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  This  invention  is  a  method  for  agglomerating  mineral 
ore  concentrate  comprising  the  commingling  of  mineral  ore 
concentrate  with  a  binding  amount  of  a  water  soluble,  high 
molecular  weight  polymer.  The  selected  polymer  is  applied 
to  the  mineral  ore  concentrate  either  (1)  dispersed  in  a  wat- 
er-in-oil  emulsion  or  (2)  as  a  dry  powder.  The  most  preferred 
polymers  are  water  soluble  poly(acrylamide)  based  poly- 
mers. 



BACKGROUND  OF  THE  INVENTION 

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

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

a g g l o m e r a t i n g   or  p e l l e t i z i n g   m i n e r a l   o re   c o n c e n t r a t e .  

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

a g g l o m e r a t i n g   or  p e l l e t i z i n g   m i n e r a l   ore   c o n c e n t r a t e  

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

b i n d e r   s y s t e m s   in  e i t h e r   w a t e r - i n - o i l   e m u l s i o n s   or  as  a  

dry  p o w d e r .  

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

I t   is  c u s t o m a r y   in  the   m i n i n g   i n d u s t r y   t o  

a g g l o m e r a t e   or  p e l l e t i z e   f i n e l y   g r o u n d   m i n e r a l   o r e  

c o n c e n t r a t e   so  as  to  f u r t h e r   f a c i l i t a t e   the   h a n d l i n g   a n d  

s h i p p i n g   of  t he   o r e .   M i n e r a l   o re   c o n c e n t r a t e s   c a n  

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

z i n c   s u l f i d e s ,   and  n i c k e l   s u l f i d e s .   A g g l o m e r a t e s   o f  

c o a l   d u s t   and  n o n m e t a l i c   m i n e r a l s   used   to  make  b r i c k s   o r  

c e r a m i c s   a r e   a l s o   f o r m e d .   A g g l o m e r a t e   fo rms   can  i n c l u d e  

p e l l e t s ,   b r i q u e t t e s ,   and  s i n t e r s .  

M e t h o d s   of  p e l l e t i z i n g   m i n e r a l   ore   c o n c e n t r a t e   a r e  

f r e q u e n t l y   u sed   in  m i n i n g   o p e r a t i o n s   where   the   ore   is  a  

low  g r a d e   i r o n   o r e .   E x a m p l e s   of  low  g r a d e   i r o n   o r e s   a r e  



t a c o n i t e ,   h e m a t i t e ,   and  m a g n e t i t e .   Numerous   o t h e r   l o w  

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

p a r t i c l e s   is  b e n e f i c i a l   to  the   h a n d l i n g   and  s h i p m e n t   o f  

the   m i n e r a l   o r e .   A f t e r   the   m i n e r a l   o re   has  been  m i n e d ,  

i t   is   f r e q u e n t l y   g r o u n d  a n d   s c r e e n e d   to  remove   l a r g e  

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

T y p i c a l l y ,   an  o re   is  p a s s e d   t h r o u g h   a  100  mesh  ( 0 . 1 4 9 m m )  

s c r e e n .   The  s c r e e n e d   m i n e r a l   ore   is  known  as  a  

" c o n c e n t r a t e " .  

For  e x a m p l e ,   t a c o n i t e   m i n e r a l   o re   c o n c e n t r a t e   a f t e r  

g r i n d i n g   and  s c r e e n i n g   has   an  a v e r a g e   m o i s t u r e   c o n t e n t  

of  b e t w e e n   a b o u t   6  to  a b o u t   10  p e r c e n t .   The  m o i s t u r e  

c o n t e n t   of  t he   m i n e r a l   o r e   c o n c e n t r a t e   can  b e  

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

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

p r o c e s s .  

A f t e r   s c r e e n i n g ,   t h e   m i n e r a l   o re   c o n c e n t r a t e   i s  

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

or  a n o t h e r   means   f o r   p e l l e t i z i n g   m i n e r a l   o r e  

c o n c e n t r a t e .   P r i o r   to   e n t e r i n g   the   b a l l i n g   drum,   a  

b i n d i n g   a g e n t   is  a p p l i e d   or  mixed   i n t o   the   m i n e r a l   o r e  

c o n c e n t r a t e .   C o m m i n g l i n g   t he   b i n d i n g   a g e n t   w i t h   t h e  

m i n e r a l   o re   c o n c e n t r a t e   o c c u r s   b o t h   on  t he   c o n v e y o r  

means  and  in  the   means  f o r   p e l l e t i z i n g .   The  b i n d i n g  

a g e n t s   h o l d   t he   m i n e r a l   ore   c o n c e n t r a t e   t o g e t h e r   a s  



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

B a l l i n g   drums  a re   a p p a r a t u s e s   c o m p r i s i n g   l o n g  

c y l i n d r i c a l   drums  wh ich   a re   i n c l i n e d   and  r o t a t e d .   T h e  

m i n e r a l   ore   c o n c e n t r a t e   is  s i m u l t a n e o u s l y   r o t a t e d   a b o u t  

the   b a l l i n g   d r u m ' s   c i r c u m f e r e n c e   and  r o l l e d   in  a  

downward  d i r e c t i o n   t h r o u g h   the  drum.   In  t h i s   manne r   t h e  

m i n e r a l   ore   c o n c e n t r a t e   is  r o l l e d   and  t u m b l e d   t o g e t h e r  

to  form  r o u g h l y   s p h e r i c a l - s h a p e d   p e l l e t s .   As  t h e  

p e l l e t s   grow  in  s i z e   and  w e i g h t   t h e y   t r a v e l   down  t h e  

i n c l i n e   of  the   drum  and  pa s s   t h r o u g h   the  e x i t   of  t h e  

drum  at  wh ich   p o i n t   t h e y   a re   d r o p p e d   on to   a  s e c o n d  

c o n v e y o r   means  w h i c h   t r a n s p o r t s   them  to  a  k i l n   f o r  

f i r i n g .   I n s i d e   t he   b a l l i n g   drum,  d i f f e r e n t   f a c t o r s  

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

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

of  the   o r e ,   the   s h a p e   and  a v e r a g e   s i z e   of  the   m i n e r a l  

ore   p a r t i c l e s ,   and  the   d i s t r i b u t i o n   of  c o n c e n t r a t e  

p a r t i c l e s   by  s i z e .   O t h e r   p r o p e r t i e s   of  the   m i n e r a l   o r e  

c o n c e n t r a t e   t h a t   i n f l u e n c e   the   p e l l e t i z i n g   o p e r a t i o n  

i n c l u d e   the   m i n e r a l   o r e ' s   w e t t a b i l i t y   and  c h e m i c a l  

c h a r a c t e r i s t i c s .   The  c h a r a c t e r i s t i c s   of  t he   e q u i p m e n t  

u s e d ,   such  as  i t s   s i z e   and  s p e e d   of  r o t a t i o n ,   can  e f f e c t  

the   e f f i c i e n c y   of  the   p e l l e t i z i n g   o p e r a t i o n .   The  n a t u r e  

and  q u a n t i t y   of  the   a g g l o m e r a t i n g   or  b i n d i n g   a g e n t   u s e d  

in  the   c o n c e n t r a t e   is  a l s o   a  f a c t o r   t h a t   d e t e r m i n e s   p a r t  



of  the   e f f i c i e n c y   of  the  p e l l e t i z i n g   o p e r a t i o n .  

The  f o r m a t i o n   of  a g g l o m e r a t e s   b e g i n s   w i t h   t h e  

i n t e r f a c i a l   f o r c e s   which  have  a  c o h e s i v e   e f f e c t   b e t w e e n  

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

c a p i l l a r y   f o r c e s   d e v e l o p e d   in  l i q u i d   r i d g e s   b e t w e e n  

t h e   p a r t i c l e   s u r f a c e s .   Numerous   p a r t i c l e s   a d h e r e   to  o n e  

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

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

p a r t i c l e s   to  come  i n t o   c o n t a c t   w i t h   one  a n o t h e r   a n d  

a d h e r e   to  each   o t h e r   by  t he   c a p i l l a r y   t e n s i o n   a n d  

c o m p r e s s i v e   s t r e s s .   These   f o r c e s   c a u s e   the  u n i o n   o f  

p a r t i c l e s   in  s m a l l   p e l l e t s   to  grow  in  m u c h  . t h e   s a m e  

m a n n e r   as  a  s n o w b a l l   grows  as  i t   is   r o l l e d .  

After   the  b a l l i n g   drum  o p e r a t i o n ,   the  p e l l e t s   a r e  

formed,  but  they  are  s t i l l   wet.  These  p e l l e t s   are  commonly 

known  as  "green  p e l l e t s "   though  t a c o n i t e   p e l l e t s ,   for   e x a m p l e ,  

are  u sua l ly   black  in  co lo r .   Green  p e l l e t s   u s u a l l y   have  a 

dens i ty   of  about  2,083  kg/m3  (130  1b / f t 3 )   in  s izes   between 

about  12.7  mm  (1/2  inch)  and  about  9.5  mm  (3/8  of  an  i n c h ) .  

The  green  p e l l e t s   are  t r a n s p o r t e d   to  a  k i ln   and  heated  in  

s tages   to  an  end  t empera tu re   of  app rox ima te ly   1,538°C  ( 2 8 0 0 ° F ) .  

After   h e a t i n g ,   f i r e d   p e l l e t s   are  ex t remely   hard  and  r e s i s t  

c racking   upon  being  dropped  and  r e s i s t   c rushing  when  compres sed .  

Two  s t andard   t e s t s   are  used  to  measure  the  s t r e n g t h  



of  p e l l e t s   w h e t h e r   the  p e l l e t s   a re   g r e e n   p e l l e t s   o r  

f i r e d   p e l l e t s .   These   t e s t s   are   the  " d r o p "   t e s t   and  t h e  

" c o m p r e s s i o n "   t e s t .   The  drop  t e s t   r e q u i r e s   dropping  a  random 

sampling  of  p e l l e t s   a  d i s t a n c e , u s u a l l y   about  457  mm  (18 

i n c h e s ) o r   l e s s ,   a  number   of  t i m e s   u n t i l   the   p e l l e t s  

c r a c k .   The  number   of  d r o p s   to  c r a c k   each  p e l l e t   i s  

r e c o r d e d   and  a v e r a g e d .   C o m p r e s s i o n   s t r e n g t h   is  m e a s u r e d  

by  c o m p r e s s i n g   or  a p p l y i n g   p r e s s u r e   to  a  random  s a m p l i n g  

of  p e l l e t s   u n t i l   the   p e l l e t s   c r u m b l e .   The  pounds   o f  

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

a v e r a g e d .   T h e s e   two  t e s t s   a r e   used   to  m e a s u r e   t h e  

s t r e n g t h   of  b o t h   wet  and  f i r e d   p e l l e t s .   The  drop  a n d  

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

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

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

w e l l   as  c o m p r e s s i v e   f o r c e s   f rom  the   w e i g h t   of  o t h e r  

p e l l e t s   t r a v e l i n g   on  top  of  t h e m .  

T h e r m a l   shock   r e s i s t a n c e   is  a  f a c t o r   which   must  b e  

t a k e n   i n t o   c o n s i d e r a t i o n   in  any  p r o c e s s   f o r  

a g g l o m e r a t i n g   m i n e r a l   o re   c o n c e n t r a t e .   I n c r e a s e s   in  a  

p e l l e t ' s   t h e r m a l   shock   r e s i s t a n c e   i m p r o v e   t h a t   p e l l e t ' s  

a b i l i t y   to  r e s i s t   i n t e r n a l   p r e s s u r e s   c r e a t e d   by  t h e  

s u d d e n   e v a p o r a t i o n   of  w a t e r   when  the   p e l l e t   is  h e a t e d   i n  

a  k i l n .   I f   the   p e l l e t   has  n u m e r o u s   p o r e s   t h r o u g h   w h i c h  

the   w a t e r   v a p o r   can  e s c a p e   t h e r m a l   shock   r e s i s t a n c e   i s  



i m p r o v e d .   I f   t h e   s u r f a c e   of  t he   p e l l e t   is  s m o o t h   a n d  

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

t e n d e n c y   to  s h a t t e r   upon  r a p i d   h e a t i n g .   T h i s   c a u s e s   a  

c o n c u r r e n t   i n c r e a s e   in  the   amount   of  " f i n e s "   or  c o a r s e  

p a r t i c l e s   in  t he   p e l l e t i z e d   m i n e r a l   o r e .   A  b i n d e r   w h i c h  

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

p e l l e t ' s   a b i l i t y   to  r e s i s t   t h e r m a l   s h o c k .  

B e n t o n i t e   is   u s e d  a s   a  b i n d i n g   a g e n t   in  t h e  

p e l l e t i z i n g   o p e r a t i o n s   f o r   t a c o n i t e   o re   c o n c e n t r a t e .  

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

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

t h e r m a l   s h o c k   r e s i s t a n c e .   B e n t o n i t e   has  t h e  

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

p e l l e t s   t h a t   a r e   f o r m e d .   S i l i c a   d e c r e a s e s   t h e  

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

of  the  o r e .   For   t h i s   r e a s o n   b e n t o n i t e   r e q u i r e s   a  h i g h e r  

e n e r g y   e x p e n d i t u r e   t h a n   do  o r g a n i c   b i n d e r s .  

O t h e r   b i n d i n g   a g e n t s   h a v e   p r o v e n   to  be  b e t t e r  

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

b i n d e r s   such   as  p o l y ( a c r y l a m i d e ) ,   p o l y m e t h a c r y l a m i d e ,  

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

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

gum,  and  o t h e r s .   The  use   of  o r g a n i c   b i n d e r s   in  m i n e r a l  

ore   p e l l e t i z i n g   o p e r a t i o n s   is  d e s i r a b l e   o v e r   t he   use  o f  

b e n t o n i t e   b e c a u s e   o r g a n i c   b i n d e r s   do  no t   i n c r e a s e   t h e  



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

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

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

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

m o d i f i e d   to  i m p r o v e   f i r e d   p e l l e t s '   m e c h a n i c a l   p r o p e r t i e s  

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

Some  o r g a n i c   b i n d e r s   u sed   in  m i n e r a l   o r e  

p e l l e t i z i n g   o p e r a t i o n s   a r e   d i s s o l v e d   in  an  a q u e o u s  

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

c o n c e n t r a t e   p r i o r   to  e n t e r i n g   the   b a l l i n g   d r u m s .   T h i s  

a p p l i c a t i o n   of  an  a q u e o u s   s o l u t i o n   i n c r e a s e s   t h e  

m o i s t u r e   c o n t e n t   above   the   n a t u r a l   or  i n h e r e n t   m o i s t u r e  

c o n t e n t   of  t he   m i n e r a l   ore   c o n c e n t r a t e   w h i c h   r e q u i r e s   a  

g r e a t e r   e n e r g y   e x p e n d i t u r e   d u r i n g   t h e   f i r i n g   o p e r a t i o n  

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

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

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

P e l l e t   f o r m a t i o n   is  i m p r o v e d   w i t h   the   use  of  o r g a n i c  

b i n d e r s ,   bu t   t he   d rop   s t r e n g t h   and  c o m p r e s s i o n   s t r e n g t h  

of  the  p e l l e t   a re   f r e q u e n t l y   be low  t h a t   d e s i r e d   o r  

a c h i e v e d   w i t h   b e n t o n i t e .  

O t h e r   b i n d e r s   commonly  u sed   f o r   a g g l o m e r a t i n g  

m i n e r a l   o re   c o n c e n t r a t e   i n c l u d e   a  m i x t u r e   of  b e n t o n i t e ,  

c l a y   and  a  s o a p ,   P o r t l a n d   c e m e n t ,   sod ium  s i l i c a t e ,   and  a  

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



an  a l k a l i   m e t a l   s a l t .   The  a g g l o m e r a t e s   made  from  t h e s e  

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

d e s c r i b e d   above   of  I n s u f f i c i e n t   p e l l e t   s t r e n g t h   o r  

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

d u r i n g   i n d u r a t i o n   w i th   h e a t .   A d d i t i o n a l l y ,   t h e s e  

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

c o n c e n t r a t e   in  a q u e o u s   c a r r i e r   s o l u t i o n s   or  as  d r y  

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

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

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

s h o c k   r e s i s t a n c e .  

U . S .  -   A -  3 ,893,847  to  Derr ick  d i s c l o s e s   a 

b i n d e r   and  m e t h o d   f o r   a g g l o m e r a t i n g   m i n e r a l   o r e  

c o n c e n t r a t e .   The  b i n d e r   used   is  a  h i g h   m o l e c u l a r  

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

p o l y m e r .   T h i s   p o l y m e r   is   u sed   in  an  a q u e o u s   s o l u t i o n .  

The  p o l y m e r s   d i s c l o s e d   as  u s e f u l   w i t h   the   D e r r i c k  

i n v e n t i o n   i n c l u d e   c o p o l y m e r s   of  a c r y l a m i d e   as  w e l l   a s  

o t h e r   p o l y m e r s .   The  D e r r i c k   i n v e n t i o n   c l a i m s   the   use  o f  

p o l y m e r s   in  an  " a q u e o u s "   s o l u t i o n .   The  use   of  w a t e r   a s  

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

m o i s t u r e   of  the   a g g l o m e r a t e s   or  p e l l e t s   t h a t   a re   f o r m e d .  

The  h i g h e r   m o i s t u r e   c o n t e n t   i n c r e a s e s   the  e n e r g y  

r e q u i r e d   to  f i r e   the  p e l l e t s   and  can  i n c r e a s e   the  r a t e  

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



the   r a p i d   r e l e a s e   of  s t e a m   t h r o u g h   the   a g g l o m e r a t e .  

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

m i n e r a l   ore   c o n c e n t r a t e   u t i l i z i n g   low  w a t e r   c o n t e n t  

n o n - b e n t o n i t e   b i n d e r   s y s t e m s ,   such   as  w a t e r   s o l u b l e ,  

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

w a t e r - i n - o i l   e m u l s i o n s   or  dry  p o w d e r s .   T h i s   i n v e n t i o n  

p r o v i d e s   p e l l e t s   f o r m e d   f rom  the   m i n e r a l   ore   c o n c e n t r a t e  

of  h i g h   m e c h a n i c a l   s t r e n g t h   p r o p e r t i e s .  

SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   is  a  m e t h o d   f o r   a g g l o m e r a t i n g   a  

p a r t i c u l a t e   m a t e r i a l   such   as  a  m i n e r a l   ore   c o n c e n t r a t e  

c o m p r i s i n g   the   c o m m i n g l i n g   of  m i n e r a l   ore   c o n c e n t r a t e  

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

w e i g h t   p o l y m e r s .   The  p o l y m e r s   a r e   a d a p t e d   to  b e  

s e l e c t i v e l y   u s a b l e   in  a t   l e a s t   one  of  e i t h e r   of  t w o  

c o n d i t i o n s   of  u s e .   In  a  f i r s t   c o n d i t i o n   of  use  t h e  

p o l y m e r s   a r e   a p p l i e d   to  the   m i n e r a l   o re   c o n c e n t r a t e   as  a  

dry  p o w d e r .   In  a  s e c o n d   c o n d i t i o n   of  use  the   p o l y m e r s  

a r e   a p p l i e d   to  t he   m i n e r a l   o re   c o n c e n t r a t e   in  a  

w a t e r - i n - o i l   e m u l s i o n .  

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

the   c o m m i n g l i n g   of  dry  p o l y ( a c r y l a m i d e )   b a s e d   p o l y m e r  

o n t o   m i n e r a l   ore   c o n c e n t r a t e   w h e r e i n   the  i n h e r e n t   o r  

added   m o i s t u r e   c o n t e n t   of  t he   m i n e r a l   o re   c o n c e n t r a t e   i s  



s u f f i c i e n t   to  a c t i v a t e   t he   p o l y ( a c r y l a m i d e )   b a s e d  

p o l y m e r   to  form  p e l l e t s   of  t he   m i n e r a l   o r e .  

Th i s   i n v e n t i o n   is   p a r t i c u l a r l y   d e s i r a b l e   when  u s e d  

w i t h   an  i r o n   ore   c o n c e n t r a t e   and  can  a l s o   i n c l u d e   t h e  

a p p l i c a t i o n   of  an  i n o r g a n i c   s a l t   s u c h   as  s o d i u m  

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

m e t a p h o s p h a t e   and  m i x t u r e s   of  t h e s e   in  c o n j u n c t i o n   w i t h  

the   p o l y m e r .   The  i n o r g a n i c   s a l t   can  be  a p p l i e d   as  a  

p o w d e r   or  an  a q u e o u s   s o l u t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

T h i s   i n v e n t i o n   is   a . m e t h o d   f o r   a g g l o m e r a t i n g  

p a r t i c u l a t e   m a t e r i a l   s u c h   as  a  m i n e r a l   o re   c o n c e n t r a t e  

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

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

c o n c e n t r a t e .   The  p o l y m e r s   a r e   a p p l i e d   to  t h e  

p a r t i c u l a t e   m a t e r i a l   in  a t   l e a s t   one  of  e i t h e r   a  

w a t e r - i n - o i l   e m u l s i o n   s y s t e m   or  a  dry  p o w d e r   s y s t e m .  

The  a p p l i c a t i o n   of  t he   p o l y m e r s   to  a  m i n e r a l   o r e  

c o n c e n t r a t e   can  be  in  c o n j u n c t i o n   w i t h   an  i n o r g a n i c  

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

or  in  a q u e o u s   s o l u t i o n s .   The  p o l y m e r s   and  i n o r g a n i c  

s a l t s   a r e   c o m m i n g l e d   w i t h   t he   m i n e r a l   o re   c o n c e n t r a t e .  

T h i s   c o m p o s i t i o n   t h e n   e n t e r s   a  s t a n d a r d   means  f o r  

p e l l e t i z i n g   or  a  b a l l i n g   drum.   The  means  f o r  



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

wet  or  " g r e e n "   p e l l e t s .   The  p e l l e t s   a re   t hen   t r a n s f e r r e d  

or  conveyed  to  a  f u r n a c e   or  kiln  where  they  are  i ndura t ed   by 

heat  at  t empera tu re s   above  about  982°C  (1800°F)  and  more 

p r e f e r a b l y   at  about  1,538°C  (2800°F).   A f t e r   i n d u r a t i o n ,  

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

in  a  s m e l t i n g   o p e r a t i o n   such  as  a  b l a s t   f u r n a c e .  

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

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

t e t r a p o l y m e r s .   In  a  w a t e r - i n - o i l   e m u l s i o n   s y s t e m   t h e  

s e l e c t e d   p o l y m e r   is  p r o d u c e d   by  p o l y m e r i z i n g   i t s  

m o n o m e r i c   w a t e r - i n - o i l   e m u l s i o n   p r e c u r s o r .   S u i t a b l e  

p o l y m e r s   can  be  a n i o n i c ,   c a t i o n i c ,   a m p h o t e r i c ,   o r  

n o n i o n i c .   I t   is   d e s i r a b l e   in  t h i s   i n v e n t i o n   to  u s e  

p o l y m e r s   of  h i g h   m o l e c u l a r   w e i g h t   as  c h a r a c t e r i z e d   by  a  

h i g h   i n t r i n s i c   v i s c o s i t y .   Th i s   i n v e n t i o n   is  not   l i m i t e d  

to  p o l y m e r s   of  h i g h   i n t r i n s i c   v i s c o s i t y .  

P o l y m e r s   s u i t a b l e   f o r   u s e   w i t h   t h i s   i n v e n t i o n ,  

w h e t h e r   used   in  w a t e r - i n - o i l   e m u l s i o n   s y s t e m s   or  in  d r y  

powder   s y s t e m s ,   a re   p a r t i c u l a r l y   d e s i r a b l e   when  t h e y   a r e  

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

w e i g h t   of  a  p o l y m e r   is  not   l i m i t i n g   upon  t h i s   i n v e n t i o n .  

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

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

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



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

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

U s e f u l   m e a s u r e m e n t s   of  a  p o l y m e r ' s   a v e r a g e  

m o l e c u l a r   w e i g h t   a r e   d e t e r m i n e d   by  e i t h e r   the   p o l y m e r ' s  

i n t r i n s i c   v i s c o s i t y   or  r e d u c e d   v i s c o s i t y .   In  g e n e r a l ,  

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

v i s c o s i t y   have   a  h i g h   m o l e c u l a r   w e i g h t .   An  i n t r i n s i c  

v i s c o s i t y   is   a  more  a c c u r a t e   d e t e r m i n a t i o n   of  a  

p o l y m e r ' s   a v e r a g e   m o l e c u l a r   w e i g h t   t h a n   is  a  r e d u c e d  

v i s c o s i t y   m e a s u r e m e n t .   A  p o l y m e r ' s   a b i l i t y   to  f o r m  

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

p o l y m e r . ' s   i n t r i n s i c   v i s c o s i t y   or   r e d u c e d   v i s c o s i t y   i s  

i n c r e a s e d .   The  m o s t   d e s i r a b l e   p o l y m e r s   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   h a v e   an  i n t r i n s i c   v i s c o s i t y   o f  

f r o m   a b o u t   0 .5  to  a b o u t   40,  p r e f e r a b l y   f rom  a b o u t   2  t o  

a b o u t   35  and  mos t   p r e f e r a b l y   f rom  a b o u t   4  to  a b o u t   3 0  

d l / g   as  m e a s u r e d   in   a  one  n o r m a l   (N)  a q u e o u s   s o d i u m  

c h l o r i d e   s o l u t i o n   a t   2 5 ° C .  

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

p o l y ( a c r y l a m i d e )   b a s e d   p o l y m e r s   and  t h o s e   p o l y m e r s   w h i c h  

p o l y m e r i z e   upon  a d d i t i o n   of  v i n y l   or  a c r y l i c   monomers   i n  

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



have   i o n i c   f u n c t i o n a l   g r o u p s   such   as  c a r b o x y l ,  

s u l f a m i d e ,   or  q u a t e r n a r y   a m m o n i u m   g r o u p s .   S u i t a b l e  

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

monomers   i n c l u d i n g   a c r y l a m i d e ,   a c r y l i c   a c i d ,   a n d  

m e t h y l a c r y l a m i d e .   A l k a l i   m e t a l   or  ammonium  s a l t s   o f  

t h e s e   p o l y m e r s   can  a l s o   be  u s e f u l .  

D e s i r a b l e   p o l y m e r s   f o r   use   in  t h i s   i n v e n t i o n   a r e  

p r e f e r a b l y   of  t he   f o l l o w i n g   g e n e r a l   f o r m u l a :  



w h e r e i n   R,  R1  and  R3  a re   i n d e p e n d e n t l y   h y d r o g e n   o r  

m e t h y l ,   R2+  is   an  a l k a l i   m e t a l   i o n ,   such   as  Na+  or  K+, 

R4  is  e i t h e r  

(1)  -OR5  w h e r e i n   R5  is  an  a l k y l   g r o u p   h a v i n g   up  t o  

5  c a r b o n   a t o m s ;  

( 2 )  

w h e r e i n   R6  is  an  a l k y l   g r o u p   h a v i n g   up  to   8 

c a r b o n   a t o m s ;  

( 3 )  

w h e r e i n   R7  is   e i t h e r   m e t h y l   or  e t h y l ;  

(4)  p h e n y l ;  

(5)  s u b s t i t u t e d   p h e n y l ;  

(6)  -CN;  o r  



( 7 )  

a n d  

w h e r e i n   (a)  is  f rom  0  to  a b o u t   90,  p r e f e r a b l y   f rom  a b o u t  

30  to  a b o u t   60  p e r c e n t ,   (b)  is  f rom  0  to  a b o u t   9 0 ,  

p r e f e r a b l y   f rom  a b o u t   30  to  a b o u t   60  p e r c e n t ,   (c)  i s  

f rom  a b o u t   0  to  a b o u t   20  w i t h   t he   p r o v i s o   t h a t  

( a ) + ( b ) + ( c )   e q u a l   100  p e r c e n t ,   and  (d)  is  an  i n t e g e r   o f  

f rom  a b o u t   1 , 0 0 0   t o ' a b o u t   5 0 0 , 0 0 0 .  



Under   c e r t a i n   c o n d i t i o n s ,   the   a l k o x y   or  a c y l o x y  

g r o u p s   in  t he   p o l y m e r   can  be  p a r t i a l l y   h y d r o l y z e d   to  t h e  

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

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



w h e r e i n   R,  R1,  R2+,  R3,  a,  b,  and  d  a r e   as  p r e v i o u s l y  

d e f i n e d ,   R4  is  -OR5  o r  

w h e r e i n   R5  and  R7  a r e  

as  d e f i n e d   p r e v i o u s l y ,   c  is  f rom  a b o u t   0 .2   to  a b o u t   20  

p e r c e n t ,   and  e  is  from  a b o u t   0 .1  to  l e s s   t h a n   a b o u t   20 

p e r c e n t .  

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

f o r m u l a :  



w h e r e i n   R2+  is   an  a l k a l i   m e t a l   i o n ,   s u c h   as  Na+  or  K+,  

and  f  is  f rom  5  to  a b o u t   90,  p r e f e r a b l y   f rom  a b o u t   30  t o  

a b o u t   60  p e r c e n t ,   g  is  f rom  5  to  a b o u t   90,  p r e f e r a b l y  

f rom  a b o u t   30  to  a b o u t   60  p e r c e n t   w i t h   the   p r o v i s o   t h a t  

( f ) + ( g )   e q u a l   100  p e r c e n t ,   and  (d)  i s   an  i n t e g e r   of  f r o m  

a b o u t   1 , 0 0 0   to  a b o u t   5 0 0 , 0 0 0 .  

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

f o r m u l a :  



w h e r e i n   R2+  is   Na+  or  K+,  R7  is  m e t h y l ,   e t h y l ,   or  b u t y l  

and  f  is  f rom  a b o u t   5  to  a b o u t   90,  p r e f e r a b l y   f rom  a b o u t  

30  to  a b o u t   60  p e r c e n t ,   g  is  f rom  a b o u t   5  to  9 0 ,  

p r e f e r a b l y   f rom  a b o u t   30  to  60  p e r c e n t ,   h  is  f rom  a b o u t  

0 .2   to  a b o u t   20,  w i t h   t h e  p r o v i s o   t h a t   ( f ) + ( g ) + ( h )   e q u a l  

100  p e r c e n t   and  d  is  as  p r e v i o u s l y   d e f i n e d .  

The  p r e f e r r e d   t e t r a p o l y m e r s   a r e   of  the   f o l l o w i n g  

f o r m u l a :  

w h e r e i n   R1,  R2+,  R3,  R72  f,   g,  h,  d,  and  e  a r e   a s  

p r e v i o u s l y   d e f i n e d .  



O t h e r   d e s i r a b l e   w a t e r   s o l u b l e   p o l y m e r s   f o r   use  w i t h  

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

h o m o p o l y m e r i z a t i o n   and  i n t e r p o l y m e r i z a t i o n   of  one  o r  

more  of  t he   f o l l o w i n g   w a t e r   s o l u b l e   m o n o m e r s :   a c r y l i c  

and  m e t h a c r y l i c   a c i d ;   a c r y l i c   and  m e t h a c r y l i c   a c i d   s a l t s  

of  t he   f o r m u l a  

w h e r e i n   RS  is  a  h y d r o g e n   atom  or  a  m e t h y l   g r o u p   and  R9 

is  a  h y d r o g e n   a tom,   an  a l k a l i   m e t a l   a tom  ( e . g . ,   s o d i u m ,  

p o t a s s i u m ) ,   an  ammonium  g r o u p ,   an  o r g a n o a m m o n i u m   g r o u p  

of  t he   f o r m u l a   ( R 1 0 ) ( R 1 1 ) ( R 1 2 )   NH+  (whe re   R10,  R11  a n d  

R 1 2   a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  a  h y d r o g e n   a tom,   a n d  

an  a l k y l   g r o u p   h a v i n g   f rom  1  to  18  c a r b o n   a t oms   ( i t   may 

be  n e c e s s a r y   to  c o n t r o l   t he   number   and  l e n g t h   o f  

l o n g - c h a i n   a l k y l   g r o u p s   to   a s s u r e   t h a t   t he   monomer  i s  

w a t e r   s o l u b l e ) ,   such   as  1  to  3  c a r b o n   a t o m s ,   an  a r y l  

g r o u p ,   s u c h   as  a  b e n z y l   g r o u p ,   or  a  h y d r o x y a l k y l   g r o u p  

h a v i n g   f rom  1  to  3  c a r b o n   a t o m s ,   such  a s  

t r i e t h a n o l a m i n e ,   or  m i x t u r e s   t h e r e o f ) ;   a c r y l a m i d e   a n d  

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

m e t h a c r y l a m i d o   monomers   of  t he   f o r m u l a :  



w h e r e i n   R13  is  a  h y d r o g e n   atom  or  a  m e t h y l   g r o u p ;  

w h e r e i n   R14  is  a  h y d r o g e n   a tom,   a  m e t h y l   g r o u p   or  a n  

e t h y l   g r o u p ;   w h e r e i n   R15  is   a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p ,   an  e t h y l   g r o u p   or  - R 1 6 - S O 3 X ,   w h e r e i n   R16  is  a  

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

c y c l o a l k y l e n e   h a v i n g   f rom  1  to  13  c a r b o n   a t o m s ,  

p r e f e r a b l y   an  a l k y l e n e   g r o u p   h a v i n g   f rom  2  t o , 8   c a r b o n  

a t o m s ,   a  c y c l o a l k y l e n e   g r o u p   h a v i n g   f rom  6  to  8  c a r b o n  

a t o m s ,   or  p h e n y l e n e ,   mos t   p r e f e r a b l y  

a n d  

X  is   a  m o n o v a l e n t   c a t i o n   such   as  a  h y d r o g e n   a tom,   a n  

a l k a l i   m e t a l   atom  ( e . g . ,   s o d i u m   or  p o t a s s i u m ) ,   a n  

ammonium  g r o u p ,   an  o r g a n o a m m o n i u m   g r o u p   of  the   f o r m u l a  

(R17)  (R18)  (R19)  NH+  w h e r e i n   R17,  R18,  R19  a r e  

i n d e p e n d e n t l y   s e l e c t e d   f rom  a  h y d r o g e n   a tom,   an  a l k y l  



g r o u p   h a v i n g   f rom  1  to  18  c a r b o n   a toms   ( i t   may  b e  

n e c e s s a r y   to  c o n t r o l  t h e   number   and  l e n g t h   of  l o n g - c h a i n  

a l k y l   g r o u p s   to  a s s u r e   t h a t   the   monomer  is   w a t e r  

s o l u b l e )   s u c h   as  1  to  3  c a r b o n   a t o m s ,   an  a r y l   g r o u p   s u c h  

as  a  p h e n y l   or  b e n z y l   g r o u p ,   or  a  h y d r o x y a l k y l   g r o u p  

h a v i n g   f rom  1  to  3  c a r b o n   a toms   such   as  t r i e t h a n o l a m i n e ,  

or  m i x t u r e s   t h e r e o f ,   and  the   l i k e .   S p e c i f i c   e x a m p l e s   o f  

w a t e r - s o l u b l e   monomers   w h i c h   can  be  h o m o p o l y m e r i z e d   o r  

i n t e r p o l y m e r i z e d   and  u s e f u l   in  t he   p r o c e s s   of  t h i s  

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

a c i d s   and  s u l f o n a t e s   s u c h   as  2 - a c r y l a m i d o - 2 -  

m e t h y l p r o p a n e s u l f o n i c   a c i d   ( a v a i l a b l e   f rom  the   L u b r i z o l  

C o r p o r a t i o n   u n d e r   i t s   t r a d e n a m e ,   and  h e r e i n a f t e r  

r e f e r r e d   to  as ,   AMPS),  s o d i u m   AMPS,  ammonium  AMPS, 

o r g a n o a m m o n i u m   AMPS.  T h e s e   p o l y m e r s   can  be  e f f e c t i v e  

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

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

p o l y a c r y l a m i d e   b a s e d   p o l y m e r   b i n d e r s .  

T h e s e   w a t e r   s o l u b l e   monomers   can  b e  

i n t e r p o l y m e r i z e d   w i t h   a  m i n o r   amount   ( i . e . ,   l e s s   t h a n  

a b o u t   20  mole  p e r c e n t ,   p r e f e r a b l y   l e s s   t h a n   a b o u t   10 

mole  p e r c e n t ,   b a s e d   on  the   t o t a l   monomers   fed   to  t h e  

r e a c t i o n )   of  one  or  more  h y d r o p h o b i c   v i n y l   m o n o m e r s .  

For  e x a m p l e ,   v i n y l   monomers   of  the   f o r m u l a  



w h e r e i n   R20  is  a  h y d r o g e n   a tom  or  a  m e t h y l   g r o u p  

and  R21  i s  ,  a  h a l o g e n   atom  ( e . g . ,  

c h l o r i n e ) ,   - 0 - R 2 3 '  w h e r e i n  

R25  is  an  a l k y l   g r o u p ,   an  a r y l   g r o u p   or  an  a r a l k y l   g r o u p  

h a v i n g   f rom  1  to  18  c a r b o n   a t o m s ,   w h e r e i n   R22  is  a n  

a l k y l   g r o u p   h a v i n g   f rom  1  to  8  c a r b o n   a t o m s ,   R23  is  a n  

a l k y l   g r o u p   h a v i n g   f rom  1  to  6  c a r b o n   a t o m s ,   p r e f e r a b l y  

2-4  c a r b o n   a t o m s ,   R24  is  a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p ,   an  e t h y l   g r o u p ,   or  a  h a l o g e n   atom  ( e . g . ,  

c h l o r i n e ) ,   p r e f e r a b l y   a  h y d r o g e n   a tom  or  a  m e t h y l   g r o u p ,  

w i t h   the   p r o v i s o   t h a t   R20  is   p r e f e r a b l y   a  h y d r o g e n   a t o m  

when  R22  is  an  a l k y l   g r o u p .   S p e c i f i c   e x a m p l e s   o f  

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

a l k y l   e s t e r s   of  a c r y l i c   and  m e t h a c r y l i c   a c i d s   such   a s  

m e t h y l   a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e ,   e t h y l   a c r y l a t e ,  

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

d o d e c y l   a c r y l a t e ,   2 - e t h y l h e x y l   a c r y l a t e ,   e t c . ;   v i n y l  

e s t e r s   such   as  v i n y l   a c e t a t e ,   v i n y l   p r o p i o n a t e ,   v i n y l  

b u t y r a t e ,   e t c . ;   v i n y l b e n z e n e s   such   as  s t y r e n e ,  

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



as  p r o p y l   v i n y l   e t h e r ,   b u t y l   v i n y l   e t h e r ,   i s o b u t y l   v i n y l  

e t h e r ,   m e t h y l   v i n y l   e t h e r ,   e t h y l   v i n y l   e t h e r ,   e t c . ;  

v i n y l   h a l i d e s   such   as  v i n y l   c h l o r i d e ,   v i n y l i d e n e  

c h l o r i d e ,   e t c . ;   and  the   l i k e .  

The  p r e f e r r e d   w a t e r   s o l u b l e   monomers   of  t h e s e   w a t e r  

s o l u b l e   p o l y m e r s   a r e   a c r y l a m i d e ,   AMPS  and  s o d i u m   AMPS, 

s o d i u m   a c r y l a t e ,   and  ammonium  a c r y l a t e .   The  p r e f e r r e d  

h y d r o p h o b i c   monomers   a r e   v i n y l   a c e t a t e ,   e t h y l   a c r y l a t e ,  

s t y r e n e   and  m e t h y l   m e t h a c r y l a t e .  



E x a m p l e s   of  s u i t a b l e   p o l y m e r s   f o r   use  w i t h   t h i s  

i n v e n t i o n   in  w a t e r - i n - o i l   e m u l s i o n s ) a r e   l i s t e d   in  T a b l e  

I .   T h i s   t a b l e   p r o v i d e s   a  r e p r e s e n t a t i v e   l i s t i n g   o f  

s u i t a b l e   p o l y m e r s   f o r   use   in  t he   w a t e r - i n - o i l   e m u l s i o n s ,  

bu t   does   not   e n c o m p a s s   e v e r y   s u i t a b l e   p o l y m e r   or  l i m i t  

t he   p o l y m e r s   t h a t   can  be  u s e d   w i t h   t h i s   i n v e n t i o n .  





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

u s e d   w i t h   t h i s   i n v e n t i o n   in  dry   powder   f o rm .   T h e s e  

p o l y m e r s   must   be  w a t e r   s o l u b l e ,   but   do  not   n e c e s s a r i l y  

l e n d   t h e m s e l v e s   to  the   f o r m a t i o n   of  w a t e r - i n - o i l  

e m u l s i o n s .   T y p i c a l l y ,   p o l y m e r s   which   form  w a t e r - i n - o i l  

e m u l s i o n s   a re   a l s o   u s e f u l   w i t h   t he   i n v e n t e d   me thod   a s  

dry  p o w d e r .   T a b l e   II   r e p r e s e n t s   a  l i s t i n g   of  p o l y m e r s  

wh ich   a re   d e s i r a b l e   f o r   use   w i t h   t h i s   i n v e n t i o n   a s  

p o w d e r s .   The  p o w d e r s   l i s t e d   in  T a b l e   II   do  n o t  

e n c o m p a s s   a l l   p o l y m e r s   w h i c h   can  be  u sed   as  p o w d e r s   i n  

t h i s   i n v e n t i o n .  





I n o r g a n i c   s a l t s   a re   o p t i o n a l l y   added   to  the   m i n e r a l  

ore   c o n c e n t r a t e   b e f o r e   b a l l i n g   drum  o p e r a t i o n s   t o  

p r i m a r i l y   i n c r e a s e   the   dry  c r u s h   s t r e n g t h   of  t h e  

p e l l e t s .   I n o r g a n i c   s a l t s   can  be  added   e i t h e r   b e f o r e ,  

a f t e r ,   or  d u r i n g   the   a d d i t i o n   of  the   dry  or  e m u l s i f i e d  

p o l y m e r .   P o l y m e r s   a l o n e   i m p r o v e   t he   dry  c o m p r e s s i o n  

s t r e n g t h   of  p e l l e t s ,   but   not   to  the   same  d e g r e e   as  a n  

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

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

s a l t ,   h o w e v e r ,   t h i s   a d d i t i o n   is  no t   c o n s i d e r e d   l i m i t i n g  

upon  t h i s   i n v e n t i o n .   S i m i l a r l y ,   the   i n o r g a n i c   s a l t  

s e l e c t e d   nor   t he   m e t h o d   of  a d d i t i o n   is  no t   l i m i t i n g   u p o n  

t h i s   i n v e n t i o n .   For  p u r p o s e s   of  t h i s   i n v e n t i o n   the   t e r m  

" p o l y m e r   b i n d e r   s y s t e m "   can  i n c l u d e   a  w a t e r   s o l u b l e ,  

h i g h   m o l e c u l a r   w e i g h t   p o l y m e r   in  e i t h e r   a  w a t e r - i n - o i l  

e m u l s i o n   s y s t e m   or  powder   s y s t e m   u s e d   w i t h   or  w i t h o u t  

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

I n o r g a n i c   s a l t s   s u i t a b l e   f o r   use   in  t h i s   i n v e n t i o n  

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

h a l i d e s ,   or  p h o s p h a t e s .   S p e c i f i c   e x a m p l e s   of  i n o r g a n i c  

s a l t s   i n c l u d e   s o d i u m   c a r b o n a t e   ( N a 2 C 0 3 ) ,   c a l c i u m  

c a r b o n a t e   ( C a C 0 3 ) ,   s o d i u m   m e t a p h o s p h a t e   ( N a P 0 3 ) n   where   n  

is  2  or  more ,   s o d i u m   c h l o r i d e   ( N a C l ) ,   and  m i x t u r e s   o f  

t h e s e .   O t h e r   i n o r g a n i c   s a l t s   can  be  added   to  i m p r o v e  

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



s a l t s   can  be  a d d e d   in  m i x t u r e s   w i t h   one  a n o t h e r   a s  

p o w d e r s   or  in  s o l u t i o n s .   As  t he   c o n c e n t r a t i o n   o f  

i n o r g a n i c   s a l t   i n c r e a s e s   in  t he   m i n e r a l   o re   c o n c e n t r a t e ,  

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

i n c r e a s e d .  

Sodium  c a r b o n a t e   is  an  i n o r g a n i c   s a l t   t h a t   a c h i e v e s  

good  r e s u l t s   f o r   i m p r o v i n g   t he   c o m p r e s s i o n   s t r e n g t h   o f  

p e l l e t s .   Sod ium  c a r b o n a t e   is  most   e f f e c t i v e ,   when  u s e d  

w i t h , e i t h e r   t he   dry  or  e m u l s i f i e d   p o l y m e r ,   in  an  a m o u n t  

of  at  l e a s t   2  p e r c e n t   and  p r e f e r a b l y   g r e a t e r   t h a n   25 

p e r c e n t ,   c a l c u l a t e d   on  the   t o t a l   w e i g h t   of  t he   a d d e d  

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

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

w e i g h t   of  t he   p o l y m e r   b i n d e r   s y s t e m   v a r i e s   f rom  a b o u t   25 

p e r c e n t   to  a b o u t   95  p e r c e n t .   More  p r e f e r a b l y ,   s o d i u m  

c a r b o n a t e   is  w i t h i n   the   r a n g e   of  a b o u t   30  p e r c e n t   t o  

a b o u t   90  p e r c e n t   w i t h   t he   most   op t imum  r a n g e   b e t w e e n  

a b o u t   50  p e r c e n t   to  a b o u t   90  p e r c e n t   c a l c u l a t e d   on  t h e  

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

p o l y m e r .  

The  i n v e r t i b l e   w a t e r - i n - o i l   e m u l s i o n   s y s t e m   u s e d   i n  

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

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

w a t e r   in  a  h y d r o p h o b i c   s u b s t a n c e .   E x a m p l e s   of  s u i t a b l e  

e m u l s i o n   s y s t e m s   and  m e t h o d s   to  form  s u i t a b l e   e m u l s i o n s  



a re   f o u n d   in  U .S .   P a t e n t   Number  4 , 4 8 5 , 2 0 9   to  Fan  et  a l .  

and  U.S .   P a t e n t   Number  4 , 4 5 2 , 9 4 0   t o ) R o s e n   e t   a l .   e a c h   o f  

w h i c h   a re   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  

D e s i r a b l e   h y d r o p h o b i c   l i q u i d s   u sed   in  t h e s e  

e m u l s i o n   s y s t e m s   a re   i s o p a r a f f i n i c   h y d r o c a r b o n s .   A 

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

Exxon  C o r p o r a t i o n   known  as  I s o p a r   M.  O t h e r   s u i t a b l e  

h y d r o p h o b i c   l i q u i d s   f o r   use  as  t he   e x t e r n a l   p h a s e   in  a n  

e m u l s i o n   s y s t e m   i n c l u d e   b e n z e n e ,   x y l e n e ,   t o l u e n e ,  

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

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

In  t he   most   d e s i r a b l e   e m b o d i m e n t s   of  t h i s  

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

w a t e r - i n - o i l   e m u l s i o n ,   two  s u r f a c t a n t s   a re   used   to  f o r m  

the   e m u l s i o n .   A  f i r s t   s u r f a c t a n t   is  u sed   to  form  t h e  

w a t e r - i n - o i l   e m u l s i o n   s y s t e m .   A f t e r   the   w a t e r - i n - o i l  

e m u l s i o n   s y s t e m   is  f o r m e d ,   a  s e c o n d   s u r f a c t a n t   is  a d d e d .  

The  s e c o n d   s u r f a c t a n t   is  a  w a t e r   s o l u b l e   i n v e r t i n g  

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

the   w a t e r - i n - o i l   e m u l s i o n   to  an  o i l - i n - w a t e r   e m u l s i o n  

upon  c o n t a c t   w i t h   the  i n h e r e n t   or  added   m o i s t u r e   p r e s e n t  

in  the   m i n e r a l   o re   c o n c e n t r a t e .   Upon  i n v e r s i o n   of  t h e  

w a t e r - i n - o i l   e m u l s i o n   the  p o l y m e r   is  f o r c e d   out   of  t h e  

i n t e r n a l   a q u e o u s   p h a s e   and  made  a v a i l a b l e   to  the  s u r f a c e  

of  the   m i n e r a l   ore   c o n c e n t r a t e .   T h i s   r e l e a s e   of  t h e  



p o l y m e r   o n t o   the   s u r f a c e   of  t he   m i n e r a l   ore   c o n c e n t r a t e  

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

m i n e r a l   o re   c o n c e n t r a t e .   E m u l s i o n s   t h a t   do  no t   c o n t a i n  

i n v e r t i n g   s u r f a c t a n t s   can  be  u sed   w i t h   t h i s   i n v e n t i o n .  

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

e m u l s i o n s   of  t h i s   i n v e n t i o n   a r e   u s u a l l y   o i l - s o l u b l e  

h a v i n g   a  H y d r o p h i l e - L i p o p h i l e   B a l a n c e   (HLB)  v a l u e   o f  

f rom  a b o u t   1  to  a b o u t   10  and  p r e f e r a b l y   f rom  a b o u t   2  t o  

a b o u t   6.  T h e s e   s u r f a c t a n t s   a r e   n o r m a l l y   r e f e r r e d   to  a s  

w a t e r - i n - o i l   t y p e   s u r f a c t a n t s .   S u i t a b l e   s u r f a c t a n t s  

i n c l u d e   the   a c i d   e s t e r s   such   as  s o r b i t a n   m o n o l a u r a t e ,  

s o r b i t a n   m o n o s t e a r a t e ,   s o r b i t a n   m o n o o l e a t e ,   s o r b i t a n  

t r i o l e a t e ,   mono  and  d i g l y c e r i d e s ,   such   as  mono  a n d  

d i g l y c e r i d e s   o b t a i n e d   f rom  t he   g l y c e r o l y s i s   of  e d i b l e  

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

p o l y o x y e t h y l e n a t e d   (4)  s o r b i t a n   m o n o s t e r a t e ,  

p o l y o x y e t h y l e n a t e d   l i n e a r   a l c o h o l ,   such   as  T e r g i t o l  

1 5 - S - 3   and  T e r g i t o l - 2 5 - L - 3   s u p p l i e d   by  the   Union   C a r b i d e  

C o r p o r a t i o n ,   p o l y o x y e t h y l e n e   s o r b i t o l   e s t e r s ,   such   a s  

p o l y o x y e t h y l e n e   s o r b i t a l   b e e s w a x   d e r i v a t i v e ,  

p o l y o x y e t h y l e n a t e d   a l c o h o l s   such   as  p o l y o x y e t h y l e n a t e d  

(2)  c e t y l   e t h e r ,   and  the   l i k e .  

W a t e r - s o l u b l e   i n v e r t i n g   s u r f a c t a n t s   wh ich   can  b e  

u s e d   i n c l u d e   p o l y o x y e t h y l e n e   a l k y l   p h e n o l ,  

p o l y o x y e t h y l e n e   (10  mo le )   c e t y l   e t h e r ,   p o l y o x y e t h y l e n e  



a l k y l - a r y l   e t h e r ,   q u a t e r n a r y   ammonium  d e r i v a t i v e s ,  

p o t a s s i u m   o l e a t e ,   N - c e t y l   N - e t h y l   m o r p h o l i n i u m  

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

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

such   as  the   r e a c t i o n   p r o d u c t   of  o l e y l   a l c o h o l   w i t h   10 

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

a l k y l p h e n o l s   and  e t h y l e n e   o x i d e ,   such   as  the   r e a c t i o n  

p r o d u c t s   of  i s o o c t y l p h e n o l   w i t h   12  e t h y l e n e   o x i d e   u n i t s ;  

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

f i v e ,   or  more ,   e t h y l e n e   o x i d e   u n i t s ;   e t h y l e n e   o x i d e  

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

h i g h e r   f a t t y   e s t e r s ,   and  t h e i r   i n n e r   a n h y d r i d e s  

( m a n n i t o l - a n h y d r i d e ,   c a l l e d   M a n n i t a n ,   a n d  

s o r b i t o l - a n h y d r i d e ,   c a l l e d   S o r b i t a n ) .   The  p r e f e r r e d  

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

n o n y l   p h e n o l   f o r m a l d e h y d e   r e s i n s ,   and  the   l i k e .  

The  i n v e r t i n g   s u r f a c t a n t   is   u sed   in  a m o u n t s   of  f r o m  

a b o u t   0 .1  to  a b o u t   20,  p r e f e r a b l y   from  a b o u t   1  to  a b o u t  

10  p a r t s   pe r   one  h u n d r e d   p a r t s   of  t he   p o l y m e r .  

The  m i x t u r e   of  b o t h   the   a q u e o u s   p h a s e   and  the   o i l  

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

c o n t a i n   a b o u t   20  to  a b o u t   50  and  p r e f e r a b l y   from  a b o u t  

22  to  a b o u t   42  p e r c e n t   w e i g h t   of  the   h y d r o p h o b i c   l i q u i d  

and  the   h y d r o p h o b i c   m o n o m e r s ,   b a s e d   upon  the   t o t a l  

w e i g h t   of  the   c o m p o s i t i o n .  



The  a q u e o u s   s o l u t i o n   u s e d   to  form  the   e m u l s i o n  

s y s t e m s   of  t h i s   i n v e n t i o n   can  c o n t a i n   a  m i x t u r e   of  w a t e r  

s o l u b l e   m o n o m e r s .   These   monomers   have  a  w a t e r  

s o l u b i l i t y   of  a t   l e a s t   5  w e i g h t   p e r c e n t   and  i n c l u d e  

a c r y l a m i d e ,   m e t h a c r y l a m i d e ,   a c r y l i c   a c i d ,   m e t h a c r y l i c  

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

a m i n o a l k y l   m e t h a c r y l a t e ,   d i a l k y l a m i n o a l k y l   a c r y l a t e ,  

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

w i t h   d i m e t h y l   s u l f a t e   or  m e t h y l   c h l o r i d e ,   v i n y l   b e n z y l  

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

s a l t s   of  2 - s u l f o e t h y l a c r y l a t e ,   a l k a l i   m e t a l   and  ammonium 

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

2 - a c r y l a m i d e - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d ,   and  t he   l i k e .  

The  p r e f e r r e d   monomers   a r e   a c r y l a m i d e ,   a c r y l i c   a c i d ,   a n d  

s o d i u m   s a l t   of  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c  

a c i d .  

I f   a c r y l i c   a c i d   is  u s e d   as  a  monomer  i t   is  r e a c t e d  

w i t h   a  b a s e ,   p r e f e r a b l y   w i t h   an  e q u i v a l e n t   amoun t   o f  

b a s e ,   s u c h   as  s o d i u m   h y d r o x i d e ,   so  t h a t   the   s o d i u m  

a c r y l a t e   s o l u t i o n   has   a  pH  of  f rom  a b o u t   5 .0   to  a b o u t  

1 0 . 0 ,   p r e f e r a b l y   f rom  a b o u t   6 .5  to  a b o u t   8 . 5 ,   d e p e n d i n g  

on  t h e   t y p e   and  amoun t   of  b a s e   e m p l o y e d .   T h i s   s o l u t i o n  

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

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

p h a s e .  



H y d r o p h o b i c   monomers  which   c a n  b e   u s e f u l   in  f o r c i n g  

the  e m u l s i o n   s y s t e m s   of  t h i s   i n v e n t i o n   i n c l u d e   one  o r  

more  of  v i n y l   e s t e r s   such  as  v i n y l   a c e t a t e ,   a l k y l  

a c r y l a t e s   such  as  e t h y l a c r y l a t e ,   a l k y l   m e t h a c r y l a t e s  

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

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

as  a l p h a - m e t h y l s t r y r e n e ,   N - v i n y l   c a r b a z o l e ,   and  t h e  

l i k e .  

A p p r o p r i a t e   r e a c t o r s   and  c a t a l y s t s   a re   a l s o   u s e d  

w i t h   t h i s   i n v e n t i o n .   These   compounds   can  v a r y .  

E x a m p l e s   of  s u i t a b l e   r e a c t o r s   and  c a t a l y s t s   can  be  f o u n d  

in  the   Fan  and  Rosen  p a t e n t s   i d e n t i f i e d   a b o v e .  

E m u l s i o n s   u sed   in  t h i s   i n v e n t i o n   are   made  by  a n y  

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

e m u l s i o n s   is  d i s c l o s e d   in  U.S.   -  A -  4 , 4 8 5 , 2 0 9  

to  Fan .   Th i s   i n v e n t i o n   is  not   l i m i t e d   to  a  p a r t i c u l a r  

e m u l s i o n   or  m e t h o d   fo r   p r o d u c i n g   an  e m u l s i o n .  

An  a d v a n t a g e   to  the  use  of  w a t e r - i n - o i l   e m u l s i o n s  

in  the  f o r m a t i o n   of  p e l l e t s   is  t h a t   the  amount   of  w a t e r  

added   to  the  m i n e r a l   ore  c o n c e n t r a t e   is  g r e a t l y   r e d u c e d  

from  t h a t   r e q u i r e d   to  d e l i v e r   p o l y m e r s   in  a q u e o u s  

s o l u t i o n s ,   t h u s   r e s u l t i n g   in  an  e n e r g y   s a v i n g s   u p o n  

f i r i n g   of  the   p e l l e t s .   A l s o ,   the   h y d r o p h o b i c   l i q u i d   o r  

o i l   in  the   i n v e r t e d   w a t e r - i n - o i l   e m u l s i o n   s y s t e m   i s  

consumed   d u r i n g   the  f i r i n g   o p e r a t i o n .   The  burn   out  o f  



the   o i l   d r o p l e t s   f rom  t he   i n t e r i o r   of  t he   p e l l e t s  

i n c r e a s e s   t he   p o r o s i t y   of  the   p e l l e t s   in  much  the   s a m e  

m a n n e r   as  does   t he   b u r n i n g   of  the   o r g a n i c   b i n d e r   o r  

p o l y m e r   f rom  the   i n t e r i o r   of  the   p e l l e t s .   T h i s   i n c r e a s e  

in  p o r o s i t y   is  b e l i e v e d   to  i m p r o v e   t he   r e l e a s e   of  w a t e r  

v a p o r   f rom  the   p e l l e t s   and  d e c r e a s e   t he   o c c u r r e n c e   o f  

t h e r m a l   s h o c k   upon  f i r i n g   of  t he   p e l l e t s .  

An  a d d i t i o n a l   b e n e f i t   r e a l i z e d   by  the   use  of  a  

w a t e r - i n - o i l   e m u l s i o n   s y s t e m   to  d e l i v e r   a  p o l y m e r   b i n d e r  

to  m i n e r a l   o re   c o n c e n t r a t e   in  p e l l e t i z i n g   o p e r a t i o n s   i s  

a  d e c r e a s e   in  t he   a m o u n t   of  c o n t a c t   t i m e   r e q u i r e d   f o r  

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

m i n e r a l   o r e   c o n c e n t r a t e .   The  c o n t a c t   t i m e   of  a  p o l y m e r  

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

c o n c e n t r a t e   need   o n l y   be  s u f f i c i e n t   to  a l l o w   a c t i v a t i o n  

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

c o n c e n t r a t e .   The  amoun t   of  t ime   can  v a r y   d e p e n d i n g   u p o n  

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

p o l y m e r   b i n d e r   w i t h i n   t h e   e m u l s i o n   s y s t e m   as  w e l l   as  t h e  

t o t a l   amoun t   of  p o l y m e r   b i n d e r   s p r a y e d   upon  the   m i n e r a l  

o re   c o n c e n t r a t e .   In  d e s i r a b l e   e m b o d i m e n t s   of  t h i s  

i n v e n t i o n ,   s u f f i c i e n t   t ime   f o r   c o m m i n g l i n g   of  t h e  

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

o c c u r   by  s p r a y i n g   the   w a t e r - i n - o i l   e m u l s i o n   on to   t h e  

m i n e r a l   ore   c o n c e n t r a t e   j u s t   u p s t r e a m   of  where   t h e  



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

A p p l i c a t i o n   of  a  w a t e r - i n - o i l   e m u l s i o n   at   t h e  

m i n e r a l  ' o r e   c o n c e n t r a t e   t r e a t m e n t   s i t e   can  b e  

a c c o m p l i s h e d   by  a p p l y i n g   the   e m u l s i o n   to  the   m i n e r a l   o r e  

c o n c e n t r a t e   t h r o u g h   any  c o n v e n t i o n a l   s p r a y i n g   a p p a r a t u s .  

The  i n o r g a n i c   s a l t s   a re   s p r i n k l e d   from  a  v i b r a t i n g  

h o p p e r   or  o t h e r   d i s p e r s i n g   means  o n t o   the   m i n e r a l   o r e  

c o n c e n t r a t e   and  the  c o m p o s i t i o n   is  c o n v e y e d   t o w a r d s   t h e  

b a l l i n g   drum.   A l t e r n a t i v e l y   s a l t   can  be  d e l i v e r e d   f r o m  

a q u e o u s   s o l u t i o n s   of  5  to  40  p e r c e n t   s o l i d   m a t e r i a l  

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

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

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

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

m i n e r a l   o re   c o n c e n t r a t e ,   t he   t i m e   r e q u i r e d   f o r  

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

a b o u t   one  m i n u t e   or  l e s s .  

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

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

a r e   dry  p o w d e r s .   In  t h e s e   e m b o d i m e n t s   the   dry  p o w d e r e d  

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

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

s p r i n k l e d   o n t o   the   m i n e r a l   o re   c o n c e n t r a t e   as  t h e  

c o n c e n t r a t e   is  c o n v e y e d   t o w a r d s   the  b a l l i n g   drum.  T h e  

v i b r a t i o n   of  the   c o n v e y o r   means  and  the   a c t i o n   of  t h e  



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

c o n c e n t r a t e .   Upon  s u f f i c i e n t   c o n t a c t   t ime   w i t h   t h e  

m o i s t u r e   in  the   m i n e r a l   ore   c o n c e n t r a t e ,   the   p o l y m e r s  

a re   a d s o r b e d   o n t o   t he   s u r f a c e   of  t he   c o n c e n t r a t e .  

S u i t a b l e   c o n t a c t   t ime   can  be  e s s e n t i a l l y   i n s t a n t a n e o u s ,  

but   o f t e n   i s   b e t w e e n   a b o u t   1  m i n u t e   to  3  h o u r s   or  m o r e .  

F u r t h e r   c o m m i n g l i n g   o c c u r s   in  t he   m i x i n g   w i t h i n   t h e  

b a l l i n g   d rum.   The  use  of  t he   dry   powder   p o l y m e r  

e m b o d i m e n t s   of  t h i s   i n v e n t i o n   e l i m i n a t e s   t he   need   f o r  

e m u l s i o n   s p r a y i n g   e q u i p m e n t .   T h i s   i n v e n t i o n   a l s o  

i n c l u d e s   t he   a p p l i c a t i o n   of  p o w d e r e d   b i n d e r s   to  a  

m i n e r a l   o re   c o n c e n t r a t e   in  c o n j u n c t i o n   w i t h   a n  

a p p l i c a t i o n   of  i n o r g a n i c   s a l t   as  an  a q u e o u s   s o l u t i o n .  

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

p o l y m e r   on  an  a c t i v e   b a s i s   is  b e t w e e n   a b o u t   0 . 0 0 1  

p e r c e n t   to   a b o u t   0 .3  p e r c e n t   b a s e d   on  w e i g h t   of  bone  d r y  

c o n c e n t r a t e .   The  p r e f e r r e d   r a n g e   is  b e t w e e n   a b o u t   0 . 0 0 1  

p e r c e n t   and  a b o u t   0 .1  p e r c e n t .   T h e s e   r a n g e s   a r e  

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

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

of  the   i n o r g a n i c   s a l t   b a s e d   upon  the   w e i g h t   of  bone  d r y  

c o n c e n t r a t e   is  b e t w e e n   a b o u t   0 . 0 0 1   p e r c e n t   and  a b o u t   0 . 5  

p e r c e n t   w i t h   the   p r e f e r r e d   r a n g e   b e i n g   b e t w e e n   a b o u t  

0 . 0 0 5   p e r c e n t   and  a b o u t   0.3  p e r c e n t .  

The  i n v e n t i o n   is  f u r t h e r   u n d e r s t o o d   f rom  t h e  



E x a m p l e s   b e l o w ,   bu t   is  no t   to  be  l i m i t e d   to  t h e  

E x a m p l e s .   The  n u m b e r e d   E x a m p l e s   r e p r e s e n t   t he   p r e s e n t  

i n v e n t i o n .   The  l e t t e r e d   E x a m p l e s   do  no t   r e p r e s e n t   t h i s  

i n v e n t i o n   and  a re   f o r   c o m p a r i s o n   p u r p o s e s .   T e m p e r a t u r e s  

g i v e n   a r e   in  °C  u n l e s s   o t h e r w i s e   s t a t e d .   The  f o l l o w i n g  

d e s i g n a t i o n s   used   in  the   E x a m p l e s   and  e l s e w h e r e   h e r e i n  

have   t he   f o l l o w i n g   m e a n i n g s :  





LABCRATORY  EXPERIMENTAL PROCEDURE 

In  t h e s e   E x a m p l e s   t a c o n i t e   p e l l e t i z i n g   c o n s i s t s   of  a  

two  s t e p   p r o c e d u r e .   I n i t i a l l y ,   s eed   b a l l s   a r e   p r e p a r e d  

f rom  the  t a c o n i t e   ore  u s i n g . b e n t o n i t e   c l a y   as  a  b i n d e r .  

These   seed   b a l l s   a re   p a s s e d   t h r o u g h   s c r e e n s   to  o b t a i n  

s eed   b a l l s   of  a  s i z e   t h a t   p a s s   t h r o u g h   a  4  U . S .   m e s h  

screen  having  a  4.75  mm  (0.187  i n c h )  o p e n i n g ,   but  not  through  a -  

6  U.S.  mesh  screen  having  a  3.32  mm  (0.132  inch)  opening.   The  s e e  

b a l l s   a r e   t hen   used   w i t h   a d d i t i o n a l   c o n c e n t r a t e   and  t h e  

b i n d e r   of  i n t e r e s t   to  p r e p a r e   t he   l a r g e r   g r e e n   p e l l e t s .  

F i n i s h e d   g r e e n   p e l l e t s   a r e   s i e v e d   to  be  in  a  s i z e   r a n g e  

b e t w e e n   13.2mm  to  12.5mm.  T h i s   can  be  a c c o m p l i s h e d   by 

u s i n g - U S A   S i e v e   S e r i e s   A S T M - E - 1 1 - 7 0 .   F o l l o w i n g  

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

s t r e n g t h   and  wet  d r o p p i n g   s t r e n g t h .   A d d i t i o n a l   g r e e n  

p e l l e t s   a re   d r i e d   (no t   f i r e d )   and  t e s t e d   f o r   b o t h   d r y  

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

c i t e d ,   a l l   t e s t i n g   was  done  w i t h   e i t h e r   wet  or  dry  g r e e n  

p e l l e t s .  

Seed   b a l l   f o r m a t i o n   in  t h e s e   e x a m p l e s   is  begun   w i t h  

a  s a m p l e   of  900  grams  (bone   dry  w e i g h t )  o f   t a c o n i t e  

c o n c e n t r a t e   c o n t a i n i n g   b e t w e e n   8  to  10%  m o i s t u r e .   T h e  

c o n c e n t r a t e   is  s i e v e d   t h r o u g h   a  9,  1 0 ,  o r   12  m e s h  

s c r e e n  a n d   s p r e a d   e v e n l y   o v e r   an  o i l   c l o t h .   Next   7 . 0  

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



the   c o n c e n t r a t e   and  mixed   u n t i l   h e n o s e n c u s .   t h e  m i e t h r e  

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

a p p r o x i m a t e l y   a  406  mm  (16  inch)  d iameter   and  a  152  mm  (6  i n c h ) c r o s s  

s e c t i o n .   t he   drum  is  r o t a t e d   at   64  RPM.  H u m i d i t y   i s  

not   c o n t r o l l e d   in  t h e s e   E x a m p l e s .   J u s t   p r i o r   t o  

a d d i t i o n   of  c o n c e n t r a t e ,   the  i n s i d e   of  the   drum  is  w e t  

w i t h   w a t e r   from  a  s p r a y   b o t t l e .   Whi le   r o l l i n g ,   s e v e r a l  

h a n d f u l l s   of  the   b e n t o n i t e - c o n c e n t r a t e   m i x t u r e   is  a d d e d  

to  the   drum.   D i s t i l l e d   w a t e r   is  added   when  the   f o r m i n g  

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

seed   p e l l e t s   a re   f o r m e d ,   t hey   a r e   s c r e e n e d   to  s e p a r a t e  

and  o b t a i n   p e l l e t s   which   pass   t h r o u g h   a  4  mesh  s c r e e n ,  

bu t   no t   t h r o u g h   a  6  mesh  s c r e e n .   C a p t u r e d   f i n e s   a r e  

r e a d d e d   to  the   b a l l i n g   drum  and  o v e r s i z e d   s e e d s   a r e  

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

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

the  d e s i r e d   s i z e   have  b e e n  p r o d u c e d .   The  s e e d   p e l l e t s  

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

Formed  s e e d   p e l l e t s   can  be  p l a c e d   in  a  s e a l e d   c o n t a i n e r  

c o n t a i n i n g   a  damp  c l o t h   so  as  to  r e t a r d   d e h y d r a t i o n   o f  

the   p e l l e t s .  

G r e e n   p e l l e t   f o r m a t - i o n   in  t h e s e   E x a m p l e s  i s   b e g u n  

w i t h   a  s a m p l e   of  1800  grams  (bone   dry  w e i g h t )   of  m i n e r a l  

ore   c o n t a i n i n g   b e t w e e n   8  to  10%  m o i s t u r e .   The  c o n c e n t r a t e  

is  added  into  a  305 mm  (12  inch)  d iamete r   C i n c i n n a t i  



M u l l e r   and  mixed   f o r   1.0  m i n u t e .   T h e r e a f t e r ,   an  a m o u n t  

of  b i n d e r   to  be  u sed   in  the   E x a m p l e   is  u n i f o r m l y  

d i s t r i b u t e d   o v e r   the  s u r f a c e   of  the   c o n c e n t r a t e .   I n  

E x a m p l e s   u s i n g   e m u l s i o n   p o l y m e r s ,   t he   e m u l s i f i e d  

p o l y m e r s   a r e   u n i f o r m l y   d e l i v e r e d   d r o p w i s e   f rom  a  

s y r i n g e .   When  an  i n o r g a n i c   s a l t ,   such   as  Na2C03,  i s  

used   in  an  E x a m p l e ,   i t   is  s p r i n k l e d   o v e r   t he   s u r f a c e   o f  

the   c o n c e n t r a t e .   For  t h o s e   e x a m p l e s   wh ich   employ  a  

Na2C03  s o l u t i o n ,   a  30  p e r c e n t   s a l t   s o l u t i o n   is  u s e d .  

For  t h o s e   e x a m p l e s   which   employ   p o w d e r e d   p o l y m e r s ,   t h e  

powder   is  dry  b l e n d e d   w i t h   the   i n o r g a n i c   s a l t   and  t h e  

r e s u l t i n g   m i x t u r e   is  t h e n   u n i f o r m l y   s p r i n k l e d   o v e r   t h e  

c o n c e n t r a t e   in  the   m u l l e r .   The  m u l l e r   is  t h e n   t u r n e d   o n  

f o r   t h r e e   m i n u t e s   to  mix  the   b i n d e r   w i t h   t h e  

c o n c e n t r a t e .   The  u n i f o r m   m i x t u r e   is  t h e n   s c r e e n e d  

t h r o u g h   an  8  mesh  s c r e e n .  

A f t e r   m o i s t e n i n g   the   i n s i d e   of  the   r o t a t i n g   b a l l i n g  

drum  of  t i r e ,   a b o u t   40  grams  of  s e e d   p e l l e t s   a re   a d d e d  

to  t he   t i r e .   Then  the  c o n c e n t r a t e   and  b i n d e r   m i x t u r e   i s  

i n c r e m e n t a l l y   fed   i n t o   the   t i r e   o v e r   a  p e r i o d   of  s i x  

m i n u t e s   w i t h   i n t e r m i t t e n t   use  of  d i s t i l l e d   w a t e r   s p r a y .  

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

a m o u n t s   of  the   c o n c e n t r a t e   and  b i n d e r   m i x t u r e   a re   a d d e d  

each   t ime   the   s u r f a c e   of  the   p e l l e t s   a p p e a r   s h i n y .  

T y p i c a l l y ,   t he   l a t t e r   p o r t i o n   of  the   s i x   m i n u t e   r o t a t i n g  



p e r i o d   r e q u i r e s   an  i n c r a s s e d   amount   of  the  a o c e n t r e n e  

and  b i n d e r   m i x t u r e   t hen   c o m e a r e s  to  the  i n i c i a l   c a o t  o f  

the  r o t a t i n g   p e r i o d ,   l i a t e r   c p r a y   is  a p p l i e d   e a c r   t i n e  

the  s u r f a c e   of  the  p r l l e t s   t a k e s   on  a  d u l l   a p p e s r a n c e .  

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

the   b a l l i n g   drum  is  r o t a t e d   one  a d d i t i o n a l   m i n u t e   t o  

" f i n i s h   o f f "   the   p e l l e t   s u r f a c e .   No  w a t e r   s p r a y   is  u s e d  

d u r i n g   the  f i n a l   one  m i n u t e   p e r i o d .   F o l l o w i n g  

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

s c r e e n e d   f o r   t e s t i n g   p u r p o s e s   to  a  s i z e   b e t w e e n   13 .2mm 

and  12.5  mm. 

C o m p r e s s i o n   t e s t i n g   in  t h e s e   Example s   is  p e r f o r m e d  

by  u s i n g   a  C h a t i l l o n   S p r i n g   T e s t e r   of  11.3  kg  (25  pound) 

range  (Model  LTCM -  Ser ia l   No.  567).  Twenty  green  p e l l e t s   a r e  

crushed  in  the  t e s t e r   within  30  minutes  of  p e l l e t   complet ion  a t  

a  loading  ra te   of  2.54  mm  (0.1  inches)   per  second.  The  p o u n d s  o f  

force  r equ i r ed   to  crush  each  p e l l e t   is  averaged  for  the  t w e n t y  

p e l l e t s   and  is  herein   ca l l ed   the  wet  crush  s t r e n g t h .   An  a d d i t -  

ional  twenty  p e l l e t s   are  dried  for  one  hour  at  177°C  ( 3 5 0 ° F ) .  

W h i l e   these  p e l l e t s   are  s t i l l   warm  to  the  touch,  the  c r u s h i n g  

procedure  is  r epea ted   to  obtain  the  dry  crush  s t r e n g t h   a v e r a g e  

measured  in  pounds  per  square   inch  ( p s i ) .  

Drop  t e s t i n g   in  these  Examples  is  performed  with  t w e n t y  

green  p e l l e t s   which  are  t e s t ed   whi th in   3C  m i n u t e s  



of  t h e i r   f o r m a t i o n .   t h e s e   p e l l e t s   are  d r o p p e c   ane  a t  a  

t ime  f r o m  a   h e i g h t   c f  457  mm  (18  inches)  onto  a  s t e e l  

p l a t e .   The  number  of  drops  to  obtain   p e l l e t   f a i l u r e   is  r e c o r d e d .  

P e l l e t   f a i l u r e   is  d e t e r m i n e d   when  a  c r a c k   in  a  p e l l e t   o f  

a p p r o x i m a t e l y   a  0.7  of  g r e a t e r   o c c u r s .   The  a v e r a g e  

f o r   t w e n t y   wet  p e l l e t   d r o p s   is  r e p o r t e d .   T w e n t y  

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

out   f o r   the   c o m p r e s s i o n   t e s t   and  t hen   each   is  d r o p p e d  

from  a  3  i nch   h e i g h t .   The  a v e r a g e   number  of  d rops   t o  

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

and  r e c o r d e d .  

D e f i n i t i o n   of  a c c e p t a b l e   or  t a r g e t   p e l l e t   m e c h a n i c a l  

p r o p e r t i e s   is  d e f i n e d   in  t h e s e   E x a m p l e s ,   w i t h i n   l i m i t s  

of  e x p e r i m e n t a l   e r r o r ,   by  a  c o m p a r i s o n   to  t h e  

p e r f o r m a n c e   of  P e r i d u r ,   a  c o m m e r c i a l   b i n d e r .   P e r i d u r   w a s  

a n a l y z e d   to  be  68  p e r c e n t   c a r b o x y m e t h y l c e l l u l o s e   w i t h  

a b o u t   16  p e r c e n t   NaCl  and  a b o u t   16  p e r c e n t   Na2CO3.  

P e r i d u r   is  known  to  p r o d u c e   a c c e p t a b l e   r e s u l t s   in  some 

p l a n t   s c a l e   p e l l e t i z i n g   o p e r a t i o n s   at   a  dose  of  1 .55  1b 

p r o d u c t / t o n n e   of  c o n c e n t r a t e .   S i n c e   the  p r o d u c t   i s  

a b o u t   68%  s o d i u m   c a r b o x y m e t h y l c e l l u l o s e ,   P e r i d u r  

is   used   at  an  a c t i v e   p o l y m e r   dose   of  a b o u t   1 . 0 5  

l b / t o n n e .   P e r i d u r   is  s o l d   by  D r e e l a n d   C o l l o i d s ,   1 6 7 0  

B r o a d w a y ,   D e n v e r ,   C o l o r a d o .  

Wet  drop  numbers   above  a b o u t   2.5  and  wet  c r u s h  



numbers   above   a b o u t   3.0  a re   u s e f u l .   Dry  d rop   n u m b e r s  

g r e a t e r   t h a n   a b o u t   2.0  and  dry  c r u s h   numbers   above   a b o u t  

4  a re   a c c e p t a b l e .   C o m p a r i s o n s   of  p e l l e t   m e c h a n i c a l  

p r o p e r t i e s   f o r   d i f f e r e n t   b i n d e r s   need  to  be  made  a t  

a p p r o x i m a t e l y   e q u a l   p e l l e t   m o i s t u r e   c o n t e n t s .   Wet  

p e l l e t   p r o p e r t i e s   a re   i m p o r t a n t   b e c a u s e   wet  p e l l e t s   a r e  

t r a n s p o r t e d   by  c o n v e y o r s   and  a re   d r o p p e d   from  o n e  .  

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

are  impor tan t   because  in  kiln  o p e r a t i o n s   p e l l e t s   can  be  s t a c k e d  

152  to  178  mm  (6  to  7  inches)   high  or  more.  The 

p e l l e t s   a t   the   b o t t o m   of  such   a  p i l e   must   be  s t r o n g  

enough   so  as  not   to  be  c r u s h e d   by  the  w e i g h t   of  t h e  

p e l l e t s   on  top  of  t hem.   Dry  p e l l e t s   a re   a l s o   c o n v e y e d  

and  must   r e s i s t   b r e a k a g e   upon  d r o p p i n g .  

U n l e s s   o t h e r w i s e   s t a t e d   in  t he   f o l l o w i n g   e x a m p l e s ,  

the   t e r m ,   w a t e r - i n - o i l   e m u l s i o n ,   r e f e r s   to  a  

w a t e r - i n - o i l   e m u l s i o n   c o n t a i n i n g   an  i n v e r t i n g  

s u r f a c t a n t .   In  t h e s e   e m u l s i o n s   the  o i l   p h a s e   i s  
® 

I s o p a r   M. 



EXAMPLE A 

The  e x p e r i m e n t a l   p r o c e d u r e   d e s c r i b e d   above   was  u s e d  

to  p r e p a r e   and  t e s t   two  s a m p l e s   of  g r e e n   p e l l e t s   o f  

t a c o n a t e   c o n c e n t r a t e   f o rmed   w i t h   a  c o m m e r c i a l  

CMC/NaCl/Na2CO3  b i n d i n g   a g e n t   s y s t e m .   The  amount   o f  

b i n d i n g   a g e n t   used   and  the   r e s u l t s   a re   p r e s e n t e d   i n  

T a b l e   I I I .  

EXAMPLE  I  

The  e x p e r i m e n t a l   p r o c e d u r e   d e s c r i b e d   above   was  used  t o  

p r e p a r e   and  t e s t   two  s a m p l e s   of  g r e e n   p e l l e t s   of  t a c o n i t e  

c o n c e n t r a t e   f o r m e d   w i t h   a  PAM/NaA/VA  b i n d i n g   a g e n t   in  a  

w a t e r - i n - o i l   e m u l s i o n .   The  mole  p e r c e n t   of  PAM/NaA/VA  i s  

4 7 . 5 / 4 7 . 6 / 4 . 9 .   The  o i l   u sed   in  the  e x t e r n a l   p h a s e   was 

I s o p a r   M.  The  i n t r i n s i c   v i s c o s i t y   of  the   p o l y m e r   was  23 

d l / g .   The  amount   of  b i n d i n g   a g e n t   used   and  the  r e s u l t s   a r e  

p r e s e n t e d   in  T a b l e   I V .  



This   e x a m p l e   shows  t h a t   t he   d u a l   a d d i t i o n   of  a n  

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

s o d i u m   a c r y l a t e ,   and  v i n y l   a c e t a t e   in  a  4 7 . 5 / 4 7 . 6 / 4 . . 9  

mole  r a t i o   a l o n g   w i t h   N a 2 C O 3  p r o d u c e   a  t a c o n i t e   b i n d e r  

wh ich   is  s u p e r i o r   to  the   b i n d e r   s y s t e m   used   in  Example   A 

wh ich   emp loys   a  CMC/NaCl/Na2CO3  b i n d i n g   a g e n t .   At  o n e  

h a l f   the   a c t i v e   p o l y m e r   dose   the   PAM/NaA/VA-Na2C03 

s y s t e m   gave  a  h i g h e r   wet  drop  number   t han   the   c o n t r o l  

b i n d e r   of  Example   A. 

EXAMPLE  B 

The  e x p e r i m e n t a l   p r o c e d u r e s   d e s c r i b e d   in  E x a m p l e s   A 

and  I  were  u s e d   to  p r e p a r e   and  t e s t   the   g r e e n   p e l l e t s   o f  

t a c o n i t e   c o n c e n t r a t e   in  t h i s   E x a m p l e .   The  p e l l e t s   o f  

t h i s   Example   a re   fo rmed   w i t h   e i t h e r   a  c o m m e r i c a l  

CMC/NaCl/Na2CO3  or  HEC/Na2C03  b i n d e r   s y s t e m .   T h e  

c o n c e n t r a t i o n   and  t e s t   r e s u l t s   a re   in  T a b l e   V  b e l o w .  



EXAMPLE  I I  

The  e x p e r i m e n t a l   p r o c e d u r e s   d e s c r i b e d   in  E x a m p l e s   A  a n d  

I  were   used   to  p r e p a r e   and  t e s t   g r e e n   p e l l e t s   of  t a c o n i t e  

c o n c e n t r a t e   f o r m e d   w i th   a  PAM/NaA/VA  b i n d i n g   a g e n t   in  a  

w a t e r - i n - o i l   e m u l s i o n .   The  mole  p e r c e n t   of  PAM/NaA/VA  i s  

4 7 . 5 / 4 7 . 6 / 4 . 9 .   The  o i l   used   in  the   e x t e r n a l   p h a s e   was  

I s o p a r   M.  The  c o n c e n t r a t i o n   and  t e s t   r e s u l t s   a re   in  T a b l e  

VI  b e l o w .  



This   Example   shows  t h a t   the   d u a l   a d d i t i o n   of  a  

4 7 . 5 / 4 7 . 6 / 4 . 9   mole  r a t i o   of  PAM/NaA/VA  b i n d i n g   s y s t e m   w i t h   a  

l o w e r   m o l e c u l a r   w e i g h t   as  e v i d e n c e d   by  an  IV  of  10 .3   in  a  

w a t e r - i n - o i l   e m u l s i o n   a l o n g   w i t h   Na2C03  p r o d u c e s   a  t a c o n i t e  

b i n d e r   s y s t e m   wh ich   is  s u p e r i o r   to  t he   c u r r e n t   a r t   e m p l o y i n g  

c o m b i n a t i o n s   of  h y d r o x y e t h y l c e l l u l o s e / N a 2 C O 3   o r  

c a r b o x y m e t h y l c e l l u l o s e / N a C l / N a 2 C 0 3 .   Note  t h a t   wet  d r o p  

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

PAM/NaA/VA-Na2CO3  b i n d e r   s y s t e m .  

EXAMPLES  C  AND  I I I  

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

p e l l e t s   in   t h e s e   E x a m p l e s   w e r e   t h e   same  as  d e s c r i b e d   f o r  

E x a m p l e s   A  and  I .   These   E x a m p l e s   compare   p e l l e t   s t r e n g t h  

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

s y s t e m s .   The  c o n c e n t r a t i o n s   and  t e s t   r e s u l t s   a re   in  T a b l e  

VII  b e l o w .  





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

t a c o n i t e   p e l l e t s   f o r m e d   w i t h   a  PAM/NaA/VA  b i n d i n g   a g e n t  

in  a  w a t e r - i n - o i l   e m u l s i o n   i m p r o v e   w i t h   i n c r e a s i n g   d o s e .  

C o m p a r i s o n   of  t he   p o l y ( a c r y l a m i d e )   b a s e d   p o l y m e r   b i n d e r  

s y s t e m   in  Example   I I I   is  made  at   e ach   c o n c e n t r a t i o n   to  a  

CMC/NaCl/Na2CO3  b i n d e r   s y s t e m   in  Example   C .  

EXAMPLE  I V  

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

p e l l e t s   in  t h i s   Example   were   t he   same  as  d e s c r i b e d   f o r  

Example   I .   Th i s   Example   c o m p a r e s   t he   e f f e c t   o f  

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

p o l y ( a c r y l a m i d e )   b a s e d   p o l y m e r   b i n d e r   s y s t e m .   T h e  

i n t r i n s i c   v i s c o s i t i e s   and  t e s t   r e s u l t s   a r e   in  T a b l e   V I I I  

b e l o w .  



This   e x a m p l e   shows  t h a t   p o l y m e r   b i n d e r   s y s t e m s   o f  

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

p e l l e t   p r o p e r t i e s   w i th   t a c o n i t e   c o n c e n t r a t e   when  t h e  

p o l y m e r   b i n d e r   is  a  PAM/NaA/VA  t e r p o l y m e r .  

EXAMPLE  V 

The  p r o c e d u r e s   fo r   p r e p a r i n g   and  t e s t i n g   the  g r e e n  

p e l l e t s   in  t h i s   Example   were  the   same  as  d e s c r i b e d   f o r  

Example   I .   T h i s   Example   c o m p a r e s   the  e f f e c t   on  p e l l e t  

s t r e n g t h   o c c u r r i n g   when  t he   mole  r a t i o s   of  a  p o l y m e r ' s  

monomers   a re   v a r i e d .   The  mole  r a t i o s   and  the   t e s t  

r e s u l t s   a r e   p r e s e n t e d   in  T a b l e   IX  b e l o w .  





T h i s   Example   shows  t h a t   NaA  b e t w e e n   a b o u t   15  a n d  

a b o u t   47 .6   mole  p e r c e n t   was  no t   c r i t i c a l   to  a c h i e v e  

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

EXAMPLES  D  AND  VI  

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

p e l l e t s   in  t h i s   Example   were  t he   same  as  d e s c r i b e d   f o r  

E x a m p l e s   A  and  I .   The  c o n c e n t r a t i o n s   and  t e s t   r e s u l t s  

a r e   in  T a b l e   X  b e l o w .  



These   E x a m p l e s   show  t h a t   a c r y l a m i d e   c o p o l y m e r s  

c o n t a i n i n g   0  to  at   l e a s t   41  p e r c e n t   Na  a c r y l a t e   a r e  

e f f e c t i v e   as  b i n d i n g   a g e n t s   f o r   t a c o n i t e   c o n c e n t r a t e .  



EXAMPLE VII  

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

p e l l e t s   in  t h i s   Example   were  the   same  as  d e s c r i b e d   i n  

Example   I .   The  c o n c e n t r a t i o n s   and  t e s t   r e s u l t s   a re   i n  

T a b l e   XI  b e l o w .  

These   E x a m p l e s   show  t h a t   s o l i d   p o l y ( a c r y l a m i d e )  

b a s e d   c o p o l y m e r s   in  powder   form  a r e   e f f e c t i v e   b i n d i n g  

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

EXAMPLES  E  AND  V I I I  

The  p r o c e d u r e s   fo r   p r e p a r i n g   and  t e s t i n g   the  g r e e n  

p e l l e t s   in  t h e s e   E x a m p l e s   were  the   same  as  d e s c r i b e d   i n  

E x a m p l e s   A  and  I.   The  p o l y m e r   b i n d e r   s y s t e m   used  a n d  

the  t e s t   r e s u l t s   a re   in  T a b l e   XII  b e l o w .  



T h e s e   E x a m p l e s   show  t h a t   e m u l s i o n s   of  n o n i o n i c  

p o l y ( a c r y l a m i d e )   b a s e d   p o l y m e r s   w i t h   long   c h a i n  

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

w e l l   as  t a c o n i t e   b i n d e r s   when  c o m p a r e d   to  CMC  b a s e d  

p r o d u c t s .   The  r e s u l t s   o b t a i n e d   f rom  t h e s e   E x a m p l e s  

d e m o n s t r a t e   t h a t   an  e m u l s i o n   of  PAM/NaA/VA  is  b e t t e r  

t h a n   or  r o u g h l y   e q u i v a l e n t   to  a  CMC/NaCl/Na2CO3  b i n d i n g  

a g e n t   in  b o t h   d rop   t e s t s   and  c o m p r e s s i o n   t e s t s .  



EXAMPLE  I X  

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

p e l l e t s   in  t h i s   Example   were  t he   same  as  d e s c r i b e d   i n  

Example   I  w i t h   the   e x c e p t i o n   t h a t   the   i n o r g a n i c   s a l t  

u s e d  i n   t h i s   e x a m p l e   is   a p p l i e d   as  a  30  p e r c e n t   a q u e o u s  

s o l u t i o n .   The  p o l y m e r   b i n d e r s   in  t h i s   e x a m p l e   a re   in  a  

w a t e r - i n - o i l   e m u l s i o n .   These   t e s t s   were   c o n d u c t e d   o n  

t a c o n i t e   ore   c o n c e n t r a t e   and  d e m o n s t r a t e   the   e f f e c t   o f  

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

s o l u t i o n   in  d i f f e r e n t   s e q u e n c e s   to  the   m i n e r a l   o r e  

c o n c e n t r a t e .   When  t h e s e   l i q u i d s   a r e   a p p l i e d   to  t h e  

m i n e r a l   o re   c o n c e n t r a t e   s e p a r a t e l y ,   t he   f i r s t   l i q u i d   i s  

mixed   w i t h   t he   m i n e r a l   o re   c o n c e n t r a t e   in  a  m u l l e r .   T h e  

s e c o n d   l i q u i d   is  t h e n   added   and  the   t o t a l   c o m p o s i t i o n   i s  

mixed   f o r   an  a d d i t i o n a l   3  m i n u t e s .   The  t e s t   r e s u l t s   a r e  

p r e s e n t e d   in  T a b l e   XI I I   b e l o w .  





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

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

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

c o n c e n t r a t e .  

EXAMPLE  X 

T h i s   Example   was  c o n d u c t e d   on  t a c o n i t e   c o n c e n t r a t e  

in  t he   same  m a n n e r   as  Example   I .   T h i s   e x a m p l e   c o m p a r e s  

the  e f f e c t i v e n e s s   of  a  b i n d i n g   a g e n t   in  a  w a t e r - i n - o i l  

e m u l s i o n   b o t h   w i t h   and  w i t h o u t   an  i n v e r t i n g   s u r f a c t a n t .  

T h i s   t e s t   i n v o l v e d   a  t w o - s t e p   a d d i t i o n .   The  Na2C03  

powder   was  a d d e d   to  t he   t a c o n i t e   c o n c e n t r a t e   and  m i x e d  

f o r   t h r e e   m i n u t e s .   The  e m u l s i o n   was  t h e n   added   and  t h e  

e n t i r e   c o m p o s i t i o n   was  mixed   an  a d d i t i o n a l   t h r e e  

m i n u t e s .   The  t e s t   r e s u l t s   a re   p r e s e n t e d   in  T a b l e   X I V .  





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

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

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



EXAMPLES  F  AND  XI 

The  f o l l o w i n g   E x a m p l e s   were  c o n d u c t e d   in  f u l l   s c a l e  

p l a n t   w i t h   a  f u l l   s i z e   b a l l i n g   drum  and  k i l n .   In  t h e s e  

E x a m p l e s   55  t o n n e s   per   h o u r   of  t a c o n i t e   c o n c e n t r a t e   w e r e  

c o n v e y e d   to  and  p r o c e s s e d   in  t he   b a l l i n g   drum.  T h e  

s e l e c t e d   b i n d i n g   a g e n t   s y s t e m s   were  added   by  s p r a y i n g  

on to   the   t a c o n i t e   ore   c o n c e n t r a t e   j u s t   p r i o r   to  e n t e r i n g  

the   b a l l i n g   drum  and  by  v i b r a t i n g   the   Na2C03  p o w d e r   o n t o  

the   t a c o n i t e   o re   c o n c e n t r a t e .   The  a v e r a g e   c o n t a c t   t i m e  

of  the   b i n d e r s   w i th   the   m i n e r a l   ore   c o n c e n t r a t e   b e f o r e  

e n t e r i n g   the   b a l l i n g   drum  was  a p p r o x i m a t e l y   0 .5   to  1 

m i n u t e .   The  a v e r a g e   s i z e   of  the   g r e e n   p e l l e t s   o b t a i n e d  

were  b e t w e e n   a p p r o x i m a t e l y   o n e - f o u r t h   to  o n e - h a l f   i n c h  

in  d i a m e t e r .  

In  Example   XI  an  a n i o n i c   w a t e r - i n - o i l   e m u l s i o n   o f  

PAM/NaA/VA  in  a  mole  p e r c e n t   of  4 7 . 5 / 4 7 . 6 / 4 . 9   was  u s e d  

as  a  p o l y m e r   b i n d i n g   a g e n t .   The  q u a n t i t i e s   of  b i n d i n g  

a g e n t s   u s e d   and  the  r e s u l t s   o b t a i n e d   by  t h e  

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

d e t a i l e d   in  T a b l e   XV.  C o m p a r a t i v e   r e s u l t s   f o r   o t h e r  

b i n d i n g   a g e n t s   a re   in  T a b l e   X V I .  











T h e s e   E x a m p l e s   show  t h a t   the   18  i n c h   d rop   n u m b e r  

f o r   wet  g r e e n   p e l l e t s   and  the   dry  c o m p r e s s i o n   s t r e n g t h  

of  dry  p e l l e t s   i m p r o v e   w i t h   i n c r e a s e s   in  Na2CO3 

c o n c e n t r a t i o n .   V a r y i n g   the   c o n c e n t r a t i o n   of  Na2C03  d i d  

not   show  a  t r e n d   in  the   c o m p r e s s i o n   s t r e n g t h   of  f i r e d  

p e l l e t s .  



1.  A  process  of  agg lomera t ing   a  p a r t i c u l a t e   ma te r i a l   c o m p r i s i n g :  

commingling  said  p a r t i c u l a t e   ma te r i a l   which  is  p r e f e r a b l y   a 

mineral  ore  c o n c e n t r a t e   and  more  p r e f e r a b l y   an  iron  o r e  

c o n c e n t r a t e   with  a  binding  amount  of  water  s o l u b l e ,   h igh  

molecular   weight  polymers,   said  polymers  being  adapted  to  be 

s e l e c t i v e l y   usable  in  at  l e a s t   one  of  e i t h e r   of  two  c o n d i t i o n s  

of  u s e ,  

in  a  f i r s t   cond i t i on   of  use  being  app l ied   to  said  p a r t i c u l a t e  

ma te r i a l   as  a  dry  powder  and,  in  a  second  cond i t i on   of  use  

being  app l ied   to  said  p a r t i c u l a t e   ma te r i a l   in  a  w a t e r - i n - o i l  

e m u l s i o n .  

2.  A  process   for  manufac tu r ing   f i r e d ,   agglomera ted   mineral  o r e ,  

c o m p r i s i n g :  

(a)  commingling  a  binding  amount  of  powdered  water  s o l u b l e ,   h i g h  

molecu la r   weight  polymers  onto  mineral  ore  c o n c e n t r a t e   t o  

form  a  compos i t ion ,   said  mineral  ore  c o n c e n t r a t e   having  a 

s u f f i c i e n t   mois ture   con ten t   to  a c t i v a t e   said  p o l y m e r s ;  

(b)  agg lomera t ing   said  composi t ion   to  form  green  p e l l e t s   by  a 

means  for  p e l l e t i z i n g   mineral  ore  c o n c e n t r a t e ;   and 

(c)  f i r i n g   said  green  p e l l e t s   by  a  means  for  applying  s u f f i c i e n t  

heat  to  i ndura te   said  p e l l e t s .  

3.  A  process   for  manufac tu r ing   f i r e d ,   agglomerated  mineral  o r e ,  

c o m p r i s i n g :  

(a)  commingling  a  binding  amount  of  water  s o l u b l e ,   h igh  

molecu la r   weight  polymers  d i spe r sed   in  an  aqueous  phase  

of  a  w a t e r - i n - o i l   emulsion  onto  mineral  ore  c o n c e n t r a t e  

p r e f e r a b l y   iron  ore  c o n c e n t r a t e ,   to  form  a  c o m p o s i t i o n ;  



(b)  agg lomera t ing   said  composi t ion   to  form  green  p e l l e t s   by 

a  means  for  p e l l e t i z i n g   mineral   ore  c o n c e n t r a t e ;   and 

(c)  f i r i n g   said  green  p e l l e t s   by  a  means  for  applying  s u f f i c -  

ient   heat  to  i ndura t e   said  p e l l e t s .  

4.  The  process   of  claim  1,  2  or  3  wherein  said  polymers  a r e  

p o l y ( a c r y l a m i d e )   based  p o l y m e r s .  

5.  The  process   of  claim.  1,  2  or  3  f u r t h e r   compris ing  commingl ing 

a  binding  amount  of  an  i no rgan ic   s a l t   with  said  mineral  o re  

c o n c e n t r a t e ,   p r e f e r a b l y   said  i no rgan i c   s a l t   being  an  a lka l i   o r  

a lka l i   metal  s a l t   of  c a r b o n a t e s ,   h a l i d e s ,   or  phospha tes ,   and 

more  p r e f e r a b l y   said  i no rgan ic   s a l t   is  a  member  s e l e c t e d   from 

the  group  c o n s i s t i n g   of  sodium  c a r b o n a t e ,   calcium  c a r b o n a t e ,  

sodium  c h l o r i d e ,   sodium  me taphospha te ,   and  mixtures   of  t h e s e .  

6. A  process  of  producing  p e l l e t s   c o m p r i s i n g :  

(a)  p repa r ing   a  p remixture   of  a  p o l y ( a c r y l a m i d e )   based  

p o l y m e r s ,  

said  polymers  being  adapted  to  be  s e l e c t i v e l y   usable  in  

at  l e a s t   one  of  e i t h e r   of  two  c o n d i t i o n s   of  u s e ,  

in  a  f i r s t   cond i t i on   of  use  being  app l i ed   to  a  m i n e r a l  

ore  c o n c e n t r a t e   as  a  dry  powder  and  in  a  second  c o n d i t i o n  

of  use  being  appl ied   to  said  mineral  ore  c o n c e n t r a t e   i n  

a  w a t e r - i n - o i l   e m u l s i o n ,  

said  polymers  being  water  s o l u b l e ;  

(b)  mixing  s e p a r a t e l y   with  said  mineral  ore  c o n c e n t r a t e   f o r  

a  s u f f i c i e n t   amount  of  time  to  form  a  bound  c o m p o s i t i o n :  

(i)  a  binding  quan t i t y   of  said  p remix tu re ;   and 

( i i )   a  binding  amount  of  an  i no rgan i c   s a l t ;  

(c)  p e l l e t i z i n g   in  a  ba l l i ng   drum  said  composi t ion   to  form 



green  p e l l e t s ;  

(d)  i n d u r a t i n g   said  green  agg lomera tes   with  h e a t .  

7.  The  process  of  any one  of  claims  1  to  4  wherein  said  po lymers  

are  of  the  fo l lowing   general  f o r m u l a :  



w h e r e i n   R,  R1,  and  R 3  a r e   i n d e p e n d e n t l y   h y d r o g e n   o r  

m e t h y l ,   R2+  is  an  a l k a l i   m e t a l   i o n ,   such   as  Na+  or  K+, 

R4  is  e i t h e r  

(1)  -OR5,  w h e r e i n   R 5  i s   an  a l k y l   g r o u p   h a v i n g  

up  to  5  c a r b o n   a t o m s ;  

( 2 )  

w h e r e i n   R6  is  an  a l k y l   g r o u p   h a v i n g   up  t o  

8  c a r b o n   a t o m s ;  

( 3 )  

w h e r e i n   R7  is  e i t h e r   m e t h y l   or  e t h y l ;  

(4)  p h e n y l ;  

(5)  s u b s t i t u t e d   p h e n y l ;  

(6)  -CN;  o r  



( 7 )  

a n d  

w h e r e i n   (a)  is  f rom  a b o u t   5  to  a b o u t   90,  p e r f e r a b l y   f r o m  

a b o u t   30  to  a b o u t   60  p e r c e n t ,   (b)  is  f rom  5  to  a b o u t   9 0 ,  

p r e f e r a b l y   f rom  a b o u t   30  to  a b o u t   60  p e r c e n t ,   (c)  i s  

f rom  a b o u t   0  to  a b o u t   20  pe rcen t   with  the  proviso   t h a t  

( a ) + ( b ) + ( c )   e q u a l   100  p e r c e n t ,   and  (d)  is  an  i n t e g e r   o f  

f rom  a b o u t   1 , 0 0 0   to  a b o u t   5 0 0 , 0 0 0 .  



8.  The  process  of  claim  7  wherein  said  polymers  are  t e t r a p o l y m e r s  

of  the  fo l lowing  general   f o r m u l a :  

wherein  R,  R1,  R2+,  R3,  a,  b,  and  d  are  as  def ined  in  claim  7  R4  i s  

_OR5  o r  

wherein  R5  and  R7  are  as  def ined  in  claim  7,  c  i s  

from  about  0  t o  a b o u t   20  pe rcen t ,   and  e  is  from  about  0.1  to  a b o u t  

20  p e r c e n t .  

9.  The  process   of  claim  7  wherein  said  p o l y ( a c r y l a m i d e )   based  

polymers  are  der ived  from  monomer  uni ts   of  a c ry l amide ,   sodium  a c r y l a t e ,  

vinyl  a c e t a t e ,   and  mix tures   of  these ,   p r e f e r a b l y   from  monomer  uni ts   o f  

acrylamide  and  sodium  a c r y l a t e   and  more  p r e f e r a b l y   from  monomer  u n i t s  

of  ac ry lamide ,   sodium  a c r y l a t e ,   and  vinyl  a c e t a t e .  

10.  The  process  of  any one  of  claims  1  to  6  wherein  said  b i n d i n g  

amount  of  said  polymers  is  appl ied  to  said  mineral  ore  c o n c e n t r a t e   a t  

an  ac t ive   polymer  c o n c e n t r a t i o n   on  said  c o n c e n t r a t e   between  a b o u t  

0.001  percent   and  about  0.3  percent   by  weight  of  dry  c o n c e n t r a t e .  

11.  The  process  of  any one  of  claims  1  to  3  or  6  wherein  s a i d  

polymers  are  der ived  from  monomer  uni ts   of  acry lamide   and  m e t h a c r y l -  

amide  and  d e r i v a t i v e s   t he reo f   of  the  f o r m u l a  



wherein  R13  is  a  hydrogen  atom  or  a  methyl  group;  R14  is  a  hydrogen  

atom,  a  methyl  group  or  an  ethyl  group;  R15  is  a  hydrogen  atom,  a 

methyl  group,  an  ethyl  group  or  -R16-S03X,  wherein  R16  is  a  d i v a l e n t  

hydrocarbon  group  having  1  to  13  carbon  atoms  and  X  is  a  monova l en t  

c a t i o n .  

12.  The  process   of  claim  6  wherein  said  i no rgan ic   s a l t   is  a 

member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  sodium  c a r b o n a t e ,  

calcium  c a r b o n a t e ,   sodium  c h l o r i d e ,   sodium  metaphosphate   and  m i x t u r e s  

of  t h e s e .  

13.  The  process   of  any one  of  claims  5  or  12  wherein  s a i d  

inorgan ic   s a l t   is  appl ied   to  said  mineral  ore  c o n c e n t r a t e   in  a 

c o n c e n t r a t i o n   on  said  c o n c e n t r a t e   between  about  0.001  pe rcen t   and 

about  0.5  percent   by  w e i g h t .  

14.  The  process  of  any  claim  of  claims  5  or  12  wherein  s a i d  

inorgan ic   s a l t   is  app l ied   to  said  mineral  ore  c o n c e n t r a t e   in  an 

aqueous  s o l u t i o n .  

15.  A  product   of  the  process   of  any one  of  claims  1 ,  . 2 ,  3 ,   5  or   6.  

16.  The  process  of  any one  of  claims  1,  3  or  6  wherein  s a i d  

w a t e r - i n - o i l   emulsion  has  an  oil  phase,  said  oil  phase  is  b e n z e n e ,  

xylene,   t o luene ,   mineral  o i l s ,   ke rosenes ,   p a r a f f i n i c   h y d r o c a r b o n s ,  

pe t ro leum,   Isopar® M,  or  mixtures   of  t h e s e .  

17.  The  process  of  any one  of  claims  1,  3  or  6  wherein  s a i d  



emulsion  con ta ins   an  i n v e r t i n g   s u r f a c t a n t .  

18.  The  process  of  any one  of  claims  2,  3  or  6  wherein  s a i d  

s u f f i c i e n t   heat  to  i ndura te   said  p e l l e t s   is  of  a  t empera tu re   of  a t  

l e a s t   982°C  (1800°F)  and  p r e f e r a b l y   1,538°C  ( 2800°F) .  
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