
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 3 0   8 0 2  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80304174.8 

©  Date  of  filing:  20.11.80 

©  Int.  CI.3:  B  03  B  1/04 
B  07  C  5/342,  B  07  C  5 /344 
B  07  C  5/346,  B  03  B  13/02 

©  Priority:  05.12.79  US  100618  @  Inventor:  DiGiacomo,  Peter  Michael 
31.12.79  US  108611  27671  Estepona 

Mission  Viejo  California  92691  (US) 

@  Date  of  publication  of  application:  @  Inventor:  White,  William  R. 
24.06.81  Bulletin  81  25  27502  Del  Gado,  3 

Capistrano  Beach  California  92624(US) 
(w)  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  IT  LI  NL  SE  @  Inventor:  McKinley,  John  Richard 
^   4  Calhoun 
©Applicant:  OCCIDENTAL  RESEARCH  CORPORATION  Irvine  California  92714(US) 2100  S.E.  Main  Street 

Irvine,  California  92714(US)  @  Inventor:  Park,  Won  Choon 
4052  Old  Mill  Street 
Irvine  California  92714IUS) 

©  Representative:  Jack,  Bruce  James  et  al, 
FORRESTER  &  BOEHMERT  Widenmayerstrasse  5'IV 
D-8000  Munchen  22(DE) 

CM  1 

CM 
O  
00 

o  
M 
O  

©  Sorting  particles. 
A  process  for  separating  one  type  of  particle  (e.g.,  ore 

particles)  from  a  second  type  of  particle  (e.g.,  gangue  parti- 
cles)  comprising  the  steps  of  (1)  conditioning  the  particles  to 
selectively  mark  one  type  of  particle  (i.e.  either  the  ore  parti- 
cles  or  the  gangue  particles),  to  the  substantial  exclusion  of 
the  other;  (2)  detecting  the  marked  particles;  and  (3)  separat- 
ing  the  detected  marked  particles  from  the  substantially 
unmarked  particles is  characterised  by the  use,  as  a  condition- 
ing  agent,  of  a  compound  having  both  a  surface-selective 
functional  group  and  a  detectable  moiety.  In  one  embodi- 
ment,  the  detectable  moiety  is  fluorescent  and  detecting  is 
performed  under  ultraviolet  radiation.  The  process  is  espe- 
cially  useful  for  separating  higher  grade  limestone  from  lower 
grade  limestone  and/or  gangue  or for  separating  oil shale or 
coal  of  high  heat  value  from  lower  heat  content  materials  or 
for  concentrating  valuable  minerals,  such  as  silver  or  copper 
ores. 



THIS  INVENTION  r e l a t e s   to  s o r t i n g   p a r t i c l e s   in  a c c o r d a n c e  

w i t h   t h e i r   r e s p e c t i v e   p r o p e r t i e s   and  i s   p a r t i c u l a r l y   w e l l  

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

ore   p a r t i c l e s .   Thus  the  i n v e n t i o n   s p e c i f i c a l l y   r e l a t e s  

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

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

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

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

t y p e   of  p a r t i c l e   or  at   l e a s t   a  p o r t i o n   of  the  s e c o n d   t y p e  

of  p a r t i c l e   to  the  s u b s t a n t i a l   e x c l u s i o n   of  the  o t h e r ;  

d e t e c t i n g   the  m a r k e d   p a r t i c l e s ;   and  s e p a r a t i n g   t h e  

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

u n m a r k e d   p a r t i c l e s .  

U.S.   P a t e n t   3 , 3 5 6 , 2 1 1   ( M a t h e w s )   d e s c r i b e s   a  m e t h o d  

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

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

s u b j e c t i n g   the  ore  to  e l e c t r o m a g n e t i c   r a d i a t i o n   so  t h a t   a t  

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

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

i r r a d i a t e d   p a r t i c l e s .  

U.S.   P a t e n t   3 ,  472 ,  375   ( M a t h e w s )   d e s c r i b e s   an  a p p a r a -  

t u s   wh ich   s e n s e s   the   e m i t t e d   f l u o r e s c e n t   r a d i a t i o n   f r o m  

g a n g u e   or  ore  p a r t i c l e s ,   e s p e c i a l l y   c o a t e d   p a r t i c l e s ,  

and  s e p a r a t e s   by  s e l e c t i v e l y   d i r e c t i n g   s t r e a m s   of  a  f l u i d  

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

the   r e m a i n i n g   q u a n t i t y   of  u n d e s i r e d   o r e .  

U.S.   P a t e n t s   3 , 7 9 5 , 3 1 0   and  3 , 9 0 1 , 7 9 3   ( B u c h o t   et  a l . )  

d i s c l o s e   a  p r o c e s s   and  a p p a r a t u s   s i m i l a r   to  t h o s e   in  t h e  

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

m e c h a n i c a l   s o r t i n g   d e v i c e   such  a s   t 1 . . . i   o f   Mathews  o r  



B u c h o t   i s   d e p e n d e n t   upon  the  a b i l i t y   to  s e l e c t i v e l y  

c o a t   ( o r   o t h e r w i s e   mark)   e i t h e r   g a n g u e   or  ore   p a r t i c l e s  

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

c o a t i n g   ( o r   m a r k i n g )   the  o t h e r   p a r t i c l e s   to  a  s i g n i f i c a n t  

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

ore   or   g a n g u e   p a r t i c l e   d e p e n d   upon  t he   m i n e r a l s   w h i c h  

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

of   i n d i v i d u a l   p a r t i c l e s   can  show  a  w ide   v a r i a t i o n ,   t h e  

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

v a r y .  

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

in  t he   s e p a r a t i o n   of   ore   p a r t i c l e s ,   i t   i s   n e c e s s a r y   t o  

c o n t a c t   t he   m i x t u r e   of  p a r t i c l e s   w i t h   a  s u r f a c e - s e l e c t i v e  

a g e n t   w h i c h   w i l l   s e l e c t i v e l y   r e a c t   w i t h   c e r t a i n   m i n e r a l  

s p e c i e s   p r e s e n t   in   t he   p a r t i c l e s ,   due  to  the   s e l e c t i v i t y  

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

p r o p e r t i e s .   The  r e a c t i o n   may  be  c h e m i c a l ,   p h y s i c a l   or  a  

c o m b i n a t i o n   of   t h o s e   t y p e s .   T h i s   p r o c e s s   i s   r e f e r r e d   t o  

h e r e i n   as  " c o n d i t i o n i n g " .  

M e t h o d s   of   p a r t i c l e   s e p a r a t i o n   in   w h i c h   i t   i s   n e c e s -  

s a r y   to  c o n d i t i o n   the   p a r t i c l e s   i n c l u d e   f l o t a t i o n   s e p a r a -  
t i o n   and  o p t i c a l   s e p a r a t i o n .   In  f l o t a t i o n   s e p a r a t i o n ,  

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

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

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

When  a i r   b u b b l e s   a r e   a t t a c h e d   to  t h i s   h y d r o p h o b i c   s u r f a c e ,  

t he   c o a t e d   p a r t i c l e s   can  be  f l o a t e d   away  f rom  u n c o a t e d  

p a r t i   c l e s .  

F o r   an  o p t i c a l   s e p a r a t i o n ,   t he   m i x t u r e   of  p a r t i c l e s  

can  be  c o n d i t i o n e d   w i t h   a  s u i t a b l e   s u r f a c e - s e l e c t i v e  

r e a g e n t   and  e i t h e r   a  c o l o r i n g   a g e n t   or  a  f l u o r e s c e n t  

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

p r o c e s s .  
The  p r o c e d u r e   f o r   a p p l y i n g   a  c o a t i n g   to  ore  p a r t i c l e s  

f o r   an  o p t i c a l   s e p a r a t i o n   u s u a l l y   i n v o l v e s   a p p l i c a t i o n  

of  the  f l u o r e s c e n t   or  c o l o r i n g   a g e n t   in  one  of  t h r e e  

f o r m s :   p r e c i p i t a t e d   in  an  a q u e o u s  o r   n o n - a q u e o u s   s l u r r y ;  



d i s s o l v e d   in  an  o r g a n i c   c o n d i t i o n i n g   r e a g e n t   ( w h i c h   may  b e  

t h e n   d i s p e r s e d   in   an  a q u e o u s   medium  p r i o r   to  a p p l i c a t i o n ) ;  

or  d i r e c t   a p p l i c a t i o n   of  the  a g e n t   ( e i t h e r   a l o n e ,   i n  

s o l u t i o n ,   or  d i s p e r s e d   in  an  a q u e o u s   medium)  a f t e r   a  

c o n d i t i o n i n g   r e a g e n t   has   been   a p p l i e d   to  the  p a r t i c l e s .  

U.S.   P a t e n t   3 , 3 4 6 , 1 1 1   (Thompson   et  a l . )   d e s c r i b e s   a  

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

d i f f e r e n t i a l l y   f l u o r e s c e n t   in  r e l a t i o n   to  the   r o c k .   A 

f l u o r e s c e n t   dye  is   p r e c i p i t a t e d   to  form  a  g e l a t i n o u s   s l u r r y ,  
i n t o   w h i c h   the   a s b e s t o s - c o n t a i n i n g   p a r t i c l e s   a re   d i p p e d .  

Some  q u a n t i t y   of  the   s u s p e n s i o n   i s   e n t r a i n e d   in  e x p o s e d  

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

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

l e s s   a s b e s t o s .  

I n t e r n a t i o n a l   P a t e n t   A p p l i c a t i o n   No.  P C T / U S 7 9 / 0 0 2 4 6  

p u b l i s h e d   as  I n t e r n a t i o n a l   P u b l i c a t i o n   N o . W 0 7 9 / 0 0 9 5 0  

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

p a r t i c l e s ,   or  g a n g u e   p a r t i c l e s   w h i c h   do  no t   c o n t a i n   m a j o r  

a m o u n t s   of  l i m e s t o n e ,   w i t h   a  f l u o r e s c e n t   dye .   F o r  

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

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

I f   i t   is   d e s i r a b l e   to  c o a t   the   s i l i c e o u s   gangue   p a r t i c l e s ,  

an  a l i p h a t i c   amine   i s   u s e d   as  the  c o u p l i n g   a g e n t .   T h e  

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

dye  w i t h   the   c o u p l i n g   a g e n t   p r i o r   to  c o n d i t i o n i n g   the   o r e  

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

p a r t i c l e s .   H o w e v e r ,   the   p r e f e r r e d   method   is   to  p h y s i c a l l y  
combine   the   c o u p l i n g   a g e n t   and  f l u o r e s c e n t   dye  ( e . g .   b y  

d i s s o l v i n g   the  dye  in  t a l l   o i l )   p r i o r   to  c o n d i t i o n i n g ,   b o t h  

to  r e a l i z e   a  l o w e r   dye  c o n s u m p t i o n   and  to  s i m p l i f y   t h e  

p r o c e s s .  
E x a m p l e s   of  p r o c e s s e s   f o r   the  s e p a r a t i o n   of  o i l   s h a l e  

p a r t i c l e s   may  be  f o u n d   in  U.S.  P a t e n t   4 , 1 6 9 , 0 4 5 .   An  e x a m p l e  
of  a  p r o c e s s   f o r   the  s e p a r a t i o n   of  coa l   p a r t i c l e s   i s   U . S .  

P a t e n t   4 , 2 0 8 , 2 7 3 .  

The  a b o v e - m e n t i o n e d   U.S.  P a t e n t   3 , 9 0 1 , 7 9 3   ( B u c h o t   e t  

a l . )   d e s c r i b e s   a  t h r e e - s t e p   p r o c e s s   fo r   a p p l y i n g   a  



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

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

a  s c o u r i n g   a g e n t ,   t r e a t i n g   w i t h   a  c o l l e c t o r   ( " s e c o n d  

c o n d i t i o n i n g " ) ,   and  f i n a l l y   a p p l y i n g   t he   f l u o r e s c e n t  

r e a g e n t .  

The  s e l e c t i o n   of   c o n d i t i o n i n g   a g e n t s   and  c o l o r i n g   o r  

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

a  s o r t i n g   p r o c e s s   f o r   a  p a r t i c u l a r   o r e ,   u t i l i z i n g   one  o f  

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

E x c l u d i n g   the   d i s c l o s u r e   of   U .S .   P a t e n t   3 , 3 4 6 , 1 1 1 ,  

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

of   f l u o r e s c e n t   dye  s u s p e n s i o n   by  a s b e s t o s   f i b e r s ,   t h e  

f o r e g o i n g   r e f e r e n c e s   show  the   use  of  m i x t u r e s   of  c o u p l i n g  

a g e n t s   ( w h i c h   s e l e c t i v e l y   bond   to  t he   d e s i r e d   ore  p a r t i -  

c l e s )   w i t h   f l u o r e s c e n t   or  c o l o r i n g   a g e n t s   or  t h e  

s e q u e n t i a l   a p p l i c a t i o n   of  a  c o u p l i n g   a g e n t   and  a  m u t u a l l y  

c o m p a t i b l e   f l u o r e s c e n t   or  c o l o r i n g   a g e n t .   When  m i x t u r e s  

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

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

f l u o r e s c e n t   or  c o l o r i n g   a g e n t   in   an  a q u e o u s   or  o r g a n i c .  

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

O r d i n a r i l y ,   t he   c o u p l i n g   a g e n t   and  the   f l u o r e s c e n t   o r  

c o l o r i n g   a g e n t   a r e   b o t h   i n s o l u b l e   in   w a t e r   so  t h a t   s u b s e -  

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

c o a t i n g   f rom  u n d e s i r e d   ore   p a r t i c l e s ,   w i l l   no t   g r e a t l y  

r e m o v e   t he   c o a t i n g   f rom  d e s i r e d   p a r t i c l e s .   The  c o n t r o l   o f  

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

t he   s e l e c t i v i t y   of  a  s e p a r a t i o n .   H o w e v e r ,   i f   i t   i s   d e s i r e d  

to  p r o v i d e   a  dye  to  p a r t i c l e s   w h i c h   a r e   s e l e c t i v e l y   n o n -  

c o a t e d   w i t h   the   c o u p l i n g   a g e n t   to  t he   s u b s t a n t i a l   e x c l u s i o n  

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

and  a  w a t e r - s o l u b l e   dye ,   or  a  w a t e r - s o l u b l e   c o u p l i n g   a g e n t  

and  a  w a t e r - i n s o l u b l e   dye  can  be  u s e d .  

Such   c o n t a c t   b e t w e e n   a q u e o u s   m e d i a   and  w a t e r -  

i n s o l u b l e   m a t e r i a l s   can  r e s u l t   in   the   u n w a n t e d   f o r m a t i o n  

of   e m u l s i o n s .   E m u l s i o n s   w h i c h   form  can  be  p a r t i c u l a r l y  

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



a re   p r o d u c e d   d u r i n g   c r u s h i n g   to  the  d e s i r e d   s i z e   r a n g e  
c a n n o t   a l w a y s   be  c o m p l e t e l y   r e m o v e d   by  p r e - w a s h i n g ,   a n d  

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

t h e r e b y   i n c r e a s i n g   the  e m u l s i o n   s t a b i l i t y .   T h i s   has   t h e  

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

p r o c e s s .  

U.S .   P a t e n t   2 , 5 6 0 , 4 2 5   ( F a n c h e r )   d e s c r i b e s   t h e  

p r e p a r a t i o n   of  the   c h o l e r e t i c s   h a v i n g   the  f o r m u l a   A r - C O -  

(CH2)n  COOH,  in  w h i c h   Ar  i s   e i t h e r   f l u o r a n t h y l   or  t e t r a -  

h y d r o f l u o r a n t h y l ,   and  n  i s   2  or  3.  U.S .   P a t e n t   2 , 7 7 3 , 0 9 1  

( B u r t n e r )   r e l a t e s   to  s i m i l a r   d e r i v a t i v e s   of  f l u o r a n t h e n e  

in  w h i c h   the   (CH2)n  f u n c t i o n   i s   e x p a n d e d   to  i n c l u d e  

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

8  c a r b o n   a t o m s .  

The  p a t e n t s   of  F a n c h e r   and  B u r t n e r   a re   e x a m p l e s   o f  

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

t h e n e )   w h i c h   have  been   p r o v i d e d   w i t h   s p e c i f i c   f u n c t i o n a l  

g r o u p s   ( c a r b o x y   and  o x o c a r b o x y ) .   Such  c o m p o u n d s ,   and  t h e  

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

p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n .  

The  i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r   s e p a r a t i n g   a  

f i r s t   t y p e   of  p a r t i c l e   ( e . g .   ore   p a r t i c l e s )   f rom  a  s e c o n d  

t y p e   of  p a r t i c l e   ( e . g .   g a n g u e   p a r t i c l e s ) ,   c o m p r i s i n g   t h e  

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

a g e n t   s e l e c t i v e l y   to  mark  ( e . g .   c o a t )   e i t h e r   at  l e a s t   a  

p o r t i o n   of  the   f i r s t   type   of  p a r t i c l e   or  at  l e a s t   a  p o r t i o n  

of  the   s e c o n d   t ype   of  p a r t i c l e   to  the  s u b s t a n t i a l   e x c l u s i o n  

of  the  o t h e r ;   d e t e c t i n g   the  m a r k e d   p a r t i c l e s ;   and  s e p a r a t i n g  

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

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

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

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

m o i e t y .  

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

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

The  t e rm  " s u b s t a n t i a l l y   n o n - f l u o r e s c i n g "   as  u s e d  



h e r e i n   means   t h a t   a t   a  p a r t i c u l a r   w a v e l e n g t h   o r  

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

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

f l u x )   f rom  a  g i v e n   p a r t i c l e   to  e n a b l e   s e p a r a t i o n   o f   s a i d  

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

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

When  the   p r o c e s s   i s   a p p l i e d   to  t he   s e p a r a t i o n   o f  

h i g h e r   g r a d e   ore  p a r t i c l e s   f rom  l o w e r   g r a d e   o re   p a r t i c l e s ,  

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

be  e i t h e r   t he   h i g h e r   g r a d e   m a t e r i a l   or  t he   l o w e r   g r a d e  

m a t e r i a l ,   as  d e t e r m i n e d   by  the   c h o i c e   of  c o n d i t i o n i n g  

a g e n t .  

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

may  be  i m p a r t e d   to  t he   m a r k e d   p a r t i c l e s ,   i n c l u d i n g   r a d i o -  

a c t i v i t y ,   v i s i b l e   c o l o r ,   or  the   a b i l i t y   to  e x h i b i t   c h a r a c -  

t e r i s t i c -   p r o p e r t i e s   upon   s t i m u l a t i o n   by  e x t e r n a l   e l e c t r o -  

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

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

d e s i r e d   p r o p e r t y .  

As  u s e d   h e r e i n   t he   t e r m   " p a r t i c l e "   i n c l u d e s   any  s o l i d  

o b j e c t   of  a  s i z e   w h i c h   can  be  s e p a r a t e d   by  m a n p o w e r   or  b y  

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

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

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

r e l a t i v e l y   l o w e r   g r a d e   p a r t i c l e s   a re   c o n s i d e r e d   a s  

" g a n g u e " ) .  

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

a  s u f f i c i e n t   d i f f e r e n c e   i n   the   d e g r e e   or  n a t u r e   of  t h e  

m a r k i n g   ( e . g .   c o a t i n g )   on  the   r e l a t i v e   t y p e s   of  p a r t i c l e  

( e . g .   ore   or  g a n g u e )   to  e n a b l e   a  d i f f e r e n c e   in   d e t e c t i o n ,  

e i t h e r   v i s u a l l y   or  by  a  d e t e c t i o n   d e v i c e   ( e . g .   p h o t o -  

m u l t i p l i e r ,   G e i g e r - c o u n t e r   e t c . ) ,   of   the   d e t e c t a b l e   m o i e t y  
s u f f i c i e n t   to  be  u s e f u l   in   s e p a r a t i n g   the   t y p e s   of  m a r k e d  

p a r t i c l e .  

The  word  " i n t e n s i t y " ,   as  u s e d   h e r e i n   i n c l u d e s   n o t   o n l y  

t h e  s c i e n t i f ` i c   m e a n i n g   of  m a g n i t u d e   p e r   u n i t   ( e . g .   a r e a )  

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



p r o p e r t y   ( s u c h   as  p h o t o n   e m i s s i o n )   i n c l u d i n g   d e t e c t i o n  

of  l u m i n o u s   f l u x .  

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

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

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

( e . g .   a  p a r t i c u l a r   m i n e r a l   or  i o n )   i n t o   f i r s t ,   s e c o n d   a n d  

t h i r d   f r a c t i o n s .  

When  e a c h   of  two  p a r t i c l e s   b e i n g   c o m p a r e d   have   a  f a c e  

of  s i m i l a r   t o t a l   a r e a ,   the   t e rm  " s u r f a c e   c o n t e n t "   r e f e r s  

to  t h a t   p o r t i o n   of  the   s u r f a c e   a r e a   of  e a c h   such   f a c e   u p o n  
w h i c h   the  s u r f a c e   a c t i v e   a g e n t   has   a d h e r e d .   When  t h e  

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

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

of  the   f a c e   upon  w h i c h   the  s u r f a c e   a c t i v e   a g e n t   a d h e r e d .  

In  any  e v e n t   e i t h e r   a  d e t e c t a b l e   d i f f e r e n c e   in   t h e  

m a r k e d   s u r f a c e   a r e a   of  at   l e a s t   one  f a c e   of  e a c h   of  t w o  

p a r t i c l e s   can  be  u s e d   to  e f f e c t   s e p a r a t i o n   or  w i t h   p a r -  

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

g r e a t l y   d i f f e r i n g   mass )   the  p r o p o r t i o n   of  m a r k e d   a r e a   t o  

u n m a r k e d   a r e a   can  be  u s e d   to  d e t e c t   d i f f e r i n g   c o n c e n t r a t i o n  

of  a  d e s i r e d   s u b s t a n c e .  

The  p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   i s   b a s e d   u p o n  
t h o s e   d i f f e r e n c e s   w h i c h   e x i s t   in   the  s u r f a c e   c h e m i c a l  

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

Due  to  t h e s e   d i f f e r e n c e s ,   t h e r e   can  be  s e l e c t e d   a  s u r f a c e -  

s e l e c t i v e   a g e n t   or  a  m i x t u r e   of  s u r f a c e - s e l e c t i v e   a g e n t s  

w h i c h   w i l l   e f f e c t i v e l y   and  s e l e c t i v e l y   c o a t   o n l y   c e r t a i n  

c o m p o n e n t s   p r e s e n t   in  an  o r e .   A  s e p a r a t i o n   b a s e d   u p o n  

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

p r o p e r t i e s   p r o v i d e s   r e l a t i v e l y   more  c o n s i s t e n t   s e p a r a t i o n  

r e s u l t s   t h a n   do  s e p a r a t i o n   m e t h o d s   b a s e d   upon  o t h e r  

n a t u r a l l y - o c c u r r i n g   p r o p e r t i e s ,   such   as  c o l o r ,   r e f l e c t a n c e  

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

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

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

i s   r e q u i r e d   in  o r d e r   to  d i s t i n g u i s h   b e t w e e n   t h e s e   p r o p e r t i e s  



f o r   t h e   v a r i o u s   m a t e r i a l s   p r e s e n t   i n   an  o r e .   Such   a  f i n e  

d e g r e e   of   r e s o l u t i o n   may  be  d i f f i c u l t   to  o b t a i n   and ,   f o r  

t h i s   r e a s o n ,   t he   e f f i c i e n c y   of  s e p a r a t i o n   b a s e d   upon   t h e s e  

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

In   t he   p r a c t i c e   of  t he   p r o c e s s   of  t h i s   i n v e n t i o n   w i t h  

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

s u b j e c t e d   to  a  c r u s h i n g   s t e p .   In  t h i s   c r u s h i n g   s t e p ,   t h e  

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

p r e s e n t   w i t h i n   t he   o r e .   Fo r   e x a m p l e ,   some  o r e s   e x i s t   w i t h  

s t r a t i f i c a t i o n s   a n d / o r   p o c k e t s   of  v a r i o u s   c o m p o n e n t s   a n d  

c r u s h i n g   of   t h e   o re   as  m i n e d   i s   a  means   f o r   p h y s i c a l l y  

s e p a r a t i n g   t h e s e   s t r a t i f i c a t i o n s   a n d / o r   p o c k e t s .   C r u s h i n g  

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

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

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

r e a c t .   The  o re   i s   c r u s h e d ,   t y p i c a l l y   to  a  p a r t i c l e   s i z e  

of   f r o m   a b o u t   5mm  to  a b o u t   200mm.  P a r t i c l e   s i z e s   of   l e s s  

t h a n   5mai  can   be  u s e d   in   t he   p r a c t i c e   of  t h i s   i n v e n t i o n .  

H o w e v e r ,   p a r t i c l e s   of   s u c h   s m a l l   s i z e s   r e q u i r e   g r e a t e r  

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

s e p a r a t e ,   r e q u i r i n g   g r e a t e r   a m o u n t s   of  t ime   f o r   s e p a r a t i o n  

f o r   a  g i v e n   mass   of  o r e .   P a r t i c l e   s i z e s   of  g r e a t e r   t h a n  

200mm  can   be  u s e d   i n   t he   p r a c t i c e   of  t h i s   i n v e n t i o n   b u t  

g e n e r a l l y   p a r t i c l e s   of  s u c h   l a r g e   s i z e s   e n t r a i n   s u c h   a  

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

e f f i c i e n c y   d e c r e a s e s .   I t   i s   p r e f e r r e d   to  use   o r e  

p a r t i c l e s   of   a  s i z e   f rom  a b o u t   10mm  to  a b o u t   100mm.  

F o l l o w i n g   c r u s h i n g   and  s i z i n g ,   the   ore   p a r t i c l e s   can  b e  

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

w h i c h   can  be  p r e s e n t   on  the   p a r t i c u l a t e   o r e .  

The  o re   i s   c o n d i t i o n e d   f o l l o w i n g   s i z i n g   w i t h   a  

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

( e a c h )   h a v i n g   a  s u r f a c e - s e l e c t i v e   f u n c t i o n a l   g r o u p ( s )  

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

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

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

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



c o m p o n e n t   of  the   ore  or  g a n g u e ,   as  does   8 - h y d r o x y q u i n o l i n e  

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

a g e n t   i s   u s e d   in  s u f f i c i e n t   q u a n t i t y   to  p r o v i d e   a  t h i n  

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

g r o u p   is   r e a c t i v e .   Due  to  the  s u r f a c e   c h e m i c a l   p r o p e r t y  
of  the   c o m p o n e n t s   the   s u r f a c e - s e l e c t i v e   g r o u p   on ly   a d h e r e s  

to  a n d / o r   r e a c t s   w i t h   the  s e l e c t e d   c o m p o n e n t s .  

The  ore   i s   c o n d i t i o n e d   w i t h   the   c o n d i t i o n i n g   a g e n t  

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

w i t h   the   p a r t i c u l a t e   o r e .   C o n d i t i o n i n g   of  the  ore  w i t h  

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

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

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

l i q u i d   r e a g e n t .   Such  t e c h n i q u e s   i n c l u d e   d i p p i n g   t h e  

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

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

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

the  c o n d i t i o n i n g   a g e n t ,   and  the   l i k e .   I t   i s   p r e f e r r e d  

to  s p r a y   the   s i z e d   ore  w i t h   t he   l i q u i d   r e a g e n t .   S p r a y i n g  

t e c h n i q u e s   i n c l u d e ,   bu t   a re   no t   l i m i t e d   t o ,   s p r a y i n g   o n  

to  the   ore   on  a  v i b r a t i n g   s c r e e n   or  b e l t ,   or  s p r a y i n g  

the   ore   as  i t   p a s s e s   t h r o u g h   a  r i n g   s p r a y e r   or  a  s e r i e s  

of  r i n g   s p r a y e r s .  
The  c o n d i t i o n i n g   a g e n t   can  be  u sed   in   any  s u i t a b l e  

form  s u c h   as  in   s o l u t i o n ,   s u s p e n s i o n ,   d i s p e r s i o n ,   or  b y  

i t s e l f .   I t   i s   p r e f e r r e d   to  use  a  s o l u t i o n   or  d i s p e r s i o n  

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

d i s p e r s i o n   can  be  r e a d i l y   a p p l i e d   to  the  p a r t i c l e s   a n d  

w a t e r   i s   an  e c o n o m i c a l   and  r e a d i l y   a v a i l a b l e   c a r r i e r .  

I t   i s   p r e f e r a b l e ,   bu t   no t   e s s e n t i a l ,   t h a t   t h e  

c o n d i t i o n i n g   a g e n t   be  s o l u b l e   in   w a t e r   to  a v o i d   t h e  

p o t e n t i a l   p r o b l e m s   of  e m u l s i o n   f o r m a t i o n   w i t h i n   the  s y s t e m .  

In  the   c a s e   of  n o r m a l l y   w a t e r - i n s o l u b l e   l o n g e r - c h a i n  

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

a l k a l i - m e t a l   s a l t s   t h e r e o f ,   can  be  e m p l o y e d   as  c o n d i t i o n -  

i ng   a g e n t s .  

I f   the   c o n d i t i o n i n g   a g e n t   is  not  w a t e r - s o l u b l e   ( o r  



o n l y   s l i g h t l y   w a t e r - s o l u b l e )   i t   can  be  a p p l i e d   a s  a n  

a q u e o u s   d i s p e r s i o n   ( o r   e m u l s i o n )   or  in   a  n o n - a q u e o u s  

s o l v e n t .   A  f u r t h e r   e m b o d i m e n t ,   w h i c h   i s   c o n s i d e r e d   t o  

b e  w i t h i n   t he   s c o p e   of  t h i s   i n v e n t i o n ,   i s   t he   a p p l i c a t i o n  

of   t he   c o n d i t i o n i n g   a g e n t   to  t he   p a r t i c l e s   i n   a  d r y   s t a t e ,  

e . g .   " d u s t i n g "   the   p a r t i c l e s   w i t h   t he   a g e n t .   T h i s   can  b e  

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

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

a g e n t   and   t he   s u r f a c e   of   the   p a r t i c l e s ,   s u c h   as  a .  

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

w h i c h   an  e l e c t r i c a l   c h a r g e   w o u l d   be  i m p a r t e d   to  t h e  

a g e n t   and   an  e l e c t r i c a l   c h a r g e   of  t he   o p p o s i t e   p o l a r i t y  

g i v e n   t h e   p a r t i c l e s ,   p r i o r   to  t he   c o n d i t i o n i n g   o p e r a t i o n .  

F o l l o w i n g   c o n d i t i o n i n g   w i t h   an  a q u e o u s   s o l u t i o n   o r  

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

a q u e o u s   wash   to  r e m o v e   e x c e s s   c o n d i t i o n i n g   a g e n t ,   w e a k l y  

a d h e r i n g   c o n d i t i o n i n g   a g e n t   and  any  c o n d i t i o n i n g   a g e n t  

e n t r a i n e d   w i t h i n   t he   p a r t i c u l a t e   m i x t u r e .   In  some  c a s e s ,  
i t   i s   p o s s i b l e   to  e l i m i n a t e   t he   w a s h i n g   s t e p   i f   t h e  

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

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

Some  g r a d a t i o n   in   t he   amoun t   of  m a r k i n g   on  t h e  

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

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

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

t he   d e s i r e d   ore  c o m p o n e n t   f rom  the   g a n g u e :   p a r t i c l e s   w i l l  

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

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

c o m p o n e n t s .  

I f   t he   c o n d i t i o n i n g   a g e n t   i s   c h o s e n   f o r   m a r k i n g   t h e  

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

more  h e a v i l y   m a r k e d   t h a n   the   l o w e r   g r a d e   o re   p a r t i c l e s ,  

and  t h e   more  p u r e   g a n g u e   p a r t i c l e s   w i l l   be  s u b s t a n t i a l l y  

u n m a r k e d .   C o n v e r s e l y ,   s h o u l d   the   c o n d i t i o n i n g   a g e n t   b e  

c h o s e n   to  mark  the   g a n g u e ,   the   g a n g u e   p a r t i c l e s   w i l l   b e  

more  h e a v i l y   m a r k e d   t h a n   the  l o w e r   g r a d e   ore   p a r t i c l e s ,  

and  the   h i g h e r   g r a d e   ore  p a r t i c l e s   w i l l   r e m a i n  



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

The  r e l a t i v e   d e g r e e   of  p a r t i c l e   m a r k i n g   i s   u s u a l l y  

r e l a t e d   to  the   s u r f a c e   a r e a   in  a  g i v e n   p a r t i c l e   a t t r i b u t -  

a b l e   to  t h a t   c o m p o n e n t   w h i c h   is   r e a c t i v e   t o w a r d   the   c h o s e n  

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

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

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

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

t i v e l y   l a r g e r   a m o u n t   of  c o n d i t i o n i n g   a g e n t .  

To  d i s t i n g u i s h   b e t w e e n   the  m a r k e d   p a r t i c l e s   and  t h e  

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

a  d e t e c t a b l e   m o i e t y   such   as  a  r a d i o a c t i v e   a tom,   a  c h r o m o -  

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

be  a  m o i e t y   wh ich   can  be  d e t e c t e d   a f t e r   f u r t h e r   c h e m i c a l  

r e a c t i o n ,   as  by  e x p o s u r e   to  r a d i a t i o n   s u c h   as  h e a t   o r  

l i g h t ,   pH  c h a n g e s ,   or  r e d o x   r e a c t i o n .   The  ore  can  t h e n  

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

or  by  i r r a d i a t i o n   w i t h   e l e c t r o m a g n e t i c   r a d i a t i o n   to  i n d u c e  

f l u o r e s c e n c e .   In  the  l a t t e r   c a s e ,   the   f l u o r e s c e n t  

c o n d i t i o n i n g   a g e n t   t h a t   marks   some  of  t he   p a r t i c l e s  

f l u o r e s c e s ,   w h i l e   the   u n m a r k e d   m a t e r i a l   does   no t   f l u o r e s c e  

to  any  s u b s t a n t i a l   d e g r e e .   The  d i f f e r e n t   m a t e r i a l s   c a n  

be  s e p a r a t e d ,   b a s e d   upon  t h i s   p r o p e r t y .   I t   i s   a l s o  

p o s s i b l e   to  s e p a r a t e   v a r i o u s   g r a d e s   of  o r e ,   b a s e d   u p o n  
the   k n o w l e d g e   t h a t   the   more  h e a v i l y   m a r k e d   p a r t i c l e s  

w i l l   p o s s e s s   a  more  i n t e n s e   c o l o r   or  f l u o r e s c e n c e   t h a n  

w i l l   the   l e s s   h e a v i l y   m a r k e d   p a r t i c l e s .   C o n v e r s e l y ,   a  

c o n d i t i o n i n g   a g e n t   can  be  u sed   t h a t   w i l l   b l o c k   u l t r a v i o l e t  

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

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

a d j u s t m e n t   of  the   s e n s i t i v i t y   of  t h a t   d e v i c e   w i l l   a l t e r  

the   g r a d e   of  ore  p r o d u c t   wh ich   is   o b t a i n e d .  

The  t e r m   " g a n g u e "   is   used   h e r e i n   to  i n c l u d e   a n y  

m i n e r a l   or  a s s e m b l a g e   of  m i n e r a l s   o t h e r   t h a n   t h a t   w h i c h  

i s   c o n s i d e r e d   to  be  " o r e "   in  a  g i v e n   s e p a r a t i o n   p r o c e d u r e .  

In  many  i n s t a n c e s ,   the  gangue   m a t e r i a l   c o n t a i n s   M i n e r a l s  

of  e c o n o m i c   i n t e r e s t ,   and  t h e r e f o r e   is  no t   a  d i s c a r d e d  



w a s t e   m a t e r i a l ,   b u t   may  be  s u b j e c t e d   to  a  s u b s e q u e n t  

s e p a r a t i o n   p r o c e s s   w h i c h   u s e s   an  a g e n t   h a v i n g   t h e .  

a b i l i t y   to  s e l e c t i v e l y   mark  an  a d d i t i o n a l   c o m p o n e n t .  

S h o u l d   the   r e c o v e r y   of   o t h e r   c o m p o n e n t s   be  d e s i r e d ,  

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

From  t h i s ,   i t   can  be  s e e n  . t h a t   the   t e r m s   " o r e "   and  " g a n g u e "  

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

p e r f o r m e d :   ore   i n   a  s e p a r a t i o n   may  be  a  c o m p o n e n t  o f   t h e  

g a n g u e   f rom  a  p r e v i o u s   s e p a r a t i o n .  

S i m i l a r l y ,   s u b s e q u e n t   s e p a r a t i o n   s t e p s   may  be  u s e d   t o  

f u r t h e r   s e p a r a t e   t he   c o m p o n e n t s   of  an  " o r e "   f r a c t i o n  

r e s u l t i n g   f rom  a  p r o c e d u r e .   T h i s   t e c h n i q u e   i s   u s e f u l   i n  

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

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

v a r i o u s   i m p u r i t i e s   in   a  s t e p - w i s e   m a n n e r   i s   n o t   p r o h i b i t i v e ,  

or   i n   c a s e s   w h e r e   a  s i n g l e   c o n d i t i o n i n g   a g e n t   does   n o t  

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

to  be  c o n d u c t e d   i n   one  s t e p .   The  t e r m   " o r e "   may  be  a p p l i e d ,  

t h e r e f o r e ,   to  m a t e r i a l   w h i c h   y i e l d s   an  ore   f r a c t i o n   a n d  

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

G e n e r a l l y ,   " f l u o r e s c e n c e "   r e f e r s   to  the   p r o p e r t y   o f  

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

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

so  l o n g   as  the   s t i m u l u s   i s   a c t i v e .   H e r e i n   the   t e r m  

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

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

i t   a t   a  d i f f e r e n t   w a v e l e n g t h ,   w h e t h e r   or  n o t   v i s i b l e ,  

d u r i n g   e x p o s u r e   to  an  a c t i v e   s t i m u l u s   or  a f t e r   e x p o s u r e  

or   d u r i n g   b o t h   t h e s e   t ime   p e r i o d s .   Thus  " f l u o r e s c e n c e "  

i s   u s e d   g e n e r i c a l l y   h e r e i n   to  i n c l u d e   f l u o r e s c e n c e ,  

p h o p h o r e s c e n c e ,   and  e n v i s i o n s   t he   e m i s s i o n   of  e l e c t r o -  

m a g n e t i c   waves   w h e t h e r   or  n o t   w i t h i n   the   v i s i b l e   s p e c t r u m .  

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

e m i s s i o n   of  e n e r g y   waves   of  a l l   the   v a r i o u s   w a v e l e n g t h s  

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

H e r e i n   t he   t e r m   " e l e c t r o m a g n e t i c   r a d i a t i o n "   i s   i n t e n d e d  

to  i n d i c a t e   any  and  a l l   s t i m u l i   t h a t   w i l l   e x c i t e   a n d  



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

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

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

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

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

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

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

s a l t   f o r m a t i o n   can  be  u t i l i z e d   in  p r o d u c i n g   a  d e t e c t a b l e  

p r o p e r t y   in   the   c o n d i t i o n i n g   a g e n t .  

The  s e l e c t i o n   of  the   s u r f a c e - s e l e c t i v e   f u n c t i o n a l  

g r o u p   in  a  c o n d i t i o n i n g   a g e n t   i s   d i r e c t e d   by  t h e  

p r o p e r t i e s   of  t he   m i n e r a l   s p e c i e s   w h i c h   a re   to  b e  

s e l e c t i v e l y   c o a t e d   by  the   a g e n t ,   and  the  p r o p e r t i e s   o f  

the   o t h e r   s p e c i e s   w h i c h   a re   p r e s e n t   in  the  m i x t u r e   o f  

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

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

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

by  c h e m i c a l   b o n d i n g   i s   a  l i k e l y   m e c h a n i s m   by  w h i c h   t h e  

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

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

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

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



I n   t h e   a b o v e   t a b l e ,   t h e   f r e e   a c i d ,   or  h y d r o g e n ,  

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

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

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

t a b l e .  

Where   Na  a p p e a r s   i n   t h e   l i s t e d   f o r m u l a e   i n  t h e  a b o v e  

t a b l e ,   i t   may  be  r e p l a c e d   by  any   of  t he   a l k a l i  m e t a l s  

( e . g .   K)  i f   w a t e r   s o l u b i l i t y   i s   d e s i r e d ,   by  an  a l k a l i n e  

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

m e t a l   s u c h   as  a l u m i n i u m   or   i r o n   i f   a  more  i n s o l u b l e  

c o m p o u n d   i s   r e q u i r e d   f o r   use   in   a  d i s p e r s i o n .   X - ,  a s   u s e d  

i n   t he   t a b l e   a b o v e   i s   an  a n i o n i c   g r o u p ,   s u c h   as  h a l i d e  

( e . g .   C l ) ,   s u l f a t e ,   s u l f o n a t e ,   c a r b o x y l a t e ,  e t c  

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

a  d e t e c t a b l e   m o i e t y .   The  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 ,  

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

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

i n v e n t i o n .  

R  can   be  s e l e c t e d   f r o m   s u c h   t y p e s   of   g r o u p s   as  p o l y -  

n u c l e a r   a r o m a t i c s   ( i n c l u d i n g   f l u o r a n t h e n e ) ,   t he   g r o u p s  
in   x a n t h e n e   d y e s   ( f l u o r e s c e i n ,   r h o d a m i n e ,   e t c . )   in   d y e s  

u s e d   f o r   f a b r i c   w h i t e n i n g   ( c o u m a r i n   d e r i v a t i v e s ) ,   d i a m i n o -  

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

n a p h t h o t r i a z o l y s t i l b e n e ,   p y r a z o l i n e )   and   m a n y  o t h e r  

f l u o r e s c e n t   g r o u p s .  
An  e s p e c i a l l y   u s e f u l   c l a s s   of   p h e n o l s   i s   t h e   h y d r o x y -  

q u i n o l i n e s   of   g e n e r a l   f o r m u l a   Na  where   t h e  

o x y g e n   can   be  on  any   c a r b o n   a t o m ,   b u t   p r e f e r a b l y   i s   in   t h e  

8 - p o s i t i o n   ( e . g .   8 - h y d r o x y q u i n o l i n e ,   w h i c h   i s  e s p e c i a l l y  

u s e f u l   f o r   m a r k i n g   m a g n e s i u m   c o m p o u n d s )  a n d   t h a t   may  h a v e  

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

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

h e t e r o c y c l i c   c o m p o u n d s   ( i n c l u d i n g   3 ,  4   or  5  c o n d e n s e d  

r i n g s )   c o n t a i n i n g   a t   l e a s t   one  h e t e r o n i t r o g e n   a tom  and   a t  

l e a s t   one  h y d r o x y l   g r o u p   ( e . g .   the   h y d r o x y q u i n a z o l i n e s  

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



3 - h y d r o x y - 2 - q u i n o x y l i n e c a r b o x y l i c   a c i d ) .   The  use  o f  

8 - h y d r o x y q u i n o l i n e   to  mark  m a g n e s i u m - c o n t a i n i n g   m i n e r a l s  

on  the   s u r f a c e   of  an  ore   i s   an  e x a m p l e   of  the  use  of  a  

c h e m i c a l l y   r e a c t i v e ,   b i f u n c t i o n a l   m a r k i n g   a g e n t ,   i . e . ,  

one  c o n t a i n i n g   a  s u r f a c e - s e l e c t i v e   g r o u p   ( e . g . ,   t h e  

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

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

m a r k i n g   a g e n t   when  c o m b i n e d   w i t h   a  s p e c i f i c   c o m p o n e n t   o f  

an  ore   ( e . g . ,   a  m a g n e s i u m   c o m p o u n d ) . '   T h a t   i s ,   t h e  

8 - h y d r o x y q u i n o l i n e   can  be  i n d u c e d   to  f l u o r e s c e   at   a  

c h a r a c t e r i s t i c   w a v e b a n d   or  w a v e l e n g t h   when  i t   i s   c o m b i n e d  

w i t h   a  m a g n e s i u m   m i n e r a l .   In  g e n e r a l ,   the   h y d r o x y -  

q u i n o l i n e s   a re   u s e f u l   in   m a r k i n g   p o l y v a l e n t   m e t a l   i o n s  

in  a  m i n e r a l   ( e s p e c i a l l y   d i v a l e n t   and  t r i v a l e n t   i o n s ) .  

In  some  c a s e s ,   the   d e t e c t a b l e ,   e . g .   f l u o r e s c e n t ,  

m o i e t y   may  be  s e p a r a t e d   f rom  the  s u r f a c e - s e l e c t i v e   g r o u p  

by  a  a l k y l e n e   c h a i n   or  o t h e r   l i n k i n g   g r o u p .   S i n c e   i t   i s  

known  t h a t   the  s t r u c t u r a l   f e a t u r e s   of  such   a  l i n k i n g  

g r o u p   can  i n f l u e n c e   the  s u r f a c e - s e l e c t i v e   p r o p e r t i e s   o f  

the   s u r f a c e - s e l e c t i v e   end  g r o u p s ,   the   l i n k i n g   g r o u p   c o u l d  

be  c o n s i d e r e d   as  p a r t   of  t he   s u r f a c e - s e l e c t i v e   g r o u p .  
U n s a t u r a t i o n   in   such   a  g r o u p   c o u l d   a l s o   c o n t r i b u t e   t o  

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

a  f l u o r e s c e n t   m o i e t y .   Thus  the   a l k a l i - m e t a l   s a l t s  

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

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

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

7 - d i e t h y a m i n o - 4 - m e t h y l c o u m a r i n   s a l t s .   The  p r a c t i c e   o f  

the   i n v e n t i o n   does   no t   n e c e s s i t a t e   t h a t   the  d e t e c t a b l e  

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

d i s t i n g u i s h a b l e ,   a l t h o u g h   t h a t   may  be  the  case  in  a  l a r g e  

n u m b e r   of  f l u o r e s c e n t   s u r f a c t a n t s .  

For   the  p r a c t i c e   of  t h i s   i n v e n t i o n ,   the  p r i m a r y  

r e q u i r e m e n t   is  t h a t   the  c o n d i t i o n i n g   a g e n t   a t t a c h e s   t o  

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

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

e t c .   can  be  used   to  a d v a n t a g e .  



A  v a r i e t y   of  t e c h n i q u e s   a r e   known  in   t he   p r a c t i c e   o f  

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

T h e s e   t e c h n i q u e s   u s u a l l y   i n v o l v e   t he   use   of  m o d i f y i n g  

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

a t t a c h m e n t   of  the   c o l l e c t o r   on  to  t he   m i n e r a l   s u r f a c e .  

T h i s   i n v e n t i o n   r e l a t e s   to  the   s e l e c t i v e   a t t a c h m e n t   o f  

s u r f a c e - s e l e c t i v e   a g e n t s   to  m i n e r a l   s u r f a c e s ,   and  t h o s e  

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

The  u s e   of   pH  r e g u l a t i n g   a g e n t s ,   a c t i v a t o r s ,   d e p r e s s a n t s ,  

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

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

s e l e c t i v i t y   i s   c o n t e m p l a t e d .   E x a m p l e s   f o r   t he   use   o f  

s u c h   m o d i f y i n g   a g e n t s   a r e   c o n t a i n e d   in   U .S .   P a t e n t  

3 , 7 9 5 , 3 1 0   and   w i t h i n   t he   l i t e r a t u r e   of  ore   f l o t a t i o n ,   f o r  

e x a m p l e   T a g g a r t ,   H a n d b o o k   of  M i n e r a l   D r e s s i n g   ( 1 9 4 5 ) ,  

S e c t i o n   1 2 .  

A  f u r t h e r   e x p l a n a t i o n   of  t he   i n v e n t i o n   is   made  b y  

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

to  be  l i m i t i n g   the   s c o p e   of  t h i s   i n v e n t i o n   b e i n g   d e f i n e d  

by  t h e   a p p e n d e d   c l a i m s .  

E x a m p l e   I  

A f t e r   b e i n g   i n f o r m e d   t h a t   c o w o r k e r s   had   d i s c o v e r e d  

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

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

a  f l u o r e s c e n t   dye  ( e . g .   as  in   t he   a f o r e s a i d   I n t e r n a t i o n a l  

P u b l i c a t i o n   No.  WO  7 9 / 0 0 9 5 0 ) ,   c a r b o x y l i c   a c i d   d e r i v a t i v e s  

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

I :  

in  w h i c h   F  -   H  is  f l u o r a n t h e n e ,   C16H10,   a n d   n  is  2,  4  or  8 .  

P o r t i o n s   of   e a c h   p r o d u c t   were  r e d u c e d   w i t h   h y d r a z i n e  



a c c o r d i n g   to  the  f o l l o w i n g   r e a c t i o n   I I :  

S i n c e   the   f r e e   c a r b o x y l i c   a c i d s   as  f o r m e d   are   i n s o l u b l e  

in  w a t e r ,   e a c h   p r o d u c t   from  r e a c t i o n s   I  and  I I   was  c o n v e r t e d  

to  i t s   s o d i u m   s a l t   by  r e a c t i o n   w i t h   sod ium  h y d r o x i d e .  

Each   of  the   s i x   s a l t s   t h u s   o b t a i n e d   was  d i s s o l v e d   i n  

w a t e r   and  p i e c e s   of  l i m e s t o n e   ore  were  d i p p e d   i n t o   t h e  

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

v i o l e t   l i g h t .   A l l   of  the  compounds   were  f o u n d   to  c o a t   t h e  

l i m e s t o n e   in  the  p a r t i c l e s ,   bu t   the   s a l t s   c o r r e s p o n d i n g   t o  

the   f o r m u l a e   where  n  =  2  were  found   to  be  the  more  s e l e c t i v e  

in  no t   c o a t i n g   s i l i c a t e   m i n e r a l s .   In  e a c h   c a s e ,   t h e  

r e d u c e d   compound   d e r i v e d   from  r e a c t i o n   I I   e x h i b i t e d   a  

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

i t s   p r e c u r s o r   f rom  r e a c t i o n   I .  

B a s e d   upon  the  a b o v e ,   and  the  s u p e r i o r   s o l u b i l i t y   a n d  

r i n s i n g   c h a r a c t e r i s t i c s   e x h i b i t e d ,   4 - ( f l u o r a n t h y l ) - b u t a n o i c  

a c i d ,   F  -   (CH2)3  COOH,  was  s e l e c t e d   f o r   f u r t h e r   t e s t i n g   i n  

the   s e p a r a t i o n   of  l i m e s t o n e   f rom  s i l i c e o u s   g a n g u e .  
The  f o r e g o i n g   e x a m p l e   is  t y p i c a l   of  the  p r o c e d u r e   w h i c h  

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

f o r   use  in  s e l e c t i v e l y   m a r k i n g   a  g i v e n   c o m p o n e n t   of  a  

m i x t u r e   of  ore   p a r t i c l e s .  

Example   I I  

A  2000  ml  round   b o t t o m   f l a s k   was  c h a r g e d   w i t h   100g  o f  

f l u o r a n t h e n e ,   52g  of  s u c c i n i c   a n h y d r i d e   and  1  l i t e r   o i  

2 - n i t r o p r o p a n e .   The  m i x t u r e   was  s t i r r e d   and  157g  o f  

a l u m i n u m   c h l o r i d e   was  added   s l o w l y ,   w h e r e u p o n   the  t e m p e r a -  

r o s e   to  a b o u t   50°  C,  t hen   c o o l e d   to  room  t e m p e r a t u r e   a n d  

s t i r r e d   o v e r   a  w e e k e n d .  

The  r e a c t i o n   m i x t u r e   was  h y d r o l y z e d   by  p o u r i n g  

s l o w l y  i n t o   abou t   1  l i t e r   of  abou t   3\  h y d r o c h l o r i c   and. 

S team  d i s t i l l a t i o n   was  usual  to  remove  the  s o l v e n t ,   and  t h e  



s o l i d   r e s i d u e   was  i s o l a t e d   by  f i l t r a t i o n   w i t h   w a t e r  

w a s h i n g .   A f t e r   t r a n s f e r r i n g   to  a  S o x h l e t   e x t r a c t o r ,   t h e  

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

The  a c e t o n e   e x t r a c t   was  c o n c e n t r a t e d   by  d i s t i l l a t i o n  

and  250  ml  of  d e i o n i z e d   w a t e r   was  a d d e d ,   f o r m i n g   a  s l u r r y  

w h i c h   d i s s o l v e s   a f t e r   800  ml  of  2.5%  s o d i u m   h y d r o x i d e   w a s  

a d d e d .   Upon  a c i d i f i c a t i o n ,   t he   4 - ( f l u o r a n t h y l ) - 4 - o x o b u t -  

a n o i c   a c i d   p r o d u c t   p r e c i p i t a t e d   and  was  c o l l e c t e d   b y  

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

A  1000  ml  f l a s k   was  c h a r g e d   w i t h   118g  of  the   p a r t i a l l y  

d r i e d   p r o d u c t ,   a b o v e ,   and  4 3 . 7 g   of  p o t a s s i u m   h y d r o x i d e ,   39  

ml  of   h y d r a z i n e   h y d r a t e ,   and  375  ml  of  d i e t h y l e n e   g l y c o l  

were   a d d e d .   The  m i x t u r e   was  s t i r r e d   and  h e a t e d ,   d u r i n g  

w h i c h   e x c e s s   w a t e r   and  h y d r a z i n e   were  c o l l e c t e d   and  r e m o v e d  

by  means   of   a  D e a n - S t a r k   t r a p ,   to  a  f i n a l   t e m p e r a t u r e   o f  

a b o u t   1 9 5 ° C ,   and  m a i n t a i n e d   at   t h a t   t e m p e r a t u r e   f o r   a b o u t  

e i g h t   h o u r s .   A f t e r   c o o l i n g   and  s l u r r y i n g   w i t h   1500  ml  o f  

a b o u t   1 .5N  h y d r o c h l o r i c   a c i d ,   the   4 - ( f l u o r a n t h y l ) - b u t a n o i c  

a c i d   p r o d u c t   was  i s o l a t e d   by  f i l t r a t i o n   and  d r i e d   in   a  

d e s i c c a t o r .  

E x a m p l e   I I I  

A  p o r t i o n   of  the   p r o d u c t   f rom  E x a m p l e   I I   was  u s e d ,   i n  

a  p i l o t   p l a n t   b a s e d   upon   t h e   a p p a r a t u s   of  U .S .   P a t e n t  

3 , 4 7 2 , 3 7 5 ,   f o r   the   s e p a r a t i o n   of  l i m e s t o n e   f rom  s i l i c e o u s  

g a n g u e .   The  4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   was  c o n v e r t e d  

to  i t s   s o d i u m   s a l t ,   w h i c h   was  d i s s o l v e d   in   w a t e r   to  f o r m  

a  0 .1%  by  w e i g h t   s o l u t i o n ,   and  a p p l i e d   to  the   m i x e d   o r e  

and  g a n g u e   p a r t i c l e s   by  s p r a y i n g .   F o l l o w i n g   a  r i n s e   t o  

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

an  e l e c t r o - o p t i c a l   s o r t e r   w h i c h   e j e c t e d   the  s e l e c t i v e l y  

m a r k e d   ore  p a r t i c l e s   to  s e p a r a t e   them  f rom  the  s u b s t a n t i a l l y  

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

S ix   r u n s ,   t o t a l l i n g   752  kg.  of  a  l i m e s t o n e   f e e d ,   w e r e  

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

m a t e r i a l   was  o b t a i n e d   f rom  a  m a n u f a c t u r e r   of  p o r t l a n d  

c e m e n t ,   and  c o n s i s t e d   of  r e j e c t   m a t e r i a l   f rom  a  h a n d  

s o r t i n g  o f   l i m e s t o n e   o r e ,   h a v i n g  t h e   a v e r a g e   a n a l y s i s  



87 .40%  CaCO3,  7 .38%  MgCO3,  0 .45%  Fe2O3  and  5.17%  S i O 2 .  
The  f o l l o w i n g   r e s u l t s   were  o b t a i n e d   from  t h e s e   s i x  

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

i m p u r i t y   r e m o v a l :  

A s  s h o w n   a b o v e ,   the   l i m e s t o n e   c o n c e n t r a t e   in  each  r u n  

was  u p g r a d e d   to  b e t w e e n   88 .51   and  90 .90%  CaCO3 .  S i g n i f i c a n t  

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

p a r t i c l e s .   C o n s i d e r a b l e   v a r i a b i l i t y   was  n o t e d   in  t h e  

r e s u l t s   b e t w e e n   r u n s ,   a t t r i b u t a b l e   to  the   i n h o m o g e n e o u s  

n a t u r e   of  the   ore  p a r t i c l e s   and  the  r e l a t i v e l y   s m a l l   ( 8 4 . 5  

to  163  k g . )   q u a n t i t i e s   of  m a t e r i a l   which   were  p r o c e s s e d   i n  

e a c h   r u n .  

Example   IV 

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

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

I I   was  r e p e a t e d   on  a  l a r g e r   s c a l e ,   as  f o l l o w s :   a  12  l i t e r  

r e a c t o r   was  p l a c e d   in  an  ice   b a t h ,   and  5  l i t e r s   o f  

2 - n i t r o p r o p a n e ,   700g  of  f l u o r a n t h e n e   and  365g  of  s u c c i n i c  

a n h y d r i d e  w e r e   a d d e d .   After   c o o l i n g   the  m ix ing ,   10  a b o u t  

10° C,  s m a l l   p o r t i o n s   of  a n h y d r o u s   a l m i n i u m   c h l o r i d e .  



( t o t a l l i n g   1 1 9 4 g ,   o v e r   a  one  h o u r   p e r i o d )   and  a n  

a d d i t i o n a l   2  l i t e r s   of   2 - n i t r o p r o p a n e   were   a d d e d .   T h e  

t e m p e r a t u r e   r o s e   to  a b o u t   20oC  d u r i n g   the   e n s u i n g   r e a c t i o n .  

A f t e r   a d d i t i o n   of   t he   a l u m i n u m   c h l o r i d e ,   the   b a t h   w a s  

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

was  h y d r o l y z e d   by  the   a d d i t i o n   of  one  l i t e r   of  3N  h y d r o -  

c h l o r i c   a c i d ,   and  the   s o l i d s   r e c o v e r e d   by  f i l t r a t i o n .  

A c e t o n e   was  u s e d   to  e x t r a c t   the   s o l i d s   in   a  S o x h l e t  

e x t r a c t o r ,   and  t he   a c e t o n e   s o l u t i o n   was  r e m o v e d .   A f t e r  

t h e   a d d i t i o n   of   3 .6   l i t e r s   of  d e i o n i z e d   w a t e r ,   a c e t o n e  

was  r e m o v e d   by  d i s t i l l a t i o n ,   and  t he   r e m a i n i n g   4 - ( f l u o r -  

a n t h y l ) - 4 - o x o b u t a n o i c   a c i d   was  r e m o v e d   by  f i l t r a t i o n ,  

y i e l d i n g   a  1 . 8   k g . w e t   c a k e .  

A  905g  p o r t i o n   of  the   wet  cake   was  p l a c e d   in   a  t h r e e -  

n e c k   f l a s k   w i t h   1.1  l i t e r   of  d i e t h y l e n e   g l y c o l ,   2 . 5 .  

e q u i v a l e n t s   of  p o t a s s i u m   h y d r o x i d e   and  2 .8   e q u i v a l e n t s   o f  

h y d r a z i n e   h y d r a t e .   The  m i x t u r e   was  h e a t e d   to  r emove   w a t e r  

and  e x c e s s   h y d r a z i n e ,   t h e n   the   t e m p e r a t u r e   was  r a i s e d   t o  
1 9 0 ° C .   A f t e r   c o o l i n g ,   the   m i x t u r e   was  p o u r e d   i n t o   3 

l i t e r s   of  c o l d ,   1N  h y d r o c h l o r i c   a c i d ,   and  the   p r o d u c t ,  

4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   d i s s o l v e d   in   d i l u t e   s o d i u m  

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

c h l o r i c   a c i d ,   and  c o l l e c t e d   by  f i l t r a t i o n .  

E x a m p l e   V 

P i l o t   p l a n t   t e s t i n g   of  t he   p r o d u c t   f rom  E x a m p l e   I V  

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

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

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

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

c o m p o u n d .  

A  200g  p o r t i o n   of  t he   p r o d u c t   f rom  E x a m p l e   IV  w a s  

d i s c o l v e d   in  600ml  of  t o l u e n e   at  a  t e m p e r a t u r e   n e a r   t h e  

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

t i o n   away  f rom  the  d a r k ,   t a r - l i k e   i n s o l u b l e s ,   i t   w a s  

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

The  s o l u t i o n   was  c o n t a c t e d   w i t h   two  l i t e r s   of  2.5%  b y  

w e i g h t   s o d i u m   h y d r o x i d e   s o l u t i o n   in  a  s e p a r a t o r y   f unne  1  ,  



and  the  o r g a n i c   l a y e r   was  d i s c a r d e d .   The  a q u e o u s   l a y e r  

was  a c i d i f i e d   and  the  p u r i f i e d   p r o d u c t   was  c o l l e c t e d   a s  

a  wet  cake  by  f i l t r a t i o n .  

The  p i l o t   p l a n t   t e s t   of  Example   I I I   was  r e p e a t e d ,  

u s i n g   the  p u r i f i e d   4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   and  f e e d  

m a t e r i a l   f rom  the  same  l o t   as  was  p r e v i o u s l y   u s e d ,   y i e l d i n g  
the   f o l l o w i n g   r e s u l t s   f o r   a  t o t a l   of  558  kg.  of  l i m e s t o n e  

f e e d :  

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

a g e n t   can  i n f l u e n c e   i t s   u s e f u l n e s s   in  s e l e c t i v e l y   m a r k i n g  

ore  p a r t i c l e s .  

Example   VI 

L a r g e - s c a l e   p r o d u c t i o n   of  4 - ( f l u o r a n t h y l ) - b u t a n o i c  

a c i d   was  u n d e r t a k e n   in  a  3785  l i t e r   g l a s s - l i n e d   j a c k e t e d  

r e a c t o r ,   e q u i p p e d   w i t h   an  a g i t a t o r ,   i n t o   wh ich   250  kg.  o f  

f l u o r a n t h e n e ,   2500  l i t e r s   of  2 - n i t r o p r o p a n e   and  125  k g .  

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

10°C  was  o b t a i n e d   by  c i r c u l a t i n g   c o o l i n g   b r i n e   t h r o u g h   t h e  

j a c k e t ,   and  t h e n   368  kg.  of  a luminum  c h l o r i d e   was  a d d e d  

in  23  to  45  kg.  a l i q u o t s   over  a  p e r i o d   of  abou t   3.5  h o u r s ,  



s u c h   t h a t   the   t e m p e r a t u r e   d i d   n o t   e x c e e d   20°C.   A  s l i g h t  

v a c u u m   was  u s e d   to  r e m o v e   o x i d e s   of   n i t r o g e n .   The  m i x -  

t u r e   was  s t i r r e d   o v e r n i g h t .  

A  q u e n c h   s o l u t i o n   was  p r e p a r e d   in   a  9500  l i t e r  

a g i t a t e d ,   r e s i n - l i n e d   v e s s e l   by  a d d i n g   757  l i t e r s   of  10N 

h y d r o c h l o r i c   a c i d   to  757  l i t e r s   of  w a t e r   and  907  k g .  o f  

i c e .   T h e  r e a c t i o n   m i x t u r e ,   a b o v e ,   was  a d d e d   to  t he   q u e n c h  

s o l u t i o n   a t   a  r a t e   of  a b o u t   38  to  57  l i t e r s   p e r   m i n u t e ,  

and  an  a d d i t i o n a l   318  kg .   of  i c e   was  a l s o   a d d e d ,   r e s u l t i n g  

i n   a  f i n a l   t e m p e r a t u r e   of   a b o u t   30°C.  T h i s   m i x t u r e   w a s  

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

of   s o l i d s   d i s p e r s e d   in   o r g a n i c   and  a q u e o u s   l i q u i d   p h a s e s .  

A b o u t   o n e - t h i r d   of  t he   s o l i d s   were   i s o l a t e d   by  a  s l o w  

f i l t r a t i o n ,   y i e l d i n g   a  v e r y   wet  c a k e .   Due  to  the   h i g h l y  

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

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

s o l v e n t   was  r e m o v e d   by  s t e a m   d i s t i l l a t i o n .   The  r e m a i n i n g  

a q u e o u s   s l u r r y   f i l t e r e d   r a p i d l y ,   y i e l d i n g   435  kg.   of  w e t  

s o l i d s .  

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

two  p a r t s   a c e t o n e   to  one  p a r t   w a t e r ,   and  s u f f i c i e n t  

s o d i u m   h y d r o x i d e   to  p r o v i d e   a b o u t   10%  in   e x c e s s   o v e r   t h a t  

n e e d e d   to  d i s s o l v e   the   4 - ( f l u o r a n t h y l ) - 4 - o x o b u t a n o i c   a c i d  

p r o d u c t .   I n s o l u b l e   t a r s   were   r e m o v e d   by  f i l t r a t i o n ,   a n d  

d i l u t e   h y d r o c h l o r i c   a c i d   was  u s e d   to  r e - p r e c i p i t a t e   t h e  

a c i d   p r o d u c t .   A f t e r   f i l t r a t i o n ,   t he   s o l i d s   were   s u b j e c t e d  

to  an  a d d i t i o n a l   d i s s o l u t i o n   in   b a s e   and  p r e c i p i t a t i o n  

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

m a t e r i a l .  

A  4 9 . 5 k g .   p o r t i o n   of  t he   p u r i f i e d   m a t e r i a l   was  p l a c e d  

in   t h e   3785  l i t e r   j a c k e t e d   r e a c t o r   w i t h   a b o u t   170  l i t e r s  

of   d i e t h y l e n e   g l y c o l .   The  m i x t u r e   was  s t i r r e d   and  21  k g .  

of   p o t a s s i u m   h y d r o x i d e   and  1 9 . 5   kg.  of  h y d r a z i n e   h y d r a t e  

were   a d d e d .   S t e a m   was  p a s s e d   t h r o u g h   the   j a c k e t   t o  

o b t a i n   a  t e m p e r a t u r e   of  a b o u t   1 2 0  C ,   and  t h e n   t h e  

t e m p e r a t u r e   was  i n c r e a s e d   to  1550C.   A  n i t r o g e n   p u r g e  

was  u s e d   to  m a i n t a i n   an  o x y g e n   c o n t e n t   l e s s   t h a n   a b o u t   1% 



and  a  d i s t i l l a t i o n   r e c e i v e r   was  u s e d   to  c o l l e c t   t h e  
w a t e r   and  e x c e s s   h y d r a z i n e   wh ich   was  d i s t i l l e d   f r o m  

the   r e a c t o r .  

A f t e r   c o o l i n g   to  a b o u t   25°C,  the   m i x t u r e   was  d i l u t e d  

w i t h   416  l i t e r s   of  w a t e r   and  a c i d i f i e d   w i t h   4 5 . 5   l i t e r s  

of  10N  h y d r o c h l o r i c   a c i d   in  a b o u t   190  l i t r e s   of  w a t e r .  

The  s o l i d   4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   w h i c h   f o r m e d   was  

c o l l e c t e d   on  a  f i l t e r  

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

as  in   E x a m p l e   I I I ,   u s i n g   a  d i f f e r e n t   l i m e s t o n e   ore  f e e d  

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

of   184  kg.   of  f e e d :  

Example   V I I  

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

the   p r e v i o u s   l a r g e - s c a l e   p r o d u c t i o n   run  ( E x a m p l e   V I ) ,  

a  f u r t h e r   p r o d u c t i o n   of  4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d  

was  u n d e r t a k e n   u s i n g   a  d i f f e r e n t   s o l v e n t   s y s t e m .   A  5680  

l i t e r   j a c k e t e d   r e a c t o r   was  c h a r g e d   w i t h   2500  l i t e r s   o f  

c h l o r o b e n z e n e ,   250  kg.  of  f l u o r a n t h e n e   and  125  kg.  o f  

s u c c i n i c   a n h y d r i d e .   To  t h i s   was  added   365  kg.   of  a l u m i n u m  

c h l o r i d e .   The  t e m p e r a t u r e   was  r a i s e d   to  a b o u t   60°C  a n d  

m a i n t a i n e d   at   55±5oC  f o r   a b o u t   12  h o u r s .  

The  r e a c t i o n   m i x t u r e   was  q u e n c h e d   by  the   s low  a d d i -  

t i o n   of  757  l i t e r s   of  10N  h y d r o c h l o r i c   a c i d   in  1 8 9 3  

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

the   r e a c t o r   j a c k e t   d u r i n u   the  a d d i t i o n .   By  a d j u s t i n g  

the   a d d i t i o n   r a t e ,   the  r e a c t o r   t e m p e r a t u r e   was  k e p t  



b e l o w   a b o u t   8 0 ° C .  

S t e a m   d i s t i l l a t i o n   was  u s e d   to  r e m o v e   the   s o l v e n t .  

A f t e r   c o o l i n g   t he   m i x t u r e   to  a b o u t   35°C,   the   s o l i d  

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

t r a n s f e r r e d   to  a  3785  l i t e r   r e a c t o r .  

To  t h i s   p r o d u c t   was  a d d e d   1181  l i t e r s   of  d i e t h y l e n e  

g l y c o l ,   l 4 5   kg .   of   91%  p o t a s s i u m   h y d r o x i d e ,   138  kg .   o f  

85%  h y d r a z i n e   h y d r a t e   and  142  l i t e r s   of  w a t e r .   A 

n i t r o g e n   p u r g e  r e d u c e d   t he   o x y g e n   c o n t e n t   of  the   r e a c t o r  

to  l e s s   t h a n   1%,  and  the   m i x t u r e   was  h e a t e d   to  a b o u t  

1 5 5 ° C .   E x c e s s   h y d r a z i n e   and  w a t e r   d i s t i l l e d   f rom  t h e  

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

m a i n t a i n e d   a t   a b o u t   155°C  f o r   e i g h t   h o u r s ,   c o o l e d   to  a b o u t  

50°C  and   d i l u t e d   w i t h   a b o u t   2839  l i t e r s   of  w a t e r .  

A  38  l i t e r   p o r t i o n   of  10N  h y d r o c h l o r i c   a c i d   w a s  

a d d e d   a n d ,   a f t e r   s t i r r i n g   f o r   an  h o u r ,   the   m i x t u r e   w a s  

f i l t e r e d   and   w a s h e d   w i t h   w a t e r ,   y i e l d i n g   736  kg.   of  w e t  

c a k e .  

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

as  i n   E x a m p l e   I I I ,   u s i n g   a  d i f f e r e n t   l i m e s t o n e   ore   f e e d  

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

of   820  kg .   of   f e e d :  



E x a m p l e   V I I I  

A  f l u o r e s c e n t   compound  c o n t a i n i n g   a  c a t i o n i c   s u r f a c t -  

a n t   g r o u p ,   7 - d i e t h y l a m i n o - 4 - m e t h y l c o u m a r i n ,   a c i d   s u l f a t e  

was  p r e p a r e d   by  d i s s o l v i n g   the  c o m m e r c i a l l y   a v a i l a b l e  

amine   in   s u l f u r i c   a c i d   and  d i l u t i n g   to  a  0 .24%  by  w e i g h t  

s o l u t i o n .   T h i s   s o l u t i o n   was  e v a l u a t e d   f o r   i t s   a b i l i t y  

to  s e l e c t i v e l y   mark  m i n e r a l s   by  the  i m m e r s i o n   of  a  c l e a n  

s p e c i m e n   in   the   s o l u t i o n   f o r   a b o u t   15  s e c o n d s ,   f o l l o w e d  

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

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

l i g h t .   The  r e s u l t s   were  as  f o l l o w s :  



The  r e s u l t s   show  t h a t   t he   f o l l o w i n g   e c o n o m i c a l l y  

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

as  a  c o n d i t i o n i n g   a g e n t   w i t h   a  t e c h n i q u e   as  i n   E x a m p l e  

I I I :  

1.  Coa l   can   be  s e p a r a t e d   f rom  i n o r g a n i c   m a t e r i a l s   s u c h  

as  p y r i t e ,   c a l c i t e ,   d o l o m i t e   or  l i m e s t o n e ;   and  c o a l   o f  

h i g h   h e a t   c o n t e n t   can  be  s e p a r a t e d   f rom  l o w e r   h e a t   c o n t e n t  

m a t e r i a l .  

2.  H i g h e r   g r a d e   o i l   s h a l e   can  be  s e p a r a t e d   f r o m   l o w e r  

g r a d e   o i l   s h a l e   and  f rom  c a l c i t e ,   d o l o m i t e   or  l i m e s t o n e .  

3.  W o l l a s t o n i t e   can  be  s e p a r a t e d   f rom  o t h e r   s i l i c a t e s ,  

s u c h   as  a l b i t e   and  q u a r t z .  

4.  Q u a r t z   can   be  s e p a r a t e d   f rom  c a l c i t e ,   d o l o m i t e   o r  

l i m e s t o n e .  

5.  C a l c i t e ,   d o l o m i t e ,   or  l i m e s t o n e   can  be  s e p a r a t e d   f r o m  

f l u o r o s p a r ,   or  f rom  p h o s p h a t e   m i n e r a l s   s u c h   as  p h o s p h a t e  

r o c k .  

E x a m p l e   I X  

To  more   q u a n t i t a t i v e l y   t e s t   t h e   s e p a r a t i o n   t e c h n i q u e  

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

a  s o l u t i o n   of   4 .0   g  of  7 - d i e t h y l a m i n o - 4 - m e t h y l c o u m a r i n ,  

a c i d   s u l f a t e   was  made  in   2  l i t e r s   of  d e i o n i z e d   w a t e r ,  

g i v i n g   a  pH  of  a b o u t   1 . 5 .   O i l   s h a l e   p a r t i c l e s   h a v i n g   a  

s i z e   in   t h e   r a n g e   of   a b o u t   Z5  to  a b o u t   50  mm  were   i m m e r s e d  

in   t he   c l e a r   y e l l o w   s o l u t i o n ,   r i n s e d   w i t h   d e i o n i z e d  

w a t e r   and  v i s u a l l y   e x a m i n e d   u n d e r   an  u l t r a v i o l e t   l i g h t .  

The  more  f l u o r e s c e n t   p a r t i c l e s   were   s e p a r a t e d   f rom  t h e  

l e s s   f l u o r e s c e n t   p a r t i c l e s ,   and  the   two  f r a c t i o n s   w e r e  

c r u s h e d   f o r   o i l   a n a l y s i s   by  the   F i s c h e r   a s s a y .  

" B a r r e l   27"  i s   a  h i g h   g r a d e   o i l   s h a l e   w i t h   an  o i l  

a n a l y s i s   w h i c h   a v e r a g e s   a b o u t   104  l i t r e s / t o n n e .   " B a r r e l  

187"   i s   a  low  g r a d e   m a t e r i a l   w h i c h   a n a l y z e s   in  the   r a n g e  



of  33  to  46  l i t e r s / t o n n e .  

The  f o l l o w i n g   r e s u l t s   o b t a i n e d   f rom  the  e x p e r i m e n t ,  

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

f r a c t i o n ,   and  o i l   c o n t e n t   of  e a c h   f r a c t i o n :  

A n o t h e r   e x p e r i m e n t   was  p e r f o r m e d ,   u s i n g   644g  ( 8  

p a r t i c l e s )   f rom  b a r r e l   27  and  548g  (10  p a r t i c l e s )   f r o m  

b a r r e l   187,   w h i c h   were   m i x e d   and  t r e a t e d   as  a b o v e .   T h e r e  

were   12  p a r t i c l e s   ( 6 7 4 g )   w i t h   weak  f l u o r e s c e n c e ,   a s s a y i n g  

155  l i t e r s / t o n n e ,   and  6  p a r t i c l e s   ( 5 1 9 g )   w i t h   h i g h e r  

f l u o r e s c e n c e   w h i c h   c o n t a i n e d   36 .7   l i t e r s / t o n n e   of  o i l .  

Each   of  t h e s e   e x p e r i m e n t s   shows  t h a t   a  s u b s t a n t i a l  

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

p a r t i c l e s .  

E x a m p l e   X 

A  c a t i o n i c   d e r i v a t i v e   of  4 - ( f l u o r a n t h y l ) - b u t a n o i c  

a c i d   was  p r e p a r e d   by  r e a c t i o n   w i t h   d i e t h y l e n e t r i a m i n e ,  

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

f o l l o w i n g   r e a c t i o n :  

Tha t   p o r t i o n   o f   the   r e a c t i o n   p r o d u c t   w h i c h   was  i n -  

s o l u b l e   in  d i l u t e   s o d i u m   h y d r o x i d e   was  e x t r a c t e d   w i t h  

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

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

M i n e r a l   s p e c i m e n s   were  i m m e r s e d   in  the  s o l u t i o n   f o r  

20  to  30  s e c o n d s ,   r i n s e d   w i t h   d e i o n i z e d   w a t e r   and  v i s u a l l y  

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

r e s u l t s :  



T h e s e   r e s u l t s   show  u t i l i t y   of   t he   compound   as  a  

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

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

as  e f f e c t i v e   o v e r   t he   e n t i r e   a q u e o u s   pH  r a n g e ,   an  i m p o r t a n t  

p r o p e r t y   due  to  t he   i n f l u e n c e   of   pH  on  the   a d h e r e n c e   o f  

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

o b s e r v e d   i n   t he   o re   f l o t a t i o n   a r t .   Wi th   c a t i o n i c   f l u o r e -  

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

u s e f u l n e s s   i n   a  g i v e n   pH  r a n g e ,   e . g .   amine   s a l t s   c o n t a i n -  

i n g   t h e   - N H   g r o u p   w i l l   be  u s e f u l   in   the   pH  r a n g e   d i c t a t e d  

by  t h e   b a s i c i t y   of   the   a m i n e ,   w h i l e   q u a r t e r n a r y   a m i n e  

s a l t s   w i l l   be  u s e f u l   o v e r   t he   e n t i r e   pH  r a n g e .  

E x a m p l e   X I  

In  a  m a n n e r   s i m i l a r   to  t h a t   of   E x a m p l e   IX,  t he   c o m -  

p o u n d   F  -   (CH2)3   CONH(CH2)2  NH2  was  p r e p a r e d   by  the   r e -  

a c t i o n   of  4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   and  e t h y l e n e  

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

by  d i l u t e   s o d i u m   h y d r o x i d e .   The  p r o d u c t   was  e x t r a c t e d  

w i t h   a  t o l u e n e - i s o p r o p a n o l   m i x t u r e ,   and  the   e x t r a c t   w a s  

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

t he   s o l v e n t s .   A f t e r   d i s p e r s a l   in   w a t e r ,   the   p r o d u c t   w a s  

f i l t e r e d   and   d r i e d   o v e r   p h o s p h o r u s   p e n t o x i d e ,   t h e n  

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

A  s p e c i m e n   of  m i c r o c l i n e   was  m a r k e d   by  i m m e r s i o n   i n  

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

a p p e a r e d   to  be  too  weak  f o r   a  p r a c t i c a l   s e p a r a t i o n   p r o c e s s .  
An  a c t i v a t i o n   s t e p   was  c o n d u c t e d   on  a  s e c o n d   s p e c i m e n t   b y  

i m m e r s i o n   in   a  0 .4%  s o l u t i o n   of  h y d r o f l u o r i c   a c i d   f o r  

a b o u t   10  s e c o n d s ,   f o l l o w e d   by  a  d e i o n i z e d   w a t e r   r i n s e .   A f t e r  

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

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

a c t i v a t i n g   s t e p   c o u l d   be  u s e d   to  a d v a n t a g e .  

S e v e r a l   m i n e r a l   s p e c i m e n s   were   i m m e r s e d   in   t h e  

a c e t i c   a c i d   s o l u t i o n   ( a t   a b o u t   pH  5)  f o r   10  to  15  s e c o n d s ,  

r i n s e d   w i t h   d e i o n i z e d   w a t e r ,   and  v i s u a l l y   e x a m i n e d   u n d e r  



u l t r a v i o l e t   l i g h t ,   g i v i n g   the  f o l l o w i n g   r e s u l t s :  

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

i m m e r s i n g   s a m p l e s   of  q u a r t z i t e   and  l i m e s t o n e   in   t h e  

a c e t i c   a c i d   s o l u t i o n   ( a t   a b o u t   pH  3).   The  s a m p l e s   w e r e  

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

S e l e c t i v i t y   of  the  m a r k i n g   was  shown  by  the  s o m e w h a t  

more  i n t e n s e   f l u o r e s c e n c e   of  q u a r t z i t e   r e l a t i v e   to  l i m e -  

s t o n e .  

E x a m p l e   X I I  

T h e r e   a re   low  g r a d e   r e f r a c t o r y   s i l v e r   o r e s   in  w h i c h  

the   d i l u t e   s i l v e r   v a l u e s   a re   a s s o c i a t e d   w i t h   a  m u c h  

l a r g e r   a m o u n t   of  i r o n   a n d / o r   m a n g a n e s e   m i n e r a l s   in  a  

s i l i c e o u s   ( e . g . ,   q u a r t z ,   s e r p e n t i n e )   m a t r i x   ( e . g   a  

l i m o n i t i c   o r e ) .   An  e x a m p l e   of  s u c h   an  ore  can  be  f o u n d  

in  t he   C a n d e l a r i a   M i n i n g   D i s t r i c t   of  N e v a d a .   A  s a m p l e ,  

c o n s i s t i n g   of  b o t h   l i m o n i t i c   and  n o n - l i m o n i t i c   50 -75   mm 

ore   p a r t i c l e s   h a v i n g   c r o s s - s e c t i o n s   of  a b o u t   50  mm  t o  

75  mm,  was  t r e a t e d   w i t h   0.1%  ( v t . )   of  the   sod ium  s a l t   o f  

4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d   (FBA),   r i n s e d   and  e x a m i n e d  

f o r   f l u o r e s c e n c e   i n t e n s i t y .   The  l i m o n i t i c   ore  was  m o r e  

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

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

t h o u g h   the   d i f f e r e n c e   in  f l u o r e s c e n c e   was  s m a l l .   Use  o f  

a  more  i n t e n s e   f l u o r e s c e n t   m o i e t y   in   the  f l u o r e s c e n t  

c o n d i t i o n i n g   a g e n t   a n d / o r   a  more  a c t i v e   s u r f a c t a n t   m o i e t y  

w o u l d   i n c r e a s e   the  d i f f e r e n c e   in  the  f l u o r e s c e n c e .   F o r  

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

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

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

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



s u r f a c t s   can   be  u s e f u l   in   s o r t i n g   l i m o n i t i c   o r e s .  

E x a m p l e   X I I I  

A  M e x i c a n   s i l v e r   ( 1 7 2 g / t o n n e )   ore   c o n t a i n i n g   s i l v e r  

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

m a t r i x   c o n t a m i n a t e d   by  l i m e s t o n e   was  c o n c e n t r a t e d   b y  

c o n d i t i o n i n g   and  e j e c t i n g   ( w i t h   w a t e r   j e t s   in   f r e e f a l l )  

t h e   s e l e c t i v e l y   m a r k e d   l i m e s t o n e .   In  t h i s   s e p a r a t i o n   a  

1%  d i s p e r s i o n   in   w a t e r   of   a  0 .5%  7 - d i e t h y l a m i n o - 4 - m e t h y l -  

c o u r m a r i n   (DMC)  in   t a l l   o i l   was  s p r a y e d   on  1 2 . 9   kg .   o f  

o r e   and   t h e   o re   s o r t e d .   The  r e s u l t s   a r e   shown  b e l o w .  

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

t h a n   90%  of   the   s i l v e r   in   56%  of  t he   o r e .   I t   i s   a l s o  

p o s s i b l e   to  l a b e l   and  e j e c t   t he   s i l i c e o u s   m i n e r a l s   ( e . g .  

q u a r t z )   as  in   a  s e c o n d   c o n d i t i o n i n g   and  s e p a r a t i o n  

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

v a l u e s   ( o r ,   t he   s i l i c e o u s   s e p a r a t i o n   c o u l d   be  made  i n s t e a d  

of   s e p a r a t i n g   t he   l i m e s t o n e ) .   In   g e n e r a l   s i l i c e o u s  

m a t e r i a l s   can   be  s e l e c t i v e l y   m a r k e d   w i t h   c o m p o u n d s   c o n -  

t a i n i n g   an  a m i n o - g r o u p .  

A l t h o u g h ,   in   t h i s   e x a m p l e ,   t hè   t a l l   o i l   i s   p r o b a b l y  

t h e   m a j o r   i n f l u e n c e   on  the   s u r f a c e - s e l e c t i v i t y ,   i f   t h e  

DMC  i s   d i s s o l v e d   i n   d i l u t e ,   a q u e o u s   m i n e r a l   a c i d   t o  

p r o d u c e   an  a c i d i c   s o l u t i o n   ( e . g .   b e l o w   a b o u t   pH  5,  t y p i -  

c a l l y   a b o u t   pH 2   to  a b o u t   pH  3) ,   t he   DMC  can  f u n c t i o n   a s  
b o t h   t h e   s u r f a c e - s e l e c t i v e   g r o u p   and  the   d e t e c t a b l e  

m o i e t y   ( e . g   by  i n d u c e d   f l u o r e s c e n c e ) .   A l t e r n a t i v e l y   a  

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

a c i d ,   s u c h   as  the   Na  or  K  s a l t   of  FBA,  can  be  u s e d   i n  

a q u e o u s   s o l u t i o n   in  the   c o n c e n t r a t i o n   of  s i l v e r   o r e s   w h i c h  

c o n t a i n   l i m e s t o n e   as  a  d i l u e n t   or  i m p u r i t y .  

A l t h o u g h   the   a b o v e   E x a m p l e s   XI I   and  X I I I   a r e   of  s i l v e r  

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

m i n e r a l   s u c h   as  t he   l i m o n i t i c   q u a r t z   ore   of  E x a m p l e   X I I  

or  t h e   q u a r t z   of  E x a m p l e   X I I I   a n d / o r   where   t h e r e   i s  a l s o  

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



c o n t a m i n a n t   s u c h   as  the   q u a r t z   in  E x a m p l e   XII   and  t h e  

l i m e s t o n e   in   E x a m p l e   X I I I   and  many  o t h e r   d e s i r a b l e   m i n -  

e r a l s ,   such   as  t h o s e   of  g o l d ,   t u n g s t e n ,   u r a n i u m ,  b o r o n ,  

c h r o m i u m ,   n i c k e l ,   l e a d ,   z i n c ,   and  a n t i m o n y ,   can  be  c o n -  

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

in   t h i s   a p p l i c a t i o n .  

Of  c o u r s e ,   in   an  ore   where   the  d e s i r a b l e   m i n e r a l   i s  

c o n c e n t r a t e d   in   a  l i m e s t o n e   f r a c t i o n ,   a  l i m e s t o n e   m a r k i n g  

a g e n t   can  be  u s e d   to  a i d   in   c o n c e n t r a t i n g   the   d e s i r e d  

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

m i n e r a l s   in   the  o r e .  

E x a m p l e   XIV 

A  s y n t h e t i c   s a m p l e   of  m a g n e s i t e ,   c a l c i t e   and  s i l i -  

c e o u s   r o c k   was  f o r m u l a t e d   c o n t a i n i n g   26.8%  m a g n e s i t e ,  

30.4%  c a l c i t e   and  42.8%  s i l i c e o u s   r o c k   in   p a r t i c l e s   o f  

a b o u t   25  mm  to  a b o u t   75  mm  s c r e e n   s i z e .   A f t e r   w a s h i n g ,  

the   m a t e r i a l   was  c o n d i t i o n e d   w i t h   a  0.1%  s o l u t i o n   of  8 -  

h y d r o x y q u i n o l i n e   in   w a t e r ,   as  the  sod ium  s a l t .   A f t e r  

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

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

Hand  s o r t i n g   of  the   c o n d i t i o n e d ,   f l u o r e s c i n g  

p a r t i c l e s   p r o d u c e d   the  f r a c t i o n s   shown  b e l o w :  

By  " e j e c t "  i s   mean t   t h a t   in   a  M a t h e w s - t y p e   s e p a r a t o r ,  

the  p a r t i c l e   wou ld   be  d e f l e c t e d   (or   e j e c t e d )   f rom  i t s  

f r e e - f a l l   p a t h .  

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

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

c o n v e n i e n t   f o r   p l a n t   o p e r a t o r s   to  use  in  e m p i r i c a l   q u a l i t y  

c o n t r o l   c h e c k s   of  a  s e p a r a t i o n   p r o c e s s .   H o w e v e r ,   a n  

a g e n t   h a v i n g   no  v i s i b l e - r e g i o n   f l u o r e s c e n c e  o r   on ly   a  

weak  v i s i b l e   f l u o r e s c e n c e   can  be  q u i t e   u s e f u l   in  t h o s e  

p r o c e s s e s   w h i c h   d e t e c t   f l u o r e s c e n c e   by  means  of  a n  

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



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

r e q u i r e d .  



1.  A  p r o c e s s   f o r   s e p a r a t i n g   a  f i r s t   type   of  p a r t i c l e  

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

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

s e l e c t i v e l y   to  mark  e i t h e r   a t   l e a s t   a  p o r t i o n   of  t h e  

f i r s t   t ype   of  p a r t i c l e   or  a t   l e a s t   a  p o r t i o n   of  t h e  

s e c o n d   t ype   of  p a r t i c l e   to  the   s u b s t a n t i a l   e x c l u s i o n   o f  

the   o t h e r ;   d e t e c t i n g   the   m a r k e d   p a r t i c l e s ;   and  s e p a r a t i n g  

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

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

i ng   a g e n t   c o m p r i s e s   a  compound   h a v i n g   b o t h   a  s u r f a c e -  

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

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

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

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

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

when  e x p o s e d   to  e x t e r n a l   r a d i a t i o n ,   and  in   t h a t   t h e  

c o n d i t i o n e d   p a r t i c l e s   a re   i r r a d i a t e d   to  e x c i t e   and  i n d u c e  

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

d i s t i n g u i s h i n g   the  m a r k e d   p a r t i c l e s   f rom  the  s u b s t a n t i a l l y  

u n m a r k e d   p a r t i c l e s .  

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

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

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

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3,  f u r t h e r   c h a r a c t e r -  

i s e d   in  t h a t   the  c o n d i t i o n i n g   a g e n t   c o m p r i s e s   4 - ( f l u o r -  

a n t h y l ) - b u t a n o i c   a c i d .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4,  f u r t h e r   c h a r a c t e r -  

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

d e r i v a t i v e   of  4 - ( f l u o r a n t h y l ) - b u t a n o i c   a c i d .  



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

i s e d   in   t h a t   s a i d   d e r i v a t i v e   i s   p r e p a r e d   by  r e a c t i o n   o f  

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

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3,  f u r t h e r   c h a r a c t e r -  

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

7 - d i e t h y l a m i n o - 4 - m e t h y l c o u m a r i n .  

8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   7,  f u r t h e r   c h a r a c t e r -  

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

s u l f o n a t e ,   a  b i s u l f a t e ,   a  n i t r a t e   or  an  a l p h a - h a l o a c e t a t e .  

9.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  f u r t h e r  

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

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

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

f u r t h e r   c h a r a c t e r i s e d   i n   t h a t   the   s u r f a c e - s e l e c t i v e  

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

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

f u r t h e r   c h a r a c t e r i s e d   in   t h a t   the   s u r f a c e - s e l e c t i v e  

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

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

f u r t h e r   c h a r a c t e r i s e d   in   t h a t   the   s u r f a c e - s e l e c t i v e  

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

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

f u r t h e r   c h a r a c t e r i s e d   in   t h a t   s a i d   s u r f a c e - s e l e c t i v e  

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

14.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   13,  f u r t h e r   c h a r a c t e r -  

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

i o n   c h e l a t i n g   g r o u p .  

15.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   14,  f u r t h e r  c h a r a c t e r -  



i s e d   in   t h a t   s a i d   s u r f a c e - s e l e c t i v e   g r o u p   is   8 - h y d r o x y -  

q u i n o l i n e   or  a  d e r i v a t i v e   t h e r e o f .  

16.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   f u r t h e r  

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

in   w a t e r .  

17.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   16,  f u r t h e r   c h a r a c t e r -  

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

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

a g e n t .  

18.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   16,  f u r t h e r   c h a r a c t e r -  

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

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

a g e n t .  

19.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   the  p a r t i c l e s   have   a  mesh  or  s c r e e n  

s i z e   r a n g i n g   f rom  a b o u t   5  mm  to  a b o u t   200  mm. 

20.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   19,  f u r t h e r   c h a r a c t e r -  

i s e d   in   t h a t   the   p a r t i c l e s   have  a  s i z e   r a n g i n g   from  10mm 

to  100  mm. 

21.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   f o r   s e p a r a -  

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

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

22.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   21,  f u r t h e r   c h a r a c t e r -  

i s e d   in   t h a t   s a i d   ore  p a r t i c l e s   c o m p r i s e   l i m e s t o n e .  

23.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to  20  f o r  

s e p a r a t i n g   h i g h e r   BTU  coa l   p a r t i c l e s   f rom  p a r t i c u l a t e  

c o a l   c o m p r i s i n g   h i g h e r   BTU  coa l   p a r t i c l e s   and  l o w e r   BTU 

p a r t i c l e s .  



24.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to  20  f o r  

s e p a r a t i n g   h i g h e r   s u r f a c e   k e r o g e n   c o n t e n t   o i l   s h a l e  

p a r t i c l e s   f rom  l o w e r   s u r f a c e   k e r o g e n   c o n t e n t   p a r t i c l e s .  

25.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   I  to  20,  f o r  

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

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

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

d e s i r e d   t h i r d   m i n e r a l .  

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

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

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

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

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

b e f o r e   s a i d   r e a c t i o n ;   s a i d   d i f f e r e n c e   in   s a i d   d e t e c t a b l e  

c h a r a c t e r i s t i c   i s   d e t e c t e d ;   and  the   p a r t i c l e s   h a v i n g   s a i d  

d e t e c t a b l e   c h a r a c t e r i s t i c   a re   s e p a r a t e d   f rom  the   o t h e r  

p a r t i c l e s .  

27.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   26,  f u r t h e r   c h a r a c t e r -  

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

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

8 - h y d r o x y q u i n o l i n e ,   and  s a i d   d e t e c t a b l e   c h a r a c t e r i s t i c  

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

or  g r o u p   of  w a v e l e n g t h s .  

28.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   27,  f u r t h e r   c h a r a c t e r -  

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