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Recently, surfactant-based processes have been widely studied for using in 
environmental remediation. In all of these applications, surfactant adsorption into solid 
surface is of interest, when undesirable, surfactant adsorption can render a design 
ineffective and significantly increase dosage requirements and thus adversely affect the 
economics of the system. The purpose of this research is to maximize the surfactant 
adsorption onto alumina while minimizing the aqueous surfactant concentration using 
mixed anionic and cationic surfactant system. Maximum surfactant adsorption can be 
achieved because the mixed adsorption increase the adsolubilization capacity of organic 
solutes of the mixed adsorbed surfactant aggregates onto alumina. The specific 
objectives of this study are to investigated the adsorption of mixed anionic and cationic 
surfactants for the twin-head anionic surfactants, sodium hexadecyl diphenyloxide 
disulfate (SHDPDS). and the conventional cationic surfactants, dodecyl pyridinum 
chloride (DPQ with different molar fraction of cationic surfactants in the mixed 
surfactant system onto alumina; adsolubilization for organic solutes of polar nature, 
styrene, and non-polar nature, ethylcyclohexane, with the mixed surfactants admicelles; 
and the solubilization of the organic solutes into the mixed surfactant micelles. The 
results showed that the total adsorption of mixed anionic and cationic surfactants 
increased with increasing the cationic surfactant mole fraction in the mixed surfactant 
system. The adsorption of the mixed surfactant system showed a low synergism with 
only the cationic surfactant adsorption in the mixed system being enhanced but no 
significant different on the adsorbed anionic surfactants onto alumina. The highest 
maximum adsorption was obtained at 3:1 SHDPDS:DPC molar ratio corresponding to 
0.30 mmole/g or 1.36 molecule/nm2. The solubilization capacity of both styrene and 
ethylcyclohexane in the micelles increased with increasing cationic surfactant mole 
fraction in the mixed surfactant system. The cationic surfactant mole fraction in the 
mixed surfactant increased with decreasing adsolubilized styrene in the admicelles and 
increasing adsolubilized ethylcyclohexane at low ethylcyclohexane loading level. The 
admicellar partitioning coefficient (Kad111) of the organic solutes was of the same order as 
corresponding micellar partitioning coefficient (K^c). These results provide the useful 
information for mixed anionic and cationic surfactant systems at the liquid- solid interface 
and for designing surface modification to enhance contaminant remediation.

Inter-Department Environment Management Student’s signature, 7?.
Field study Environment Management 
Academic year 2003



ACKOWLEDGEMENTS

I appreciate very much the efforts o f my advisor, Dr. Sutha Khaodhiar, for his 
time, guidance, and the support he provided throughout this study. I would like to thank 

my advisor, Dr. David A. Sabatini, for his time, guidance, and the support o f his 
laboratory equipment and materials at the University o f Oklahoma, Norman, Oklahoma 

USA. I would like to thank Edgar Acosta and Aranya Fuangswasdi for their time, 
suggestions, and valuable comments for this study. I would also like to thank the 

members o f my committee, Dr. Manasakorn Rachakornkij, Dr. Khemarath 

Osathaphan, and Dr. Pichaya Rachadawong.
I thank my parent, Amporn and Poolsub Charoensaeng, for their 

encouragement, understanding, and support through the year. I would also like to thank 

Sukhwan Soontravanich for her supports at Norman, Oklahoma, USA.



TABLE OF CONTENTS

page
ABSTRACT (IN THAI).......................................................................................................  iv
ABSTRACT (IN ENGLISH)...............................................................................................  V

ACKNOWLEDGEMENT................................................................................................... vi
TABLE OF CONTENTS.....................................................................................................  vii
LIST OF FIGURES................................................................................................................. X

LIST OF TABLES...............................................................................................................  xii
LIST OF APENDIX FIGURES.......................................................................................... xiii
LIST OF APENDIX TABLES............................................................................................. XV

CHAPTER 1: INTRODUCTION 1
1.1 Background..............................................................................................  1
1.2 Objectives.................................................................................................. 3

CHAPTER 2: THEORETICAL ASPECTS AND LITERATURE 4
REVIEW

2.1 Surfactants phenomena..........................................................................  4
2.2 Mixed anionic and cationic surfactants........................................  6

2.2.1 Precipitation o f mixed anionic and cationic surfactants..........  6

2.3 Aluminum oxide surface.......................................................................... 8

2.4 Adsorption of ionic surfactants onto metal oxide surface................  9
2.4.1 Parameters affecting surfactant adsorption................................  13

2.5 Mixed anionic and cationic surfactant adsorption.............................. 15
2.6 Solubilization.............................................................................................  17
2.7 Adsolubilization.......................................................................................  17



TABLE OF CONTENTS (CONTINUED)TABLE OF CONTENTS (CONTINUED)

page
CHAPTER 3: METHODOLOGY 22

3.1 Materials................................................................................................... 22
3.2 Experimental methods............................................................................  24

3.2.1 Adsorption study........................................................................... 24
3.2.2 Solubilization study......................................................................  25
3.2.3 Adsolubilization study................................................................... 26

3.3 Analytical methods................................................................................  26

CHAPTER 4: RESULTS AND DISCUSSION 27
4.1 Adsorption study.....................................................................................  27

4.1.1 Adsorption of single anionic and cationic surfactants.........  27
4.1.2 Adsorption of mixed anionic and cationic surfactants........  28

4.2 Solubilization study.................................................................................. 29
4.3 Adsolubilization study.............................................................................  32

4.3.1 Styrene adsolubilization.............................................................  34
4.3.2 Ethylcyclohexane adsolubilization...........................................  35

CHAPTER 5: SUMMARY, CONCLUSIONS, AND ENGINEERING 
SIGNIFICANCE

5.1 Summary...................................................................................................  48
5.2 Conclusions..............................................................................................  49
5.3 Engineering Significance........................................................................  50

REFERENCES...................................................................................................  51

vrn



IX

TABLE OF CONTENTS (CONTINUED)

page
APPENDICES

APPENDIX A: Figures....................................................................................  56
APPENDIX B: Equations.................................................................................. 57
APPENDIX C: Experimental data................................................................... 60

BIOLOGRAPHY........................................................................................................... 72



LIST OF TABLES

Table page
3.1 Structure and properties o f the surfactants.................................................  23
3.2 Properties o f the organic solutes.....................................................................  23
3.3 Range o f parameters evaluated in this study.................................................  24
4.1 Experimentally determined CMC, maximum adsorption and area per 

molecule o f single component and three mixture feed mole fractions
for SHDPDS and DPC system.......................................................................  40

4.2 CMC o f surfactant MSR value from solubilization study, and
partitioning values obtained in this study....................................................... 43



LIST OF FIGURES

Figure page
2.1 Example o f surfactant micellization...............................................................  5
2.2 Precipitation o f anionic and cationic surfactants.......................................... 7
2.3 Schematics o f crystal structure and surface layer o f alpha aluminum

oxide.....................................................................................................................  9
2.4 Schematic presentation o f typical surfactant adsorption isotherm...........  11
2.5 Phenomena of solubilization and adsolubilization......................................  18
2.6 The bilayer structure o f surfactant admicelles at the solid-liquid

interface ............................................................................................................  19
3.1 The structures o f (a) anionic surfactant - sodium hexadecyl

diphenyloxide disulfonate (SHDPDS) and (b) cationic surfactant- 
dodecyl pyridinium chloride (DPC) .............................................................  22

4.1 The adsorption isotherm of SHDPDS and DPC onto alpha alumina at 
electrolyte concentration of 0.015 M NaCl, equilibrium pH of 6 .5-7.5
and temperature o f 20±2°c............................................................................  38

4.2 The single surfactants and three mixture mole fractions for SHDPDS
and DPC adsorption onto alumina at electrolyte concentration o f 0.015 
M NaCl, equilibrium pH of 6.5-7.5, and temperature o f 2 0± 2°c .............

38
4.3 Maximum surfactant adsorption and cationic/anionic surfactant molar

ratio......................................................................................................................  39
4.4 SHDPDS adsorption for SHDPDS alone and for three mixture mole

fractions o f SHDPDS and DPC onto alumina at electrolyte 
concentration of 0.015 NaCl, equilibrium o f pH 6-5-7.5, and 
temperature o f 2 0± 2 °c ....................................................................................  39

4.5 DPC adsorption for DPC alone and for three mixture mole fractions of 
SHDPDS and DPC onto alumina at electrolyte concentration of 0.015
M NaCl, equilibrium pH of 6 .5-7.5, and temperature o f 2 0± 2°c ............. 40

4.6 Solubilization isotherm of styrene by single surfactant and three
mixture feed mole fractions for SHDPDS and DPC at electrolyte 
concentration of 0.015 M NaCl......................................................................  41



XI

Figure
4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16 

5.1

LIST OF FIGURES (CONTINUED)

Solubilization isotherm of ethylcyclohexane by single surfactant and 
three mixture feed mole fractions for SHDPDS and DPC at electrolyte 
concentration of 0.015 M NaCl......................................................................
Molar surfactant ratio (MSR) of styrene for single surfactant and three 
mixture mole fractions for SHDPDS and DPC..........................................
Molar surfactant ratio (MSR) of ethylcyclohexane for single surfactant 
and mixture feed mole fractions for SHDPDS and DPC...........................
Adsolubilization o f styrene by SHDPDS and three mixture mole 
fractions for SHDPDS and DPC at electrolyte concentration of 0.015 
M NaCl, equilibrium pH of 6.5-7.5 and temperature o f 20±2°c.............
Styrene admicellar partition coefficient (Kjj j  by SHDPDS and three 
mixture mole fractions for SHDPDS and DPC.......................................
Ploted Xadm/X ac1 o f styrene versus styrene concentration at equilibrium 
for SHDPDS and three mixture mole fractions for SHDPDS and 
DPC......................................................................................................................
Adsolubilization o f ethylcyclohexane by SHDPDS and three mixture 
mole fractions for SHDPDS and DPC at electrolyte concentration of 
0.015 M NaCl, equilibrium pH of Ô.5-7.5 and temperature o f 20±2 °c...
Ethylcyclohexane admicellar partition coefficient (K,dm) by SHDPDS 
and three mixture mole fractions for SHDPDS and DPC.........................
Plotted Xadm/X aq of ethylcyclohexane versus ethylcyclohexane 
concentration at equilibrium for SHDPDS and three mixture mole 
fractions for SHDPDS and DPC....................................................................
Schematic representation o f adsolubilization in (a) twin-head anionic 
surfactant (SHDPDS) and (b) mixed twin-head anionic and cationic 
surfactant (SHDPDS and DPC) aggregates onto positively charged 
alumina................................................................................................................
The admicellar-enhanced chromatography process.....................................

page

41

42

42

43

44

44

45

45

46

47 

49



LIST OF APPENDIX FIGURES

Figure Page
A.l Precipitation diagram of mixed anionic and cationic surfactants for

SHDPDS and DPC system.............................................................................  56
A.2 Schemadc representation of the mixed anionic and cationic surfactant

bilayer at the laponite-water interface............................................................. 56



LIST OF APPENDIX TABLES

T able page
c.l SHDPDS (or DF) adsorption onto alumina in single surfactant system, 

initial [DF] 10' 5 -  10' 1 M at electrolyte concentration o f 0.015 M NaCl, 
equilibrium pH of 6.5-7.5, and temperature o f 20±2°c..............................  60

C.2 Dodecyl pyridium chloride (DPC) adsorption onto alumina in single 
surfactant system, initial [DPC] = 10‘ 5 -  10' 1 M at electrolyte 
concentration of 0.015 M NaCl, equilibrium pH of 6 .5-7.5, and 
temperature o f 20±2°c...............................................................................  60

C.3 Adsorption of mixed surfactant system3:l SHDPDS (or DF) and DPC 
molar ratio at electrolyte concentration of 0.015 M NaCl, equilibrium 
pH of 6.5-7.5, and temperature o f 20±2°c....................................................  61

c.4  Adsorption of mixed surfactant systemlO:! SHDPDS (or DF) and 
DPC molar ratio at electrolyte concentration o f 0.015 M NaCl, 
equilibrium pH of 6 .5-7.5, and temperature o f 20±2°c..............................  61

C.5 Adsorption of mixed surfactant system30:l SHDPDS (or DF) and 
DPC molar ratio at electrolyte concentration of 0.015 M NaCl, 
equilibrium pH o f 6 .5-7.5, and temperature o f 20±2°c..............................  62

C. 6  Styrene solubilization in SHDPDS (or DF) surfactant alone at
electrolyte concentration of 0.015 M NaCl................................................... 63

C . l  Styrene solubilization in DPC surfactant alone at electrolyte
concentration o f electrolyte concentration of 0.015 M NaCl..................... 63

C. 8  Styrene solubilization in 3:1 DFDPC molar ratio, at electrolyte
concentration o f 0.015 M N aC l.....................................................................  64

C.9 Styrene solubilization in 10:1 DF/DPC molar ratio at electrolyte
concentration of 0.015 M NaCl......................................................................  64

C.10 Styrene solubilization in 30:1 DF/DPC molar ratio at electrolyte
concentration of 0.015 M NaCl......................................................................  65

c .l l  Ethylcyclohexane solubilization by SHDPDS (or DF) surfactant alone
at electrolyte concentration o f 0.015 M NaCl...............................................  65

C .l2 Ethylcyclohexane solubilization by DPC surfactant alone at electrolyte
concentration of 0.015 M N aC l.....................................................................  6 6



XV

LIST OF APPENDIX TABLES (CONTINUED)

T able page
C.13 Ethylcyclohexane solubilization by 3:1 SHDPDS (or DF):DPC molar

ratio at electrolyte concentration of 0.015 M N aC l..................................... 6 6

C.14 Ethylcyclohexane solubilization by 10:1 SHDPDS (or DF):DPC molar 6 6  

ratio at electrolyte concentration of 0.015 M NaCl......................................
C.15 Ethylcyclohexane solubilization by 30:1 SHDPDS (or DF):DPC molar

ratio at electrolyte concentration of 0.015 M N aC l..................................... 67
C.16 Adsolubilization o f styrene onto alumina by SHDPDS (or DF) at

electrolyte concentration of 0.015 M NaCl, equilibrium pH of 6 .5-7.5 
and temperature o f 20±2°c..............................................................................  6 8

c.17 Adsolubilization o f styrene by 3:1 SHDPDS (or DF):DPC molar ratio 
at electrolyte concentration of 0.015 M NaCl, equilibrium pH of 6.5-7.5 
and temperature o f 20±2°c............................................................................... 68

c.18 Adsolubilization o f styrene 10:1 SHDPDS (or DF):DPC molar ratio at 
electrolyte concentration of 0.015 M NaCl, equilibrium pH of 6.5-7.5 
and temperature o f 20±2°c..............................................................................  69

C.19 Adsolubilization o f styrene 30:1 SHDPDS (or DF):DPC molar ratio at 
electrolyte concentration o f 0.015 M NaCl, equilibrium pH o f 6 .5-7.5 
and temperature o f 20±2°c..............................................................................  69

C.20 Adsolubilization o f ethylcyclohexane onto alumina by SHDPDS (or 
DF) at 0.015 M NaCl, equilibrium pH o f 6.5-7.5 and temperature of 
20±2°c....................... ......................................................................................... 70

C.21 Adsolubilization o f ethylcyclohexane by 3:1 SHDPDS (or DF):DPC 
molar ratio at 0.015 M NaCl, equilibrium pH 6.5-7.5 and temperature 
20±2°C.............. ............................................................................. .................. 70

C.22 Adsolubilization o f ethylcyclohexane 10:1 SHDPDS (or DF):DPC
molar ratio at 0.015 M NaCl, equilibrium pH 6.5-7.5 and temperature 
20±2°c................................... ..........................................................!................ 71

c.23 Adsolubilization o f ethylcyclohexane 30:1 SHDPDS (or DF):DPC
molar ratio at 0.015 M NaCl, equilibrium pH 6 .5-7.5 and temperature
20±2° c .................  ................................................................................... 71


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements 
	Contents



