
C H A P T E R  I I I  
E X P E R I M E N T A L

3.1  M a te r ia ls

A ll ch e m ic a ls  w ere  o b ta in ed  fro m  c o m m erc ia l so u rce s  an d  u sed  as received. 
P re c ip ita te d  s ilica , H i-S il® 255 w as p ro v id e d  by  P P G -S ia m  S ilica  C o ., L td. (R ayong, 
T h a ila n d ) w ith  B E T  su rface  a rea  an d  av e ra g e  p a r tic le  s ize  o f  170 ทไ2/g  and  64 pm , 
re sp e c tiv e ly . B en zen e  w as p u rch ased  fro m  B D H  C o ., L td . (P o o le , E n g lan d ) w ith  a 
p u rity  o f  > 9 9 .7 % . T o lu en e  w as p u rc h a se d  fro m  C arlo  E rb a  (M ilan , Italy) w ith  a 
p u rity  o f  >  9 9 .5 % . E th y lb en zen e  w as p u rc h a se d  fro m  F lu k a  C o .,L td . (S te inheim , 
S w itz e r la n d )  w ith  a  p u rity  o f  > 9 8 .0 % . C e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B ), a 
c a tio n ic  su rfac tan t, a t a  p u rity  o f  9 6 % , an d  T rito n  X -1 0 0 , a  n o n io n ic  su rfac tan t, w ere 
p u rc h a se d  fro m  F lu k a  C o ., L td  (S te in h e im , S w itze rlan d ). S o d iu m  h y d ro x id e  and  
h y d ro c h lo r ic  ac id  w e re  p u rch ased  fro m  L a b -S c a n  C o ., L td . (S am u tsak o m , 
T h a ila n d ). D e io n ized  w a te r  w as  o b ta in ed  fro m  N o n tr i C o ., L td  (B a n g k o k , T hailand).

3 .2  E x p e r im e n ta l

3.2.1 A d so rp tio n  o f  S u rfac tan t on  P re c ip ita te d  S ilic a
B a tch  a d so rp tio n  o f  b o th  s in g le  an d  m ix e d  su rfa c ta n t sy stem s w ere 

c a rr ie d  o u t as  fo llo w s. C T A B  s to ck  so lu tio n s  w ere  d ilu te d  w ith  d e io n iz e d  w ater to 
fo rm  a  se rie s  o f  20  m l so lu tio n s  w ith  v a ry in g  su rfa c ta n t c o n c e n tra tio n s . T h e  m ix ture  
w as a d d ed  to  v ia ls  c o n ta in in g  0.5 g o f  s ilic a  an d  a d ju s te d  to  d iffe re n t p H  values (3, 5, 
a n d  8) by  a d d in g  N a O H  o r HC1. T h e  v ia ls  w e re  th e n  p la c e d  on  a  sh a k e r  and  kep t at a 
c o n s ta n t te m p e ra tu re  o f  30  °c. A fte r  e q u ilib r iu m  w as reach ed , th e  b u lk  phase  w as 
filte red  u s in g  sy rin g e  f ilte r  an d  C T A B  c o n c e n tra tio n  in  th e  su p e rn a ta n t w as  m easured  
u s in g  to ta l o rg a n ic  c a rb o n  an a ly z e r (T O C ) (S h im a d z u  T O C  5 0 0 0 ) (B eh ren d s  e t  a l ,  

1999). S im p le  m ass  b a lan ce  w as p e rfo rm ed  to  g iv e  th e  a m o u n t o f  ad so rb ed  C TA B  
p e r  g ram  o f  s ilica . S im ila r  a d so rp tio n  e x p e rim e n ts  w ere  c a rried  o u t fo r the  system s 
u s in g  n o n io n ic  su rfac tan t, T rito n  X -1 0 0 , an d  m ix tu re s  o f  C T A B  an d  T rito n  X -100 at 
e q u im o la r  ra tio . F o r T rito n  X -1 0 0 , th e  su p e rn a ta n t w as  m e a su re d  by  U V -V IS
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sp e c tro p h o to m e te r  (P e rk in  E lm er, L a m d a  10) a t w a v e le n g th  2 75  n m  (H u an g  and  G u, 
1987). F o r m ix e d  su rfa c ta n ts , b o th  T O C  an d  sp e c tro p h o to m e te r  w e re  sy stem atica lly  
u sed  to  d e te rm in e  th e  c o n c e n tra tio n  o f  to ta l su rfac tan ts  an d  T r ito n  X -1 0 0 , and  thus, 
C T A B  c o n c e n tra tio n  co u ld  be  su b se q u e n tly  d e te rm in ed . S c h e m a tic  d iag ram  o f  the 
a d so rp tio n  e x p e r im e n ts  is sh o w n  in  F ig u re  3 .1 .

C T A B
T rito n  X -1 0 0  
C T A B /T rito n  (1 :1 ) 
S o lu t io n :  2 0  m l

S ilic a  0 .5  g

c— -, S h ak in g  bath
30°c
150 rp m

ร ^ ^

A d ju s t p H  (3 , 5, 8) by  
u s in g  N a O H  o r HC1

T h e  c o n c e n tra tio n  o f  . 
th e  su rfa c ta n t w as 
m easu red :
- C T A B  (T O C )
- T rito n  X -1 0 0  (U V )
- T o ta l (T O C , U V )

A fte r  eq u ilib riu m

S u p e rn a tan t C en trifu g ed
w as filte red  by ◄ ---------- 15 m in

sy rin g e  f ilte r 1200 rpm

F ig u r e  3 .1 S c h e m a tic  d iag ram  o f  th e  ad so rb e d  su rfa c ta n t o n  s ilica .

3 .2 .2  A d so lu b iliz a tio n  o f  O rg a n ic  C o m p o u n d s  in to  S u rfac tan t A d so rb ed  on 
P re c ip ita te d  S ilica
T h e se  e x p e rim e n ts  w e re  d iv id e d  in to  2 p a rts : s in g le -su rfa c ta n t and  

m ix e d -su rfa c ta n t sy s tem s. F o r th e  a d so lu b iliz a tio n  o f  s in g le  su rfa c ta n t system  
(C T A B  an d  T r ito n  X -1 0 0 ), th e  o rg a n ic  co m p o u n d s  w e re  ad d e d  in to  th e  eq u ilib riu m  
su rfac tan t a d so rb e d  o n  p re c ip ita te d  s ilic a  in  th e  600  m l g la ss  b o ttle  a t d iffe ren t pH  
v a lu e s  (3 , 5, an d  8). T h e  g la ss  b o ttle  w as  a g ita te d  a t a m b ie n t tem p e ra tu re  un til
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eq u ilib r iu m  fo r 2 d ays. A fte r  th a t th e  so lid s  w e re  sep a ra ted  an d  th e  su p e rn a tan t w as 
a n a ly z e d  fo r  o rg an ic  co m p o u n d s  c o n c e n tra tio n  by  a  h e a d sp a c e  gas ch ro m ato g rap h y  
(N g u y e n  e t  a l ,  1988). A  s im p le  m ass  b a lan ce  w as u sed  to  de term ine  
a d so lu b iliz a tio n . F o r m ix e d -su rfa c tan ts  sy s te m  (eq u im o la r C T A B -T rito n  X ), the 
o rg a n ic  co m p o u n d  (b en zen e , to lu en e , an d  e th y lb e n z e n e ) w as  a d d ed  in to  m ixed  
su rfa c ta n ts  eq u ilib riu m  sy stem . T h e  e x p e rim e n ta l co n d itio n s  an d  an a ly tic a l m ethods 
w ere  th e  sam e  as in  th e  s in g le -su rfa c ta n t sy s tem . S ch em a tic  d iag ram  o f  the 
a d so lu b iliz a tio n  o f  o rg an ic  c o m p o u n d s  is sh o w n  in F ig u re  3.2.

p H  3 p H  5 pH  8 p H  3 p H  5 p H  8

Y V M ▼  V r̂

A d s o lu b i l iz a t io n

B en zen e  T o lu e n e  E th y lb en zen e

F ig u r e  3 .2  S ch em a tic  d iag ram  o f  th e  a d so lu b iliz a tio n  o f  o rg an ic  co m p o u n d s.
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3 .3  D a ta  A n a ly s is

3 .3 .1  S u rfac tan t A d so rp tio n  Iso th e rm
A d so rp tio n  iso th e rm  o f  C T A B , T r ito n  X -1 0 0 , an d  e q u im o la r  m ix ed  

su rfa c ta n ts  w e re  c o n s tru c te d  b y  p lo ttin g  th e  a m o u n t o f  su rfa c ta n t ad so rb e d  p e r g ram  
o f  s ilic a  v e rsu s  e q u ilib r iu m  c o n c e n tra tio n  o f  su rfac tan t.

3 .3 .2  A d so lu b iliz a tio n  Iso th e rm
A d so lu b iliz a tio n  iso th e rm  o f  o rg a n ic  c o m p o u n d  (b en zen e , to lu en e , 

an d  e th y lb e n z e n e )  w as  g e n e ra te d  b y  p lo ttin g  th e  a m o u n t o f  a d so lu b iliz e d  so lu te  
v e rsu s  e q u ilib r iu m  c o n c e n tra tio n  o f  so lu te .

3 .3 .3  P a r titio n  C o e ff ic ie n t (K -)
T h e  a d so lu b iliz a tio n  e q u ilib r iu m  c o n s ta n t o r  p a r t i t io n  c o e ff ic ien t (K ) 

w as u se d  to  d e sc r ib e  th e  d is tr ib u tio n  o f  so lu te s  b e tw e e n  th e  a q u e o u s  p h a se s  and  th e  
a d m ic e lle  p se u d o p h a se  (H o lz h e u  e t  a l ,  2 0 0 0 ). K  can  b e  d e te rm in e d  fro m  the  
fo llo w in g  eq u a tio n .

X  bulk

W h ere  Xadmiceiie =  m o le  fra c tio n  o f  so lu te  in  th e  su rfa c ta n t co v e ra g e  
Xbuik =  m o le  fra c tio n  o f  so lu te  in  th e  b u lk
P a rtitio n  c o e ffic ien t p lo ts  (K ) w a s  g e n e ra te d  b y  p lo ttin g  th e  p a rtitio n  

c o e ff ic ie n t (K ) v e rsu s  m o le  fra c tio n  o f  so lu te  in  th e  a d m ic e lle  (Xadmiceiie)-
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