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@  Apparatus  and  method  for  froth  flotation  separation. 

@  A  method  and  apparatus  for  froth  flotation  separa- 
tion  of  the  components  of  a  slurry,  having  particular 
utility  for  the  beneficiation  of  coal  by  the  flotation  se- 
paration  of  coal  particles  from  impurities  associated 
therewith  such  as  ash  and  sulfur.  A  spray  nozzle  (16) 
is  positioned  above  a  flotation  tank  (12)  having  a  liquid 
bath  therein,  and  sprays  an  input  slurry  throuph  an 
aeration  zone  (19)  into  the  surface  (14)  of  the  liquid. 
The  spraying  operation  creates  a  froth  (17)  on  the  liquid 

Q|  surface  (14)  in  which  a  substantial  quantity  of  particulate 
0^  matter  is  floating,  while  other  components  of  the  slurry 

sink  into  the  liquid.  A  skimming  arrangement  (28)  pref- 
ix  erably  skims  the  froth  (17)  from  the  surface  (14)  as  a 
"2  cleaned  or  beneficiated  product.  Moreover,  a  reycling 
V  operation  may  be  provided  wherein  particulate  materials 
^   which  do  not  float  after  being  sprayed  through  the  input 

spray  nozzle  (18)  to  provide  a  second  opportunity  for 
^   recovery  of  the  recycled  particles. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a p p a r a t u s   f o r   u se   i n  

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

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

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

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

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

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

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

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

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

t h e  s u r f a c e .  

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

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

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

and  s u l f u r .  

C o a l   i s   an  e x t r e m e l y   v a l u a b l e   n a t u r a l   r e s o u r c e   in  t h e  

U n i t e d   S t a t e s ,   as  w e l l   as  t h e   r e m a i n d e r   o f   t h e   w o r l d ,  

b e c a u s e   of  i t s   r e l a t i v e   a b u n d a n c e .   I t   has   b e e n   e s t i m a t e d  

t h a t   t h e   U n i t e d   S t a t e s   a l o n e   has   more   e n e r g y   a v a i l a b l e  

in  t h e   fo rm  of  c o a l   t h a n   in  t h e   c o m b i n e d   n a t u r a l   r e -  

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

s a n d s .   R e c e n t   e n e r g y   s h o r t a g e s ,   t o g e t h e r   w i t h   t h e   a v a i l -  

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

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

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

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

Known  p r i o r   a r t   p r o c e s s e s   f o r   f r o t h   f l o t a t i o n   s e p a r a t i o n  

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

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

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



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

i n e f f i c i e n t   a p p r o a c h e s   e s p e c i a l l y   when  l a r g e   c o n c e n t r a -  

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

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

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

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

be  e x p e n d e d   in  f r o t h i n g .   In  a d d i t i o n ,   f r o t h   f l o t a t i o n  

t e c h n i q u e s   w h i c h   p e r m i t   b u b b l e s   to   r i s e   in  t h e   s l u r r y  

can   t e n d   to   t r a p   and  c a r r y   i m p u r i t i e s ,   s u c h   as  a s h   i n  

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

c i a t e d   p a r t i c u l a t e   p r o d u c t   can   h a v e   more  i m p u r i t i e s  

t h e r e i n   t h a n   n e c e s s a r y .  

M e t h o d s   have   b e e n   s u g g e s t e d   and  a r e   b e i n g   e x p l o r e d   i n  

t h e   b e n e f i c i a t i o n   of  c o a l ,   i . e . ,   t h e   c l e a n i n g   of  c o a l  

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

b u r n i n g   t h e   c o a l   or   a f t e r   i t s   c o m b u s t i o n .   In  one  r e c e n t -  

ly  d e v e l o p e d   t e c h n i q u e   f o r   b e n e f i c i a t i o n ,   t e r m e d   h e r e i n  

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

f i n e   mesh   s i z e   and  i s   t h e n   c h e m i c a l l y   t r e a t e d .   A c c o r d i n g  

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

f rom  ash   and  s u l f u r ,   and  a  b e n e f i c i a t e d   or  c l e a n e d   c o a l  

p r o d u c t   i s   r e c o v e r e d   t h e r e f r o m .  

In  f u r t h e r   d e t a i l ,   in  t h e   h e r e t o f o r e   m e n t i o n e d   c h e m i c a l  

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

and  t h e   l i k e ,   and  i s   t h e n   p u l v e r i z e d   to  a  f i n e   s i z e   o f  

a b o u t   48  to   300  m e s h .   The  e x t e n d e d   s u r f a c e s   of  t h e  

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

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

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

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

in  a  w a t e r   w a s h i n g   s t e p .   T h i s   s t e p   u t i l i z e s   o i l   a n d  

w a t e r   s e p a r a t i o n   t e c h n i q u e s ,   and  t h e   c o a l   p a r t i c l e s  

made  h y d r o p h o b i c  c a n   f l o a t   in  r e c o v e r y   on  a  w a t e r   p h a s e  



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

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

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

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

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

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

r i z e d   in   t h a t   s a i d   means   f o r   c r e a t i n g   a  f r o t h   p h a s e  

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

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

t h r o u g h   an  a e r a t i o n   zone  i n t o   t h e   s u r f a c e   of   s a i d   l i q u i d  

to   c r e a t e   s a i d   f r o t h  i n   w h i c h   f l o a t s   a  q u a n t i t y   of   s a i d  

p a r t i c u l a t e   m a t t e r .  

The  m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d  

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

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

one  i n p u t   s p r a y   n o z z l e   t h r o u g h   an  a e r a t i o n   zone   i n t o  

t h e   l i q u i d   s u r f a c e .  

The  a p p a r a t u s   may  f u r t h e r   c o m p r i s e :   a  c o l l e c t o r   m e a n s  

p o s i t i o n e d   i n . s a i d   t a n k   b e l o w   s a i d   a t   l e a s t   one  i n p u t  

s p r a y   n o z z l e   f o r   c o l l e c t i n g   s i n k i n g   m a t e r i a l s ;   and  a t  

l e a s t   one  r e c y c l e   s p r a y   n o z z l e   p o s i t i o n e d   a b o v e   s a i d  

s u r f a c e   f o r   s p r a y i n g   t h r o u g h   an  a e r a t i o n   zone   i n t o   t h e  

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

The  or  e a c h   s p r a y   n o z z l e   may,  in  use   of  t h e   a p p a r a t u s ,  

be  s p a c e d   f rom  s a i d   s u r f a c e   of  l i q u i d   in  s a i d   t a n k .  

E x p e d i e n t l y ,   a t   l e a s t   one  of  s a i d   s p r a y   n o z z l e s   i n c l u d e s  

a  h o l l o w   j e t   member   s p r a y i n g   a  h o l l o w   cone   p a t t e r n   i n t o  

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

P r e f e r a b l y ,   the   a p p a r a t u s   i n c l u d e s   means   f o r  s u p p l y i n g  



s a i d   a t   l e a s t   one  i n p u t   s p r a y   n o z z l e   w i t h   s l u r r y   in   a  

p r e s s u r e   r a n g e   of  f rom  5  to   40  p s i .  

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

m e a n s ,   a d a p t e d   to   o p e r a t e   a l o n g   t h e   t o p   of  s a i d   t a n k ,  

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

Means  may  be  p r o v i d e d   f o r   r e m o v i n g   m a t e r i a l s   s e t t l i n g  

t o w a r d s   t h e   b o t t o m   of   t h e   t a n k .  

The  m e t h o d   may  i n c l u d e   t h e   f u r t h e r   s t e p s   o f :   c o l l e c t i n g  

s i n k i n g   m a t e r i a l s   f rom  t h e   s p r a y   of  t h e   or  e a c h   i n p u t  

s p r a y   n o z z l e ;   and  u t i l i z i n g   a t   l e a s t   one  r e c y c l e   s p r a y  
n o z z l e   to   r e s p r a y   t h r o u g h   an  a e r a t i o n   zone  i n t o   t h e  

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

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

r e c y c l e d   m a t e r i a l   f l o a t s   as  a  f r o t h   on  t h e   l i q u i d   s u r f a c e  

and  i s   r e c o v e r e d   t h e r e f r o m .  

In  one  e m b o d i m e n t ,   s a i d   s t e p   of   u t i l i z i n g   a  r e c y c l e  

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

of  u t i l i z i n g   an  i n p u t   s p r a y   n o z z l e ,   and  f u r t h e r   i n c l u -  

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

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

u t i l i z i n g   a  r e c y c l e   s p r a y   n o z z l e   and  u t i l i z i n g   an  i n p u t  

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

t h e   s i n k i n g   m a t e r i a l s   f rom  b o t h   s t e p s .  

As  w i l l   be  a p p a r e n t ,   t h e   s p r a y i n g   o p e r a t i o n   c r e a t e s   a  

f r o t h   on  t h e   s u r f a c e   of  t h e   l i q u i d   in   w h i c h   a  q u a n t i t y  

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

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

f rom  t h e   w a t e r   s u r f a c e   as  a  s e p a r a t e d   p r o d u c t .   O t h e r  

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

c u l a t e r   m a t t e r   s i n d   in  t h e   l i q u i d   b a t h .  



T h u s ,   in   one  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   a  

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

i n p u t   s p r a y   n o z z l e ( s )   f o r   c o l l e c t i n g   t h e   s i n k i n g   m a t e r i -  

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

l e a s t   one  r e c y c l e   s p r a y   n o z z l e   p o s i t i o n e d   a b o v e   t h e   t a n k  

w h i c h   r e s p r a y s   t hem  t h r o u g h   an  a e r a t i o n   zone  i n t o   t h e  

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

i n v e n t i o n   o p e r a t e s   in   an  e f f i c i e n t   m a n n e r   by  p r o v i d i n g  

a  r e c y c l i n g   o p e r a t i o n   w h e r e i n   p a r t i c l e s   w h i c h   do  n o t  

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

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

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

t h e   r e c y c l e   s p r a y   n o z z l e ( s )   i s   p o s i t i o n e d   in  p r o x i m i t y  

to   t h e   p r i m a r y   s p r a y   n o z z l e ( s ) ,   and  a  v e r t i c a l   b a f f l e  

p l a t e   i s   p o s i t i o n e d   in   t h e   t a n k   b e t w e e n   t h e   p r i m a r y   a n d  

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

s i n k i n g   f rom  t h e   s p r a y s   of  t h e   r e s p e c t i v e   n o z z l e s .  

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

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

p r e f e r a b l y   a  h o l l o w   j e t   cone   n o z z l e   d e f i n i n g   an  a p p r o x i -  

m a t e l y   30°  s p r a y   p a t t e r n .   F u r t h e r ,   t h e   s l u r r y   i s   p r e -  

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

f rom  5  to   40  p s i ,   and  more  p r e f e r a b l y   in  t h e   r a n g e   o f  

f rom  15  to   20  p s i .   A l s o ,   t h e  p r e s e n t   i n v e n t i o n   has   p a r -  
t i c u l a r   u t i l i t y   to   a  c o a l  b e n e f i c a t i o n   o p e r a t i o n   f o r  

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

and  a s s o c i a t e d   i m p u r i t i e s .  

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

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

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

s p r a y e d   t h r o u g h   an  a e r a t i o n   z o n e .   M o r e o v e r ,   f u r t h e r  

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

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

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



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

s u r f a c e   to   p r o m o t e   and  p r o v i d e   a  h i g h   p r o b a b i l i t y   of  s e -  

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

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

of  t h e   p r e s e n t   i n v e n t i o n ,   a  s k i m m e r   a r r a n g e m e n t   h a v i n g  

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

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

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

s u r f a c e   e x t e n d s   f rom  t h e   w a t e r   s u r f a c e   in  t h e   t a n k   to   a  

c o l l e c t i o n   t a n k   a r r a n g e d   a t   one  s i d e   of   t h e   f l o t a t i o n  

t a n k ,   and  t h e   s k i m m e r   p l a t e s   sk im  t h e   f r o t h   f rom  t h e  

w a t e r   s u r f a c e   up  t h e   i n c l i n e d   s u r f a c e   and  i n t o   t h e  

c o l l e c t i o n   t a n k .   M o r e o v e r ,   in  one  e m b o d i m e n t ,   t h e   i n -  

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

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

men t   o p e r a t e s   to   d i r e c t   t h e   f l o w   of  f r o t h   in   t h a t   d i -  

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

be  r e m o v e d   f rom  t h e   f l o t a t i o n   t a n k   by  a  c i r c u l a t i n g  

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

t a n k   to   r e m o v e   b o t h   w a t e r   and  s e t t l i n g   i m p u r i t i e s .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more   r e a d i l y   u n d e r s t o o d  

by  one  s k i l l e d   in  t h e   a r t   w i t h   r e f e r e n c e   to   t h e   f o l l o w -  

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

m e n t s   t h e r e o f ,   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y -  

i n g   d r a w i n g s   w h e r e i n   l i k e   e l e m e n t s   a r e   d e s i g n a t e d   b y  

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

d r a w i n g s ,   and  in  w h i c h  

F i g u r e   1  i s   an  e l e v a t i o n a l   v i e w   of   a  s c h e m a t i c  

e x e m p l a r y   e m b o d i m e n t   of  a  f l o t a t i o n  

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

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

F i g u r e   2  i l l u s t r a t e s   an  e l e v a t i o n a l   v i ew   of  a n o t h e r  



f l o t a t i o n   t a n k   u t i l i z i n g   t h e   i n v e n t i o n ;  

F i g u r e   3  i s   a  p a r t i a l l y   s e c t i o n a l   e l e v a t i o n a l   v i e w  

of  one  t y p e   of  s p r a y   n o z z l e   w h i c h   c an   b e  

u t i l i z e d   in  t h e   e m b o d i m e n t s   of   F i g u r e s  

1,  2  and  4;  a n d  

F i g u r e   4  i l l u s t r a t e s   an  e l e v a t i o n a l   v i e w   of  a  m o r e  

d e t a i l e d   e m b o d i m e n t   of  a  f l o t a t i o n   t a n k  

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

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

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

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

f r o t h   p h a s e ,   and  a r e   s u i t a b l e   f o r   t h e   s e p a r a t i o n   o f  

many  t y p e s   of  p a r t i c u l a t e   m a t t e r .   U.S .   P a t e n t   N o .  

4 , 3 0 4 , 5 7 3   may  be  r e f e r r e d   to  f o r   f u r t h e r   d e t a i l s   o n  

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

in  c o n j u n c t i o n   w i t h   t h e   s u b j e c t   i n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d   h e r e i n   wi th   r e f e r e n c e  

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

e x a m p l e ,   in  d e t a i l   in   t h e   a f o r e m e n t i o n e d   U . S . P a t e n t .  

T h u s ,   r e f e r r i n g   to   t h e   d r a w i n g s   h e r e i n   in  g r e a t e r   d e t a i l ,  

F i g .   1  i l l u s t r a t e s   a  f i r s t   e m b o d i m e n t   10  h a v i n g   a  f l o -  

t a t i o n   t a n k   12  f i l l e d   w i t h   w a t e r   to   l e v e l   14.  In  o p e r a -  

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

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

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

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

p r i m a r y   s p r a y   n o z z l e   16  p o s i t i o n e d   a t   a  s p a c e d   a p a r t   d i s -  

t a n c e   a b o v e   t h e   w a t e r   l e v e l   in  t a n k   12.  In  a l t e r n a t i v e  

e m b o d i m e n t s ,   two  or  more  n o z z l e s   can   be  u s e d   to   s p r a y  

s l u r r y   a n d / o r   any  o t h e r   d e s i r e d   i n g r e d i e n t s   i n t o   t h e  

t a n k .  



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

t h r o u g h   a  m a n i f o l d   to   t h e   s p r a y   n o z z l e   16  w h e r e i n   t h e  

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

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

j e t t i n g   i n t o   t h e   mass   o f  a   c o n t i n u o u s   w a t e r   b a t h   in   t a n k  

12  to   f o rm  a  f r o t h   17.  High   s h e a r i n g   f o r c e s   a r e   c r e a t e d  

in  n o z z l e   16,  and  t h e   d i s p e r s e d   p a r t i c l e s   f o r c e f u l l y  

e n t e r   t h e   s u r f a c e   of  t h e   w a t e r   and  b r e a k   up  t h e   c o a l - o i l -  

w a t e r   f l o c s   t h e r e b y   w a t e r - w e t t i n g   and  r e l e a s i n g   a s h   f r o m  

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

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

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

p a r t i c l e s   and  s i n k   i n t o   t h e   w a t e r   b a t h .   The  s u r f a c e s   o f  

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

in  t h e   a t o m i z e d   p a r t i c l e s ,   much  of   w h i c h   i s   e n t r a p p e d  

by  s p r a y i n g   t h e   s l u r r y   t h r o u g h   an  a e r a t i o n   zone  19  s u c h  

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

e f f e c t s   on  t h e   t r e a t e d   c o a l   c a u s e   t h e   f l o c c u l a t e d   c o a l  

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

17  on  t h e   s u r f a c e   of  t h e   w a t e r   b a t h .   The  h y d r o p h i l i c  

a s h   r e m a i n s   in  t h e   b u l k   w a t e r   p h a s e ,   and  t e n d s   to  s e t t l e  

d o w n w a r d l y   in  t a n k   12  u n d e r   t h e   i n f l u e n c e   of  g r a v i t y .  

Tank  12  in   F i g .   1,  2  and  4  may  be  a  c o n v e n t i o n a l   f r o t h  

f l o t a t i o n   t a n k   c o m m e r c i a l l y   a v a i l a b l e   f rom  KOM-LINE-  

S a n d e r s o n   E n g i n e e r i n g   C o . ,   P e a p a c k ,   N.Y.  m o d i f i e d   a s  

s e t   f o r t h . b e l o w .   The  f l o t a t i o n   t a n k   can   a l s o   i n c l u d e  

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

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

tem  and  a  t e m p e r a t u r e   s e n s i n g   and  c o n t r o l   s y s t e m .  

The  a p p a r a t u s   o p e r a t e s   on  a  f r o t h   g e n e r a t i o n   p r i n c i p l e  

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

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

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

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

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



g e n e r a t i o n   make  t h e   a p p a r a t u s   and  m e t h o d   h e r e i n   p a r t i c u -  

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

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

t h e r e i n .  

The  c o a l   p a r t i c l e s   in  t h e   f l o a t i n g   f r o t h  1 7   c r e a t e d   b y  

n o z z l e   16  can   be  r e m o v e d   f rom  t h e   w a t e r   s u r f a c e   by ,   e . g . ,  

a  s k i m m i n g   a r r a n g e m e n t   28  in  w h i c h   an  e n d l e s s   c o n v e y o r  

b e l t   30  c a r r i e s   a  p l u r a l i t y   of   s p a c e d   s k i m m e r   p l a t e s   32 

d e p e n d i n g   t h e r e f r o m .   The  s k i m m e r   p l a t e s   a r e   p i v o t a l l y  

a t t a c h e d   to   t h e   c o n v e y o r   b e l t   to   p i v o t   in  two  d i r e c t i o n s  

r e l a t i v e   to   t h e   b e l t ,   and  t h e   b o t t o m   run   of  t h e   b e l t   i s  

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

t h e   t a n k .   The  p l a t e s   32  sk im  t h e   r e s u l t a n t   f r o t h   on  t h e  

w a t e r   s u r f a c e   in  a  f i r s t   d i r e c t i o n   34  t o w a r d   a  s u r f a c e  

36,  p r e f e r a b l y   u p w a r d l y   i n c l i n e d ,   e x t e n d i n g   f rom  t h e  

w a t e r   s u r f a c e   to   a  c o l l e c t i o n   t a n k   38  a r r a n g e d   a t   o n e  

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

3 2  s k i m   t h e   f r o t h   f rom  t h e   w a t e r   s u r f a c e   up  t h e   s u r f a c e  

36  and  i n t o   t h e   c o l l e c t i o n   t a n k   3 8 .  

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

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

t i o n   40  f l o w i n g   f rom  an  i n f l u e n t   s t r e a m   42  to  t h e   e f f l u e n t  

s t r e a m   26,  w h i l e   t h e   s k i m m e r   a r r a n g e m e n t   a t   t h e   t o p   o f  

t h e   t a n k   o p e r a t e s   in  d i r e c t i o n   34,  c o u n t e r   to  t h a t   of  t h e  

w a s t e   d i s p o s a l   a r r a n g e m e n t .   A l t h o u g h   t h e  i l l u s t r a t e d   e m -  

b o d i m e n t   shows   a  c o u n t e r f l o w   a r r a n g e m e n t ,   a l t e r n a t i v e  

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

p r e s e n t   i n v e n t i o n  h a v i n g ,   e . g . ,   c r o s s   and  c o n c u r r e n t  

f l o w s   t h e r e i n .  

F i g .   3  i s   a  p a r t i a l l y   s e c t i o n a l   v i e w   of  one  t y p e   o f  

c o m m e r c i a l l y   a v a i l a b l e   s p r a y   n o z z l e   64  w h i c h   may  be  u s e d  

in  c o n j u n t i o n   w i t h   t he   s y s t e m s   shown  in  F i g .   1,  2  and  4 .  

A  r e c e s s e d   t h r e a d e d   c o u p l i n g   66  i s   p r o v i d e d   to  a t t a c h  



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

t h e   n o z z l e   w i t h   s l u r r y   u n d e r   p r e s s u r e .   The  s l u r r y   e n -  

c o u n t e r s   a  f r u s t o c o n i c a l   v e n t u r i   s e c t i o n   68  w h i c h   a c c e -  

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

known  v e n t u r i   e f f e c t .   The  s l u r r y   t h e n   f l o w s   t h r o u g h   t h e  

n o z z l e   a p e r t u r e   h a v i n g   a  n o m i n a l   d i a m e t e r   70,   w h i c h   i n  

c o m b i n a t i o n   w i t h   a  d i v e r g i n g   s e c t i o n   72  d e f i n e s   a  

h o l l o w   c o n e   s p r a y   p a t t e r n   74  h a v i n g   an  e n c o m p a s s i n g  

s p r a y   a n g l e   76.  In  o n e  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e -  
s e n t   i n v e n t i o n ,   a n g l e   76  i s   a p p r o x i m a t e l y   t h i r t y   d e g r e e s ,  

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

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

v e n t i o n .  

S p r a y   n o z z l e   64  may  be  a  h o l l o w   j e t   n o z z l e   as  i s   c o m m e r -  

c i a l l y   a v a i l a b l e   f r o m   S p r a y i n g   S y s t e m s   C o . ,   W h e a t o n ,  

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

o t h e r   t y p e s   of  n o z z l e s ,   w h i c h   f u n c t i o n   to   p r o v i d e   t h e  

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

u s e d .   The  n o z z l e s   a r e   p r e f e r a b l y   c o n s t r u c t e d   of  s t a i n -  

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

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

b e i n g   pumped   t h e r e t h r o u g h .   The  n o z z l e s   a r e   p r e f e r a b l y  

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

s u r e   in  t h e   r a n g e  o f   5  to   40  p s i ,   and  more   p r e f e r a b l y  

in  a  p r e s s u r e   r a n g e   of  15  to   20  p s i .  

Each   n o z z l e   16  may  b e i   t i l t e d   a t   an  a n g l e   6  w i t h   r e s p e c t  

to   a  v e r t i c a l ,   ( i . . e . ,   t h e   p o s i t i o n   of  t h e   n o z z l e   r e l a t i v e  

to   t h e   l i q u i d   s u r f a c e   l e v e l ) ,   as  shown  in  F i g .   4,  s u c h  

t h a t   i t   f u n c t i o n s   to   d i r e c t   t h e   f l o w   of  f r o t h   in  a  d i -  

r e c t i o n   t o w a r d s   t h e   s k i m m e r   a r r a n g e m e n t   28.  H o w e v e r ,   t h e  

a n g l e   of  i n c i d e n c e   9  d o e s   n o t   a p p e a r   to   be  c r i t i c a l ,   a n d  

t h e   v e r t i c a l   p o s i t i o n i n g   shown  in  F i g .   1  may  be  p r e f e r r e d  

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

f r o t h   g e n e r a t i o n   a t   t h e   w a t e r   s u r f a c e .   I t   a p p e a r s   to   b e  



s i g n i f i c a n t   t h a t   t h e   a g i t a t i o n   c r e a t e d   by  t h e   n o z z l e  

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

d i s t a n c e   b e n e a t h   t h e   w a t e r   s u r f a c e   l e v e l .   Too  much  t u r -  

b u l e n c e   may  a c t u a l l y   r e d u c e   t h e   a m o u n t   of  f r o t h i n g   p r o -  

d u c e d   a t   t h e   w a t e r   s u r f a c e .   Among  o t h e r   m e a n s ,   t h e   d e p t h  

of  t h e   t u r b u l e n c e   zone  may  be  a d j u s t e d   by  v a r y i n g   t h e  

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

and  a l s o   t h e   d i s t a n c e   of  t h e   n o z z l e s   a b o v e   t h e   w a t e r  

s u r f a c e .   In  one  o p e r a t i v e   e m b o d i m e n t ,   a  zone   of  t u r b u -  

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

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

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

as  t h e   t a n k   s i z e ,   t h e   medium  in  t h e   t a n k ,   e t c .   and  a c c o r -  

d i n g l y   may  v a r y   c o n s i d e r a b l y   in  o t h e r   e m b o d i m e n t s .  

In  one  e m b o d i m e n t   as  shown  in  F i g .   2,  a  r e c y c l i n g   t e c h -  

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

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

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

s p r a y e d   t h r o u g h   a  s p r a y   n o z z l e   16,  d e s i g n a t e d   a  p r i m a r y  

s p r a y   n o z z l e   in  c o n t e x t   w i t h   t h i s   e m b o d i m e n t ,   a r e   r e -  

c y c l e d   to   a  f u r t h e r   r e c y c l e   s p r a y   n o z z l e   18  to   p r o v i d e  

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

In  t h i s   a r r a n g e m e n t   a  c o l l e c t o r   t r o u g h   20,  p r e f e r a b l y  

in  t h e   fo rm  of  an  open  h e m i s p h e r i c a l   p i p e ,   i s   p o s i t i o n e d  

in  t a n k   12  b e n e a t h   t he   p r i m a r y   s p r a y   n o z z l e ( s )   16  f o r  

c o l l e c t i n g   t h e  s i n k i n g   m a t e r i a l s .   A  pump  22  i s   c o u p l e d  

to  t r o u g h   20  and  f u n c t i o n s   to   d raw  s e t t l i n g   m a t e r i a l s  

i n t o   t h e   t r o u g h   f rom  w h i c h   i t   i s   pumped  u n d e r   p r e s s u r e  
to  t h e   r e c y c l e   s p r a y   n o z z l e ( s ) .   At  l e a s t  o n e   r e c y c l e  

s p r a y   n o z z l e   18,  w h i c h   may  be  t h e   same  t y p e   of  n o z z l e  

as  p r i m a r y   s p r a y   n o z z l e   16,  i s   p r o v i d e d   a b o v e   t h e   t a n k  

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

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

t h e   r e c y c l e d   c o a l   f l o a t s  a s   a  f r o t h   on  t h e   w a t e r   s u r f a c e  



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

n o z z l e ( s )   18  i s   p o s i t i o n e d   in   p r o x i m i t y   to   t h e   p r i m a r y  

s p r a y   n o z z l e ( s )   16,  and  a  v e r t i c a l   b a f f l e   p l a t e   24  i s  

p o s i t i o n e d   in   t h e   t a n k   12  b e t w e e n   p r i m a r y   and  r e c y c l e  

n o z z l e s   to   p r o v i d e   s e p a r a t i o n   f o r   m a t e r i a l s   s i n k i n g   f r o m  

t h e   s p r a y s   of  t h e   r e s p e c t i v e   n o z z l e s .   In  a l t e r n a t i v e  

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

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

t a n k . T h u s   t h e r e   may  be  p r o v i d e d   an  a d d i t i o n a l   c o l l e c t o r  

means   p o s i t i o n e d   in  s a i d   t a n k   b e l o w   s a i d   a t   l e a s t   o n e  

r e c y c l e   s p r a y   n o z z l e   19  f o r   c o l l e c t i n g   t h e   s i n k i n g   m a -  

t e r i a l s   f rom  i t s   s p r a y ,   and  a  f u r t h e r   r e c y c l e   s p r a y  

n o z z l e   p o s i t i o n e d   a b o v e   s a i d   t a n k   f o r   s p r a y i n g   t h r o u g h  

an  a e r a t i o n   zone  i n t o   t h e   l i q u i d   s u r f a c e   t h e   m a t e r i a l s  

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

two  or  more   s t a g e s   of  r e c y c l i n g   a r e   p r o v i d e d .  

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

p r o v i d i n g   more  e f f e c t i v e   c l e a n i n g   of  t h e   c o a l   and  h i g h e r  

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

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

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

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

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

f r o m   t h e   r e c y c l e   s p r a y   t e n d   to  s e t t l e   d o w n w a r d l y   in   t a n k  

12  u n d e r   t h e   i n f l u e n c e   of  g r a v i t y ,   and  a r e   w i t h d r a w n  

in  an  a s h - w a t e r   s t r e a m   26  f rom  t h e   b a s e   of  t h e   v e s s e l .  

F i g .   4  i l l u s t r a t e s   an  e l e v a t i o n a l   v i e w   of  a  more  d e -  

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

a r r a n g e m e n t   46  p u r s u a n t   to  t h e   t e a c h i n g s   h e r e i n .   T a n k  1 2  

may  be  a  c o n v e n t i o n a l   f r o t h   f l o t a t i o n   t a n k   c o m m e r c i a l l y  

a v a l i l a b l e   f rom  K O M - L I N E - S a n d e r s o n   E n g i n e e r i n g  C o l ,   P e a -  

p a c k ,   N . J .   m o d i f i e d   as  s e t   f o r t h   b e l o w .   The  b a s e   of  t h e  

t a n k   can   be  s u p p o r t e d   in  a  c o n v e n t i o n a l   m a n n e r   by  c h a n n e l  



and  f l a n g e d   s t r u c t u r a l   m e m b e r s ,   as  i l l u s t r a t e d .   The  f l o -  

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

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

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

s e n s i n g   and  c o n t r o l   s y s t e m .  

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

r o l l e r   48  a t   one  e n d ,   d r i v e n   by  a  c h a i n   or  e q u i v a l e n t  

l i n k a g e   f rom  a  s k i m m e r   d r i v e   50  m o u n t e d   on  t h e   t a n k .   T h e  

o t h e r   end  of  t h e   c o n v e y o r   i s  d e f i n e d   by  an  i d l e r   r o l l e r  

52  w h i c h   in   c o m b i n a t i o n   w i t h   a  s e c o n d   i d l e r   r o l l e r   54  

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

of  t h e   f l o t a t i o n   t a n k .   The  c o n v e y o r   b e l t   in  t h i s   d e s i g n  

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

c h a i n   w i t h   e a c h   s t r a n d   h a v i n g   n i n e t y - s i x   p i t c h e s .   T w e l v e  

s k i m m e r   p l a t e s   a r e   c a r r i e d   by  t h e   two  c h a i n s ,   w i t h   e a c h  

p l a t e   b e i n g   e i g h t   p i t c h e s   a p a r t   on  t h e   two  c o n v e y o r  

c h a i n s .   The  b o t t o m   run   of  t he   c o n v e y o r   a r r a n g e m e n t   i s  

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

f a c e ,   and  e a c h   p l a t e   d e p e n d s   d o w n w a r d l y   f rom  t h e   c o n -  

v e y o r   c h a i n s   a p p r o x i m a t e l y   t e n   i n c h e s   to   t h e   w a t e r   s u r -  

f a c e .   The  s k i m m e r   p l a t e s   c a r r y   t h e   c o a l   b e a r i n g   f r o t h  

up  an  i n c l i n e d   s u r f a c e   36  to  a  c h u t e   37  t h r o u g h   w h i c h  

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

T r o u g h   20  i s   in  t h e   form  of  an  open   h e m i s p h e r i c a l   p i p e  

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

p r i m a r y   s p r a y   n o z z l e   16  i m p i n g e s   on  t h e   w a t e r ,   and  i s  

coupled  by  l e n g t h s   of  v e r t i c a l   and  h o r i z o n t a l   c o n d u i t s  

60  and  62  to   pump  22,  n o t   shown  in  F i g .   4,  w h i c h   i n  

t u r n   s u p p l i e s   r e c y c l e   m a n i f o l d   58  w i t h   a  s l u r r y   a t   a  

p r e f e r r e d   f e e d   p r e s s u r e .  

W h i l e   s e v e r a l   e m b o d i m e n t s   and  v a r i a t i o n s   of  a  m e t h o d  

and  a p p a r a t u s   f o r   f r o t h   f l o t a t i o n   s e p a r a t i o n   of  t h e  

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



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

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

a r t .  

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

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

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

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

t a t i o n   s e p a r a t i o n   t e c h n o l o g y .   For   i n s t a n c e ,   t h e   f r o t h  

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

be  u t i l i z e d   in   c o n j u n c t i o n   w i t h   p a r t i c u l a t e   m a t t e r   s u c h  

as  c a r b o n a c e o u s   p a r t i c l e s ,   n o n c a r b o n a c e o u s   p a r t i c l e s ,  

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

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

o r e s ,   f i n e s ,   e t c .  



1.  A p p a r a t u s   f o r   u se   in  f r o t h   f l o t a t i o n   s e p a r a t i o n   o f  

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

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

(12)  f o r   c o n t a i n i n g   a  l i q u i d ;   and  means   f o r   c r e a t i n g  

a  f r o t h   p h a s e   (17)  on  t h e   s u r f a c e   (14)  of  s a i d   l i -  

q u i d ,   c h a r a c t e r i z e d   in  t h a t   s a i d   means   f o r   c r e a t i n g  

a  f r o t h   p h a s e   (17)  c o m p r i s e s   a t   l e a s t   one  i n p u t   s p r a y  
n o z z l e   (16)  p o s i t i o n e d   to   s p r a y   i n p u t   s l u r r y   c o n t a i -  

n i n g   p a r t i c u l a t e   m a t t e r   t h r o u g h   an  a e r a t i o n   zone  ( 1 9 )  

i n t o   t h e   s u r f a c e   (14)  of  s a i d   l i q u i d   to  c r e a t e   s a i d  

f r o t h   (17)  in  w h i c h   f l o a t s   a  q u a n t i t y   of  s a i d - p a r -  

t i c u l a t e   m a t t e r .  

2.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  f u r t h e r   c h a r a c t e -  

r i z e d   by:  a  c o l l e c t o r   means   (20)  p o s i t i o n e d   in  s a i d  

t a n k   (12)  b e l o w   s a i d   a t   l e a s t   one  i n p u t   s p r a y   n o z z l e  

(16)  f o r   c o l l e c t i n g   s i n k i n g   m a t e r i a l s ;   and  a t   l e a s t  

one  r e c y c l e   s p r a y   n o z z l e   (18)  p o s i t i o n e d   a b o v e   s a i d  

s u r f a c e   (14)  f o r   s p r a y i n g   t h r o u g h   an  a e r a t i o n   z o n e  

(19)  i n t o   t h e   s u r f a c e   ( 1 4 ) ,   t h e   m a t e r i a l s   c o l l e c t e d  

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

3.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1  or  2  w h e r e i n  t h e   o r  

e a c h   s p r a y   n o z z l e   (16,   18)  is   in  use   of  t h e   a p p a r a t u s ,  

s p a c e d   f rom  s a i d   s u r f a c e   (14)  of  l i q u i d   in  s a i d   t a n k  

( 1 2 )  .  

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

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

a  h o l l o w   j e t   member  (64)  s p r a y i n g   a  h o l l o w   c o n e  

p a t t e r n   (76)  i n t o   t h e   l i q u i d   s u r f a c e   (14)  of  t h e  

t a n k   ( 1 2 ) .  



5.  A p p a r a t u s   as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g  

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

one  i n p u t   s p r a y   n o z z l e   w i t h   s l u r r y   in   a  p r e s s u r e  

r a n g e   of  g r o m  5   to  40  p s i .  

6.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   f u r t h e r   i n c l u d i n g   a  s k i m m e r   means   ( 2 8 ) ,  

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

s k i m m i n g   f r o t h   f rom  t h e   l i q u i d   s u r f a c e   ( 1 4 ) .  

7.  A p p a r a t u s   f o r   f r o t h   f l o t a t i o n   s e p a r a t i o n   of  t h e   c o m -  

p o n e n t s   of  a  s l u r r y   as  c l a i m e d   in  c l a i m  2 ,   i n c l u d i n g  

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

b o t t o m   of  s a i d   t a n k . T h u s   t h e r e   may  be  p r o v i d e d   a n  
a d d i t i o n a l   c o l l e c t o r   means   p o s i t i o n e d   in  s a i d   t a n k  

b e l o w   s a i d   a t   l e a s t   one  r e c y c l e   s p r a y   n o z z l e   ( 1 9 )  

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

s a i d   t a n k   f o r   s p r a y i n g   t h r o u g h   an  a e r a t i o n   zone   i n t o  

t h e   l i q u i d   s u r f a c e   t h e   m a t e r i a l s   c o l l e c t e d   by  s a i d  

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

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

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

w h i c h   m e t h o d :   t h e r e   i s   c r e a t e d   a  f r o t h   p h a s e   (17)  i n  

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

on  a  l i q u i d   s u r f a c e   ( 1 4 ) ;   and  t h e   f r o t h   (17)  i s   r e -  
moved  f rom  t h e   s u r f a c e ,   c h a r a c t e r i z e d   in   t h a t   t h e  

f r o t h   (17)  i s   c r e a t e d   by  s p r a y i n g   an  i n p u t   s l u r r y  

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

i n p u t   s p r a y   n o z z l e   (16)  t h r o u g h   an  a e r a t i o n   zone   ( 1 9 )  

i n t o   t h e   l i q u i d   s u r f a c e   ( 1 4 ) .  



9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   8  f u r t h e r   c h a r a c t e r i z e d  

by  t h e   s t e p s   o f :   c o l l e c t i n g   s i n k i n g   m a t e r i a l s   f r o m  

t h e   s p r a y   of  t h e   or   e a c h   i n p u t   s p r a y   n o z z l e   ( 1 6 ) ;  

and  u t i l i z i n g   a t   l e a s t   one  r e c y c l e   s p r a y   n o z z l e   ( 1 8 )  

to   r e s p r a y   t h r o u g h   an  a e r a t i o n   zone   (19)  i n t o   t h e  

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

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

of  t h e   r e c y c l e d   m a t e r i a l   f l o a t s   as  a  f r o t h   on  t h e  

l i q u i d   s u r f a c e   and  i s   r e c o v e r e d   t h e r e f r o m .  

10.  A  m e t h o d   as  c l a i m e d   in  c l a i m   9  w h e r e i n   s a i d   s t e p   o f  

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

p r o x i m i t y   to  s a i d   s t e p   of   u t i l i z i n g   an  i n p u t   s p r a y  

n o z z l e ,   and  f u r t h e r   i n c l u d i n g   t h e   s t e p   of  p r o v i d i n g  

a  v e r t i c a l   b a f f l e   p l a t e   (24)  in  t h e   l i q u i d   b e t w e e n  

t h e   p o s i t i o n s   a t   w h i c h   t h e   s t e p s   of  u t i l i z i n g   a  r e -  

c y c l e   s p r a y   n o z z l e   and  u t i l i z i n g   an  i n p u t   s p r a y  

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

s i n k i n g   m a t e r i a l s   f rom  b o t h   s t e p s .  
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