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INTRODUCTION

To d a t e  t h e r e  h a s  b e e n  no a g r e e m e n t  a s  t o  t h e  d e f i n i t i o n  

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

i n  t h e  f i e l d  o f  f l o t a t i o n .  Some w r i t e r s ^ - 1- ^ /  hav e  d e s i g n a t e d  

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

n e s s  t h a t  I t  w i l l  p a s s  a  1 5 0 -  o r  2 0 0 -m e sh  s c r e e n .  I n  1945 
■* /T a g g a r t ^  d e f i n e d  s l i m e  a s  m a t e r i a l s  f i n e  en o u g h  t o  r e m a i n  

s u s p e n d e d  more o r  l e s s  i n d e f i n i t e l y  i n  a  s u i t a b l e  p u l p  s o l u ­

t i o n .  Such  m a t e r i a l  i s  f r e q u e n t l y  c h a r a c t e r i z e d  a s  c o l l o i d a l  

s l i m e .  H ow ever ,  E .  K . F i s h e r ^ /  w r i t e s  t h a t  c o l l o i d a l  p a r t i c l e s  

v a r y  f rom  a p p r o x i m a t e l y  1 m i c r o n  s i z e  f o u n d  i n  s u s p e n s i o n  t o  

1 m i l l i m i c r o n  s i z e  f o u n d  i n  s o l u t i o n .  I n  a n  e f f o r t  t o  a v o i d  

v a g u e n e s s ,  ,,s l l m e s H a r e  d e s i g n a t e d  by t h e  t e r m  p a r t i c l e  s i z e  

i n  t h i s  t h e s i s .

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

b e h a v i o r s  o f  d i f f e r e n t  p a r t i c l e  s i z e s  i n  f l o t a t i o n  w o u ld  be 

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

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

p a r t i c l e s  f i n e r  t h a n  200  mesh on t h e  f l o t a b i l i t y  o f  a d m i x t u r e  

o f  p u r e - s i z e d  m i n e r a l s .

I n  1 9 3 1 ,  G a u d i n ,  G ro h ,  a n d  H e n d e r s o n ^ /  c o n s i d e r e d  t h e  

m e thod  o f  m i x i n g  p u r e - s i z e d  m i n e r a l s  i m p r a c t i c a l  b e c a u s e  o f  

t e d i o u s n e s s  i n v o l v e d  by t h e  l a r g e  am ount  o f  e l u t r i a t i o n  r e ­

q u i r e d  p r e p a r a t o r y  t o  f l o t a t i o n .  The i n t r o d u c t i o n  o f  t h e  

H a u l t a i n  I n f r a s i z e r  i n  r e c e n t  y e a r s  h a s  b e e n  a  g r e a t  a i d  i n  

s i z i n g  p a r t i c l e s  s m a l l e r  t h a n  200  m e s h .
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A l a r g e  num ber  o f  m i n e r a l s  I n  v a r i o u s  c o n c e n t r a t e s  a r e

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

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

p r o c e s s •

I n  o r d e r  t o  c o n f i n e  t h e  s c o p e  o f  t h e  p r o b le m  o f  s m a l l  

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

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

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

i n  v a r i o u s  f i n e - s i z e  r a n g e s ,  t o  a  s y n t h e t i c  o r e  c o n s i s t i n g  

o f  one g angue  m i n e r a l  a n d  one v a l u a b l e  m i n e r a l .

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

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

o f  “ s l i m e s , ” o r  s m a l l - s l z e - r a n g e  gan g u e  p a r t i c l e s ,  on  t h e  

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

c o n c e n t r a t e d  by t h e  f r o t h  f l o t a t i o n  p r o c e s s  . The e x t r e m e l y ^
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THEORIES

E f f e c t  o f  P a r t i c l e  S i z e  on F l o t a t i o n

The p r e s e n c e  o f  f i n e  p a r t i c l e s ,  o r  " s l i m e s , ” i n  a  f l o ­

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

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

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

r e d u c t i o n  i n  r e c o v e r y .

E f f e c t  on c o n s u m p t i o n  o f  r e a g e n t s  by f i n e  p a r t i c l e s ,  o r  

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

few i n v e s t i g a t o r s  r e p o r t  t h e  n e c e s s i t y  f o r  t h e  u se  o f  more 

f r o t h e r  o r  c o l l e c t o r  o r  b o t h  when c o l l o i d a l  “ s l i m e s ” a r e  

p r e s e n t .  Bu t  i n  n o n - s u l p h i d e  f l o t a t i o n ,  c o l l o i d a l  " s l i m e s ” 

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

c a t i o n i c  c o l l e c t o r s .  C o n s u m p t io n  o f  t h e  r e a c t i v e  c o l l e c t o r  

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

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

a g e n t s ,  o f t e n  i n  am o u n ts  t e n  o r  more t i m e s  t h o s e  o r d i n a r i l y  

r e q u i r e d .  As a  r e s u l t ,  t h e  i n t e r f a c e  o f  t h e  a i r  b u b b le  a n d  

t h e  l i q u i d  i s  c o a t e d  w i t h  s m a l l - s i z e  g an g u e  p a r t i c l e s ,  o r  

“ s l i m e s , ” a n d  p r e s e n t s  a  g an g u e  s u r f a c e  t o  t h e  v a l u a b l e  

m i n e r a l  p a r t i c l e  when c o n t a c t  o f  b u b b le  a n d  m i n e r a l  p a r t i c l e  

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

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

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

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

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

m i n e r a l  t o  be f l o a t e d .



4

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

an  u n c o n t r o l l a b l e  amount  o f  f r o t h .  O v e r f r o t h i n g  i s  u s u a l l y  

m arked  by a  f l u f f y ,  l a r g e - b u b b l e  f r o t h  o f  l a r g e  v o lu m e ,  c a r r y ­

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

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

a r e  f r e q u e n t l y  p r e d o m i n a n t l y  g a n g u e .  O v e r f r o t h i n g  o f  a  m i n e r a l  

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

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

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

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

c o l l o i d .  The f i l m  a p p a r e n t l y  e x c l u d e s  g r a n u l a r  m a t e r i a l  mech­

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

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

C o n t a m i n a t i o n  o f  c o n c e n t r a t e  by g an g u e  " s l i m e s ” o c c u r s  

p r i m a r i l y  i n  n o n s u l p h i d e  f l o t a t i o n  when t h e  gangue  " s l i m e s "  

a r e  f l o c c u l a t e d  a n d  more o r  l e s s  c o l l e c t o r - c o a t e d ,  a n d  a r e  

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

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

p e n s i o n  i n  t h e  w a t e r ,  an d  by r e a s o n  o f  " s l i m e "  c o a t i n g  o f  

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

R e d u c t i o n  i n  r e c o v e r y  o c c u r s  when " s l i m e ” c o a t i n g  o f  

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

e x t e n t  a s  t o  p r e v e n t  b u b b l e  a t t a c h m e n t .  As a  r u l e ,  " s l i m e s "  

o f  a l l  m i n e r a l s  a r e  v e r y  s l o w  i n  f l o a t i n g .

H y p o t h e s e s  o f  S l i m e - C o a t i n g  M echanism

S l im e  c o a t i n g  i s  c a u s e d ,  on  t h e  b a s i s  o f  t h e  a v a i l a b l e  

e v i d e n c e ,  by t h e  f o l l o w i n g  f o u r  m e c h a n i s m s .
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An o l d  h y p o t h e s i s  o f  gangue  s l i m e  c o a t i n g  o f  v a l u a b l e  

m i n e r a l s  was p r o p o s e d  by C .  R .  I n c e ^ / .  I n c e  s t a t e s  t h a t  t h i s  

i s  due t o  t h e  a t t r a c t i o n  b e tw e e n  e l e c t r o s t a t i c  c h a r g e s  o f  

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

The i o n i c  t h e o r y  was f u r t h e r  r e v i s e d  by S .  C .  S u n ^ / .

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

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

a n d / o r  when t h e  p o t e n t i a l  o f  t h e  s l i m e  i s  lo w ;  t h a t  t h e  c o a t ­

i n g  i s  l i g h t  when t h e  p o t e n t i a l  o f  t h e  s l i m e  i s  h i g h  a n d  t h a t  

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

a l i k e  i n  s i g n .

Del  G i u d i c e  i n  a  c e m e n t i n g  h y p o t h e s i s ^ /  p o s t u l a t e d  i n  

1934  showed t h a t  c e r t a i n  c a s e s  o f  c o a t i n g — e . g . ,  c a l c i t e  on 

g a l e n a — were a c c o m p a n i e d  by an  e x c h a n g e  o f  i o n s  i n  s o l u t i o n  

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

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

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

t o  a c t  a s  a b i n d i n g  c em e n t  b e tw e e n  t h e  c a l c i t e  p a r t i c l e s  a n d  

t h e  g a l e n a  m a s s •

A f l o c c u l a t i o n  h y p o t h e s i s  by S . G. S a n k o f f ^ /  s t a t e s  t h a t  

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

g r a n u l a r  p a r t i c l e s  become s l i m e - c o a t e d . I t  h a d  a l r e a d y  b ee n  

shown by T a g g a r t ,  T a y l o r ,  a n d  K n o l l i ^ /  t h a t  when p u l p  s o l i d s  

a r e  d i s p e r s e d  t h e y  a r e  i n  B row nian  movement  a n d  t h a t  t h e  

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

s u r f a c e  a  compound h a v i n g  a  b u l k  s o l u b i l i t y  o f  0 . 5  t o  15 o r  

2 0  m i l l i g r a m s  p e r  l i t e r .  The c o n d i t i o n  f o r  d i s p e r s i o n  i s  t h e
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c o m b i n a t i o n  o f  a n c h o r e d  a n d  f r e e - s w i m m i n g  i o n s .  S u r f a c e  com­

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

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

a t m o s p h e r e  o f  s u r r o u n d i n g  f r e e - s w i m m i n g  i o n s .  O b s e r v a t i o n  o f  

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

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

d e s p i t e  t h e i r  c o n t i n u o u s  d a r t i n g  m ovem en ts ,  b u t  t h a t  when 

B ro w n ian  movement i s  s t o p p e d ,  e i t h e r  by o v e r - s o l u b i l i z i n g  o r  

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

i n  l i q u i d  c u r r e n t s ,  c o n t a c t  a n d  a d h e r e - —I *e . ,  f l o c c u l a t e .  

S l im e  c o a t i n g  c o r r e s p o n d s  t o  f a i l u r e  o f  B row nian  movement  

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

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

P r o c e d u r e

F i v e - h u n d r e d  gram s a m p l e s  o f  a s y n t h e t i c  o r e ,  composed 

o f  475 grams  o f  m inus  65 p l u s  100  mesh q u a r t z  an d  25 g ram s  

o f  m inus  65 p l u s  100  mesh g a l e n a ,  were  f l o a t e d  i n  a  6 0 0 -g ram  

WEMCO l a b o r a t o r y  f l o t a t i o n  m ach ine  i n  2 , 0 0 0 - 2 , 2 0 0  c u b i c  

c e n t i m e t e r s  o f  G o ld en  t a p  w a t e r .  Amounts v a r y i n g  f rom  5 t o  

1 0 0  grams a t  5 -g ra m  i n t e r v a l s ,  an d  s i z e s  f ro m  m inus  2Q0 mesh 

down t o  a  f r a c t i o n  o f  a  m i c r o n  o f  f i n e  q u a r t z  p a r t i c l e s  i n  

s h o r t  s i z e  r a n g e s  were  a d d e d .  Two m i n u t e s  were  a l l o w e d  f o r  

m i x i n g .  Then 5 c u b i c  c e n t i m e t e r s  o f  1 - p e r c e n t  ( Z - 5 )  amyl 

x a n t h a t e  c o l l e c t o r  e q u i v a l e n t  t o  0 . 2  pound  r e a g e n t  p e r  t o n  

o f  o r e  was a d d e d ,  a n d  c o n d i t i o n e d  f o r  3 m i n u t e s .  T h i s  was 

f o l l o w e d  by t h e  a d d i t i o n  o f  4  d r o p s  o f  p i n e  o i l ,  e q u i v a l e n t  

t o  a p p r o x i m a t e l y  0 . 1  p o u n d  p e r  t o n ,  a n d  a g a i n  c o n d i t i o n i n g  

f o r  1 m i n u t e .  A i r  was t u r n e d  o n .  As much g a l e n a  a s  p o s s i b l e  

was sk im m ed.  One a d d i t i o n a l  d r o p  o f  p i n e  o i l  was a d d e d ,  an d  

t h e  f r o t h  was skimmed a g a i n .  The c o n c e n t r a t e  was f i l t e r e d ,  

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

o f  l e a d .

The f o l l o w i n g  I t e m s  were  k e p t  c o n s t a n t  t h r o u g h o u t  t h e  

e x p e r i m e n t s :

1 .  S i x - h u n d r e d - g r a m  F a g e r g r e n  L a b o r a t o r y  F l o t a t i o n  

M achine  .

2 .  From 2 , 0 0 0  t o  2 , 2 0 0  c u b i c  c e n t i m e t e r s  o f  G o ld e n  

t a p  w a t e r .

3 .  The pH was t h e  n a t u r a l  pH, a r o u n d  7 * 2 .
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4 .  No f l o c c u l a t e r s  o r  d e f l o c c u l a t e r s  were a d d e d .

5*  F iv e  c u b i c  c e n t i m e t e r s  o f  1 - p e r c e n t  Z -5  (am yl

x a n t h a t e ,  Dow C h e m i c a l  Company) ,  f r e s h l y  p r e p a r e d .

6 .  F o u r  d r o p s  p i n e  o i l  i n  f i r s t  a d d i t i o n ,  a n d  1 d r o p  

i n  l a t e r  a d d i t i o n .

7 .  Q u a r t z ,  s e c u r e d  f rom  B e rg e n  P a r k ,  15 m i l e s  f rom  

G o ld e n ,  C o l o r a d o ,  r e l a t i v e l y  p u r e  w h i t e  q u a r t z .

8 .  A l l  t h e  q u a r t z  a n d  g a l e n a  o f  m inus  65 p l u s  100  mesh 

f r a c t i o n  b e i n g  ^wet s c r e e n e d ,  d r i e d ,  a n d  s c r e e n e d  

a g a i n  •

9 -  Amount o f  s y n t h e t i c  o r e ,  500  g r a m s .

1 0 .  G rade  o f  t h e  s y n t h e t i c  o r e ,  5$ PbS a n d  95$ SiOg* 

i . e . ,  25 g ram s  PbS an d  475 gram s 3102*

1 1 .  M ix in g  t i m e ,  a b o u t  2 m i n u t e s .

1 2 .  C o n d i t i o n i n g  t im e  f o r  c o l l e c t o r ,  5 m i n u t e s .

13* Skimming t i m e ,  a s  l o n g  a s  t h e  g a l e n a  p a r t i c l e s  a p ­

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

1 4 .  The m in u s  200  p l u s  270  mesh s i z e  f r a c t i o n ,  a n d  t h e  

m in u s  2 7 0  p l u s  325 mesh s i z e  f r a c t i o n  were  p r e p a r e d  

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

1 5 -  The p a r t i c l e s  f ro m  m in u s  325 mesh down t o  i n f i n i t i e s !  

mal  s i z e  were  s e p a r a t e d  by t h e  H a u l t a i n  I n f r a s i z e r .  

( P l e a s e  r e f e r  t o  t h e  I n f r a s i z e r  S e p a r a t i o n . )

1 6 .  B la n k  t e s t s ,  e . g . ,  w i t h o u t  f i n e  p a r t i c l e  a d d i t i o n ,

w ere  r u n  s e v e r a l  t i m e s  t o  e s t a b l i s h  a  s t a n d a r d  s k im ­

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

t r a t e  g r a d e  o f  90$ PbS, a n d  24 g ram s  o u t  o f  25 g ram s  

o f  PbS r e c o v e r y .



I n f r a s i z e r  S e p a r a t i o n

T h ree  1 0 0 - g r a m  s a m p l e s  o f  m inus  3 2 5 -meah q u a r t z  were  

p l a c e d  I n t o  t h e  s i x t h  co n e  o f  t h e  I n f r a s i z e r  s u c c e s s i v e l y .

The f i r s t  1 0 0 - g ra m  sam p le  was p r o c e s s e d  f o r  15 m i n u t e s ;  t h e  

s e c o n d ,  15 m i n u t e s ;  and  t h e  l a s t ,  30  m i n u t e s .  A l l  t h e  

q u a r t z  i n  t h e  s i x t h  cone  was t h e n  e m p t i e d  a n d  p l a c e d  b a c k  

i n t o  t h e  f i r s t  cone  o f  t h e  I n f r a s i z e r ,  a n d  p r o c e s s e d  f o r  3 

h o u r s .  The f i r s t  two c o n e s  were p r a c t i c a l l y  e m p t y .  S i x  

b a t c h e s  o f  300  g ram s  e a c h  were e x a m in e d  m i c r o s c o p i c a l l y  f o r  

t h e i r  p a r t i c l e  s i z e s .

The d i a m e t e r s  o f  q u a r t z  p a r t i c l e s  r e c o v e r e d  f rom  t h e  

c o n e s  o f  t h e  H a u l t a i n  I n f r a s i z e r  were f o u n d  t o  be a s  f o l l o w s !  

Cone 3 B e tw een  58  m i c r o n s  a n d  42 m i c r o n s o

Cone 4 Be tw een  42 m i c r o n s  a n d  33 m i c r o n s .

Cone 5 Be tw een  33 m i c r o n s  a n d  22 m i c r o n s .

Cone 6 Betw een  22 m i c r o n s  a n d  14 m i c r o n s .

Cone 7 M inus  14 m i c r o n s .
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T a b u l a t i o n  o f  He s u i t s

T a b le  I  -  E f f e c t  o f  - 2 0 0  +270 Mesh S i z e  P a r t i c l e s

CONCENTRATES PbS RECOVERED
Wt. o f

Ex d . 
No .

F i n e s  Added 
(g ram s  )

v /t.
( g r a m s )

Pb
(30

PbS
(30 Grams % '

1 5 2 6 . 9 7 6 . 0 8 7 . 8 2 3 . 6 9 4 . 4
2 10 2 7 . 6 7 5 . 8 8 7 . 6 2 4 . 2 9 6 . 8
3 15 2 6 . 4 7 7 . 5 8 9 - 5 2 3 . 6 9 4 . 4
4 20 2 6 . 1 7 8 . 2 9 0 . 3 2 3 . 6 9 4 . 4
5 25 2 6 . 4 7 7 . 6 89  .6 2 3 . 6 9 4 . 4
6 30 2 6 . 5 77 .4 8 9 . 4 2 3 . 6 9 4 . 4
7 35 2 6 . 0 8 0 . 9 9 3 . 4 2 4 . 2 96  .8
8 40 2 6 . 1 7 8 . 4 9 0 . 5 2 3 . 6 94 .4
9 45 2 6 . 2 8 0 . 2 92 .6 2 4 . 2 9 6 .8

10 50 2? .1 7 7 . 0 8 8 . 9 2 4 . 1 9 6 . 4
11 55 2 7 . 6 7 5 . 4 87 .1 2 4 . 0 9 6 . 0
12 60 2 6 . 5 7 8 . 4 9 0 . 5 2 4 . 0 9 6 . 0
13 65 2 7 - 9 7 4 . 4 8 5 - 9 24 • 0 9 6 . 0
14 7 0 2 7 . 3 - 7 6 . 0 8 7 . 8 2 4 . 0 9 6 . 0
15 75 2 7 . 6 7 6 . 8 8 8 . 7 2 4 . 4 9 7 . 6
16 80 2 6 . 9 7 7 . 0 8 8 . 9 2 3 . 9 9 5 . 6
17 85 2 6 . 8 7 8 .6 9 0 . 8 2 4 . 2 9 6 . 8
18 90 2 6 . 2 7 9 . 6 9 1 - 9 2 4 . 0 9 6 . 0
19 95 2 7 . 4 7 5 . 2 8 6 . 8 2 3 . 8 9 5 . 2
20 100 2 7 . 3 7 5 . 6 8 7 . 3 2 3 . 8 9 5 . 2
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T a b le  I I  -  E f f e c t  o f  - 2 7 0  +325 Mesh S i z e  P a r t i c l e s

Exd . 
No .

W t . o f  
F i n e s  Added 

( g r a m s )
W t . 

(g ram s

CONCENTRATES

Pb
) (%)

PbS
{%)

PbS EEC 

Grams

OVEHED

%

21 5 2 4 . 8 8 1 . 2 9 3 .8 2 3 - 3 9 3 . 2
22 10 2 5 . 3 8 0 . 4 9 2 . 9 2 3 . 4 9 3 . 6
23 15 2 5 . 7 8 0 . 4 9 2 . 9 2 3 . 8 9 5 . 2
24 20 2 5 . 2 8 1 . 3 9 3 . 9 2 3 . 7 9 4 . 8
25 25 2 5 . 1 8 2 . 9 9 5 .7 2 4 . 0 9 6 . 0
26 30 2 5 . 2 8 1 . 7 9 4 . 4 2 3 . 8 9 5 . 2
27 35 2 5 . 9 7 9 . 8 92 .2 2 3 . 9 9 5 . 6
28 40 2 6 . 4 7 9 . 0 9 1 . 3 24*0 9 6 . 0
29 45 2 6 . 9 7 8 . 0 9 0 . 1 2 4 . 2 9 6 . 8
30 50 2 6 . 3 7 9 . 6 9 1 . 9 2 4 . 1 9 6 . 4
31 55 2 6 . 6 7 7 . 8 8 9 - 9 2 3 . 9 9 5 . 6
32 60 2 6 . 5 7 8 . 2 9 0 . 3 2 3 . 9 9 5 . 6
33 65 2 6 . 9 7 6 . 2 8 8 . 0 2 3 . 8 9 5 . 2
34 7 0 2 6 . 3 7 7 . 4 8 9 . 4 2 3 . 5 9 4 . 0
35 75 2 6 . 2 7 8 . 0 9 0 . 1 2 3 . 6 9 4 . 4
36 80 27 .8 7 4 . 7 8 6 . 3 2 3 . 9 9 5 . 6
37 85 2 7 . 2 7 5 . 8 8 7 - 5 2 3 . 8 9 5 . 2
38 90 2 8 . 1 7 4 . 1 8 5 . 6 2 4 . 0 9 6 . 0
39 95 2 8 . 3 7 3 . 7 8 5 . 1 2 4 . 0 9 6 . 0
40 100 2 9 . 2 7 0 . 4 8 1 . 3 2 3 . 7 9 4 . 8
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T a b le  I I I  -  E f f e c t  o f  58 -  42 M ic ro n  S i z e  P a r t i c l e s

E x p . 
No .

Wt.  o f  
F i n e s  Added 

( g r a m s )

CON

W t . 
( g r a m s )

3ENTRATES

Pb
{%)

PbS
OD

PbS RECOVERED 

Grams %

41 5 2 7 - 3 7 7 . 4 8 9 . 4  ■ 2 4 . 4 9 7 - 6
42 10 3 0 . 6 6 8 . 4 7 9 . 0 2 4 . 2 9 6 . 8
43 15 3 0 . 6 6 5 . 5 7 5 - 7 2 3 . 2 92 .8
44 20 3 1 . 8 6 5 . 5 7 5 . 7 2 4 . 0 9 6 . 0
45 25 3 0 . 4 6 6 . 8 7 7 . 1 2 3 . 4 9 3 . 6
46 30 3 0 . 6 6 6 . 1 7 6 . 3 2 3 . 3 9 3 . 2
47 35 3 0 . 6 67 .2 77 .7 2 3 . 8 9 5 . 2
48 40 2 9 . 8 6 9 . 2 7 9 - 9 2 3 . 8 9 5 . 2
49 45 3 6 . 1 5 9 - 2 6 8 . 4 2 4 . 7 9 8 . 8
50 50 32 .7 6 4 . 0 7 3 - 9 2 4 . 1 9 6 . 4
51 55 3 3 . 9 62 .1 7 1 . 9 2 4 . 3 9 7 . 2
52 60 3 3 . 8 6 0 . 5 7 0 . 1 2 3 . 6 9 4 . 4
53 65 3 4 . 8 6 0 . 0 6 9 - 3 2 4 . 1 9 6 . 4
54 7 0 3 4 . 8 6 0 . 5 69 >6 2 4 . 2 9 6 . 8
55 75 3 1 . 8 6 6 . 3 7 6 . 5 2 4 . 3 9 7 . 2
56 80 3 8 . 0 5 3 - 0 6 1 . 3 2 3 . 3 9 3 - 2
57 85 42 .9 4 8 . 0 5 5 . 5 2 3 . 8 9 5 . 2
58 90 4 1 . 2 4 9 . 1 5 6 . 8 2 3 . 4 9 3 . 6
59 95 3 3 . 8 5 7 . 6 6 6 . 5 2 2 . 5 9 0 . 0
60 100 8 1 . 5  * 2 3 . 6 2 7 . 3 22 .2 8 8 . 8
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T a b le  IV -  E f f e c t  o f  42 -  33 M ic ro n  S i z e  P a r t i c l e s

CONCENTRATES PbS RECOVERED
Wt.  o f

E x p . F i n e s  Added W t . Pb PbS
No . ( g r a m s ) ( g r a m s )  (%) ( * ) Grams %

61 5 2 8 . 5 7 3 . 1 8 4 . 4 2 4 . 1 9 6 . 1
62 10 3 0 . 9 6 6 . 6 7 7 . 0 2 3 . 8 9 5 . 2
63 15 2 7 . 9 7 3 . 3 8 4 . 6 2 3 . 6 9 4 . 4
64 20 2 9 . 0 7 0 . 1 8 1 . 0 2 3 . 5 9 4 . 0
65 25 2 8 . 0 7 3 . 2 8 4 . 5 2 3 . 6 9 4 . 4
66 30 3 0 . 8 6 7 . 2 77 .6 2 3 . 8 9 5 . 2
67 35 2 9 . 9 7 3 . 6 8 5 . 0 2 5 . 4 - -
68 2Q .1 65 .4  

5 4 . 2
7 5 . 5 2 2 . 0 8 8 . 0

59 45 38 .7 6 2 . 5 2 4 . 2 9 6 .8
7 0 5 0 5 8 . 2 3 6 . 6 42 . 3 2 3 . 6 98  .4
71 55 2 9 . 8 7 0 . 8 8 1 . 6 2 4 . 3 9 7 . 2
72 60 3 1 . 4 6 6 . 6 7 6 . 9 2 4 . 1 9 6 . 4
73 65 3 1 . 5 6 6 . 7 7 7 . 0 2 4 . 2 9 6 . 8
7 4 7 0 3 0 . 4 6 9 . 3 8 0 . 0 2 4 . 3 9 7 . 2
75 75 3 1 . 2 6 8 . 3 7 8 . 9 2 4 , 5 9 8 . 0
76 80 3 5 . 0 6 0 . 0 6 9 - 3 2 4 . 2 9 6 .8
77 85 5 0 . 2 4 1 . 6 4 8 . 0 2 4 . 1 96  .4
78 90 3 7 . 4 5 7 . 4 6 6 . 2 2 4 . 8 9 9 . 2
7 9 95 5 8 . 8 3 4 . 4 3 9 . 7 2 3 . 3 9 2 . 2
80 100 5 5 . 9 3 6 . 0 4 1 . 6 2 3 . 3 9 3 . 2
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T a b le  V -  E f f e c t  o f  33 -  22 M ic ro n  S i z e  P a r t i c l e s

E x p .
N o .

wt. o f  
F i n e s  Added 

( g r a m s )

CONCENTRATES

W t . Pb 
( g r a m s )  {%)

PbS
( %)

PbS RECOVERED 

Qrams %

81 5 2 7 . 5 7 6 . 8 8 8 . 7 2 4 . 4 9 7 . 6
82 10 3 0 . 7 6 8 . 2  . 7 8 . 8 2 4 . 2 9 6 . 8
83 15 2 8 . 9 6 9 . 2 8 0 . 0 2 3 . 1 9 2 . 4
84 20 2 8 . 9 7 0 . 6 8 1 . 5 2 3 . 5 9 4 . 0
85 25 32 .8 5 3 . 2 6 1 . 4 2 0 . 1 8 0 . 4
86 30 2 7 . 8 6 8 . 6 7 9 . 2 22 .0 8 8 . 0
8? 35 2 7 . 9 7 5 . 0 8 6 . 6 2 4 . 1 9 6 . 4
88 40 2 7 . 9 7 4 . 4 8 5 . 9 2 3 . 9 9 5 . 6
89 45 3 2 . 4 6 5 . 2 7 5 - 3 2 4 . 4 9 7 . 6
90 50 3 1 . 5 6 5 . 3 7 5 . 4 2 3 . 7 9 4 . 8
91 55 3 0 . 5 67 .6 7 8 . 0 2 3 . 8 9 5 . 2
92 60 3 2 . 5 6 5 . 0 7 5 . 0 2 4 . 3 9 7 . 2
93 65 3 8 . 8 5 4 . 7 6 3 . 1 2 5 - 3 ---
94 7 0 4 0 . 3 5 1 . 2 5 9 . 1 2 3 . 8 9 5 . 2
95 75 4 5 . 7 4 6 . 0 5 3 - 1 2 4 . 3 9 7 . 2
96 80 4 1 . 6 4 8 . 8 5 6 . 5 2 4 . 5 9 8 . 0
97 85 4 9 . 7 3 8 . 1 4 4 . 1 2 1 . 9 8 7 . 6
98 •90 4? .2 4 5 . 2 5 5 - 2 2 6 . 0 -<-
99 95 6 8 . 0 2 5 . 0 2 8 . 8 1 9 . 6 7 8 . 4

100 100 8 1 . 5 2 3 . 8 2 7 . 4 2 2 . 2 8 8 . 8



15

T a b le  VI -  E f f e c t  o f  22 -  14  M ic r o n  S i z e  P a r t i c l e s

CONCENTRATES PbS RECOVERED
W t.  o f «

E x p . F i n e s  Added W t.  Pb PbS
No. ( g r a m s ) ( g r a m s )  (%) W Grams %

101 5 3 2 . 1 6 7 . 4 ' 7 7 . 8 2 4 . 9 9 9 . 6
102 10 3 6 . 2 5 7 . 8 6 6 . 8 2 4 . 2 9 6 . 8
103 15 3 1 . 0 6 5 . 1 7 5 . 2 2 3 . 4 9 3 . 6
104 20 3 1 . 0 6 7 . 1 7 7 . 5 2 4 . 0 9 6 . 0
105 25 2 8 . 1 7 3 . 8 8 5 . 1 2 3 . 9 9 8 . 6
106 30 2 9 . 0 7 2 . 2 8 3 . 4 2 4 . 2 9 6 . 8
107 35 3 0 . 6 6 8 . 4 7 9 . 0 2 4 . 0 9 6 . 0
108 40 3 0 . 3 6 7 . 0 7 7 . 4 2 3 . 5 9 4 . 0
109 45 3 2 . 9 6 3 . 0 72 .8 2 3 . 9 9 5 . 6
110 50 3 5 . 0 6 0 . 7 7 0 . 1 2 4 . 5 9 8 . 0
111 55 3 8 . 4 5 4 . 0 62 .4 2 3 . 9 9 5 . 6
112 60 3 4 . 7 5 7 . 4 6 6 . 3 2 3 . 0 9 2 . 0
113 65 3 7 . 7 5 4 . 0 6 2 . 4 2 3 . 5 9 4 . 0
114 7 0 3 6 . 2 4 7 . 0 5 4 . 3 1 9 . 7 7 8 . 8
115 80 6 4 . 8 2 5 . 6 3 9 . 6 2 5 . 5 —

116 90 6 6 . 0 3 2 . 4 3 7 . 4 2 1 . 4 8 5 . 6
117 1 0 0 6 8 . 1 2 9 . 6 3 4 . 2 2 3 . 3 9 3 . 2
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T a b le  V I I  -  E f f e c t  o f  14 -  F r a c t i o n a l  M ic r o n  S i z e  P a r t i c l e s

CONCENTRATES PbS RECOVERED
Wt.  o f

E x p . 
No .

F i n e 8 Added 
( g r a m s )

w t .
( g r a m s )

Pb
(so

PbS
(SO 3 rams %

118 5 2 7 . 6 7 4 . 9 8 6 . 5 2 3 . 9 9 5 . 6
119 10 42 .7 4 8 . 8 5 6 . 4 2 4 . 1 9 6 . 4
120 15 2 7 . 5 7 3 - 9 8 5 . 3 2 3 . 4 9 3 . 6
121 2 0 3 1 . 1 6 6 . 8 7 7 . 1 2 4 . 0 9 6 . 0
122 25 2 6 . 9 7 7 . 2 8 9 .O 2 3 . 9 9 5 . 6
123 30 3 0 . 2 6 9 . 0 ' 7 9 - 7 2 4 . 1 9 6 . 4
124 35 3 2 . 4 6 4 . 6 7 4 . 6 2 4 . 1 9 6 . 4
125 40 2 7 . 9 7 3 . 0 8 4 . 3 2 3 . 5 9 4 . 0
126 45 2 9 . 2 7 1 . 4 8 2 . 4 2 4 . 1 9 6 . 4
127 50 3 2 . 1 6 6 . 0 7 6 . 3 2 4 . 4 9 7 . 6
128 55 3 4 . 2 6 0 . 7 7 0 . 1 2 4 . 0 9 6 . 0
129 60 2 5 . 3 7 9 . 0 9 1 . 2 2 3 . 1 9 2 . 4
130 65 3 4 . 8 5 8 . 8 6 7 - 9 2 3 . 6 9 4 . 4
131 70 4 5 . 6 4 7 . 0 5 4 . 3 2 4 . 7 9 8 . 8
132 75 3 9 . 6 4 1 . 4 4 7 . 8 1 8 . 9 7 5 . 6
133 80 42 .7 4 7 . 4 5 4 . 7 2 3 . 4 9 3 . 6
134 85 3 9 . 0 5 2 . 5 6 0 . 6 2 3 . 7 9 4 . 8
135 90 3 4 . 9 3 . 0 3 . 5 1 . 2
136 95 5 8 . 1 3 5 . 4 4 0 . 8 2 3 . 7 9 4 . 8
137 100 5 8 . 5 3 4 . 2 3 9 . 5 2 3 . 1 9 2 . 4
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O b s e r v a t i o n s

1 .  B o th  t h e  f l o a t e d  a n d  n o n - f l o a t e d  g a l e n a  a r e  n o t  c o a t e d  

w i t h  f i n e  p a r t i c l e s ,

2 .  F l o c c u l a t i o n  o f  t h e  gan g u e  m i n e r a l  p a r t i c l e s  c o u l d  be 

o b s e r v e d ,  t h o u g h  n o t  t o  a  g r e a t  e x t e n t ,

3 .  As t h e  s i z e  o f  t h e  a d d e d  f i n e  p a r t i c l e s  becomes  s m a l l e r ,  

t h e  b u b b l e s  f o rm e d  i n  t h e  f r o t h  become l a r g e r ,  t o u g h e r ,  

m u d d y - l o o k i n g ,  a n d  more d i f f i c u l t  t o  b r e a k  u p .  The 

l a r g e s t  b u b b l e  was e s t i m a t e d  t o  be a p p r o x i m a t e l y  1 i n c h  

i n  d i a m e t e r ,  w i t h  a  l i f e  o f  more t h a n  30 s e c o n d s  b e f o r e  

b r e a k i n g  u p .

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

v a r i o u s  s i z e d  b u b b l e s ,  w i t h  l a r g e  d l r t y - l o o k i n g  o n e s  on t h e  

t o p  l a y e r ,  and  s m a l l ,  e v e n ,  c l e a r  o n e s  on  t h e  b o t t o m  o f  

t h e  f r o t h .

5 .  The pH v a l u e  o f  t h e  p u l p ,  e v e n  i n  t h e  c a s e  o f  1 0 0  g ram s  o f  

t h e  m inus  14  m i c r o n  r a n g e  p a r t i c l e s ,  was f o u n d  t o  r e m a i n  

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

a c i d  b e t w e e n  q u a r t z  a n d  w a t e r  a s  e x p r e s s e d  by T a g g a r t ,  

T a y l o r ,  and  K n o l l ^ /  i s  d o u b t f u l .

6 .  The f i n e  p a r t i c l e s  o f  g a l e n a  a n d  q u a r t z  fo rm e d  by t h e  m ech­

a n i c a l  a t t r i t i o n  o f  t h e  WEMC10 f l o t a t i o n  m a ch in e  o n l y  

c o l o r e d  t h e  f i l t e r  p a p e r  b l a c 'k ;  h o w e v e r ,  b e y o n d  t h e  p o i n t  

o f  w e i g h i n g .

7»  B e c a u se  o f  t h e  one e r r o r  made d u r i n g  t h e  h u n d r e d  e x p e r i m e n t s  

by  a d d i n g  t h e  p i n e  o i l  o n l y  w i t h o u t  c o l l e c t o r  Z - 5 ,  i t  was 

f o u n d  t h a t  many f i n e  p a r t i c l e s  f l o a t e d  i n  t h e  f r o t h .
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8 .  As t h e  means o f  sk im m ing  i s  m a i n l y  m a n u a l ,  a n d  t h e  human 

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

t h e  c o n c e n t r a t e  i s  b ound  t o  show some s l i g h t  v a r i a t i o n s .



CONCLUSIONS

W h a te v e r  t h e  am ount  an d  s i z e  o f  t h e  f i n e  q u a r t z  p a r t i c l e s ,  

v i r t u a l l y  a l l  o f  t h e  g a l e n a  c o u l d  he r e c o v e r e d  w i t h  no 

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

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

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

G rap h s  1 and  2 d i s c l o s e  t h a t  t h e  g r a d e  o f  t h e  c o n c e n t r a t e

d o 0 8 n o t  c h a n g e .  I t  c a n  he s a i d ,  t h e r e f o r e ,  t h a t  t h e  

q u a r t z  p a r t i c l e s  b e t w e e n  t h e  s i z e  r a n g e  o f  2 0 0  mesh a n d  

325  mesh h a v e  no n o t i c e a b l e  e f f e c t  on t h e  g r a d e  o f  t h e  

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

The e f f e c t  o f  t h e  58  t o  42 an d  42 t o  33 m i c r o n  s i z e  

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

I n  t h e  g r a d u a l  c h a n g e  i n  G ra o h s  3 a n d  4 ,  m a i n l y  i n  l o w e r ­

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

From G ra p h s  5 f 6 ,  a n d  7 ,  i t  i s  o b s e r v e d  t h a t  t h e  g r a d e  o f

t h e  c o n c e n t r a t e  c h a n g e s  s h a r p l y  when 33 gram s o f  t h e  f i n e

q u a r t z  p a r t i c l e s  i n  t h e  s i z e  r a n g e  f ro m  33 m i c r o n s  down 

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

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

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

t h e  b e g i n n i n g  o f  e a c h  c u r v e  was u n l o o k e d  f o r .  So f a r  no 

e x p l a n a t i o n  h a s  b e e n  o f f e r e d  f o r  t h i s  phenom enon .

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

t r a t e  may be p a r t i a l l y  e x p l a i n e d  by t h e  l e s s e r  s e t t l i n g  

v e l o c i t y  o f  t h e s e  p a r t i c l e s ,  w h ic h  c a u s e s  t h e i r  o v e r f l o w i n g
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’' m e c h a n i c a l l y ' 1 b e t w e e n  b u b b l e  w a l l s  a n d  t h u s  l o w e r i n g  o f  

t h e  g r a d e  o f  t h e  c o n c e n t r a t e .

7 .  I f  t h e  s l i m e - c o a t i n g  e f f e c t  d o es  e x i s t  i n  t h i s  e x p e r i m e n t ,  

100  grams o f  m inus  14 m i c r o n  s i z e  q u a r t z  p a r t i c l e s  w i l l  

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

o f  s e v e r a l  l a y e r s  o f  t h e  s u r f a c e  a r e a s ,  t h e  25  g ram s  o f  

m in u s  65 p l u s  100  mesh g a l e n a  p a r t i c l e s .  H ow ever ,  t h e  r e -
7-3 , ?

s u i t  shows t h a t  2 2 . 7  g ram s  o u t  o f  25  g ram s  g a l e n a  s t i l l  

f l o a t e d .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no a p p r e c i a b l e  

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

i t s  f l o t a t i o n .

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

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

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

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

a d h e r e n c e  o f  s m a l l - s i z e  p a r t i c l e s  t o  b u b b l e s  may be due

t o  h i g h  v i s c o s i t y  o f  t h e  b u b b le  f i l m ,  w h ic h  i s  t h e  l a r g e  

s u r f a c e  a r e a  f o r  a d s o r p t i o n ,  o r ,  a c c o r d i n g  t o  T a g g a r t ^ i / ,  

due t o  t h e  l a r g e  c o n t a c t  a n g l e  r e s u l t i n g  f rom  l a r g e  

b u b b l e  v o l u m e .

9 .  The phenomenon t h a t  t h e  f i n e  p a r t i c l e s  o f  t h e  g angue  

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

e x p l a i n e d  by t h e  f a c t  t h a t  a g g r e g a t e s  o f  t h e  g angue  m i n e r a l  

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

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

r e m a i n  i n  t h e  f r o t h  t o  be skimmed o f f  w i t h  t h e  g a l e n a  

p a r t i c l e s .
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1 0 .  Amounts o f  x a n t h a t e  c o l l e c t o r s  a d d e d  h a v e  l i t t l e  o r  no 

e f f e c t  on t h e  a t t a c h m e n t  o f  f i n e  p a r t i c l e  s i z e s  o f  

q u a r t z  gan g u e  t o  a i r  b u b b l e s .  The e f f e c t  o f  f r o t h e r s  

i s  much more i m p o r t a n t .
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