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ABSTRACT

4292001063 : Polymer Science Program
Arubol Chotipong : Removal of Solvent-based Ink from HDPE
Surfaces by Alkyltrimethylammonium Bromides
Thesis Advisors: Assoc. Prof. Thirasak Rirksomboon, Prof. John F
Scamehorn and Assoc. Prof. Pitt Supaphol, 78 pp. ISBN 974-9990-X
Keywords: Deinking/ High Density Polyethylene/ Adsorption/Wettability/
Solubilization/ Zeta Potential/ Solvent-base Ink

Use of three different alkyltrimethylammonium bromides (i.e. dodecyl-,
tetradecyl-, and cetyl-trimethylammonium bromide or DTAB, TTAB. and CTAB.
respectively) for removal of solvent-based ink from printed high-density
polyethylene (HDPE) surfaces was investigated. An increase in either the alkyl
chain length or the concentration of the surfactant solutions increased the deinking
efficiency at 30°C. The pH level was found to have a strong effect on ink removal of
each surfactant, with deinking efficiency being found to increase with increasing pH
level in the range 11-12. Over the temperature range investigated, 30-50 °C, the
deinking efficiency decreased substantially with increasing temperature. The
optimal conditions for ink removal were pH 12 and 30°C. The zeta potential of ink
powder in different surfactant media and the wettability of different surfactant
solutions on ink surface were investigated to study the adsorption of CnTAB in CMC
range and found to relate to the deinking efficiency to some extent. Similar to the
deinking efficiency, the ability for the detached ink components to be solubilized into
micelles in CnTAB solutions increased with increasing the alkyl chain length and
CnTAB concentration, but it decreased with increasing temperature in the range 30-
45°C. The results imply significance of the solubilization on the deinking efficiency
when the surfactant concentrations exceed the corresponding CMCs. Addition of
inorganic salt to the surfactant solutions enhanced deinking efficiency and helped
increase solubilizate capacity when comparing with those of the pure surfactant

solutions.



iv

UNAAEID

- ¢ . o o A e : Y o o d’ - - o o

ayUa TwAned : msmianiinhihiniuiludhazawuuiufmara@n Indies-

aurtiannumuiniugalavdanalasmBauouTuifionTus lud (Removal of Solvent-based

Ink form HDPE Surfaces by Alkyltrimethylammonium Bromides) ©. nlinu; seq
o a o o ¢ 4 o ¢ o d

MAN3II910 AT, TIANA QRUaNYIRl MAATING0 A3, 9HU 10 Mnlgesy  uaT 309

MAATINIG A3. WYY AHA 78Wi  ISBN 974-9990-17-X

¥
o _ W - - - a, = ] o
msmdaniinuuiurmaaan Infesdusidannumuuniugs  milasldmsaa
@& = o o - =1 o - - = Y
usamarRlszinndanalaswSauonTution Tys lua 3 ¥ia Ao Tawada- waszianda-uay
) = d " a
wnazanga- laswsauen TuilouTus lua (DTAB TTAB uag CTAB) WUIIMIANE UMY
raoulumidananazanudnduvesaisaaussisiolinalumsmuyszansnimlums
oo 4 - - = 4 ' o ar & Ao [
fdaniinfigungil 30 esruraiFva manwilunsa-annituilloniishiinanizgnued
" o o 2 A e J & i ' J ] J
nn wuhmsmdanindawiniuiiesnnuiunsa-argeiulugie 11-12. uenviniins
- - o o da o ' o w '
mugumgiveanszuumshdaniinnina limimsiianiinanaluyas 3045 oam
=4 ¥ - g o w - e ar
oo anm inedeviimuzaylumsmianiings anuidlunsa-drefiszdy 12 uay
QunQil 30 DI UTATUA HENVITUINIIYAFUAITAANTIAIAD 3 FUAVUIHUNIAANTHIM
mad Iwmudvavomiln  wazanuannsalunmsdlonvesmsusa@aliauurunaa@n
" o ' @ o e o a0 o [
Tusnddudnui Tanudinius iheadnifutumnmsmsiidaniinveamnms  dau
- = & = L | v ] =1 o = e
msazawveniniun lumsaaussdei 3 siiatinua i luihuesfvanulssd@ngnmiy
o _ o =5 & M ar A J A o o &
msianiin  MuRelinuiuulesmaverasylumidafauazanududuvesmsaauss
a a J’ " 1 4 - o o - J "
AsrmunnIunalmanauegungiivesnszuumsiidanlnmuiulusie 3045  em
=t & .l: ¥ o " = o oW & A ]
wadoa G ldmuimsazaedunszuaumsidnguesmsiidaniindiomsaausaia
aoa 3 " a2 d A u’u ' -oa o o -5
Alimnnududugann@ond  wenvnlidaimuinlszaninmlumsiidaniinuazms
= - o a‘: a o a - =1 a0 i
avawvemiinlumsaaussiedma 3 slainauiuinde ludovunas lsalmgeaniiansaa

HSIANAYHADT NS



ACKNOWLEDGEMENTS

My sincere appreciation, in particular, goes to two people: Assoc. Prof.
Wasant Pongsapich and Assoc. Prof. Sumaeth Chavadej. Both of them have given
me both opportunity and support to pursue a doctoral degree. Assoc. Prof. Wasant
Pongsapich, the former director of the Environmental Research Institute (ERIC) and
the National Research Center for Environmental and Hazardous Waste Management
(NRC-EHWN), not only permitted me to continue my Ph.D. studies under a
fellowship from ERIC, but also helped secure a fund conducting research work at the
University of Oklahoma (OU) under a fellowship from NRC-EHWN.

Sincere thank goes to Prof. John. F. Scamehorn. With his encouragement
for me to pursue this research work, I have a great opportunity to work in the
research area that can be applicable to my work at ERIC. Throughout the research
work, he has always given me encouragement and never failed to show his
willingness in helping me solving problems whenever they occurred.

Thanks are due to Assoc. Prof. Thirasak Rirksomboon and Assoc. Prof. Pitt
Supaphol for being the co-advisors. I also wish to thank Assoc. Prof. John H.
O’Haver for serving as a member on my dissertation committee. Assist. Prof. Manit
Nithitanakul is appreciated for his generosity and compassion over my research
work.

Unforgettable thanks are due to all of my PPC friends for their friendship
and mental support. Sincere appreciation also goes to Petroleum and Petrochemical
College staff for their help and advice on supporting the research work.

This research could not have finished with crucial help from the following
people: Khun Ranee of P-Thai Company Limited, Khun Nongyao Chirakranong of
Winson Screen Company Limited and Khun Chanchai Ruangpanyaphot of Uni Ink
Company Limited for printing on HDPE bottles.

Finally, I would like to deliver my profound gratitude to my truly beloved
family, especially my mother, for the love, encouragement, and moral support.
This thesis work is partially funded by Postgraduate Education and Research

Programs in Petroleum and Petrochemical Technology (PPT Consortium).



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) 11
Abstract (in Thai) iv
Acknowledgements v
Table of Contents vi
List of Tables 1X
List of Figures X
CHAPTER
I INTRODUCTION 1
I LITERATURE REVIEW 2
111 EXPERIMENTAL 6
0% REMOVAL OF SOLVENT-BASED INK FROM HDPE
SHEETS BY ALKYLTRIMETHYLAMMONIUM-
BROMIDES PART I: EFFECT OF SURFCATANT
CONENTRATION AND ALKYL CHAIN LENGTH 10
4.1 Abstract 10
4.2 Introduction 11
4.3 Experimental 13
4.4 Results and Discussion 16
4.5 Acknowledgements 25

4.6 References 26



vii

CHAPTER PAGE

Vv REMOVAL OF SOLVENT-BASED INK FROM HDPE
SHEETS BY ALKYLTRIMETHYLAMMONIUM-

BROMIDES PART II: EFFECT OF pH,

TEMEPERATURE AND SALINITY 39
5.1 Abstract 39
5.2 Introduction 39
5.3 Experimental 41
5.4 Results-and Discussion 44
5.5 Conclusions 51
5.6 Acknowledgements 51
5.7 References 52
A\ | CONCLUSION AND RECOMMENDATIONS 71
REFERENCES 73

CURRICULUM VITAE 76



viii

LIST OF TABLES

TABLE PAGE

CHAPTER 1V

5.1 CMC of CnTAB solutions with or without the presence of 0.1 M
NaCl at 30°C 54



LIST OF FIGURES

FIGURE

4.1

4.2

4.3

44
4.5

4.6

4.7

4.8

4.9

CHAPTER V

Surface tension of CnTAB solutions as a function of initial
CnTAB concentration. Arrows indicate CMC values.
Schematic for sessile-drop contact angle method. 6, is the
advancing contact angle; %y, %L, and v are solid/vapor,
solid/liquid, and liquid/vapor interfacial tensions, respectively.
Advancing contact angles of CnTAB solutions on printed HDPE
surface as a function of initial CnTAB concentration. Arrows
indicate CMC values.

Zeta potential of ink particles in water as a function of pH level.
Zeta potentials of ink particles in CnTAB solutions at pH 12
plotted as a function of a) initial CnTAB concentration and

b) normalized CnTAB concentration. Arrows indicate CMC
values.

Electrostatic interaction between positively-charge head group of
a CnTAB molecule and negatively-charged moiety of an epoxy

molecule.

The point of charge reversal of ink particles in CnTAB solutions
at pH 12. Note that the zeta potential value of about -108 mV was
the zeta potential value of ink particles in water at pH 12
Solubilization capacity of ink components in CnTAB solutions at
pH 12 as a function of initial CnTAB concentration as indicated
by adsorbance at 273.8 nm.

Percentage of ink removal from printed HDPE surface as a
function of a) initial CnTAB concentration and b) normalized

CnTAB concentration.

X

PAGE

28

29

30
31

32

33

34

35

36



FIGURE PAGE

4.10 Viscosity of CnTAB solutions as a function of initial CnTAB
concentration for a) CTAB and TTAB, and b) DTAB.
Arrows indicate CMC values. 37
4.11 Propose four-step mechanism for removal of solvent-based blue

ink from HDPE surface. 38

CHAPTER 1V

5.1  Zeta potential of ink in (a) CTAB, (b) TTAB, and (c) DTAB

solutions as a function of concentration (in a linear scale) at pH

levels of 11 and 12. 55
5.2 Zeta potential of ink in CnTAB solutions as a function of

concentration (in a semi-logarithmic scale) at pH levels of

(a) 11 and (b) 12. Dashed lines refer to CMC values. 5%
5.3 FT-IR spectrum of ink powder. 58
54 CMC of CnTAB solutions as a function of temperature. 59

5.5 Solubilization capacity of ink components in (a) CTAB,

(b) TTAB, and (¢) DTAB solutions at various normalized

concentrations (i.e., concentration divided by CMC of the

corresponding CnTAB solution) at pH 12 as a function of

temperature. 60
5.6  Solubilization capacity of ink components in (a) CTAB,

(b) TTAB, and (c) DTAB solutions with or without the

presence of 0.1 M NaCl at pH 12 and 30°C as a function

of concentration. 62
5.7 Percentage of ink removal from printed HDPE surfaces in

(a) CTAB, (b) TTAB, and (c) DTAB solutions at various

normalized concentrations at 30°C as a function of pH. 65



FIGURE

5.8

5.9

5.10

211

Percentage of ink removal from printed HDPE surfaces in

(a) CTAB, (b) TTAB, and (¢) DTAB solutions at various
normalized concentrations at pH 12 as a function

of temperature.

Percentage of ink removal from printed HDPE surfaces in CTAB
solution with or without the presence of 0.1 M NaCl at pH 12 and
30°C as a function of concentration: (a) on a normal scale and

(b) on a normalized scale (i.e., concentration/CMC)

Percentage of ink removal from printed HDPE surfaces in

TTAB solution with or without the presence of 0.1 M NaCl

at pH 12 and 30°C as a function of concentration: (a) on a normal
scale and (b) on a normalized scale (i.e., concentration/CMC).
Percentage of ink removal from printed HDPE surfaces in DTAB
solution with or without the presence of 0.1 M NaCl at pH 12 and
30°C as a function of concentration: (a) on a normal scale and

(b) on a normalized scale (i.e., concentration/CMC).

X1

PAGE

66

68

69

70



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

