
CHAPTER IV
R E SU L T S A N D  D ISC U SSIO N

4.1 C M C  o f  DTAB

T h e  C M C  o f  D T A B  c a n  b e  d e te r m in e d  f ro m  th e  p lo t  b e tw e e n  s u r f a c e  
te n s io n  a n d  b u lk  c o n c e n t r a t io n s  o f  D T A B  s o lu t io n ,  a s  s h o w n  in  F ig u r e  4 .1 .  A t 
th e  c o n c e n t r a t io n s  o f  D T A B  s o lu t io n  f ro m  100 to  5 0 0  p m o l/1 , s u r f a c e  te n s io n  
s l ig h t ly  d e c r e a s e d  w i th  a n  in c re a s e  in  th e  b u lk  c o n c e n t r a t io n  o f  D T A B .
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Figure4.1 Relationship between surface tension and bulk concentration
of DTAB solution at pH 6.2 ± 0.05 and under room
temperature (26 °C).
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A s  th e  c o n c e n t r a t io n  o f  D T A B  s o lu t io n  in c re a s e d  f ro m  5 0 0  to  1 5 ,0 0 0  |Limol/l, 
th e  s u r f a c e  te n s io n  s h a rp ly  d e c re a s e d . T h is  d e c r e a s e d  is  d u e  m a in ly  to  th e  
in c r e a s e d  a c t iv i ty  o f  s u r f a c ta n t  in  th e  b u lk  p h a s e  r a th e r  th a n  a t th e  in te r f a c e .  A s  

th e  c o n c e n t r a t io n  o f  D T A B  s o lu t io n  in c re a s e d  a b o v e  1 5 ,0 0 0  p m o l/1 , th e  s u r f a c e  
te n s io n  te n d s  to  b e  c o n s ta n t  o r  s l ig h t ly  to  d e c re a s e .  T h is  p h e n o m e n o n  in d ic a te s  
th a t  th e  c o n c e n t r a t io n  o f  s u r f a c ta n t  m o n o m e r s  is  a lm o s t  c o n s ta n t .  T h e  m e e t in g  
p o in t  b e tw e e n  tw o  s t r a ig h t  l in e s , a s  s h o w n  in  F ig u re  4 .1 , is  c o m m o n ly  u s e d  to  

d e te r m in e  th e  C M C  o f  s u c h  s y s te m s . T h e  C M C  o f  D T A B  a t p H  6 .2  ±  0 .0 5  

u n d e r  r o o m  te m p e r a tu r e  (2 6  °C ) w a s  1 5 ,0 0 0  p m o l/1  c o r r e s p o n d in g  to  4 ,6 0 0  m g  
/ l .  T h is  m e a s u r e d  v a lu e  o f  C M C  o f  D T A B  is  fo u n d  to  b e  c lo s e  to  th e  v a lu e  

g iv e n  in  l i te r a tu r e  w h ic h  is  1 6 ,0 0 0  p m o l/1  (R o s e n ,  1 9 8 8 ). T h e  im p u r i t ie s  in  th e  
s tu d ie d  D T A B  a n d  th e  p re s e n c e  o f  c o u n te r io n s  f ro m  th e  p H  a d ju s tm e n t  
p r o b a b ly  c a u s e d  th e  m e a s u r e d  v a lu e  o f  th e  C M C  o f  D T A B  to  b e  d i f f e r e n t  f ro m  
th e  v a lu e  g iv e n  in  th e  l i te ra tu re .

4.2 A dsorption  Isotherm  o f D TA B  on Q uartz

I t  is  n e c e s s a r y  to  d e te r m in e  th e  t im e  to  e q u i l ib r iu m  fo r  a  s tu d y  o f  
a d s o r p t io n  i s o th e rm  e x p e r im e n t .  F ig u r e  4 .2  s h o w s  th e  a d s o r p t io n  d e n s i ty  o f  
D T A B  o n  q u a r tz  a t  d i f f e r e n t  t im e s .  A s  c a n  b e  s e e n  f ro m  F ig u r e  4 .2 ,  f o r  b o th  

D T A B  c o n c e n t r a t io n  o f  1 .0  a n d  1 00  p m o l/1 , th e  a d s o r p t io n  d e n s i ty  is  c o n s ta n t  
a f te r  5 m in u te s .  T h is  r e s u l t  is  q u i te  s im i la r  to  th e  w o r k  c o n d u c te d  b y  T a k e d a  
a n d  U s u i  (1 9 8 7 ) .  T h e y  c o n d u c te d  a  s tu d y  o f  a d s o r p t io n  o f  d o d e c y la m m o n u im  
io n  o n  q u a r tz  in  r e la t io n  to  its  f lo ta t io n .  In  th e i r  s tu d y , d o d e c y la m m o n u im  
a c e ta te  (D A A , c  12H 25N H 3C O 2C H 3), a ls o  c a t io n ic  s u r f a c ta n t ,  w a s  a d s o r b e d  o n  
q u a r tz .  It w a s  fo u n d  th a t  th e  a d s o r p t io n  d e n s i ty  o f  D A A  d id  n o t  a l te r  in  th e  
r a n g e  o f  t im e  7 -4 0  m in u te s .  T h u s ,  it c a n  b e  c o n c lu d e d  th a t  th e  a d s o r p t io n
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p r o c e s s  o t 'D T A B  o n  q u a r tz  is q u ie t  fa s t. T h e r e f o r e ,  2 0  m in u te s  t im e  w a s  u s e d  
in  th is  e x p e r im e n ta l  s tu d y  fo r  a d s o rp t io n  e q u i l ib r iu m .
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Figure 4 .2  R e la t io n s h ip  b e tw e e n  a d s o r p t io n  d e n s i ty  o f  D T A B  a n d  t im e  

a t  th e  in i t ia l  c o n c e n t r a t io n  o f  D T A B  fo r  1.0 a n d  1 00  p m o l/1 , 

p H  6 .2  ± 0 .0 5  a n d  u n d e r  ro o m  te m p e r a tu r e  (2 6  ±  1.0 °C ).

F ig u r e  4 .3  s h o w s  th e  a d s o r p t io n  d e n s i ty  o f  D T A B  o n  q u a r tz  v e r s u s  
e q u i l ib r iu m  c o n c e n t r a t io n  o f  D T A B  o n  a  lo g - lo g  s c a le .  B y  lo c a t in g  th e  C M C  o f  
D T A B  o n  th e  a d s o r p t io n  is o th e r m  in to  3 m a in  r e g io n s  o f  I, II a n d  IV . R e g io n  
III  is  v e r y  d i f f ic u l t  to  b e  lo c a te d  in  th is  s y s te m .

R e g io n  I. A s  th e  e q u i l ib r iu m  c o n c e n t r a t io n  o f  D T A B  in c r e a s e d  in  th e  
r a n g e  o f  0 .1  a n d  7 .5  p m o l/1 , th e  a d s o r p t io n  d e n s i ty  w a s  in c r e a s e d  s l ig h t ly .  T h is  
s l ig h t ly  in c re a s e  is  r e f e r r e d  a t H e n r y ’s la w  b e h a v io r .  H e n c e ,  r e g io n  I o f  th e
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F ig u r e  4 .3  A d s o r p t io n  i s o th e r m  o f  D T A B  o n  q u a r tz  a t  p H  6 .2  ±  0 .0 5  a t r o o m  te m p e r a tu r e  (2 6  ±  1 .0 ° C ) .
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a d s o r p t io n  i s o th e rm  c a n  b e  lo c a te d  a t th e  c o n c e n t r a t io n  o f  D T A B  s o lu t io n  le ss  
th a n  7 .5  p m o l/1 . A t e q u i l ib r iu m  c o n c e n t r a t io n s  a b o v e  7 .5  p m o l/1 , th e  a d s o r p t io n  
d e n s i ty  in c re a s e d  s ig n if ic a n t ly .  T h is  p o in t  o f  c h a n g e  in  th e  s lo p e  is c o m m o n ly  
r e f e r e d  to  th e  c r i t ic a l  h e m im ic e l le  c o n c e n tr a t io n .

R e g io n  II. F o r  e q u i l ib r iu m  c o n c e n t r a t io n s  o f  D T A B  in  th e  r a n g e  7 .5  to

1 5 .0 0 0  p m o l/1 , th e  a d s o r p t io n  d e n s i ty  w a s  s h a rp ly  in c re a s e d  w i th  in c r e a s e  in  
th e  c o n c e n t r a t io n  o f  D T A B . T h e  in c re a s e  o f  th e  s lo p e  in  r e g io n  II in d ic a te s  
s u r f a c ta n t  a g g r e g a te  fo rm a t io n  o n  th e  s o l id  s u r f a c e ,  w h ic h  a re  k n o w n  a s  
h e m im ic e l le s  o r  a d m ic e l le s .  R e g io n  I a n d  II c a n  b e  s im p ly  d is t in g u is h e d  b y  th e  
c h a n g e  in  th e  s lo p e .  T h e  c h a n g e  in  th e  s lo p e  is  k n o w n  a s  c r i t ic a l  h e m im ic e l le  
c o n c e n t r a t io n .  R e g io n  II a n d  III  c a n n o t  b e  d iv id e d  c le a r ly  so  th a t  r e g io n  III  is 
in c lu d e  in  r e g io n  II in  th is  a n a ly s is .

R e g io n  IV . A s  c a n  b e  s e e n  in  F ig u r e  4 .3 ,  th e  a d s o r p t io n  d e n s i ty  b e c o m e s  
a p p r o x im a te ly  c o n s ta n t  w i th  in c r e a s in g  o f  th e  D T A B  e q u i l ib r iu m ,  

c o n c e n t r a t io n  w h e n  th e  D T A B  c o n c e n t r a t io n  e x c e e d s  1 5 ,0 0 0  p m o l/1 . T h e  

m a x im u m  a d s o r p t io n  d e n s i ty  w a s  a p p r o x im a te ly  1 1 .7  p m o l /m 2. T h is  v a lu e  is 
c o n s ta n t  b e c a u s e  o f  th e  a d s o r b e d  la y e r  p o s s e s s e s  a  c o m p le te  b i la y e r  s t r u c tu r e  
a n d  b e c a m e  th e  e x c e s s  s u r f a c ta n t  m o le c u le s  fo rm  m ic e l le s  in  th e  a q u e o u s  
p h a s e .  T h is  a d s o r p t io n  d e n s i ty  c o r r e s p o n d s  to  7 .2  m o le c u ls /n m 2, o r  a n  a v e r a g e  
a r e a  p e r  h e a d g r o u p  o f  o n ly  14 A o2/m o le c u le .  S in c e  th e  c r o s s - s e c t io n a l  a r e a  o f  
th e  ta i l  g r o u p  is 2 2  A " 2 (R o s e n , 1 9 8 8 ) , a  b i la y e r  a d s o r p t io n  d e n s i ty  is  im p l ie d .

4.3 E lectrophoretic M obility

In  th is  s tu d y , e le c t r o p h o r e t ic  m o b i l i ty  w a s  e x p r e s s e d  in  te r m s  o f  z e ta  
p o te n t ia l .  T h e  z e ta  p o te n t ia l  r e s u l t s  f ro m  th e  c h a rg e  o n  th e  s o l i d ’ร s u r f a c e .  
W h e n  s u r f a c ta n t  m o le c u le s  a re  a d s o r b e d  o n  a  s o l id  s u r f a c e ,  th e  z e ta  p o te n t ia l  o f  
th e  s o l id  s u r f a c e  w il l  b e  c h a n g e d .  T h is  e x p e r im e n t  w a s  u s e d  to  v e r i f y  th a t



D T A B  c o u ld  b e  a d s o r b e d  o n  th e  q u a r t z ’ร s u r fa c e .  In  th is  s tu d y ,  th e  q u a r tz  
s u r f a c e  w a s  n e g a t iv e ly  c h a rg e d  a n d  s u r f a c ta n t  ( D T A B )  w a s  a  c a t io n ic  
s u r f a c ta n t  h a v in g  p o s i t iv e  c h a rg e .  W h e n  D T A B  m o le c u le s  a re  a d s o r b e d  o n  th e  
q u a r t z ’s s u r f a c e  th e  z e ta  p o te n t ia l  w ill  b e c o m e  m o re  p o s i t iv e .  F ig u r e  4 .4  s h o w s  
th e  p lo t  b e tw e e n  z e ta  p o te n tia l  a n d  th e  D T A B  e q u i l ib r iu m  c o n c e n t r a t io n .  A t a  
lo w  c o n c e n t r a t io n  o f  D T A B  s o lu t io n  b e tw e e n  0 .1 a n d  7 .5  p m o l/1 , th e  z e ta  
p o te n t ia l  w a s  s l ig h t ly  in c re a s e d  w ith  in c r e a s in g  o f  D T A B  c o n c e n t r a t io n .  T h is  
c o r r e s p o n d s  to  th e  r e s u l t  o f  th e  a d s o r p t io n  i s o th e rm  in  r e g io n  I. A t  D T A B  

c o n c e n t r a t io n s  b e tw e e n  7 .5  a n d  1 5 ,0 0 0  p m o l/1 , th e  z e ta  p o te n t ia l  in c r e a s e d  
s h a r p ly  w ith  in c r e a s in g  o f  D T A B  c o n c e n t r a t io n ,  w h ic h  w a s  c o r r e s p o n d e d  to  
th e  r e s u l t  o f  th e  a d s o rp t io n  i s o th e rm  in  r e g io n  I I /I I I .  T h e  z e ta  p o te n t ia l  w a s  

e q u a l  to  z e ro  m i l l iv o l t  a t th e  D T A B  c o n c e n t r a t io n  o f  1 ,5 0 0  p.m ol/1. A  z e r o  
c h a r g e  o n  th e  q u a r t z ’s s u r f a c e ,  d o e s  n o t  im p l ie s  th a t  s u r f a c ta n t  is a d s o r b e d  fu l ly  
o n  th e  s o l id  s u r f a c e ,  o n ly  th a t  th e  o v e ra l l  c h a rg e  o n  th e  s o l id  s u r f a c e  is 
b a la n c e d  b y  th e  c h a r g e  o f  th e  a d s o r b e d  s u r f a c ta n t .  F o r  D T A B  c o n c e n t r a t io n  
g r e a te r  th a n  1 5 ,0 0 0  p m o l/1  th e  z e ta  p o te n t ia l  a p p e a r e d  c o n s ta n t  a t 2 2 .0  
m i l l iv o l t ,  w h ic h  w a s  c o r r e s p o n d e d  to  r e g io n  IV  o f  th e  a d s o r p t io n  is o th e rm . 
T h is  r e s u l t s  in d ic a te  th a t  th e  s u r f a c ta n t  m o le c u le s  a re  fu l ly  a d s o r b e d  to  fo rm  a  
b i la y e r  s t r u c tu r e  o f  s u r f a c ta n t  o n  th e  q u a r tz  s u r fa c e .

It is f r e q u e n t ly ,  b u t  n o t  a lw a y s ,  o b s e r v e d  th a t  th e  b o u n d a r y  b e tw e e n  
R e g io n  II a n d  R e g io n  III  c o r r e s p o n d s  to  th e  p o in t  o f  z e r o  z e ta  p o te n t ia l .  T h is  is 
n o t  th e  c a s e  in  th is  s tu d y . T h e re  is n o  o b v io u s  d e c r e a s e  in  th e  s lo p e  o f  th e  
i s o th e r m  a b o v e  th e  z e ro  o f  z e ta  p o te n t ia l .  In  th is  s tu d y  th e  z e ro  in  z e ta  p o te n t ia l  
o c c u r s  a t  o n ly  a b o u t  6 %  o f  b i la y e r  c o v e r a g e  o r  a b o u t  12 %  o f  m o n o la y e r
c o v e r a g e .
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F igure 4.4 R e la t io n s h ip  b e tw e e n  q u a r tz  p a r t i c le  z ê ta  p o te n t ia l  a n d  e q u i l ib r iu m  c o n c e n t r a t io n  o f  D T A B .
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4.4 Flotation

In this part of the study flotation was conducted to determine the effects 
of DTAB concentration and air flowrate on the flotation efficiency.

4.4.1 Effect of Surfactant Concentration
Figure 4.5 illustrates the comparison between the adsorption 

isotherm and the flotation efficiency isotherm at an air flowrate of 5.7 m./s. At 
equilibrium concentration of DTAB solution between 0.1 and 7.5 pmol/l, the 
percentage of quartz floated is slightly increased with increasing DTAB 
concentration. This concentration range corresponds to the adsorption isotherm 
in region I. Flotation is increased because some particles stick together even in 
this region (see below and in Appendix B) but the aggregates are still small 
When air bubbles was added into the system the hydrophobic patches can be 
exposed to the air bubbles. The air bubble will be constant but the flotation 
efficiency is increased with increasing of DTAB concentration because of 
increasing quartz particles aggregation.

At equilibrium concentration of DTAB between 7.5 and 5000 
pmol/l, the flotation efficiency is sharply increased, with increasing efficiency 
in the range of concentration between 7.5 and 500 pmol/l and relatively 
constant efficiency between 500 to 5,000 pmol/l. This range of concentrations 
corresponds in region II of the adsorption isotherm. The range of DTAB 
concentration between 500 and 5,000 pmol/l is close to the zeta potential 
charge equal zero millivolt at approximately DTAB concentration 1,500 p 
mol/1.

For the range of DTAB concentrations between 5.000 and 15,000 
pmol/l, the flotation efficiency is sharply decreased with increasing DTAB 
concentration. This range of surfactant adsorption is strong hydrophobic 
interaction. So the aggregation will be decreased. This range can be occurred

x/^14013C
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Figure 4.5 C o m p a r is o n  b e tw e e n  a d s o r p t io n  i s o th e r m  a n d  th e  f lo ta t io n  e f f ic ie n c y  a t  a i r  f lo w  r a te  5 .7  m l/s .
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In itial C oncentration  o f D T A B  (pm ol/l)

F igure 4 .6  R e la t io n s h ip  b e tw e e n  f lo ta t io n  e f f ic ie n c y  o r  p e r c e n t  q u a r tz  f lo a te d  a t  d i f f e r e n t  a i r  f lo w  ra te s  v e r s u s  D T A B

c o n c e n t r a t io n s .
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r e v e r s e  o r ie n ta t io n  m o d e l  a s  w e ll a s  to  o c c u r  r e p u ls io n  b e tw e e n  th e  b u b b le s  a n d  
th e  p a r t ic le .  O n  th e  b a s is  o f  fo u r - r e g io n  m o d e l ,  f lo ta t io n  e x p e c te d  to  e x h ib i t  a 
m a x im u m  a t th e  t r a n s i t io n  p o in t  b e tw e e n  r e g io n  II/I1 I. S o . th is  r a n g e  w ill  
c o r r e s p o n d  to  re g io n  III o f  th e  a d s o rp t io n  is o th e rm .

F o r  c o n c e n tr a t io n s  o f  D T A B  s o lu t io n  m o re  th a n  1 5 ,0 0 0  p m o l/1 , 
th e  f lo ta t io n  e f f ic ie n c y  te n d s  to  b e  c o n s ta n t  w ith  in c r e a s in g  o f  D T A B  
c o n c e n t r a t io n .  T h is  p h e n o m e n o n  c a n  b e  e x p la in e d  b y  th e  c o m p le te  b i la y e r  
s t r u c tu r e  o f  s u r f a c ta n t  o n  th e  s o l id  s u r fa c e .  T h e  s o l id  s u r f a c e  is h y d r o p h i l ic  
p a tc h e s .  T h u s  th e  f lo ta t io n  e f f ic ie n c y  w il l  b e  c o n s ta n t  a n d  lo w .

4 .4 .2  E f fe c t  o f  A ir  F lo w ra te
F ig u re  4 .6  i l lu s t r a te s  th e  r e la t io n s h ip  b e tw e e n  th e  q u a r tz  r e m o v a l  

e f f ic ie n c y  a n d  th e  D T A B  c o n c e n t r a t io n  w ith  d i f f e r e n t  a ir  f lo w ra te s .  A s  c a n  b e  
s e e n  f ro m  F ig u re  4 .6 , a t th e  e q u i l ib r iu m  c o n c e n t r a t io n  o f  D T A B  s o lu t io n  in  th e  

r a n g e  o f  0 .1  to  5 0 0  p m o l/1 , th e  p e r c e n ta g e  o f  q u a r tz  f lo a te d  w a s  in c r e a s e d  w ith  
in c r e a s in g  o f  th e  a ir  f lo w ra te  f ro m  5 .7  to  8 .4  m l/s .  T h is  p h e n o m e n o n  o c c u r r e d  
b e c a u s e  th e  h y d ro p h o b ic  p a tc h e s  o n  s o l id  s u r f a c e  w h ic h  c a n  b e  e x p o s e d  
in c r e a s e  w ith  in c re a s in g  o f  th e  b u b b le s  a t a ir  f lo w ra te  in c re a s e d .

F o r  c o n c e n t r a t io n s  o f  D T A B  b e tw e e n  5 0 0  a n d  5 ,0 0 0  p m o l/1 , th e  
f lo ta t io n  e f f ic ie n c y  te n d  to  b e  c o n s ta n t  a n d  a  m a x im u m  fo r  a ll  th r e e  a ir  
f lo w r a te s .  T h e  f lo ta t io n  e f f ic ie n c y  w a s  in c r e a s e d  w ith  in c r e a s in g  o f  th e  a ir  
f lo w r a te  fo rm  5 .7  to  6 .5  m l/s .  W h e n  th e  a ir  f lo w r a te  in c r e a s e d  fo rm  6 .5  to  8 .4  
m l/s  th e  f lo ta t io n  e f f ic ie n c y  s ta y e d  c o n s ta n t ,  h o w e v e r .  T h is  is  b e c a u s e  o f  th e  
f lo ta t io n  s y s te m  is l im ite d  b y  s u c h  fa c to rs  a s  f lo ta t io n  c e ll  ty p e  pFI, ty p e  o f  
s u r f a c ta n t ,  e tc . T h e  v a lu e s  o f  p e rc e n t  q u a r tz  f lo a te d  a t th e  m a x im u m  a re  
a p p r o x im a te ly  6 7 %  a t th e  a ir  f lo w  ra te  5 .7  m l/s  a n d  a p p r o x im a te ly  8 1 %  a t th e  
a i r  f lo w ra te s  6 .5  a n d  8 .4  m l/s .

F o r  c o n c e n t r a t io n  o f  D T A B  b e tw e e n  5 ,0 0 0  a n d  1 5 ,0 0 0  p m o l/1 ., 
th e  p e r c e n t  o f  q u a r tz  f lo a te d  s h a r p ly  d e c r e a s e s  w ith  in c r e a s in g  D T A B
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F o r  D T A B  c o n c e n t r a t io n s  e x c e e d in g  1 5 ,0 0 0  p m o l/1 , fo r  a ll th re e  
a i r  f lo w ra te s ,  th e  f lo ta t io n  e f f ic ie n c y  te n d s  to  b e  c o n s ta n t  b u t  th e  f lo ta t io n  
e f f ic ie n c y  is s l ig h t ly  in c re a s e d  w ith  in c re a s in g  a ir  f lo w ra te .

concentration for all three air flowrates. But the flotation efficiency increases
with increasing of the air flowrate.

4.5 Sizes o f  Q uartz A ggregates

S iz e s  o f  th e  q u a r tz  a g g re g a te s  fo rm e d  a t  d i f f e r e n t  D T A B  c o n c e n t r a t io n s  
w e r e  m e a s u re d  b y  a n  o p tic a l  m ic r o s c o p e  a s  d e s c r ib e d  in  C h a p te r  III. 
P h o to g r a p h s  o f  q u a r tz  a g g re g a te s  fo rm e d  a t d i f f e r e n t  D T A B  c o n c e n t r a t io n  a re  
s h o w n  in F ig u re  4 .7 -4 .1 2 ;  o th e r  p h o to g r a p h s  a re  s h o w n  in  A p p e n d ix  B. 
C u m u la t iv e  p e r c e n ta g e  o f  q u a r tz  a g g r e g a te  s iz e  c a n  b e  s e e n  f ro m  F ig u r e  4 .1 3 . 
A s  c a n  b e  s e e n  fro m  F ig u re  4 .7 , u n d e r  th e  a b s e n c e  o f  s u r f a c ta n t ,  a lm o s t  a ll 
q u a r tz  p a r t ic le s  a re  h ig h ly  d is p e r s e d  a s  a  r e s u l t  o f  th e  e le c t r o s ta t ic  r e p u ls io n  
b e tw e e n  th e  n e g a t iv e ly  c h a rg e d  q u a r tz  p a r t ic le s ;  th e  a v e r a g e  p a r t ic le  s iz e  w a s  

a p p r o x im a te ly  2 8 .3  p m  a n d  th e  m a x im u m  p a r t ic le s  s iz e  w a s  a p p r o x im a te ly

5 6 .6  p m .
A g g r e g a t io n  o f  q u a r tz  p a r t ic le s  o c c u r re d  w h e n  th e  D T A B  c o n c e n t r a t io n  

is  a s  lo w  a s  1.0 p m o l/1  a s  s h o w n  in  F ig u r e  4 .8 ,  a n d  th e  a d s o r p t io n  a s  lo w  a s  o n e  
m o le c u le /5 ,0 0 0  Â 2. T h is  c o n c e n t r a t io n  c o r r e s p o n d e d  to  r e g io n  1 o f  th e  
a d s o r p t io n  is o th e rm . S o m e  q u a r tz  p a r t ic le s  r e m a in e d  d is p e r s e d  w h i le  o th e r  
w e r e  a g g re g a te d .  T h e  a v e ra g e  p a r t ic le  s iz e  o f  q u a r tz  w a s  s t i l l  a p p r o x im a te ly
2 8 .3  p m  b u t  th e  m a x im u m  p a r t ic le  s iz e  w a s  9 6  p m . S in c e  th e  s o l id  s u r f a c e  is 
s l ig h t ly  in c r e a s e d  in  h y d r o p h o b ic i ty ,  th e  h y d r o p h o b ic  p a tc h e s  c a u s e  th e  
p a r t ic le s  q u a r tz  to  s t ic k  to g e th e r  a n d  fo rm  a g g re g a te s .  T h e  p e r c e n ta g e  o f  
p a r t ic le s  a g g r e g a te  is  6 7 .5 . F ig u r e  4 .9  s h o w s  a  s ig n i f ic a n t  in c r e a s e  in  th e  
a g g r e g a te  s iz e  w h e n  th e  D T A B  c o n c e n t r a t io n  in c r e a s e  to  100 p m o l/1 .
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F igure 4.7 T h e  s m a l le s t  s iz e  a g g r e g a te s  o f  q u a r tz  p a r t i c le s  a s  w i th o u t
surfactant.

Figure 4.8 Aggregates of quartz particles at DTAB concentration 1.0
p m o l/1  in i t ia l  c o n c e n tr a t io n .
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Figure 4.9 A g g r e g a te s  o f  q u a r tz  p a r t ic le s  a t D T A B  c o n c e n t r a t io n  100  

p m o l/1  in it ia l  c o n c e n tr a t io n .

Figure 4.10 The largest size aggregates of quartz particles at DTAB
concentration of 5000 pmol/1 initial coneentation.
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Figure 4.11 A g g r e g a te s  o f  q u a r tz  p a r t ic le s  a t  D T A B  c o n c e n t r a t io n  o f  
1 0 ,0 0 0  p m o l/1  in i t ia l  c o n c e n t r a t io n .
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Figure 4.12 Aggregates of quartz particles at DTAB concentration of
1 0 0 ,0 0 0  p m o l/1  in i t ia l  c o n c e n tr a t io n .
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Figure 4.13 C o m m u ta t iv e  a g g r e g a te  s iz e  d is t r ib u t io n .

1 =  w ith out su rfactan t 5 2 = at concentration  for 1.0 (im ol/1 , 3 =at con cen tration  for 100 gmiol/l
4= at concentration  for 5,000 (imol/1, 5 =  at con cen tration  for 10,000 |umoI/I, 6= at concentration  
for 100,000 (imol/1
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This DTAB concentration was now the range of region II of the adsorption 
isotherm. From the figure, however, some quartz particles are still completely 
dispersed. The average size of the quartz aggregates was now approximately 47 
pm but the maximum particle size was 470 pm. Surfactant adsorption density 
is still quite low at less than 1/100 bilayer. The percentage of particles 
aggregated is 94.0. The largest size of the quartz aggregates appears when the 
DTAB concentration is 5,000 pmol/1, as shown Figure 4.10. This DTAB 
concentration was still in the range of region II of the adsorption isotherm. The 
average size of quartz particle aggregates was now approximately 120 pm and 
the maximum particle size was 743 pm. From the figure, however, some quartz 
particles are still completely dispersed and some quartz particles are 
aggregated. The percentage of particles aggregate is 98.7. This concentration 
gives less dispersion and more aggregation when compared to DTAB 
concentration of 100 pmol/1.

Particle aggregation at a DTAB concentration of 10,000 pmol/1, is 
shown Figure 4.1 1 This concentration is in the range of region III which is 
explained in next paragraph. The average size of quartz aggregates is 
approximately 66.3 pm and the maximum aggregate size is 406 pm. The 
percentage of particle aggregate is 96.2. This concentration gives less 
aggregation and more dispersion when compared to DTAB concentration 5,000 
pmol/1. The aggregation of quartz particles as DTAB concentration of 100,000 
pmol/1 is shown in Figure 4.12. This concentration is in the range of region IV 
of the adsorption isotherm. From the figure, almost all quartz particles are 
redispersed, though a few quartz particles are still aggregated. The particle size 
average is approximately 29 pm and the particle size maximum is 96 pm. The 
percentage of particle aggregated is 35.4. This phenomenon occurs because the 
solid surface is hydrophilic with a complete the bilayer surfactant structure.

Figure 4.14 and Figure 4.15 compare size of quartz aggregates and 
surfactant adsorption. In the range of DTAB concentration between 0.1 and
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5,000 (Limol/1, the particles size of quartz aggregated is increased with 
increasing of DTAB concentration as corresponded in the adsorption isotherm 
region I and II. The maximum particle size of quartz aggregated occurs in the 
adsorption isotherm region II. From Figure 4.15, the size of quartz aggregate 
was maximum in the range of DTAB concentrations between 500 and 5,000 p 
mol/1. This range is close to the zero zeta potential at a DTAB concentration of 
1,500 pmol/l. On the basis of the four-region model, flotation is expected to 
exhibit a maximum at the transition point between regions II and III (Fan, et 
al., 1996). This range of concentration is corresponds in the flotation results. 
So, at the maximum particle size it corresponds to the 11/1II transition. For 
range of DTAB concentrations between 5,000 and 15,000 pmol/l the size of 
quartz aggregates is decreased with increasing of DTAB concentration. This 
phenomenon corresponds to region III of the adsorption isotherm. This extent 
of region III in the present system can hence be concluded on the basis of 
aggregation. When the DTAB concentration excess the CMC, the size of quartz 
aggregates, becomes the small again and tends to be constant. This 
phenomenon correspond the adsorption isotherm in region IV. The average 
aggregate size now almost the sane as in when no surfactant was added. But the 
largest particle are now much larger.
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