer- 
ates  by  contacting  them  with  steam  under  pressure. 



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

s e l f - r e d u c i n g   a g g l o m e r a t e s   f rom  a  f i n e l y - d i v i d e d ,   i r o n  

o x i d e - c o n t a i n i n g   m a t e r i a l .  

I t   i s   known  to  f o rm  f i n e l y - d i v i d e d ,   i r o n   o x i d e -  

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

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

c a r b o n   f o r   t he   p u r p o s e   of   a c c e l e r a t i n g   t he   r a t e   o f  

r e d u c t i o n   of  t h e   i r o n   o x i d e   to  m e t a l l i c   i r o n   when  t h e  

p e l l e t s   a r e   c h a r g e d   to   a  s t e e l   m a k i n g   f u r n a c e .   S u c h  

p r o c e s s e s   a r e   e x e m p l i f i e d   in   U n i t e d   S t a t e s   P a t e n t  

S p e c i f i c a t i o n s   2 , 7 9 3 , 1 0 9   ( H u e b l e r   e t   a l ) ,   2 , 8 0 6 , 7 7 9   ( C a s e ) ,  

3 , 2 6 4 , 0 9 2   ( B a n ) ,   3 , 3 3 3 , 9 5 1   ( B a n ) ,   3 , 3 8 6 , 8 1 6   ( E n g l i s h ) ,  

3 , 7 7 0 , 4 1 6   ( G o k s e l )   and  3 , 9 3 8 , 9 8 7   (Ban)  and  C a n a d i a n   P a t e n t  

8 4 4 , 5 9 2   ( V o l i n   e t   a l ) .  

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

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

in   an  amoun t   s u f f i c i e n t   to  r e d u c e   a l l   t he   i r o n   o x i d e   t o  

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

or  c o m p r e s s i v e   s t r e n g t h   of   t he   p e l l e t s .   In  t h i s   r e g a r d ,  

U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n s   2 , 8 0 6 , 7 7 9   and  3 , 2 6 4 , 0 9 2  

t e a c h   the   u se   of  an  a g g l o m e r a t i n g   t ype   c o a l   and  t h e n  

h e a t i n g   the   p e l l e t s   to  a  t e m p e r a t u r e   of  a b o u t   1 6 0 0 - 2 3 0 0 ° F  



to  d i s t i l l   d e s t r u c t i v e l y   t h e   c o a l   and  t h e r e b y   p r o d u c e   a  

c h a r   b o n d   f o r   t h e   p e l l e t s .   U n i t e d   S t a t e s   S p e c i f i c a t i o n  

3 , 9 3 8 , 9 8 7   t e a c h e s   t h a t ,   when  n o n - a g g l o m e r a t i n g   c o a l s ,  

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

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

a m o u n t   m u s t   be  a b o u t   40 -80%  of  t h a t   r e q u i r e d   to   r e d u c e  

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

h a v i n g   a d e q u a t e   s t r e n g t h   f o r   u s e   in   a  s t e e l   m a k i n g   f u r n a c e .  

U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   3 , 3 8 6 , 8 1 6   t e a c h e s   t h a t  

p e l l e t s   c o n t a i n i n g   as  l i t t l e   as  8%  coke   h a v e   a  c o m p r e s s i v e  

s t r e n g t h   of   26  kg  w h i c h   is   g e n e r a l l y   c o n s i d e r e d   u n a c c e p t -  

a b l y   low  f o r   u s e   in   m o s t s t e e l   m a k i n g   p r o c e s s e s .  

The  p r o b l e m   to  be  s o l v e d   by  the   i n v e n t i o n   i s   t o  

p r o v i d e   a  low  c o s t   p r o c e s s   f o r   f o r m i n g   f i n e l y - d i v i d e d ,  

i r o n   o x i d e - c o n t a i n i n g   m a t e r i a l s   i n t o   h a r d n e d   a g g l o m e r a t e s  

c o n t a i n i n g   an  a m o u n t   of  c a r b o n a c e o u s   m a t e r i a l   a t   l e a s t  

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

and  y e t   h a v i n g   h i g h   c o m p r e s s i v e   s t r e n g t h s .  

The  p r o b l e m   i s   s o l v e d   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n ,   in   t h a t   t he   f o l l o w i n g   s t e p s   a r e   e m p l o y e d :  

(a)   p r e p a r a t i o n   of  a  m o i s t e n e d   s t a r t i n g   m i x t u r e  

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

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



a  v o l a t i l e   m a t t e r   (on  dry   b a s i s )   c o n t e n t   of  a b o u t   20%  b y  

w e i g h t   or  l e s s   in   an  amoun t   a t   l e a s t   s u f f i c i e n t   to  r e d u c e  

a l l   t h e   i r o n   o x i d e   to  m e t a l l i c   i r o n ,   a b o u t   1  to  a b o u t   30% 

by  w e i g h t   of  a  f i n e l y - d i v i d e d   b o n d i n g   a g e n t   s u c h   as  t h e  

o x i d e s ,   h y d r o x i d e s ,   or  c a r b o n a t e s   of  c a l c i u m   and  m a g n e s i u m ,  

or  m i x t u r e s   t h e r e o f ,   and  0  to  up  to  a b o u t   3%  by  w e i g h t   o f  

a  f i n e l y - d i v i d e d   s i l i c e o u s   m a t e r i a l ,   as  a v a i l a b l e   S i 0 2  

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

s i l i c a t e   or   h y d r o s i l i c a t e   b o n d s   t h e r e w i t h   w i t h   t h e   t o t a l  

a v a i l a b l e   S i02   in   s a i d   m i x t u r e   b e i n g   at   l e a s t   0 . 5   b y  

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

w e i g h t   of   t he   dry   s o l i d s   in   s a i d   m i x t u r e s ;  

(b)  a l l o w i n g   s a i d   m i x t u r e   to  s t a n d   f o r   a  t i m e   p e r i o d  

s u f f i c i e n t   f o r   a  s u b s t a n t i a l   p r o p o r t i o n   of  t he   f r e e   i n t e r -  

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

m i g r a t e   to  t he   s u r f a c e   t h e r e o f ;  

(c)  f o r m i n g   d i s c r e t e   g r e e n   a g g l o m e r a t e s   f rom  s a i d  

s t a r t i n g   m i x t u r e ;  

(d)  d r y i n g   s a i d   g r e e n   a g g l o m e r a t e s   to  a  m o i s t u r e   c o n -  

t e n t   of  a b o u t   5%  by  w e i g h t   or  l e s s ;   a n d  

(e)  h y d r o t h e r m a l l y   h a r d e n i n g   s a i d   g r e e n   a g g l o m e r a t e s  

by  c o n t a c t i n g   them  w i t h   s t e a m   a t   a  t e m p e r a t u r e   of  a b o u t  

100  to  2500C  f o r   a  t i m e   p e r i o d   s u f f i c i e n t   f o r   s a i d   b o n d i n g  

a g e n t   to   f o r m   s i l i c a t e   or  h y d r o s i l i c a t e   b o n d s   w i t h   t h e  

a v a i l a b l e   S i 0 2   and  p r o d u c e   h a r d e n e d   and  i n t e g r a l l y   b o n d e d  

m a s s e s .  



P r e v i o u s l y   p r o p o s e d   h y d r o t h e r m a l l y - h a r d e n e d ,   i r o n  

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

h a v i n g   a  h i g h   v o l a t i l e   m a t t e r   c o n t e n t ,   in   an  a m o u n t  

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

e x h i b i t   c r u s h   r e s i s t a n c e   or  c o m p r e s s i v e   s t r e n g t h s   w h i c h  

a r e   u n a c c e p t a b l y   low  f o r   many  u s e s .   Q u i t e   u n e x p e c t e d l y ,  

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

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

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

v o l a t i l e   m a t t e r   (on  a  dry   b a s i s )   c o n t e n t   of  a b o u t   20%  b y  

w e i g h t   or  l e s s .  



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

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

of  a  f i n e l y   d i v i d e d   i r o n   o x i d e - c o n t a i n i n g   m a t e r i a l ,  

a  f i n e l y - d i v i d e d ,   n a t u r a l   or  p y r o l y z e d   c a r b o n a c e o u s  

m a t e r i a l   h a v i n g   a  v o l a t i l e   m a t t e r   (on  dry   b a s i s )  

c o n t e n t   of  a b o u t   20%  by  we igh t   or  l e s s   in  an  amount   a t  

l e a s t   s u f f i c i e n t   to  r e d u c e   a l l   t he   i r o n   o x i d e   t o  

m e t a l l i c   i r o n ,   a b o u t   1  to  a b o u t   30  w e i g h t  %   of  a 

b o n d i n g   a g e n t   s e l e c t e d ' f r o m   a  g r o u p   c o n s i s t i n g   o f  

o x i d e s ,   h y d r o x i d e s   and  c a r b o n a t e s   of  c a l c i u m   a n d  

m a g n e s i u m   and  m i x t u r e s   t h e r e o f ,   and  0  to  a b o u t   3 

w e i g h t   %  of  a  s i l i c e o u s   m a t e r i a l   (as   a v a i l a b l e  

S i O 2 ) ;   f o r m i n g   the  r e s u l t i n g   m i x t u r e   i n t o   d i s c r e t e  

g r e e n   a g g l o m e r a t e s ;   and  h y d r o t h e r m a l l y   h a r d e n i n g   t h e  

g r e e n   a g g l o m e r a t e s   by  c o n t a c t i n g   them  w i t h   s t e a m   f o r  

a  t ime   p e r i o d   s u f f i c i e n t   to  form  them  i n t o   h a r d e n e d ,  

i n t e g r a l   bonded   m a s s e s .  

The  p r o c e s s   can  be  used  to  p r o d u c e   h a r d e n e d  

a g g l o m e r a t e s   from  i r o n   o re   c o n c e n t r a t e s   and  s o - c a l l e d  

" s t e e l   p l a n t   w a s t e   o x i d e s " ,   or  i r o n - r i c h   ( e . g . ,  

30-80%  i r o n )   s o l i d   p a r t i c u l a t e s   or  f i n e s   r e c o v e r e d  

as  b y - p r o d u c t s   from  s t e e l   m a k i n g   p r o c e s s e s ,   i n c l u d -  

ing  d u s t   c o l l e c t e d   from  the   fumes  of  BOF,  o p e n  

h e a r t h ,   b l a s t ,   and  e l e c t r i c   f u r n a c e s ,   m i l l   s c a l e  

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

p e l l e t i z e d   i r o n   o r e ,   e t c .   As  used   h e r e i n ,   the   t e r m  

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

o re   c o n c e n t r a t e s ,   s t e e l   p l a n t   w a s t e   o x i d e s   o r  

m i x t u r e s   t h e r e o f .   The  p r o c e s s   is  p a r t i c u l a r l y  

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

from  i r o n   o r e s ,   such  a s  h a e m a t i t e  a n d   m a g n e t i t e ,  



p r e f e r a b l y   in  the   form  of  h i g h   p u r i t y   o r e s   o r  

c o n c e n t r a t e s   c o n t a i n i n g   a b o u t   45-70%  i r o n   and  t h e  

b a l a n c e   g a n g u e   and  o x i d e .   A c c o r d i n g l y ,   t he   p r o c e s s  
w i l l   be  d e s c r i b e d   w i t h   an  i r o n   o re   c o n c e n t r a t e   b e i n g  

used   as  a  s t a r t i n g   m a t e r i a l .  

A  s t a r t i n g   m i x t u r e   is  f i r s t   p r e p a r e d   by  

t h o r o u g h l y   b l e n d i n g   t o g e t h e r   an  i r o n   o re   c o n c e n t r a t e ,  

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

m a t e r i a l   and  a  s u f f i c i e n t   amoun t   of  w a t e r   to  form  a 

m o i s t e n e d   m i x t u r e   c a p a b l e   of  b e i n g   fo rmed   i n t o  

d i s c r e t e   a g g l o m e r a t e d   m a s s e s   or  p e l l e t s .  

The  c a r b o n a c e o u s   m a t e r i a l   can  be  e i t h e r  

n a t u r a l l y   o c c u r i n g   or  p y r o l y z e d   so  long   as  i t   has   a 

v o l a t i l e   m a t t e r   (on  dry   b a s i s )   c o n t e n t   of  a b o u t   20%  b y  

w e i g h t   or  l e s s ,   p r e f e r a b l y   a b o u t   10  w e i g h t   %  o r  

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

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

R e p r e s e n t a t i v e   s u i t a b l e   n a t u r a l   c a r b o n a e o u s  

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

g r a p h i t e   and  the   l i k e .  

The  t e r m   " p y r o l y z e d   c a r b o n a c e o u s   m a t e r i a l "   a s  

u sed   h e r e i n   means   a  s o l i d   p r o d u c t   p r o d u c e d   by  h e a t i n g  

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

e l e v a t e d   t e m p e r a t u r e s   in  the   a b s e n c e   of  o x y g e n   t o  

d r i v e   o f f  a   s u b s t a n t i a l   p o r t i o n   of  the   v o l a t i l e  

m a t t e r ,   p r i m a r i l y   o r g a n i c   m a t t e r .   R e p r e s e n t a t i v e  

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

c h a r s   p r o d u c e d   from  n o n - c o k i n g   b i t u m i n o u s ,   s u b -  

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

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



b r e e z e ,   p e t r o l e u m   and  c o a l   t a r   p i t c h ,   and  m i x t u r e s  

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

c h a r   and  c o k e   b r e e z e   a r e   p r e f e r r e d   b e c a u s e   of  t h e i r  

l o w e r   c o s t .  

S u i t a b l e . b o n d i n g   a g e n t s   i n c l u d e   the   o x i d e s ,  

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

and  m i x t u r e s   t h e r e o f .   Burned   l i m e   (CaO)  and  h y d r a t e d  

l ime   ( C a ( O H ) 2 )   a r e   p r e f e r r e d   b e c a u s e ,   in  a d d i t i o n  

to  f u n c t i o n i n g   as  a  b o n d i n g   a g e n t ,   t h e y   can  a s s i s t   i n  

s l a g   f o r m a t i o n   and  s u l f u r   r e m o v a l   when  the   a g g l o m e r a t e s  

a re   used   in  a  s t e e l   m a k i n g   p r o c e s s .  

The  amoun t   of  b o n d i n g   a g e n t s   used  is  a b o u t  

0 .1   to  a b o u t   30%  by  weight ,   b a s e d   on  the   t o t a l   w e i g h t  

of  the   dry  s o l i d s   in  the   s t a r t i n g   m i x t u r e .   When  l e s s  

t h a n   a b o u t   0 .1   w e i g h t   %  is  u s e d ,   the   h a r d e n e d   p e l l e t s  

do  not   have   s u f f i c i e n t   c r u s h   r e s i s t a n c e   or  c o m p r e s s i v e  

s t r e n g t h   to  w i t h s t a n d   the   l o a d s   n o r m a l l y   i m p o s e d  

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

On  the   o t h e r   h a n d ,   a m o u n t s   of  t he   b o n d i n g   a g e n t s   i n  

e x c e s s   of  a b o u t   30%  by  weight   do  not.  a p p r e c i a b l y  

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

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

to  an  u n d e s i r a b l e   l e v e l   and  can  c a u s e   f o r m a t i o n   o f  

e x c e s s i v e   a m o u n t s   of  s l a g   d u r i n g   m e l t i n g .   T h e  

p r e f e r r e d   amoun t   of  b o n d i n g   a g e n t   is  a b o u t   2  to  a b o u t  

10%.  by  w e i g h t .  

If  t he   i r o n   o x i d e - c o n t a i n i n g   m a t e r i a l   c o n -  

t a i n s   an  a p p r e c i a b l e   amount   ( e . g . ,   a b o u t   0 .5%  by  w e i g h t  

or  more)   of  a v a i l a b l e   S i02  c a p a b l e   of  r e a c t i n g  

w i t h   the   b o n d i n g   a g e n t   to  fo rmed   s i l i c a t e   or  h y d r o -  

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



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

s t r e n g t h s   up  to  a b o u t   90  kg.   can   be  o b t a i n e d   w i t h o u t   a d d i n g  

a  s i l i c e o u s   m a t e r i a l   to  t h e   s t a r t i n g   m i x t u r e .   For   h i g h e r  

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

a m o u n t s   of   a v a i l a b l e   S i 0 2 ,   an  a m o u n t   of  n a t u r a l   or  a r t i f i c i a l  

s i l i c e o u s   m a t e r i a l   c o n t a i n i n g   up  to  3%  by  w e i g h t   a v a i l a b l e  

S i 0 2 ,   b a s e d   on  t h e   t o t a l   w e i g h t   of   t he   d ry   s o l i d s ,   i s   a d d e d  

to  t h e   s t a r t i n g   m i x t u r e .   The  t o t a l   a v a i l a b l e   SiO2  in   t h e  

m i x t u r e ,   w h e t h e r   as  p a r t   of  t he   i r o n   o x i d e   c o n t a i n i n g  

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

a t   l e a s t   0.5%  by  w e i g h t .  

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

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

e a r t h ,   f u l l e r ' s   e a r t h ,   s o d i u m ,   c a l c i u m  m a g n e s i u m ,   a n d  

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

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

q u a r t z   and  s i l i c a   s a n d   a r e   p r e f e r r e d .  

In  a d d i t i o n   to  t h e   b o n d i n g   a g e n t   and  t h e   s i l i c e o u s  

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

a  s t a r t i n g   m i x t u r e   to  f u r t h e r   i n c r e a s e   t h e   s t r e n g t h   of   t h e  

h a r d e n e d   a g g l o m e r a t e s .   For   e x a m p l e ,   o x i d e s ,   h y d r o x i d e s ,  

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

b o r a t e s   of   a l k a l i   m e t a l s   ( e . g .   p o t a s s i u m   and  s o d i u m )   a n d  

m i x t u r e s   t h e r e o f   can  be  a d d e d   in   a m o u n t s   r a n g i n g   to  a b o u t  

3%  by  w e i g h t .   Of  t h e s e ,   s o d i u m   h y d r o x i d e ,   s o d i u m   c a r b o n a t e ,  

and  s o d i u m   b i c a r b o n a t e   a r e   p r e f e r r e d .   F u r t h e r m o r e ,  



q u a t e r n a r y   ammonium  h y d r o x i d e s ,   q u a t e r n a r y   a m m o n i u m  

c h l o r i d e s   or  q u a t e r n a r y   ammonium  a m i n e s   or   m i x t u r e s  

t h e r e o f   may  be  u s e d   as  s t r e n g t h e n i n g   a d d i t i v e s .   T h e  

p r e s e n c e   of   some  of   t h e s e   s t r e n g t h e n i n g   a d d i t i v e s   m i g h t  

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

a r e   u s e d  



as  a  c h a r g e   for   b l a s t   f u r n a c e s .   In  t h o s e   c a s e s ,   s u c h  

a d d i t i v e s   can  be  o m i t t e d   w i t h o u t   s i g n i f i c a n t l y  

r e d u c i n g   the   s t r e n g t h   of  t he   a g g l o m e r a t e s .   When 

u s e d ,   the   p r e f e r r e d   amount   of  the   s t r e n g t h e n i n g  
a d d i t i v e s   is  a b o u t   0 . 1 5   to  a b o u t   1%  by  w e i g h t .  

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

m i x t u r e   v a r i e s ,   d e p e n d i n g   on  the   p h y s i c a l   p r o p e r t i e s  
of  t he   m a t e r i a l s   and  the   p a r t i c u l a r   a g g l o m e r a t i o n  

t e c h n i q u e   e m p l o y e d .   For  e x a m p l e ,   when  a  p e l l e t i z i n g  

p r o c e s s   e m p l o y i n g   a  b a l l i n g   drum  or  d i s c   is  used   t o  
form  s p h e r i c a l   p e l l e t s ,   t he   t o t a l   amoun t   of  w a t e r   i n  

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

a b o u t   5  to  a b o u t   20%  by  weigh t ,   p r e f e r a b l y   a b o u t   10  t o  

a b o u t   1 5 % b y w e i g h t .   On  the   o t h e r   h a n d ,   when  a  b r i q u e t t i n g  

p r e s s   is  u s e d ,   the   amoun t   of  w a t e r   in  the  m o i s t e n e d  

s t a r t i n g   m o i s t u r e   g e n e r a l l y   s h o u l d   be  a b o u t   3  to  a b o u t  

15%  b y  w e i g h t ,  p r e f e r a b l y   f rom  a b o u t   5  to  a b o u t   10%  b y  

w e i g h t .  

The  a v e r a g e   p a r t i c l e   s i z e   of  the   v a r i o u s  

s o l i d   m a t e r i a l s   i n c l u d e d   in  t he   s t a r t i n g   m i x t u r e  

g e n e r a l l y   can  r a n g e   from  a b o u t   10  to  a b o u t   325  m e s h  

w i t h   a l l   p r e f e r a b l y   b e i n g   l e s s   t han   a b o u t   200  m e s h .  

P a r t i c l e   s i z e s   c o a r s e r   t h a n   a b o u t   100  mesh  make  i t  

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

c o n s t i t u e n t s   and ,   in  some  c a s e s ,   p r o d u c e   i n s u f f i c i e n t  

s u r f a c e   a r e a   to  o b t a i n   the   r e q u i s i t e   h i g h   s t r e n g t h  

bond  in  the   h a r d e n e d   a g g l o m e r a t e s .   A l s o ,   i t   i s  

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

c o a r s e r   p e l l e t s .   P r e f e r a b l y ,   at  l e a s t   h a l f   of  a l l  

s o l i d   m a t e r i a l s   in  the  s t a r t i n g   m i x t u r e   have  a n  

a v e r a g e   p a r t i c l e   s i z e   l e s s   t h a n   a b o u t   200  mesh  f o r  

p e l l e t i z i n g .   B r i q u e t t e s   can  be  p r o d u c e d   w i t h   c o a r s e r  

p a r t i c l e s .  



Many  low  v o l a t i l e ,   n a t u r a l l y   o c c u r r i n g  a n d  

p y r o l y z e d   c a r b o n a c e o u s   m a t e r i a l s   have   s m a l l   c a p i l l a r y -  
l i k e   p o r e s   or  c a v i t i e s   wh ich   t end   to  a b s o r b   w a t e r  

d u r i n g   t he   m i x i n g   s t e p .   Th is   f r e e   i n t e r n a l   m o i s t u r e  

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

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

s t r e n g t h   and  s o m e t i m e s   c r a c k i n g   or  b u r s t i n g   w h e n  

e x c e s s i v e   a m o u n t s   a r e   p r e s e n t   in  the   p o r e s   or  c a v i t i e s .  

T h i s   can  be  m i n i m i z e d   by  a l l o w i n g   the  m o i s t e n e d  

m i x t u r e   to  r e s t   or  s t a n d   a  s u f f i c i e n t   t ime  for   a 
s u b s t a n t i a l   p o r t i o n   of  t h e  f r e e   i n t e r n a l   m o i s t u r e   i n  

the   c a r b o n a c e o u s   m a t e r i a l   to  m i g r a t e   from  the  p o r e s  

or  c a v i t i e s   to  the   s u r f a c e .  

The  t ime   and  c o n d i t i o n s   for   t h i s   h o l d i n g   o r  

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

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

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

m o i s t u r e   f rom  the   p o r e s   or  c a v i t i e s   in  the  c a r b o n a c e o u s  

m a t e r i a l   can  be  a c c e l e r a t e d   by  h e a t i n g   the   m o i s t e n e d  

m i x t u r e   to  an  e l e v a t e d   t e m p e r a t u r e .   When  b u r n e d   l i m e  

a n d / o r   m a g n e s i u m   o x i d e   is  used  as  the  b o n d i n g   a g e n t ,  

t h e y   r e a c t   w i t h   the   m o i s t u r e   p r e s e n t   to  form  h y d r a t e s .  

T h i s   e x o t h e r m i c   h y d r a t i o n   r e a c t i o n   t e n d s   to  a c c e l e r a t e  

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

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

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

As  a  g e n e r a l   g u i d e ,   the   m o i s t e n e d   m i x t u r e ,  

p r i o r   to  a g g l o m e r a t i o n ,   is  a l l o w e d   to  s t a n d   for  a b o u t  

0 .5   to  a b o u t   48  h o u r s ,   p r e f e r a b l y   a b o u t   2  to  a b o u t   3 

h o u r s ,   at  a  t e m p e r a t u r e   of  a b o u t   60  to  a b o u t   9 0 ° C .  

H i g h e r   t e m p e r a t u r e s   and  p r e s s u r e s   can  be  u s e d ,   b u t  

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



c o s t s .   When  b u r n e d   l ime   or  m a g n e s i u m   o x i d e   is  u s e d  

as  the   b o n d i n g   a g e n t ,   the   m o i s t e n e d   m i x t u r e   p r e f e r a b l y  

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

to  t a k e   a d v a n t a g e   of  the   e x o t h e r m i c   h y d r a t i o n   r e a c t i o n .  

The  m o i s t e n e d   m i x t u r e   is  n e x t   f o r m e d   i n t o  

g r e e n   a g g l o m e r a t e s   of  t he   d e s i r e d   s i z e   and  s h a p e   f o r  

the   i n t e n d e d   end  use  by  a  c o n v e n t i o n a l   a g g l o m e r a t i o n  

t e c h n i q u e ,   such   as  m o l d i n g ,   b r i q u e t t i n g ,   p e l l e t i z i n g ,  

e x t r u d i n g   and  the   l i k e .   P e l l e t i z i n g   w i t h   a  b a l l i n g  

d i s c   or  drum  is  p r e f e r r e d   b e c a u s e   of  the   l o w e r  

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

When  in  t he   form  of  s p h e r i c a l   p e l l e t s ,   t h e  

g r e e n   a g g l o m e r a t e s   g e n e r a l l y   have  a  d i a m e t e r   of  a b o u t  

5  to  a b o u t   25mm,  p r e f e r a b l y   a b o u t   10  to  a b o u t   2 0 m m .  

When  b r i q u e t t i n g   is  u s e d ,   t he   a g g l o m e r a t e s   p r e f e r a b l y  

a re   in  a  s p h e r i c a l - l i k e   or  egg  s h a p e   and  have   a  m a j o r  

d i a m e t e r   r a n g i n g   up  to  a b o u t   75mm.  L a r g e r   p e l l e t s  

and  b r i q u e t t e s   can  be  used   i f   d e s i r e d .  

The  c r u s h   r e s i s t a n c e   or  c o m p r e s s i v e   s t r e n g t h  

of  the   h a r d e n e d   a g g l o m e r a t e s   can  be  i n c r e a s e d   by  

d r y i n g   the  g r e e n   a g g l o m e r a t e s   to  a  f r e e   m o i s t u r e  

c o n t e n t   of  a b o u t   5%  b y  w e i g h t  o r   l e s s ,   p r e f e r a b l y   a b o u t  

3%  by  weight   or  l e s s ,   p r i o r   to  the  h y d r o t h e r m a l   h a r d e n i n g  

s t e p .   Th i s   d r y i n g   can  be  a c c o m p l i s h e d   by  c o n v e n t i o n a l  

m e a n s ,   such  as  by  p l a c i n g   the   g r e e n   a g g l o m e r a t e s   in  a n  

oven  or  by  b l o w i n g   a  h e a t e d   gas  t h e r e o v e r ,   u s i n g  

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

of  the  c a r b o n a c e o u s   m a t e r i a l .   The  t i m e   r e q u i r e d   t o  

r e d u c e   the   f r e e   m o i s t u r e   c o n t e n t   to  a b o u t   5%  by  w e i g h t  

or  l e s s   d e p e n d s   upon  the   d r y i n g   t e m p e r a t u r e s   u s e d ,  

t h e ' m o i s t u r e   c o n t e n t   of  the  g r e e n   a g g l o m e r a t e s ,   f l o w  



r a t e   of  the   d r y i n g   g a s ,   the   l e v e l   to  wh ich   t h e  

m o i s t u r e   c o n t e n t   is  r e d u c e d ,   s i z e   and  s h a p e   of  t h e  

g r e e n   a g g l o m e r a t e s ,   e t c .  

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

r e a c t i o n   c h a m b e r   or  p r e s s u r e   v e s s e l ,   such   as  a n  

a u t o c l a v e ,   w h e r e i n   t h e y   a re   h e a t e d   to  an  e l e v a t e d  

t e m p e r a t u r e   in  the   p r e s e n c e   of  m o i s t u r e   to  e f f e c t   a 

h a r d e n i n g   and  b o n d i n g   of  the  i n d i v i d u a l   p a r t i c l e   i n t o  

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

s t r e n g t h   of  the   h a r d e n e d   a g g l o m e r a t e s   p r o d u c e d   by  

t h i s   h y d r o t h e r m a l   h a r d e n i n g   s t e p   d e p e n d s   to  some 

e x t e n t   upon  the   t e m p e r a t u r e ,   t i m e ,   and  m o i s t u r e  

c o n t e n t   of  t he   a t m o s p h e r e   u s e .  

The  a p p l i c a t i o n   of  h e a t   to  the   g r e e n   a g g l o m e r a t e s  

can  be  a c h i e v e d   by  a n y  o n e   of  a  number   of  m e t h o d s .  

The  use  of  s t e a m   is  p r e f e r r e d   b e c a u s e   i t   s i m u l t a n e o u s l y  

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

the   h y d r o t h e r m a l   r e a c t i o n .   E i t h e r   s a t u r a t e d   s t e a m   o r  

s u b s t a n t i a l l y   s a t u r a t e d   steam  can  be  used.  S u p e r h e a t e d  

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

r e d u c e d   s t r e n g t h s .   T h e r e f o r e ,   s t e a m   at  t e m p e r a t u r e s  

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

is  p r e f e r r e d .   T e m p e r a t u r e s   g e n e r a l l y   r a n g i n g   f r o m  

a b o u t   100  to  a b o u t   250°C ,   p r e f e r a b l y   200  to  a b o u t  

225°C ,   can  be  s a t i s f a c t o r i l y   e m p l o y e d   to  a c h i e v e   t h e  

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

r e a s o n a b l e   t ime   p e r i o d .  

A u t o c l a v i n g   p r e s s u r e s   s u b s t a n t i a l l y   a b o v e  

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

d e c r e a s e   the  h a r d e n i n g   t ime   and  to   i m p r o v e   t h e  



s t r e n g t h   of  t he   h a r d e n e d   a g g l o m e r a t e s .   G e n e r a l l y ,  

e c o n o m i c   c o n d i t i o n s   d i c t a t e   t h a t   the   maximum  p r e s s u r e  
s h o u l d   no t   e x c e e d   a b o u t   35  a t m o s p h e r e s   and  a  p r e s s u r e  
of  a b o u t   10  to  a b o u t   25  a t m o s p h e r e s   is  p r e f e r r e d .  

The  r e t e n t i o n   t ime   of  the   p e l l e t s   in  t h e  

r e a c t i o n   c h a m b e r   or  p r e s s u r e   v e s s e l   d e p e n d s   u p o n  
s e v e r a l   p r o c e s s   v a r i a b l e s ,   such   as  p r e s s u r e ,   t e m p e r a t u r e ,  

and  a t m o s p h e r e   of  t he   c h a m b e r ,   s i z e   and  c o m p o s i t i o n  

of  the   p e l l e t s ,   e t c .   In  any  c a s e ,   t h i s   t ime   s h o u l d  

be  s u f f i c i e n t   for   t he   b o n d i n g   a g e n t   to  form  s i l i c a t e  

a n d / o r   h y d r o s i l i c a t e   bonds   in  the  a v a i l a b l e   SiO 2 
and  bond  the   i n d i v i d u a l   p a r t i c l e s   i n t o   a  h a r d e n e d ,  

h igh   s t r e n g t h   c o n d i t i o n .   When  h i g h e r   t e m p e r a t u r e s  

and  p r e s s u r e s   a re   u s e d ,   the   t ime   for   t he   h y d r o t h e r m a l  

h a r d e n i n g   g e n e r a l l y   is  a b o u t   5  m i n u t e s   to  a b o u t   15 

h o u r s ,   p r e f e r a b l y   a b o u t   30  to  a b o u t  6 0   m i n u t e s .  

The  h a r d e n e d   a g g l o m e r a t e s   a re   r e m o v e d   f r o m  

the  r e a c t i n g   c h a m b e r   and ,   upon  c o o l i n g ,   a re   r e a d y   f o r  

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

up  to  a b o u t   1.5%  f r e e   m o i s t u r e   and  have   c o m p r e s s i v e  

s t r e n g t h   c h a r a c t e r i s t i c s   s u i t a b l e   for   most   u s e s .   T h e  

c o m p r e s s i v e   s t r e n g t h   of  the  h a r d e n e d   a g g l o m e r a t e s   c a n  
be  i n c r e a s e d   by  r a p i d l y   d r y i n g   them,   p r e f e r a b l y  

i m m e d i a t e l y   a f t e r   r e m o v a l   f rom  the   r e a c t i o n   c h a m b e r  

and  b e f o r e   a p p r e c i a b l e   c o o l i n g  h a s   o c c u r r e d ,   to  r e m o v e  

s u b s t a n t i a l l y   a l l   of  the   f r e e   m o i s t u r e   t h e r e f r o m .  
This   d r y i n g   can  be  a c c o m p l i s h e d   in  a  c o n v e n i e n t  

m a n n e r .  

The  minimum  c o m p r e s s i v e   s t r e n g t h   of  h a r d e n e d  

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



v a r i e s   d e p e n d i n g   on  the   s i z e   of  the   a g g l o m e r a t e .   F o r  

e x a m p l e ,   s p h e r i c a l   p e l l e t s   w i t h   a  d i a m e t e r   of  1 2 - 1 5 m m  

h a v e   a  c o m p r e s s i v e   s t r e n g t h   of  at  l e a s t   45  Kg.  a n d  

t h o s e   w i t h   a  d i a m e t e r   of  a b o u t   30  mm  have   a  c o m p r e s s i v e  

s t r e n g t h   in  t he   n e i g h b o r h o o d   of  a b o u t   90  Kg.  o r  

m o r e .  

W i t h o u t   f u r t h e r   e l a b o r a t i o n ,   i t   is  b e l i e v e d  

t h a t   one  s k i l l e d   in  the   a r t ,   u s i n g   the   p r e c e d i n g  

d e s c r i p t i o n ,   can  u t i l i z e   t he   i n v e n t i o n   to  i t s  

f u l l e s t   e x t e n t .   The  f o l l o w i n g   e x a m p l e   is  p r e s e n t e d  

to  i l l u s t r a t e   t he   i n v e n t i o n   and  s h o u l d   not   b e  

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

EXAMPLE 

A  s e r i e s   of  t e s t s   was  run  to  e v a l u a t e   t h e  

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

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

c a r b o n a c e o u s   m a t e r i a l s   in  a m o u n t s   s u f f i c i e n t   t o  

r e d u c e   a l l   t he   i r o n   o x i d e   to  m e t a l l i c   i r o n .   T h e  

i n g r e d i e n t s   m a k i n g   up  the   s t a r t i n g   m i x t u r e   w e r e  

b l e n d e d   t o g e t h e r   in  a  r o l l e r   or  i n t e n s i v e   m i x e r   fo r   a 
s u f f i c i e n t   t ime   to  o b t a i n   a  u n i f o r m l y   m o i s t e n e d  

b l e n d .   G r e e n ,   s p h e r i c a l l y - s h a p e d   p e l l e t s   (15mm)  w e r e  

p r e p a r e d   from  the   m i x t u r e s   in  a  c o n v e n t i o n a l   b a l l i n g  

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

c o n t e n t   of  a b o u t   0-3%  by  weight   and  t h e n   p l a c e d   in  a 

h i g h   p r e s s u r e   s t e a m   a u t o c l a v e .   The  a u t o c l a v e   w a s  

h e a t e d   and  m a i n t a i n e d   at  a  t e m p e r a t u r e   of  210°C  and  a 

p r e s s u r e   of  22  atm  fo r   one  h o u r .   A f t e r   c o o l i n g ,   t h e  

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





a  D i l l o n   t e s t e r .   R e s u l t s   f r o m   t h e s e   t e s t s   a r e  

s u m m a r i z e d   in   T a b l e   I .  

From  t h e s e   r e s u l t s ,   i t   can  be  s e e n   t h a t  

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

low  v o l a t i l e   m a t t e r   c o n t e n t   ( a n t h r a c i t e )   or  w h i c h   w a s  

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

c o k e ) ,   had  c o m p r e s s i v e   s t r e n g t h s   in  e x c e s s   o f  4 5  

Kg .   W h e r e a s   t h o s e  c o n t a i n i n g   a  c a r b o n a c e o u s   m a t e r i a l  

h a v i n g   a  h i g h   v o l a t i l e   m a t t e r   c o n t e n t   ( b i t u m i n o u s  

c o a l   and  l i g n i t e )   had  s u b s t a n t i a l l y   l o w e r   c o m p r e s s i v e  

s t r e n g t h s .   The  u s e   of  c h a r s   f rom  n o n - c o k i n g   b i t u m i n o u s  

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

is  p a r t i c u l a r l y   a d v a n t a g e o u s   b e c a u s e   of  the   low  c o s t   o f  

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

the   p y r o l y z i n g   p r o c e s s   can  be  b u r n e d   and  u s e d   as  a  

h e a t   s o u r c e .  



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

f r o m   a  f i n e l y - d i v i d e d ,   i r o n   o x i d e - c o n t a i n i n g   m a t e r i a l  

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

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

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

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

v o l a t i l e   m a t t e r   (on  d ry   b a s i s )   c o n t e n t   of  a b o u t   20%  b y  

w e i g h t   or   l e s s   in   an  a m o u n t   a t   l e a s t   s u f f i c i e n t   to  r e d u c e  

a l l   t he   i r o n   o x i d e   to  m e t a l l i c   i r o n ,   a b o u t   1  to  a b o u t   30% 

by  w e i g h t   of  a  f i n e l y - d i v i d e d   b o n d i n g   a g e n t   s u c h   as  t h e  

o x i d e s ,   h y d r o x i d e s ,   or  c a b o n a t e s   of  c a l c i u m   and  m a g n e s i u m ,  

or  m i x t u r e s   t h e r e o f ,   and  0  to  up  to  a b o u t   3%  by  w e i g h t   o f  

a  f i n e l y - d i v i d e d   s i l i c e o u s   m a t e r i a l ,   as  a v a i l a b l e   s i O 2  

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

s i l i c a t e   or  h y d r o s i l i c a t e   b o n d s   t h e r e w i t h   w i t h   t h e   t o t a l  

a v a i l a b l e   SiO2  in   s a i d   m i x t u r e   b e i n g   a t   l e a s t   0.5%  b y  

w e i g h t ,   t he   w e i g h t   p e r c e n t a g e   b e i n g   b a s e d   upon   t h e   t o t a l  

w e i g h t   of   t he   dry  s o l i d s   in   s a i d   m i x t u r e s ;  

(b)  a l l o w i n g   s a i d   m i x t u r e   to  s t a n d   f o r   a  t i m e   p e r i o d  

s u f f i c i e n t   f o r   a  s u b s t a n t i a l   p r o p o r t i o n   of  t he   f r e e  

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



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

(c)  f o r m i n g   d i s c r e t e   g r e e n   a g g l o m e r a t e s   f rom  s a i d  

s t a r t i n g   m i x t u r e ;  

(d)  d r y i n g   s a i d   g r e e n   a g g l o m e r a t e s   to  a  m o i s t u r e   c o n t e n t  

o f  a b o u t   5%  by  w e i g h t   or  l e s s ;   a n d  

(e)  h y d r o t h e r m a l l y   h a r d e n i n g   s a i d   g r e e n   a g g l o m e r a t e s  

by  c o n t a c t i n g   them  w i t h   s t e a m   at   a  t e m p e r a t u r e   of  a b o u t  

100  to  2500C  f o r   a  t i m e   p e r i o d   s u f f i c i e n t   f o r   s a i d   b o n d i n g  

a g e n t   to   fo rm  s i l i c a t e   or  h y d r o s i l i c a t e   bonds   w i t h   t h e  

a v a i l a b l e  S i O 2   and  p r o d u c e   h a r d e n e d   and  i n t e g r a l l y   b o n d e d  

m a s s e s .  

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

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

a n t h r a c i t e   c o a l ,   l i g n i t e   c h a r ,   wood  c h a r ,   c o k e ,   o r  

g r a p h i t e ,   or  m i x t u r e s   t h e r e o f .  

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  c h a r a c t e r i s e d   i n  

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

i s   a b o u t   10%  by  w e i g h t   or  l e s s .  

4.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s  1   to  3 

c h a r a c t e r i s e d   in  t h a t   s t e p   (b)  i s   c a r r i e d   out   a t   a  t e m -  

p e r a t u r e   of  a b o u t   60  to  a b o u t   900C  f o r   a  t ime   p e r i o d   o f  

a b o u t   0 .5   to  a b o u t   48  h o u r s .  



5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   2  c h a r a c t e r i s e d   i n  

t h a t   s a i d   m o i s t e n e d   m i x t u r e   i n c l u d e s   up  to  a b o u t   3%  b y  

w e i g h t ,   b a s e d   on  t h e   t o t a l   w e i g h t   of  t h e   d ry   s o l i d s  i n  

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

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

b i s u l f a t e s ,   or  t he   b o r a t e s   of  t he   a l k a l i   m e t a l s ,   q u a t e r n a r y  

ammonium  h y d r o x i d e s ,   q u a t e r n a r y   ammonium  c h l o r i d e s ,   o r  

q u a t e r n a r y   ammonium  a m i n e s ,   or  m i x t u r e s   t h e r e o f .  

6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   5  c h a r a c t e r i s e d   i n  

t h a t   s a i d   s t r e n g t h e n i n g   a d d i t i v e   i s   s o d i u m   h y d r o x i d e ,  

s o d i u m   c a r b o n a t e ,   or  s o d i u m   b i c a r b o n a t e .  

7.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   1  to  6 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   i r o n   o x i d e - c o n t a i n i n g   m a t e r i a l  

i s   an  i r o n   o re   c o n c e n t r a t e .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   1  to  7_ 

c h a r a c t e r i s e d   in   t h a t   s a i d   s i l i c e o u s   m a t e r i a l   i s   s i l i c a .  




	bibliography
	description
	claims
	search report

