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K E Y W O R D :  A n i o n ic  S u r fa c ta n t /  F lo ta t io n  D e in k in g /  P a p e r  f ib e r /  R e c y c l i n g /  

C o u n t e r io n /  p H
S u v e n a  S o m a b u tr :  T h e  A d s o r p t io n  o f  S u r fa c ta n t  o n  P a p e r  

F ib e r  R e la t e d  to  P a p e r  R e c y c l in g .  T h e s i s  A d v is o r s :  P r o f . J o h n  

F . S c a m e h o m , A s s o c .  P r o f . K u n c h a n a  B u n y a k ia t  a n d  

D r . K it t ip a t  S ie m a n o n d , 5 8  p p  I S B N  9 7 4 - 3 3 4 - 1 5 7 - 9

F lo t a t io n  d e in k in g  is  a  c o m m o n  m e t h o d  u s e d  t o  r e m o v e  in k  fr o m  

p a p e r  in  p a p e r  r e c y c l in g  p r o c e s s e s .  T h e  m e c h a n is m  o f  f lo t a t io n  w a s  p r e d ic t e d  

b y  s t u d y in g  th e  in te r a c t io n  o f  an  a n io n ic  su r fa c ta n t  ( s o d iu m  d o d e c y l  s u l f a t e  

( S D S )  o r  s u l f a t e )  w ith  p a p e r  f ib e r . T h e  e f f e c t  o f  c a lc iu m  c o n c e n t r a t io n  w a s  

a l s o  s t u d ie d .  T h e  p H  v a lu e s  u s e d  in  th is  s tu d y  w e r e  7  a n d  9 . E x p e r im e n t a l  

d a ta  fr o m  a d s o r p t io n  is o th e r m s  in d ic a te d  th a t  c a lc iu m  io n s  a d s o r b e d  o n  

n e g a t i v e ly  c h a r g e d  s i t e s  o f  th e  p a p e r  f ib e r  b y  an  io n  e x c h a n g e  m e c h a n is m .  
T h e  S D S  a d s o r p t io n  is o th e r m  w a s  f o u n d  to  b e  th e  S - s h a p e d . T h e  a d d it io n  o f  

c a l c iu m  d id  n o t  h a v e  m u c h  e f f e c t  o n  th e  a d s o r p t io n  o f  S D S .  O n  t h e  o th e r  

h a n d , c h a n g in g  th e  p H  h a d  a  c o n s id e r a b le  e f f e c t  o n  t h e  a d s o r p t io n  o f  S D S .  
T h e  e x p e r im e n t a l  r e s u lt s  a l s o  r e v e a le d  th a t  th e  a d s o r p t io n  o f  S D S  w a s  b e t t e r  at 

l o w  p H  v a lu e .  T h e  d i f f e r e n c e s  in  a d s o r p t io n  o f  S D S  w e r e  c le a r ly  o b s e r v e d  at  

c o n c e n t r a t io n s  b e f o r e  a p p r o a c h in g  t h e  C M C .



ACKNOWLEDGEMENTS

I w o u ld  l ik e  t o  a c k n o w le d g e  P r o f . J o h n  F . S c a m e h o m , m y  a d v is o r ,  
fo r  h i s  g u id a n c e  a n d  A s s o c .  P r o f  K u n c h a n a  B u n y a k ia t ,  D r . K it t ip a t  

S ie m a n o n d ,  m y  c o - a d v is o r s ,  fo r  th e ir  a d v i s e s  a n d  s u g g e s t io n s  th a t  a re  

n e e d e d  t o  c o m p le t e  m y  t h e s i s .  T h a n k s  a re  a l s o  to  P r o f . S o m c h a i  O s u w a n  

fo r  s i t t in g  o n  m y  c o m m it t e e .  I w i s h  to  th a n k  M r . T e e r a c h a i  

R a t a n a r o j m o n g k o l  a t th e  d e p a r tm e n t  o f  S c i e n c e  a n d  S e r v i c e s  fo r  h is  

in s t r u c t io n  a b o u t  p u lp in g  p a p e r  f ib e r . M y  th a n k s  a re  a l s o  e x t e n d e d  t o  D r .  
J in ta n a  S a iw a n  a n d  M r . P ra p a t L o h a th e r a p a t  fo r  th e ir  k in d  in s t r u c t io n s  

a b o u t  th e  H P L C  t e c h n iq u e ,  a n d  D r . P o m t h o n g  M a la k u l  fo r  h is  h e lp f u l  

g u id a n c e  a b o u t  t h e s i s  a n d  M r. J o h n  E l l i s  fo r  h is  h e lp f u l  g u id a n c e  a b o u t  

t h e s i s  f o r m a t t in g .
F in a l ly ,  m y  m o s t  h e a r t fe l t  a p p r e c ia t io u s  to  m y  p a r e n ts  a n d  s i s t e r s  fo r  

th e ir  f u l l  s u p p o r t .



TABLE OF CONTENTS

P A G E
T it le  P a g e  i
A b s t r a c t  ( in  E n g l i s h )  i i i
A b s t r a c t  ( in  T h a i)  iv
A c k n o w le d g e m e n t s  V

T a b le  o f  C o n te n t s  v i
L is t  o f  T a b le s  ix
L is t  o f  F ig u r e s  x i i

C H A P T E R
I I N T R O D U C T I O N  1

II  L I T E R A T U R E  S U R V E Y  2
2 .1  N a tu r e  o f  P a p e r  F ib e r  2

2 .1 .1  S o u r c e  o f  P a p e r  F ib e r  2
2 .1 .1 .1  W o o d  2
2 .1 .1 .2  N o n - W o o d  3

2 .1 .2  C h e m ic a l  C o m p o s i t io n  o f  W o o d  3
2 .1 .2 .1  C e l lu lo s e  3
2 .1 .2 .2  H e m ic e l l u lo s e  3
2 .1 .2 .3  L ig n in  3
2 .1 .2 .4  E x tr a c t iv e  3

2 .1 .3  C o m p o s i t io n  o f  P a p e r  F ib e r  4
2 .1 .3 .1  F ib r o u s  M a te r ia ls  4
2 .1 .3 .2  N o n  F ib r o u s  M a te r ia ls  4

2 .2  C h a r a c te r is t ic  F e a tu r e s  o f  S u r fa c ta n ts  5
2 .2 .1  G e n e r a l  S tr u c tu r e  o f  S u r fa c ta n t s  6



2 .2 .1 .1  A n io n ic  6
2 .2 .1 .2  C a t io n ic  6
2 .2 .1 .3  Z w it t e r io n ic  6
2 .2 .1 .4  N o n io n i c  6

2 .3  R o le  o f  S u r fa c ta n t  o n  F lo ta t io n  D e in k in g  7
2 .4  A d s o r p t io n  I s o th e r m  o f  S u r fa c ta n t  7
2 .5  R o le s  o f  C a lc iu m  I o n s  in  F lo ta t io n  D e i n k i n g  8
2 .6  E f f e c t  o f  p H  in  F lo ta t io n  D e in k in g  9
2 .7  T h e  D o u b le  L a y e r  10
2 .8  Z e t a  P o t e n t ia l  11

I I I  E X P E R I M E N T A L  13
3 .1  M a te r ia ls  13
3 .2  M e t h o d  14

3 .2 .1  A d s o r p t io n  I s o th e r m  E x p e r im e n t  14
3 .2 .2  Z e ta  P o te n t ia l  E x p e r im e n t  14

I V  R E S U L T S  A N D  D I S C U S S I O N  16
4 .1  E f f e c t  o f  C a lc iu m  I o n s  o n  th e  A d s o r p t io n  o f  S D S

o n  th e  P a p e r  F ib e r  16
4 .2  E f f e c t  o f  p H  o n  th e  A d s o r p t io n  o f  S D S  a n d  C a lc iu m

I o n s  o n  P a p e r  F ib e r  2 4
4 .3  E f f e c t  o f  S D S  a n d  C a lc iu m  I o n s  t o  t h e  Z e t a  P o t e n t ia l

o f  P a p e r  F ib e r  3 0
4 .4  E f f e c t  o f  p H  to  th e  Z e ta  P o te n t ia l  o f  P a p e r  F ib e r  3 2

V  C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  3 6

vii

CHAPTER PAGE



vin

CHAPTER PAGE

5.1 C o n c lu s io n s  3 6
5 .2  R e c o m m e n d a tio n s  3 7

REFERENCES 3 8

APPENDICES 40

CURRICULUM VITAE 58



IX

TABLE PAGE

A - 1 D a ta  o f  S D S  a d so rp tio n  w ith  n o  c a lc iu m  at p H  7 . 4 0
A -2  D a ta  o f  S D S  a d so rp tio n  w ith  n o  c a lc iu m  at p H  9 . 41
A -3  D a ta  o f  S D S  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 00  p M  at pH  7 . 4 2
A -4  D a ta  o f  S D S  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

100  p M  at p H  9 . 4 3
A -5  D a ta  o f  S D S  a d so rp tio n  w ith  in itia l c a lc iu m  co n cen tra tio n

1 .0 0 0  p M  at pH  7 . 4 4
A -6  D a ta  o f  S D S  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 .0 0 0  p M  at p H  9. 4 4
B - l  D a ta  o f  c a lc iu m  a d sorp tion  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 00  p M  and v a ry in g  S D S  co n cen tra tio n  at p H  7. 45
B -2  D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 00  p M  and v a ry in g  S D S  co n cen tra tio n  at pH  9. 4 6
B -3  D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 .0 0 0  p M  and v a ry in g  S D S  co n cen tra tio n  at p H  7 . 4 7
B -4  D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l c a lc iu m  c o n c e n tr a tio n

1 .0 0 0  p M  and v a ry in g  S D S  co n cen tra tio n  at p H  9 . 4 7
B -5  D a ta  o f  c a lc iu m  a d sorp tion  w ith  n o  S D S  at pH  7 . 4 8
B -6  D a ta  o f  c a lc iu m  a d sorp tion  w ith  n o  S D S  at pH  9 . 4 9
B -7  D a ta  o f  c a lc iu m  a d sorp tion  w ith  in itia l S D S  c o n c e n tr a tio n

5 0 0  p M  at pH  7. 50
B -8  D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l S D S  co n cen tra tio n

5 0 0  p M  at pH  9.

LIST OF TABLES

50



X

B -9  D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l S D S  c o n c e n tr a tio n
1 .0 0 0  p M  at p H  7. 51

B - 10 D a ta  o f  c a lc iu m  a d so rp tio n  w ith  in itia l S D S  c o n cen tra tio n
1 .0 0 0  p M  at pH  9. 51

C - 1 D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  v a r y in g  S D S
c o n c e n tr a tio n  and n o  c a lc iu m  at p H  7. 52

C -2  D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  v a r y in g  S D S
c o n c e n tr a tio n  and n o  c a lc iu m  at pH  9 . 52

C -3  D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  v a r y in g  S D S

TABLE PAGE

c o n c e n tr a tio n  and in itia l c a lc iu m  co n cen tra tio n  100  p M  at p H  7 . 53
C -4  D a ta  o f  z e ta  p o ten tia l o f  p ap er  fib er  w ith  v a r y in g  S D S

c o n c e n tr a tio n  and in itia l c a lc iu m  co n cen tra tio n  1 00  p M  at p H  9 . 53
C -5  D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  v a r y in g  S D S  

c o n c e n tr a tio n  and in itia l c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M  
at p H  7 . 54

C -6  D a ta  o f  z e ta  p o ten tia l o f  pap er fib er  w ith  v a r y in g  S D S  

c o n c e n tr a tio n  and in itia l c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M  
at p H  9 . 54

C -7  D a ta  o f  z e ta  p o ten tia l o f  pap er fib er  w ith  n o  S D S  and
v a r y in g  c a lc iu m  co n cen tra tio n  at p H  7. 55

C -8  D a ta  o f  z e ta  p o ten tia l o f  p ap er  fib er  w ith  n o  S D S  and
v a r y in g  c a lc iu m  co n cen tra tio n  at p H  9 . 55

C -9  D a ta  o f  z e ta  p o ten tia l o f  paper fib er  w ith  in itia l S D S
c o n c e n tr a tio n  5 0 0  p M  and v a r y in g  c a lc iu m  c o n cen tra tio n  
at p H  7. 56



\ 1

TABLE

C - 10 D a ta  o f  z e ta  p o ten tia l o f  p ap er  fib er  w ith  in itia l S D S
c o n c e n tr a tio n  5 0 0  p M  and v a r y in g  c a lc iu m  c o n c e n tr a tio n  
at p H  9 .

C - l  1 D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  in itia l S D S
c o n c e n tr a tio n  1 ,0 0 0  p M  and v a r y in g  c a lc iu m  c o n c e n tr a tio n  
at pH  7.

C - 12 D a ta  o f  z e ta  p o ten tia l o f  p ap er fib er  w ith  in itia l S D S
c o n c e n tr a tio n  1 ,0 0 0  p M  and v a r y in g  c a lc iu m  c o n c e n tr a tio n  
at p H  9.

PAGE

56

57

57



xii

LIST OF FIGURES

FIGURE PAGE

2.1  S -sh a p e d  a d so rp tio n  iso th erm  for an a n io n ic  su rfactan t
o n  a s tro n g  ch arge  s ite  su b strate . 8

2 .2  V isu a liz a t io n  o f  th e  D o u b le  L ayer. 11
2 .3  R e la t io n sh ip  b e tw e e n  ze ta  p o ten tia l and su r fa ce  p o ten tia l. 12
3.1 S c h e m a t ic  o f  S D S . 13
4 .1  A d so r p tio n  iso th erm  o f  c a lc iu m  on  p ap er  fib er  w ith  n o  S D S

at p H  7 at 3 0 ° C ; v a ry in g  in itia l c a lc iu m  co n cen tra tio n . 17
4 .2  A d so r p tio n  iso th erm  o f  ca lc iu m  on  p ap er fib er  w ith  n o  S D S

at p H  9 at 3 0 ° C ;  v a r y in g  in itia l c a lc iu m  co n cen tra tio n . 17
4 .3  A d so r p tio n  iso th erm  o f  S D S  on  p ap er fib er  w ith  n o  c a lc iu m

at p H  7 at 3 0 ° C ; v a ry in g  in itia l S D S  c o n cen tra tio n . 18
4 .4  A d so r p tio n  iso th erm  o f  S D S  on  p ap er fib er  w ith  n o  c a lc iu m

at p H  9  at 3 0 ° C ; v a r y in g  in itia l S D S  co n cen tra tio n . 18
4 .5  A d so r p tio n  iso th erm s o f  S D S  and c a lc iu m  o n  p ap er  fib er  

at p H  7 at 3 0 ° C ;  (■ ) v a ry in g  in itia l S D S  co n c e n tr a tio n ,
(♦ ) v a r y in g  in itia l ca lc iu m  co n cen tra tio n . 2 0

4 .6  A d so r p tio n  iso th erm s o f  S D S  w ith  v a r y in g  in itia l c a lc iu m
c o n c e n tr a tio n  at p H  7 at 3 0 ° C ; ( A )  v a r y in g  in itia l S D S  
c o n c e n tr a tio n , (♦ ) v a ry in g  in itia l S D S  co n cen tra tio n  and  
c o n sta n t in itia l c a lc iu m  co n cen tra tio n  100 p M , (■ ) v a r y in g  
in itia l S D S  co n cen tra tio n  and co n sta n t in itia l c a lc iu m  
c o n c e n tr a tio n  1 ,0 0 0  p M . 21

4 .7  A d so r p tio n  iso th erm s o f  S D S  w ith  v a r y in g  in itia l c a lc iu m  
c o n c e n tr a tio n  at p H  9  at 3 0 ° C ; ( A )  v a r y in g  in itia l S D S  
co n c e n tr a tio n , (♦ ) v a ry in g  in itia l S D S  co n cen tra tio n  and



Xlll

FIGURE p a g e

c o n s ta n t in itia l c a lc iu m  co n cen tra tio n  100  p M , (■ ) v a r y in g  
in it ia l S D S  co n cen tra tio n  and co n sta n t in itia l c a lc iu m  
c o n c e n tr a tio n  1 ,0 0 0  p M . 2 2

4 .8  A d so r p tio n  iso th erm s o f  c a lc iu m  and S D S  w ith  v a r y in g  in itia l 
c a lc iu m  c o n cen tra tio n  at p H  7 at 3 0 ° C ;  (♦ ) v a r y in g  in it ia l S D S  

c o n c e n tr a tio n  and co n sta n t in itia l c a lc iu m  co n cen tra tio n  1 0 0  p M ,
(■ ) v a r y in g  in itia l S D S  co n cen tra tio n  and c o n sta n t in itia l 
c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M . 23

4 .9  A d so r p tio n  iso th erm s o f  c a lc iu m  and S D S  w ith  v a r y in g  in itia l 
c a lc iu m  c o n cen tra tio n  at p H  9 at 3 0 ° C ; ( A )  v a r y in g  in itia l S D S  

c o n c e n tr a tio n  and co n sta n t in itia l c a lc iu m  co n cen tra tio n  1 0 0  p M ,
(■ ) v a r y in g  in itia l S D S  co n cen tra tio n  and c o n sta n t in itia l  
c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M . 2 4

4 .1 0  A d so r p tio n  iso th erm s o f  S D S  w ith  n o  c a lc iu m  and v a r y in g  p H  
at 3 0 ° c  ; ( A )  v a r y in g  in itia l S D S  co n cen tra tio n  at p H  7,
(♦ ) v a r y in g  in itia l S D S  co n cen tra tio n  at p H  9 . 25

4 .1 1  A d so r p tio n  iso th erm s o f  c a lc iu m  w ith  n o  S D S  an d  v a r y in g  p H  
at 3 0 ° C ;  ( A )  v a r y in g  in itia l c a lc iu m  c o n cen tra tio n  at p H  7 ,
(♦ ) v a r y in g  in itia l c a lc iu m  c o n cen tra tio n  at p H  9 . 2 6

4 .1 2  A d so r p tio n  iso th erm s o f  S D S  w ith  in itia l c a lc iu m
c o n c e n tr a tio n  1 00  p M  and v a r y in g  p H  at 3 0 ° C ;  ( A )  v a r y in g  
in it ia l S D S  co n cen tra tio n  an d  co n sta n t c a lc iu m  c o n c e n tr a tio n  
100  p M  at p H  7 , (♦ ) v a r y in g  in itia l S D S  co n cen tra tio n  and  
co n sta n t c a lc iu m  co n cen tra tio n  100  p M  at p H  9 . 2 7

4 .1 3  A d so r p tio n  iso th erm s o f  S D S  w ith  in itia l c a lc iu m  
c o n c e n tr a tio n  1 ,0 0 0  p M  and v a r y in g  p H  at 3 0 ° C ;  ( A )  v a r y in g  
in it ia l S D S  co n cen tra tio n  an d  co n sta n t c a lc iu m  c o n c e n tr a tio n



XIV

FIGURE PAGE

1 .0 0 0  p M  at p H  7 , (♦ ) v a ry in g  in itia l S D S  c o n c e n tr a tio n  and  

co n sta n t c a lc iu m  c o n cen tra tio n  1 ,0 0 0  p M  at p H  9 .
4 .1 4  A d so r p tio n  iso th erm s o f  c a lc iu m  and S D S  w ith  in itia l c a lc iu m  

c o n c e n tr a tio n  100 p M  and v a r y in g  p H  at 3 0 ° C ;  (♦ ) v a r y in g  
in itia l S D S  c o n cen tra tio n  and co n sta n t c a lc iu m  c o n c e n tr a tio n  
100 p M  at p H  7 , (■ ) v a r y in g  in itia l S D S  c o n c e n tr a tio n  and  

co n sta n t c a lc iu m  co n cen tra tio n  100  p M  at p H  9.
4 .1 5  A d so r p tio n  iso th erm s o f  c a lc iu m  and S D S  w ith  in itia l c a lc iu m  

c o n c e n tr a tio n  1 ,0 0 0  p M  and v a r y in g  p H  at 3 0 ° C ;  (♦ ) v a r y in g  
in itia l S D S  co n cen tra tio n  and co n sta n t c a lc iu m  c o n c e n tr a tio n
1 .0 0 0  p M  at p H  7 , (■ ) v a ry in g  in itia l S D S  c o n c e n tr a tio n  an d  

co n sta n t c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M  at p H  9.
4 .1 6  Z e ta  p o te n tia l o f  p ap er  fib er  as a fu n c tio n  o f  eq u ilib r iu m  S D S  

c o n c e n tr a tio n  w ith  n o  c a lc iu m  at pH  7 at 3 0 ° C ;  (♦ ) v a r y in g  
in it ia l S D S  co n cen tra tio n .

4 .1 7  T h e  s c h e m a tic  o f  th e S D S  a d so rp tio n  o n  p ap er  fib er.
4 .1 8  Z e ta  p o te n tia l o f  p ap er  fib er  as a  fu n c tio n  o f  eq u ilib r iu m  S D S  

c o n c e n tr a tio n  w ith  v a r y in g  in itia l c a lc iu m  co n cen tra tio n
at p H  7 at 3 0 ° C ;  ( A )  v a r y in g  in itia l S D S  c o n cen tra tio n ,
(♦ ) v a r y in g  in itia l S D S  co n cen tra tio n  and co n sta n t c a lc iu m  

c o n c e n tr a tio n  100  p M , (■ ) v a r y in g  in itia l S D S  c o n c e n tr a tio n  

an d  co n sta n t c a lc iu m  co n cen tra tio n  1 ,0 0 0  p M .
4 .1 9  A d so r p tio n  iso th erm s o f  S D S  and z e ta  p o ten tia l o f  p ap er  f ib e r  

w ith  n o  c a lc iu m  and v a r y in g  p H  at 3 0 ° C ; (♦ , ■ ) a d so rp tio n  
v a lu e  o f  v a r y in g  in itia l S D S  c o n cen tra tio n  at p H  7 and 9  
r e s p e c t iv e ly , * • ) z e ta  p o ten tia l v a lu e  o f  v a r y in g  in itia l

2 8

2 9

3 0

31
31

32



XV

S D S  c o n cen tra tio n  at pH  7 and 9  r e sp e c t iv e ly . 33
4 .2 0  A d so r p tio n  iso th erm s o f  S D S  and z e ta  p o ten tia l o f  p ap er  fib er

w ith  in itia l c a lc iu m  co n cen tra tio n  1 00  (iM  and v a r y in g  p H  at 
3 0 ° C ;  (♦ , ■ ) a d so rp tio n  v a lu e  o f  v a r y in g  in itia l S D S  
c o n c e n tr a tio n  at p H  7 and 9 r e sp e c t iv e ly , ( ♦  , M )  z e ta  p o te n tia l  
v a lu e  o f  v a r y in g  in itia l S D S  c o n cen tra tio n  at p H  7 an d  9  
r e s p e c t iv e ly . 3 4

4 .2 1  A d so r p tio n  iso th erm s o f  S D S  and z e ta  p o ten tia l o f  p ap er  fib er
w ith  in itia l c a lc iu m  co n cen tra tio n  1 ,0 0 0  |iM  and v a r y in g  p H  at 
3 0 ° C ;  (♦ , ■ ) a d so rp tio n  v a lu e  o f  v a r y in g  in itia l S D S  
c o n c e n tr a tio n  at pH  7 and 9 r e sp e c t iv e ly , ( ♦ 1 พ )  z e ta  p o te n tia l 
v a lu e  o f  v a r y in g  in itia l S D S  c o n cen tra tio n  at pH  7 and 9 
r e sp e c t iv e ly . 35

FIGURE PAGE


	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


