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ABSTRACT

5071026063:  Petrochemical Technology Program
Rachaya Hanyanuwat: Adsolubilization of Organic Compounds by
Silica Modified with Mixed Conventional Surfactant and EQ/PO-
based Block Copolymer
Thesis Advisors: Asst. Prof. Pomthong Malakul, Asst. Prof. Manit
Nithitanakul, and Assoc. Prof. John H. O’Haver 84 pp

Keywords:  Adsorption; Adsolubilization; Block copolymer surfactants;
Modified-silica; Aromatic organics

The concern over wastewater problems has led to the development of various
treatment modalities. Adsorption and adsolubilization have been found to be useful
in applications for the removal of organic compounds from wastewater. In this study,
a silica adsorbent was modified by using mixed systems of conventional
surfactants—cationic  surfactant (CTAB), anionic’ surfactant (SDS), nonionic
surfactant (Triton X-100)—with EO/PO-based block copolymer (Pluronic L64) in
order to enhance the adsolubilization efficiency. Phenol, 2-naphthol, and naphthalene
with different polarities were then used as the model toxic organic contaminants in
the adsolubilization study. Pluronics are known to be environmentally friendly
materials with low toxicity. The addition of ethylene oxide (EQ), which is
hydrophilic, and propylene oxide (PO), which is hydrophobic arranged in a tri-block
structure with a Pluronic block copolymer, provides greater efficiency in adsorbing
insoluble undesired aromatic organic compounds. The mixed surfactant can be used
to enhance the adsolubilization capacity of the organic compound. However, it
depends on the type of surfactant which is used for mixing with Pluronic L64. Based
on this study, the results suggest that using the mix of block copolymers with CTAB
in adsolubilzation can use to adsorh the organic solute better than a single Pluronic
L64 surfactant system. A possible cause may be the stronger synergistic interaction
between the block copolymer and the cationic surfactant; the mixture of Pluronic
164 and CTAB was shown to enhance the sorption of organic compounds more than
the mixed surfactant systems of Pluronic T64-SDS, and Pluronic L64-Triton X-100



because of the stronger hydrogen bonding between the PEO chains and the
hydrophilic silica surface sites.



vil

ACKNOWLEDGEMENTS

This research would not have been accomplished without the assistance of the
following individuals and organizations:

First of all, 1 would like to express my deepest appreciation to my thesis
advisors: Asst. Prof. Pomthong Malakul, Assoc. Prof. John H. O’Haver, and Asst.
Prof. Manit Nithitanakul for their kind-hearted support, valuable recommendations,
creative suggestions, assistance with problems, and their inspirational encouragement
throughout my research.

| would like to express my gratitude to Assoc. Prof. Pramoch Rangsunvigit
and Assoc. Prof. Metta Chareonpanich for their beneficial evaluation as member of
my thesis committee.

| am intensely indebted to my devoted family who gave me the best of
endless affection, admirable care, and powerful encouragement all the time.

| would like to extend special thanks to all my friends and PPC’s staff for
their cooperative assistance and companionship during my effort,

Finally, this thesis work would not have been achieved without the partial
funding by the Postgraduate Education and Research Programs in Petroleum and
Petrochemical Technology (PPT Consortium).



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) i
Abstract (in Thai) y
Acknowledgements vii
Table of Contents Viii
List of Tables IX
List of Figures Xiil
Abbreviations xv
List of Symbols - XVi
CHAPTER
| INTRODUCTION 1
Il THEORETICAL BACKGROUND AND
LITERATURE REVIEW 3
2.1 Surfactants 3
2.2 Adsorption of Surfactants at Solid-liquid Surface i
2.3 Adsolubilization 16
2.4 Adsorption and Adsolubilization of Mixed Conventional
Surfactant and Pluronic Block Copolymer 28
[l EXPERIMENTAL 30
31 Materials 30
3.2 Experimental 30
321 Critical Micelle Concentration (CMC) 30

3.2.2 Preparation of Surfactant Concentration and the
Molyhdophosphoric Acid Reagent 3l



Vil

CHAPTER page
3.3.3 Adsorption of Surfactant onto Silica 3l
3.3.4 Adsorption of Organics 3
3.35 Data Analysis of Adsorption and Adsolubilization
Isotherms 3
IV RESULTS AND DISCUSSION 3
4.1 Determination Critical Micelle Concentration (CMC) of
Surfactant 3

4.1.1 Determination Critical Micelle Concentration (CMC)
ofthe Single Cationic Surfactant, Cetyltrimethyl
Ammonium Bromide (CTAB) 36

4.1.2 Determination Critical Micelle Concentration (CMC)
of the Single Anionic Surfactant, Sodium Dodecyl
Sulfate (SDS) 37

4.1.3 Determination Critical Micelle Concentration (CMC)
of the Single Nonionic Surfactant, Polyoxyethylene
Qctyl Phenol Ether (OPEQio or Triton X-100) 37

4.1.4 Determination Critical Micelle Concentration (CMC)
of the Single Triblock Copolymer Surfactant,

Pluronic L64 (PEO1PPO3PEQ L) 3

4.1.5 Determination Critical Micelle Concentration (CMC)
of the Mixed Surfactant Between Cationic Surfactant,
Cetyltrimethyl Ammonium Bromide (CTAB) and
Triblock Copolymer, Pluronic L64 3

4.1.6 Determination Critical Micelle Concentration (CMC)
of the Mixed Surfactant Between Anionic Surfactant,
Sodium Dodecy! Sulfate (SDS) and Triblock
Copolymer, Pluronic L64 39



CHAPTER PAGE

4.1.7 Determination Critical Micelle Concentration (CMC)
ofthe Mixed Surfactant Between Nonionic Surfactant,
Polyoxyethylene Octyl Phenol Ether (OPEQio or
Triton X-100) and Triblock Copolymer, Pluronic L64 40

4.2 Surfactant Adsorption onto Silica 42
4.2.1 Adsorption Isotherm of Single Anionic Surfactant,
Sodium Dodecyl Sulfate (SDS) System 42

4.2.2 Adsorption Isotherm of Single Cationic Surfactant,
Cetyltrimethyl Ammonium Bromide(CTAB) System 43

4.2.3 Adsorption Isotherm of Single Nonionic Surfactant,
Polyoxyethylene Octyl Phenol Ether (OPEQio or

Triton X-100) 44

4.3 Adsolubilization of Organics 46

431 Adsolubilization of Phenol 47

4.3.2 Adsolubilization of 2-Naphthol 49

4.3.3 Adsolubilization of Naphthalene 50

V. CONCLUSIONS AND RECOMMENDATIONS 55

5.1 Conclusions 55

5.2 Recommandations b6

REFERENCES o7

APPENDICES 62
Appendix A Critical Micelle Concentration (CMC)

Determination of Surfactants 62

Appendix B Adsorption of Surfactant 69

Appendix ¢ Adsolubilization of Organics 12



CHAPTER PAGE

CURRICULUM VITAE 84



LIST OF TABLES

TABLE

21
Al

A2
A3

Ad.

AS

Ab

AT

Bl

B2

Cl

C2

C3

C4

Example of commercial Pluronic surfactants

CMC determination of cetyltrimethyl ammonium bromide
(CTAB)

CMC determination of sodium dodecy! sulfate (SDS)

CMC determination of polyoxyethylene octyl phenol ether,
(OPEOmor Triton X-100)

CMC determination of triblock copolymer; Pluronic L64
CMC determination of cetyltrimethyl ammonium bromide
(CTAB)-Pluronic L64

CMC determination of sodium dodecyl sulfate (SDS)-
Pluronic L64

CMC determination of polyoxyethylene octyl phenol ether
(Triton X-100)-Pluronic L64

Adsorption isotherm of cetyltrimethyl ammonium bromide
(CTAB) onto silica

Adsorption isotherm of polyoxyethylene octyl phenol ether
(Triton X-100) onto silica

Adsolubilization of phenol in an adsorbed layer of silica
modified with CTAB-Pluronic L64

Adsolubilization of phenol in an adsorbed layer of silica
modified with SDS-Pluronic L64

Adsolubilization of phenol in an adsorbed layer of silica
modified withTriton X-100-Pluronic L64

Adsolubilization of phenol in an adsorbed layer of silica
modified with Pluronic L64

Xl

PAGE

63

64
69

66
67

68

69

10

[

12

13

14

5



TABLE

Co

Co

C/

C8

C9

Clo

Cll

Cl12

Adsolubilization of 2-naphthol in an adsorbed layer of silica
modified with CTAB-Pluronic L64

Adsolubilization of 2-naphthol in an adsorbed layer of silica
modified with SDS-Pluronic L64

Adsolubilization of 2-naphthol in an adsorbed layer of silica
modified with Triton X-100-Pluronic L64

Adsolubilization of 2-naphthol in an adsorbed layer of silica
modified with Pluronic L64

Adsolubilization of naphthalene in an adsorbed layer of
silica modified with CTAB-Pluronic L64

Adsolubilization of naphthalene in an adsorbed layer of
silica modified with SDS-Pluronic L64

Adsolubilization of naphthalene in an adsorbed layer of
silica modified with Triton X-100-Pluronic L64
Adsolubilization of naphthalene in an adsorbed layer of
silica modified with Pluronic L64

XII

PAGE

16

1

18

9

80

6l

82



FIGURE
2.1 Structure of Triton X-100.
2.2 Structures of EQ/PO-block copolymer.
2.3 Schematic of S-shape adsorption isotherm for an ionic
surfactant on an oppositely charged substrate.
2.4 Schematic of adsorption isotherm region I or monomer
adsorption region.
2.5 Schematic of adsorption isotherm region 11 or surface
aggregate region.
2.6 Schematic of adsorption isotherm region H.
2.1 Schematic of adsorption isotherm region rv.
2.8 Schematic of adsolubilization phenomenon.
2.9 Structure of silicon dioxide (SiCh) or silica.
210 Admicelle formation of surfactants.
2.11 Monolayer of mix surfactant between nonionic and anionic
adsorbed surfactants onto the hydrophilic surface.
2.12  Bilayer of mixed surfactant between nonionic and anionic
adsorbed surfactants onto the hydrophilic surface.
4.1  Surface tension versus concentration curve for cetyltrimethyl
ammonium bromide (CTAB) at 30°c.
4.2 Surface tension versus concentration curve for sodium
dodecy!l sulfate (SDS) at 30°c.
4.3 Surface tension versus concentration curve for

44

LIST OF FIGURES

polyoxyethylene octyl phenol ether, (OPEQio or
Triton X-100) at 30°c.

Surface tension versus concentration curve forPluronic L64.

X1

PAGE

13
14
15
15
17
19
2
2

22

37

38



FIGURE

4.5
4.6
4.1

43
49
410
411
412

Surface tension versus concentration curve for Pluronic L64
mixed with CTAB.

Surface tension versus concentration curve for Pluronic L64
mixed with SDS,

Surface tension versus concentration curve for Pluronic L64
mixed with Triton X-100.

Adsorption isotherm of CTAB on the silica at 30°c.
Adsorption isotherm of Triton X-100 on the silica at 30°c.
Adsolubilization of phenol in the examined surfactants.
Adsolubilization of 2-naphthol in the examined surfactants.
Adsolubilization of naphthalene in the examined surfactants.

XV

PAGE

3

40

4
46
43
50
ol



ABBREVIATIONS

EO Ethylene oxide

PO Propylene oxide

CMC Critical micelle concentration
CTAB Cetyltrimethyl ammonium bromide

SDS Sodium dodecyl sulphate



XVI

LIST OF SYMBOLS

Surface tension



	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



