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ABSTRACT

5171029063  Petrochemical Technology Program
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Adsorption and wetting studies of Alcohol Ethoxylates (AES) — C1-uEQs,
C1-14EQ7, ¢ j2-ue 0 and  Cr-14EQ9, nonionic surfactants produced from natural
products (palm oil and coconut oil) on different hydrophobic surfaces, were
investigated compared with commercial nonionic surfactant, nonylphenol ethoxylates
9 (NPE-9), and anionic surfactant, methyl ester sulfonate (MES). The three plastics
used for this study were poly(tetrafluoroethylene) (PTFE), poly(vinyl chlorice)
(PVC), and poly(methyl methacrylate) (PMMA). The results showed that surfactant
adsorption increased with  decreasing ethylene oxide group and decreasing
hydrophobicity of surfaces. Furthermore, all the studied surfactants were found to
adsorb preferentially at the liquid/ivapor interface more than at the solid/liquid
interface and the differences increased with increasing hydrophobicity of surface.
Besides, the wettahility of the studied plastic surfaces was found to increase with
decreasing ethylene oxide group and increasing polarity of surfaces. The adsorption
and wetting properties on the studied surfaces of almost all the studied AEs were
better than those of NPE-9 and MES.



ACKNOWLEDGEMENTS

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

First of all, would like to take this opportunity to express my deep gratitude
to Assoc. Prof. Sumaeth Chavadej, my thesis advisor, for providing many invaluable
recommendation, creative comments, and kindly support throughout course of this
research work.

| would like to special thanks to Asst. Prof. Boonyarach Kitiyanan who
acted as advisory committee member for giving the valuable comments and
recommendation.

Also, | would like to thanks Dr. Veerapat Tuntayakom for being my
advisory committee member outside PPC and giving his valuable time to comment
and recommendation.

| am grateful for the scholarship and funding of the thesis work provided by
the Petroleum and Petrochemical College, and by the National Center of Excellence
for Petroleum, Petrochemicals, and Advanced Materials, Thailand.

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

1am also grateful for providing the plastics from Thai Plastics and
Chemicals Public Co., Ltd, and Diapolyacrylate Co., Ltd, and providing the
surfactants from Cognis (Thailand) Co., Ltd. for using in this work.

1would like to express my sincerely gratitude to all faculties and staff of the
Petroleum and Petrochemical College for their kind assistance to facilitate all works.
Special thanks go to all PPC friends for their friendly assistance and creative
suggestions.

Finally, the author would like to express deep appreciation to my parents
and my sisters for their endless support, encourage and love throughout the two years
study period of my M.s.



TABLE OF CONTENTS

Title Page

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

List of Figures

CHAPTER
| INTRODUCTION

Il LITERATURE REVIEW
2.1 Surfactant
2.1.1 Structure of Surfactant
2.1.2 Types of Surfactant
2.1.3 Alcohol Ethoxylate Surfactant
2.14 Micelle Fonnation Property
2.2 Surface Tension
2.3 Surfactant Adsorption
2.3.1 The Electrical Double Layer
2.3.2 Adsorption of Surfactant at theSolid/Liquid Interface
2.32.1 Adsorption Isotherm
2.3.2.2 Langmuir Adsorption Isotherm
2.3.2.3 Adsorption on Hydrophobic Surface
2.3.2.4 Structure of Adsorbed Layer
2.3.3 Adsorption of Surfactant at the Liquid/Vapor
and Liquid/Liguid Interfaces
2.3.4 Gibbs Adsoiption Equation

PAGE
i
Vi

vii
viii

~ —J4 O O BB B~ L LW w [N

K E B ow®

&5 B



CHAPTER PAGE

2.35 Point of Zero Charge (PZC) 15
2.4 Wetting 16
24.1 Type of Wetting 16
2.4.2 Spreading Coefficient 16
2.4.3 Contact Angle 18
24.3.1 Measurement of Contact Angle 18

2.4.3.2 Wetting by Aqueous Surfactant Solution 20

2.4.33 Critical Surface Tension of Polymer 2

I EXPERIMENTAL 25
31 Materials 25
311 Chemicals 25
3.1.2 Plastics 25
3.2 Equipment 25
3.3 Methodology 26
331 Surface Tension Measurement 26

3.3.2 Powder, and Plate Preparation and Characterization 27
3321 Powder Preparation and Characterization 21

3.3.2.2 Plate Preparation and Characterization 21

3.3.3 Adsorption Experiment 21

3.3.4 Contact Angle Measurement 21

IV.- RESULTS AND DISCUSSION 29
4.1 Contact Angle of Water and Specific Surface Area

of Plastics 29

4.1.1 Properties of Plastics 29

4.2 The Liquid/\Vapor Surface Tension and CMC of AES 30

4.3 Adsorption of AEs and their Wettings on Plastics 32

431 Adsorption Isotherms of AES 32



CHAPTER PAGE

4.3.2 Contact Angle of AE Solutions on Plastics
4.3.3 Wetting Enhancement by AES
4.4 The Liquid/Vapor Surface Tension and CMC of NPE-9
45 Adsorption of NPE-9 and its Wetting on Plastics
451 Adsorption Isotherm of NPE-9
4.5.2 Contact Angle of NPE-9 Solution on Plastics
45.3 Wetting Enhancement by NPE-9
46 The Liquid/Vapor Surface Tension and CMC of MES
4.7 Adsorption of MES and its Wetting on Plastics
4.7.1 Adsorption Isothenn of MES
4.7.2 Contact Angle of MES Solution on Plastics
4.7.3 Wetting Enhancement by MES
48 Comparison of the Liquid/Vapor Surface Tension and CMC
of Studied Surfactants
4.9 Comparison of Adsorption of Studied Surfactants and
their Wettings on Plastics

V' CONCLUSIONS AND RECOMMENDATIONS
51 Conclusions
5.2 Recommendations

REFERENCES

APPENDICES

Appendix A Experimental Data of Critical Micelle
Concentration (CMC)

Appendix B Adsorption Isotherm of Surfactant Solution

Appendix ¢ Contact Angle of Surfactant Solution

37
42
54
5
59
56
ol
62
63
63
64
65

10
10
12
12
13

14

19
6l
87



Appendix D Example of Calculation for Surfactant
Adsorption Isotherm
CURRICULUM VITAE

PAGE

93
9%



LIST OF TABLES

TABLE PAGE
41  Properties of plastics 29
42 CMC, YOVG tooms, and Ainof AEs 3l
43 CMC, Yeme>ttoMC, and Aminof NPE-9 oA

44 CMC, Yo, lIOVC, and Ainof MES 62



Vi

LIST OF FIGURES

FIGURE PAGE
21 Schematic structure of surfactant molecule monomer. 1
2.2 Reaction of ethoxylated alcohols. 2
2.3 Schematic structure of a monomer and a micelle. 6
2.4 Stern model of the electrical double layer. 8
2.5 Plot of surface tension versus logarithm of the bulk phase

concentration for an aqueous solution of a surfactant. 15
2.6 The contact angle of liquid droplet at equilibrium. 18
2.1 The contact angle by the sessile drop technique. 19

41  Surface tension isotherms of alcohol ethoxylate LS5 (E05),
alcohol ethoxylate LS7 (EQ7), alcohol ethoxylate LS8 (E08),
alcohol ethoxylate LS9 (E09). 30
4.2  Adsorption isotherms of alcohol ethoxylate LS5 (E05), alcohol
ethoxylate LS7 (E07), alcohol ethoxylate LS8 (E08), and alcohol
ethoxylate LS9 (E09) on PTFE. 33
4.3 Adsorption isotherms of alcohol ethoxylate LS5 (E05), alcohol
ethoxylate LS7 (E07), alcohol ethoxylate LS8 (E08), and alcohol
ethoxylate LS9 (E09) on PVC. 34
4.4 Adsorption isotherms of alcohol ethoxylate LS5 (E05), alcohol
ethoxylate LS7 (EQ7), alcohol ethoxylate LS8 (E08), and alcohol

ethoxylate LS9 (E09) on PMMA. 34
45 Adsorption isotherms of alcohol ethoxylate LS5 (E05) on PTFE,

PVC, and PMMA. 3
4.6 Adsorption isotherms of alcohol ethoxylate LS7 (E07) on PTFE,

PVC, and PMMA. 3

4.7 Adsorption isotherm of alcohol ethoxylate LS8 (E08) on PTFE,
PVC, and PMMA. 36



vil

FIGURE PAGE

48  Adsorption isotherms of alcohol ethoxylate LS9 (E09) on PTFE,

PVC, and PMMA, 37
4.9  Contact angle of alcohol ethoxylate LS5 (E05), alcohol ethoxylate

LS7 (E07), alcohol ethoxylate LS8 (E08), and alcohol ethoxylate

LS9 (E09) on PTFE. 3B
4]0 Contact angle of alcohol ethoxylate LS5 (E05), alcohol ethoxylate

LS7 (E07), alcohol ethoxylate LS8 (E08), and alcohol ethoxylate

LS9 (E09)on  PVC, 3B
41 1 Contact angle of alcohol ethoxylate LS5 (E05), alcohol ethoxylate

LS7 (EQ7), alcohol ethoxylate LS8 (E08), and alcohol ethoxylate

LS9 (E09) on  PMMA. 39
412 Contact angle of alcohol ethoxylate LS5 (E05) on PTFE, PVC,

and PMMA. 40
413  Contact angle of alcohol ethoxylate LS7 (E09) on PTFE, PVC,

and PMMA. 40
414 Contact angle of alcohol ethoxylate LS8 (E09) on PTFE, PVC,

and PMMA. 41
4.15  Contact angle of alcohol ethoxylate LS9 (E09) on PTFE, PVC,

and PMMA. 41
4.16 Q0on PTFE surface relatedtol/yivof surfactant solutions. 42
4.17 Q8 on PVC surface related tollyiv of surfactant solutions. 43
4.18  cosO on PMMA surface relatedto Uyivof surfactant solutions. 43
419 YiveosO on PTFE surface related to concentration of surfactant

solutions. A4
420 yiveosO on PVC surface related to concentration of surfactant

solutions. 45

421 YiveosO on PMMA surface related to concentration of surfactant
solutions. 45



FIGURE

4.22  Relative interfacial tension at solid/liquid interface of PTFE
surface related to concentration of surfactant solutions.

4.23  Relative interfacial tension at solid/liquid interface of PVC surface
related to concentration of surfactant solutions.

4.24  Relative interfacial tension at solid/liquid interface of PMMA
surface related to concentration of surfactant solutions.

4.25 Relative interfacial tension at solid/liquid interface of PTFE
surface related to adsorption of surfactant solutions.

4.26  Relative interfacial tension at solid/liquid interface of PVC surface
related to adsorption of surfactant solutions.

4.27  Relative interfacial tension at solid/liquid interface of PMMA
surface related to adsorption of surfactant solutions.

4.28  Adhesion tension plot for AE solutions on PTFE.

4.29  Adhesion tension plot for AE solutions on PVC.

4.30  Adhesion tension plot for AE solutions on PMMA.

431  Cosine of contact angle for AE solutions on PTFE surface related
to its Yiv-

4,32 Cosine of contact angle for AE solutions on PV C surface related to
its Yiv-

4,33  Cosine of contact angle for AE solutions on PMMA surface
related to its Yiv-

4.34  Surface tension isotherm of nonylphenol ethoxylate 9 (NPE-9).

4.35  Adsorption isotherms of nonylphenol ethoxylate 9 (NPE-9) on
polymer surfaces.

4,36  Contact angle of nonylphenol ethoxylate 9 (NPE-9) on polymer
surfaces.

437 cost) on polymer surfaces related to 1/yiv of nonylphenol

ethoxylate 9 (NPE-9).

Vi

PAGE

41
47
48
49
49
50
51
ol
52
52

53

53
54

55

56

57



FIGURE

4,38  YilvcosO on polymer surfaces related to concentration of
nonylphenol ethoxylate 9 (NPE-9).

4.39  Relative interfacial tension at solid/liquid interface of polymers
related to concentration of nonylphenol ethoxylate 9 (NPE-9).

4.40  Relative interfacial tension at solid/liquid interface of polymer
related to adsorption of nonylphenol ethoxylate 9 (NPE-9).

4.41  Adhesion tension plot for nonylphenol ethoxylate 9 (NPE-9) on
polymers.

4.42  Cosine of contact angle for nonylphenol ethoxylate 9 (NPE-9) on
polymer surfaces related to its yiv-

4.43  Surface tension isotherm of methyl ester sulfonate (MES).

4.44  Adsorption isotherms of methyl ester sulfonate (MES) on polymer
surfaces.

4.45  Contact angle of methyl ester sulfonate (MES) on polymer
surfaces.

4.46  c0sO on polymer surfaces related to I/yLv of methyl ester sulfonate
(MES).

4.47  YivC0sG on polymer surfaces related to concentration of methyl
ester sulfonate (MES).

4.48  Relative interfacial tension at solid/liquid interface of polymers
related to concentration of methyl ester sulfonate (MES).

4.49  Relative interfacial tension at solid/liquid interface of polymer
related to adsorption of methyl ester sulfonate (MES).

450 Adhesion tension plot for methyl ester sulfonate (MES) on
polymers.

451  Cosine of contact angle for methyl ester sulfonate (MES) on

polymer surfaces related to its viv-

PAGE

58

59

60

61

61
62

63

64

65

66

67

68

69

69



	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



