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ABSTRACT

4 4 7 1 0 0 9 0 6 3  : P E T R O C H E M IC A L  T E C H N O L O G Y  P R O G R A M
E k k arin  S iripattan an on t: P o ly e le c tr o ly te -E n h a n c e d  U ltra filtra tion
(P E U F ) o f  C h r o m a te -S u lfa te  M ix tu re .
T h e s is  A d v iso rs:  A s s o c . P rof. C h in ta n a  S a iw a n , P rof. Joh n  F. 
S c a m e h o m , 8 4  pp. I S B N  9 7 4 -1 4 -2 2 8 1 -8

K e y w o r d s:  U ltra filtr a tio n / P o ly e le c tr o ly te -E n h a n c e d  U ltra filtr a tio n / E q u ilib r iu m
P rec ip ita tio n / C h ro m a te / S u lfa te

W a ste w a te r  c o n ta in in g  c a r c in o g e n ic  c h ro m a te  a n io n s  c a n  b e  treated  b y  
p o ly e le c tr o ly te -e n h a n c e d  u ltra filtra tion  (P E U F ), a m em b ra n e  se p a ra tio n  p r o c e ss  u sed  
in  m a n y  a p p lic a t io n s  in c lu d in g  ch ro m a te  and su lfa te  rem o v a l. In th is  p r o c e s s , w a ter-  
so lu b le  p o ly m e r  or  c a tio n ic  p o ly e le c tr o ly te , p o ly (d ia lly ld im e th y l a m m o n iu m  
c h lo r id e )  or q u a rtem a ry  a m m o n iu m  c h lo r id e  (Q U A T ) , is  ad d ed  to  th e  a q u eo u s  
stream  to b in d  w ith  ch rom a te  and  su lfa te  a n io n s . T h e  treated  w a te r  is  th en  p a sse d  
th ro u gh  an u ltra filtra tio n  m em b ran e  h a v in g  p o re  s iz e s  sm a ll e n o u g h  to  reject the  
p o ly m e r  w ith  th e  b o u n d  target a n io n s . In th is  w o rk , c h ro m a te  r e je c tio n  and r e la tiv e  
f lu x  w e r e  s im u lta n e o u s ly  in v e s t ig a te d  u s in g  m ix tu r e s  c o n ta in in g  ch ro m a te  and  
su lfa te  io n s  at v a r io u s  sp e c if ic  co n cen tra tio n  ra tio s o f  [Q U A T ]:[C h r o m a te ]:[S u lfa te ] ,  
It w a s  fou n d  that ch ro m a te  re je c tio n  in crea sed  w ith  in c r e a s in g  c o n c e n tr a tio n  ratio o f  
Q U A T  to  to ta l a n io n s . R e la t iv e  f lu x  g ra d u a lly  d e c r e a se d  w ith  in c r e a s in g  Q U A T  
co n ce n tr a tio n  in  reten ta te  d u e  to  th e  a ccu m u la tio n  o f  Q U A T  o n  th e  m em b ran e  
su rfa ce . T h e  r e c o v e r y  o f  Q U A T  w a s  a lso  รณ d ie d  for  e c o n o m ic a l  fe a s ib il ity  at 
v a r io u s  co n ce n tr a tio n  ratio s o f  [B a r iu m ]:[C h r o m a te ]:[S u lfa te ]. B a r iu m  c h lo r id e  w a s  
ad d ed  to  p rec ip ita te  b o th  ch ro m a te  and su lfa te  as b arium  ch r o m a te  and b arium  
su lfa te . It w a s  fou n d  that h ig h e r  co n ce n tr a tio n s  o f  b ariu m  io n s  and lo w e r  
co n c e n tr a tio n s  o f  ch ro m a te  an d /or su lfa te  io n s  p rec ip ita ted  m o re  b a r iu m  ch rom a te .



V

T h is  w o rk  ca n n o t b e  s u c c e s s fu l w ith o u t th e se  fo l lo w in g  p e o p le .
O u t o f  a s e n se  o f  g ra te fu ln e ss , I w o u ld  lik e  to  e x p r e ss  m y  gra titu d e to  

A s s o c . P rof. C h in tan a  S a iw a n , T h ai ad v isor , w h o  e n c o u r a g e d  th e  au th or w ith  h e lp fu l 
r e c o m m e n d a tio n s , c r e a tiv e  d isc u ss io n s  and p a tien ce .

I w o u ld  lik e  to  s in c e r e ly  than k  Prof. John  F. S c a m e h o m , บ .ร .  a d v iso r , w h o  
p r o v id e s  e n c o u r a g e m e n t and u se fu l reco m m e n d a tio n s.

I w o u ld  a lso  lik e  to thank  A s s o c . P rof. K en n eth  H a lle r  and  A sst . P rof. 
P o m th o n g  M a la k u l for k in d  a d v ic e  and for b e in g  o n  th e  th e s is  c o m m itte e .

U n fo r g e tta b le  thank  is  forw a rd ed  to M is s  C h a lo th o m  S o p o n v u tt ik u l, P h .D . 
ca n d id a te , for  th e  u se fu l g u id a n ce  and  s u g g e s tio n  o n  th e  e x p e r im e n ts .

T h is  th e s is  w o rk  is  p a r tia lly  fu n d ed  b y  P o stg ra d u a te  E d u ca tio n  and  
R esea rch  P rogram  in P etro leu m  and P e tr o c h e m ic a l T e c h n o lo g y  (P P T  C o n so rtiu m ).

A ll  s ta f f  m em b ers  o f  th e  P etro leu m  and P e tr o c h e m ic a l C o lle g e  w e r e  a lw a y s  
h e lp fu l to  th e  author.

A d d it io n a lly , a ll o f  m y  fr ien d s h a v e  b e e n  e n jo y a b le , c h e e r fu l an d  h e lp fu l.
F in a lly , I w o u ld  lik e  to e x p r e ss  m y  w h o le -h e a r te d  gra titu d e  to  m y  p aren ts  

for  th eir  fo rev er  lo v e , e n c o u ra g em en t, and m e a su r e le ss  su p port.

ACKNOWLEDGEMENTS



TABLE OF CONTENTS

PAGE
T itle  P a g e i
A b stra ct ( in  E n g lish ) iii
A b stra ct ( in  T h ai) iv
A c k n o w le d g e m e n ts V
T a b le  o f  C o n ten ts v i
L ist o f  T a b les v iii
L ist o f  F ig u res X

CHAPTER

I INTRODUCTION 1

II LITERATURE SURVEY 3
2.1 U ltra filtra tion  3
2 .2  P o ly e le c tr o ly te s  5
2 .3  G e l P o la r iza tio n  7
2 .4  C h ro m iu m  8
2 .5  S u lfa te  9
2 .6  C h ro m ate  and S u lfa te  R e m o v a l b y  P E U F  9 III

III EXPERIMENTAL 12
3.1 M a ter ia ls  12
3 .2  P u r ifica tio n  12
3 .3  A n a ly s is  M e th o d s  13

3 .3 .1  D eter m in a tio n  o f  C h ro m ate  Io n  13
3 .3 .2  D e term in a tio n  o f  T ota l O rg a n ic  C arb on  13



vil

CHAPTER PAGE

IV RESULTS AND DISCUSSION 16
4.1  R e je c t io n  o f  C h ro m ate  A n io n  16
4 .2  E ffe c t  o f  C o n cen tra tio n  P o la r iz a tio n  o n  r e la tiv e  f lu x  17
4 .3  E q u ilib r iu m  P rec ip ita tio n  35

4 .3 .1  E ffe c t  o f  b arium (II) io n  o n  e q u ilib r iu m
p rec ip ita tio n  35

4 .3 .2  E ffe c t  o f  ch rom a te  o n  e q u ilib r iu m
p rec ip ita tio n  35

4 .3 .2  E ffe c t  o f  su lfa te  o n  eq u ilib r iu m  p rec ip ita tio n  35

V CONCLUSIONS 40

REFFERENCES 41

APPENDICES 43
Appendix A E x p e r im en ta l data for P E U F  stu d ie s  43
Appendix B E x p e r im en ta l data for E q u ilib r iu m

P rec ip ita tio n  S tu d ies  82

CURRICULUM VITAE 84



vin

LIST OF TABLES

TABLE PAGE

2.1 C h a ra c ter is tic s  o f  c o m m o n  m em b ran e  se p a ra itio n  p r o c e ss 4
2.2 S e le c te d  c la s s e s  o f  p o ly e le c tr o ly te s 7
2 .3 S tru ctu res o f  io n ic  s ite s  o f  p o ly e le c tr o ly te s 7
A 1 E x p e r im en ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:  [C h rom ate]: [S u lfa te ] =  5:1:1 43
A 2 E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  10:1:1 4 6
A 3 E x p e r im e n ta l data o f  ch rom a te re jec tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20 :1 :1 4 9
A 4 E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ies

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20 :2 :1 5 2
A 5 E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20 :4 :1 55
A 6 E x p e r im e n ta l data o f  ch rom ate re je c tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20 :6 :1 58
A 7 E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20:8:1 61
A 8 E x p e r im e n ta l data o f  ch rom ate re je c tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  20 :1 0 :1 6 4
A 9 E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  2 0 :1 :2 6 7
A 1 0 E x p e r im e n ta l data o f  ch rom ate re je c tio n stu d ie s

[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  2 0 : 1 :4 70
A l l E x p e r im e n ta l data o f  ch rom ate re jec tio n stu d ie s

[Q U A T ]:  [C h rom ate]: [S u lfa te ] =  2 0 :1 :6 73
A 1 2 E x p e r im e n ta l  d a ta  o f  c h r o m a te r e j e c t io n s tu d ie s

[QUAT]: [Chromate] .-[Sulfate] = 20:1:8 76



IX

TABLE PAGE

A 1 3 E x p e r im e n ta l data o f  ch rom a te  re jec tio n  
[Q U A T ]:[C h r o m a te ]:[S u lfa te ]  =  2 0 :1 :1 0

stu d ie s
7 9

B1 E q u ilib r iu m  p rec ip ita tio n  stu d ie s  o f  in itia l 
c o n cen tra tio n  at a [C h ro m a te ]:[S u lfa te ] o f  1

B a 2+
82

B 2 E q u ilib r iu m  p recip ita tio n  stu d ie s  o f  in itia l ch rom a te  
co n ce n tr a tio n  at a [B a r iu m ]:[S u lfa te ] o f  2 83

B 3 E q u ilib r iu m  p rec ip ita tio n  s tu d ie s  o f  in itia l 
co n ce n tr a tio n  at a [B ar iu m ]:[C h ro m ate ] o f  2

su lfa te
83



X

LIST OF FIGURES

2.1 Chemical structure o f (a) sodium polystyrene sulfonate
and (b) poly(diallyldimethylammonium chloride). 7

4.1 Chromate rejection as a function of QUAT concentration
inretentate. 19

4.2 Effect o f initial [Chromate] at a [QUAT]/[Sulfate] o f 20. 20
4.3 Effect o f initial [Sulfate] at a [QUAT]/[Chromate] o f 20. 21
4.4 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT] : [Chromate] : [Sulfate] = 5:1:1. 22
4.5 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 10:1:1. 23
4.6 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:1. 24
4.7 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:2:1. 25
4.8 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:4:1. 26
4.9 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:6:1. 27
4.10 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:8:1. 28
4.11 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:10:1. 29
4.12 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:2. 30
4.13 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:4. 31
4.14 Relative flux as a function o f QUAT concentration in

retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:6. 32

FIGURE PAGE



XI

FIGURE PAGE

4.15 Relative flux as a function o f QUAT concentration in
retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:8. 33

4.16 Relative flux as a function o f QUAT concentration in
retentate at ratio [QUAT]:[Chromate]:[Sulfate] = 20:1:10. 34

4.17 Effect o f initial barium (II) ion as a function o f fraction o f
chromate precipitated at [Chromate]:[Sulfate] = 1. 37

4.18 Effect o f initial chromate as a function o f fraction o f
chromate precipitated at [Barium]:[Sulfate] = 2. 38

4.19 Effect o f initial sulfate as a function o f fraction o f
chromate precipitated at [Barium]:[Chromate] o f 2. 39


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements 

	Contents



