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ABSTRACT

4771001063: Petrochemical Technology program
Alisa Puttharak: Surfactant Adsorption on Hydrophobic Surfaces
Thesis Advisors: Assoc. Prof. Sumaeth Chavadej, Prof. John F.
Scamehorn and Asst. Prof. Boonyarach Kitiyanan, 74 pp. ISBN 974-
9937-56-2 )

Keywords: Surfactant Adsorption/ Polar/ Hydrophobic Surface/ Adsorption
Isotherm/ Wettability/ Contact angle

The applications of surfactants have become more important for many
industrial activities such as detergency, oil recovery and wastewater treatment. The
adsorption of the surfactant is the most essential mechanism for governing the ability
of the surfactant to wet solid surfaces; known as wettability. According to Zisman’s
relation, the surface tension of the liquid (yLv) is solely considered the main factor of
wetting, but in some cases the adsorption of the surfactant onto the solid/liquid
interface can play an important role. In this study, the adsorption isotherm and
contact angle measurements of three surfactants - sodium octyl benzene sulfonate
(NaOBS), cetylpyridinium chloride (CPC) and polyoxyethylene octyl phenyl ether
(OPEOyq) - on three surfaces of high polar plastics - polymethyl methacrylate
(PMMA), acrylonitrile butadiene styrene (ABS) and polyhexamethylene adipamide
(Nylon6,6) - were conducted as a function of surfactant concentration and salinity.
For NaOBS and OPEO;o, the solid/liquid interfacial tension decreased with
increasing surfactant concentration, whereas this phenomenon was not observed in
case of CPC, the reason was the opposite charge between the head group and the
surfaces had an effect to the appearance of surfactant adsorption. In the presence of
NaCl, CPC solution that had the same yLy did not produce the same contact angle
because it unlikely distributed among the solid/liquid and liquid/vapor interfaces.
However, this effect was not observed for NaOBS, possibly due to the difference
structure and charge of CPC and NaOBS.



iv

UNAAYD

- o - - 4 Ll J L] .’
odw Wnsin @ msgaduveImIRAUTIAIRILUNLALT v (Surfactant
- - -
Adsorption on Hydrophobic Surfaces) 8. 1/inu1 : 7. a3. quus ¥uaY, . 01U (oW
MANIBOTU UAZ AR, AT, YUBTYA DALNTUN 74 M1 ISBN 974-9937-56-2

mssegnaldmsaaussieiy  Tumumddglufwnssumendsdnaiodszan
» »
wu mahnnuazern, maininiunldlmi uoz msiniaiude dudu msgaduvesms
aaussdsAaiunalnafid g fisearuguanuemnsolunsdlenuuuiveauda iessn
ada = = o - - 4 1 = ar
Tunquiniiegezfilafaimsgaduvesasaaussdsmseniniufivesmsazaeiueimsa
1) v’ 1) - ] o - : - ar
iy udanmeTwdrluensdingaduvesmsaauseisiauuiuRvesvedeiy
o et o "o [ - o -f’. - o o '
msazawilinnudAguu@eain audleibjinndwmduiusiznihnlSinumsga
q'iwmm:nntu4ﬁqﬁ'zunzqmrmmn‘i']muuifuﬁwmmmmmﬁqﬁv fie NaOBS CPC
a_d & '
uag OPEO;o vummadniiinnuiiluvags 1dus PMMA, ABS uaz Nylon6,6 nuld
- - J 1) - L) ar
anududuvesmsaaussdsiuazdionTas Tavfidafu womsAinumud dmiy NaOBS
waz OPEOy ussdsArsyninvesdsiumsnzawannsnmulSinunsgaduvesaisan
a da & P 4 ' o - )
usedsAaimuAy luvaizimlangmisalil selinulu CPC ieannniszyfinsatud
»
IENINHINBIMINANTIAHIUNNAD A AAN T HARBNIAATUYDINIAAIT IR
L - 4 - L = ar
uazwuhmsidmndendlumsazas  CPC  filussdsiasznefufivesssazmoiy
L Ll L= J 1 o J L ‘J Ll ar
ey sehifmuesnmsilloniideiu ewidleanngauauianesssumafiaeiy
; - o A - [ ‘ = A
voINUAIvOTYvBUNaY  iaisuiuiuFIvesveuradema  dedewald Tuanaves
ar 1 ' 3 el J 1] o ] - ' 3 -
CPC gaduuussdeszn UM lulTinaimenuunn  Aussdamseninaiuives
E
msazmeiueIme uag vesdaiumsazaw aansludasidau liviiu udwanisnaaeail
e J o ] & L]
hifavudunsdives NaOBS Fenuilurmnanaimuumandanalnssadie uazilszques

AIAAUITIAIAD



ACKNOWLEDGEMENTS

This work would not have been possible without the assistance of the
following individuals. :

First of all, I greatly appreciate Assoc. Prof. Sumaeth Chavadej, Asst. Prof.
Boonyarach Kitiyanan and Prof. John F. Scamehorn, my thesis advisors, for providing
invaluable recommendations, creative comments, and kindly support throughout the
course of this research work.

I would like to thank Dr. Siriporn Jongpatiwut and Dr. Sirirat Jitkarnka for their
kind advice and for being my thesis committee.

I am grateful for the partial funding of the thesis work provided by Research
Programs in Petroleum and Petrochemical Technology (PTT Consortium).

Special appreciation go to all of the Petroleum and Petrochemical College’s
staff who gave helps in various aspects, especially the research affairs staff who kindly
helps with the analytical instruments used in this work and the outside contractor who
take care of the tidiness of the research room.

For my friends at PPC, I would like to give special thanks for their friendly
support, encouragement, cheerfulness and assistance. Without them, two years in the
college will be meaningless for me. I had the most enjoyable time working with all of
them.

Finally, I am deeply indebted to my parents and my family for their
unconditionally support, love and understanding for me all the time.



L

TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER
I INTRODUCTION

I BACKGROUND AND LITERATURE SURVEY

2.1 Surfactant Characteristics

2.2 Adsorption of Surfactant at the Solid/Liquid Interface
2.2.1 Mechanism of Adsorption
2.2.2 Adsorption Isotherm
2.2.3 Adsorption on Hydrophobic Surface
2.2.4 Structure of Adsorbed Layer

2.3 Wetting Phenomena
2.3.1 Contact Angle
2.3.2 Measurement of Contact Angle
2.3.3 Wetting by Aqueous Surfactant Solution
2.3.4 Critical Surface Tension
2.3.5 Zisman Theory

PAGE

ii

iv

viii

xi

o 00 & Lt B WN N

L S S S S e
N N O O



CHAPTER

Il EXPERIMENTAL

3.1 Materials

3.2 Methodology
3.2.1 Plastics Preparation
«3.2.2 Adsorption Isotherm
3.2.3 Surface Tension Measurement
3.2.4 Contact Angle Measurement
3.2.5 Brunauer-Mmmett-Teller (BET)

IV RESULTS AND DISCUSSION

4.1 Properties of Plastics

4.2 The Liquid/Vapor Surface Tension and CMC
of CPC

4.3 Adsorption of CPC and Its Wetting on Plastics
4.3.1 Adsorption Isotherm of CPC
4.3.2 Contact Angle of CPC Solution on Plastics
4.3.3 Wetting Enhancement by CPC

4.4 The Liquid/Vapor Surface Tension and CMC
of NaOBS

4.5 Adsorption of NaOBS and Its Wetting on Plastics

* 4.5.1 Adsorption Isotherm of NaOBS
' 4.5.2 Contact Angle of NaOBS Solution on Plastics

4.5.3 Wetting Enhancement by NaOBS

4.6 The Liquid/Vapor Surface Tension and CMC
of OPEQy

4.7 Adsorption of OPEO,¢ and Its Wetting on Plastics
4.7.1 Adsorption Isotherm of OPEO,
4.7.2 Contact angle of OPEQO,y Solution on Plastics
4.7.3 Wetting Enhancement by OPEQq

vii

PAGE

14
14
14
14
14
15
15
15

17
17

18
19
19
21
23

35
36
36
38
40

52
53
53
54
55



CHAPTER

CONCLUSIONS AND RECOMMENDATIONS

REFERENCES

APPENDICES
Appendix A Surface Tension of Surfactant Solutions
Appendix B Contact Angle of Surfactant Solutions

CURRICULUM VITAE

viii

PAGE

58

61

67

74



LIST OF TABLES
TABLE PAGE

4.1  Properties of plastics 17



LIST OF FIGURES

FIGURE

2.1

22

23

24

2.5

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

Schematic cross-section of the hemicylindrical surface
aggregates being imaged nondestructively by the AFM tip as
it traverses the surface

Schematic of non-ionic surfactant adsorption layers on
graphite at different concentrations

Liquid droplet in equilibrium: definition of the contact angle
Sessile or Static drop

Zisman plot

Liquid/vapor surface tension as a function of CPC
concentration at various salt concentration

Adsorption isotherm of CPC onto PMMA

Adsorption isotherm of CPC onto ABS

Adsorption isotherm of CPC onto Nylon6,6

Contact angle of CPC solution on PMMA with varying CPC
and NaCl concentration

Contact angle of CPC solution on ABS with varying CPC
and NaCl concentration

Contact angle of CPC solution on Nylon6,6 with varying
CPC and NaCl concentration

Contact angle on PMMA related to inversion of liquid/vapor
surface tension of CPC solution

Contact angle on ABS related to inversion of liquid/vapor
surface tension of CPC solution

Contact angle on ABS related to inversion of liquid/vapor

surface tension of CPC solution

PAGE

10

11

14

18

19

20

20

21

22

22

23

24

24



FIGURE

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

422

4.23

4.24

4.25

4.26

4.27
4.28

YLv cos 6 on PMMA related to equilibrium concentration of
CPC solution.

Yrv cos 6 on ABS related to equilibrium concentration of
CPC solution.

YLv cos 6 on Nylon6,6 relate1 to equilibrium concentration
of CPC solution.

Relative solid/liquid interfacial tension of PMMA as a
function of CPC concentration

Relative solid/liquid interfacial tension of ABS as a function
of CPC concentration

Relative solid/liquid interfacial tension of Nylon6,6 as a
function of CPC concentration

Relative solid/liquid interfacial tension of PMMA as a
function of CPC adsorption.

Relative solid/liquid interfacial tension of ABS as a function
of CPC adsorption

Relative solid/liquid interfacial tension of Nylon6,6 as a
function of CPC adsorption.

Adhesion tension plot of CPC solution on PMMA

Contact angie of CPC on PMMA as a function of its yr v
Adhesion tension plot of CPC solution on ABS

Contact angle of CPC on ABS as a function of its .y
Adhesion tension plot of CPC solution on Nylon6,6

Contact angle of CPC on Nylon6,6 as a function of its y v
Liquid/vapor surface tension as a function of NaOBS
concentration

Adsorption isotherm of NaOBS on PMMA

Adsorption isotherm of NaOBS on ABS

X1

PAGE

25

26

26

27

28

28

30

30

31
32
32
33
33
34
34

35
36
37



FIGURE

4.29 Adsorption isotherm of NaOBS on Nylon6,6

430 Contact angle of NaOBS solution on PMMA with varying
NaOBS and NaCl Concentration.

4.31  Contact angle of NaOBS solution on ABS with varying
N&2OBS and NaCl Concentration.

432 Contact angle of NaOBS solution on Nylon6,6 with varying
NaOBS and NaCl Concentration.

4.33 Contact angle on PMMA related to inversion of liquid/vapor
surface tension of NaOBS solution.

4.34  Contact angle on ABS related to inversion of liquid/vapor
surface tension of NaOBS solution.

435 Contact angle on Nylon6,6 related to inversion of
liquid/vapor surface tension of NaOBS solution.

4.36 yLy cos ® on PMMA related to equilibrium concentration of
NaOBS solution.

4.37 yLy cos 0 on ABS related to equilibrium concentration of
NaOBS solution.

4.38  yLv cos 6 on Nylon6,6 related to equilibrium concentration
of NaOBS solution.

439 Relative solid/liquid interfacial tension of PMMA as a
function of NaOBS concentration

4.40 Relative solid/liquid interfacial tension of ABS as a function
of NaOBS concentration

441 Relative solid/liquid interfacial tension of Nylon6,6 as a
function of NaOBS concentration

442 Relative solid/liquid interfacial tension of PMMA as a

function of NaOBS adsorption.

Xii

PAGE

37

38

39

39

40

41

41

42

42

43

45

45



FIGURE

4.43
4.44
4.45
4.46
4.47
4.48
4.49
4.50

4.51

4.52
4.53

4.54

4.55

4.56

4.57

Relative solid/liquid interfacial tension of ABS as a function
of NaOBS adsorption.

Relative solid/liquid interfacial tension of Nylon6,6 as a
function of NaOBS adsorption.

Adhesion tension plot of NaOBS solution on PMMA
Adhesion tension plot of NaOBS solution on ABS
Adhesion tension plot of NaOBS solution on Nylon6,6
Contact angle of NaOBS or PMMA as a function of its
liquid/vapor surface tension.

Contact angle of NaOBS on ABS as a function of its
liquid/vapor surface tension.

Contact angle of NaOBS on Nylon6,6 as a function of its
liquid/vapor surface tension.

Liquid/vapor surface tension as a function of OPEQ,g
concentration

Adsorption isotherm of OPEO, on plastics

Contact angle of OPEO;o solution on PMMA, ABS and
Nylon6,6

Contact angle on plastics related to inversion of liquid/vapor
surface tension of OPEQ) solution.

Relative solid/liquid interfacial tension of plastic as a
function of OPEO,( concentration.

Relative solid/liquid interfacial tension of plastic as a
function of OPEQ, adsorption

Adhesion tension plot of OPEO) solution on plastic

xiii

PAGE

46

46

47

48

48

50

50

51

52
53

54

55

56

56
57



	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

