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ABSTRACT

4372017063:  Polymer Science Program
Nitibodee Sukjaroen: Polystyrene grafted with biocompatible
polymer
Thesis Advisor: Assoc. Prof. Rathanawan Magaraphan, 139 pp.
ISBN 974-9937-16-3

Keywords:  Grafting-from/ Macroinitiator/ Ring-opening polymerization

Polystyrene, densely grafted with poly(DL-lactide), poly(e-caprolactong) or

poly(e-caprolactam) in the benzene ring; i.e. PS-g-PLA, PS-g-PCL, and PS-g-Nylon6
respectively, was synthesized by a "grafting-from” method using polystyrene-
hydroxylated precursors as macroinitiators for ring-opening polymerization of DL-
lactide, 8-caprolactone, and 8-caprolactam. The wt% monomer feed ratios
(PSxomonomer) were 11, 12, 1.3, All synthesized graft copolymers were
structurally characterized by *Hand 1 NMR, HATR/FTIR, UV-Vis spectroscopy
and GPC. PS-g-PLA had the highest molecular weight followed by PS-g-PCL, and
PS-g-Nylon6, respectively. Grafting percentage was studied by 'h NMR, weighing
and TGA-DTA. The average grafting length was calculated from 'n NMR results.
Furthermore, thermal properties were detected by TG-DTA, DMA and DSC.
Solubility of the copolymers in various solvents, water, acetic acid (pH 4), and 0.1
wt% aqueous salt solution was also determined. Higher monomer feed ratio
enhanced molecular weight, degradation content, glass transition temperature and
melting temperature but lowered the crystallinity and thus the copolymers became
softer.



(Polystyrene grafted with biocompatible polymer) .
139 1SBN 974-9937-16-3

( PS-g-PLA, PS-g-PCL,  PSg-

Nylond )

( ) 1 L1 2 1 3 'h

1X NMR, HATRIFTIR, UV-Vis spectroscopy ~ GPC

PS-g-PLA
PS-g-PCL PS-g-Nylon6
*H

NMR, ,  TG-DTA
'’ NMR TG-DTA, DMA |

DSC

(pH4), 0.1



ACKNOWLEDGEMENTS

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

First of all, the author gratefully acknowledges for the partial scholarship and
partial funding of the thesis work provided by Postgraduate Education and Research
Programs in Petroleum and Petrochemical Technology (PPT Consortium).

The author is deeply indebted to Assoc. Prof. Rathanawan Magaraphan, his
thesis advisor, for providing useful recommendations, creative comments, and
encouragement throughout the course of his work.

Finally, the author would like to take this opportunity to thank PPC Ph.D.
students and all his PPC friends for their friendly assistance, cheerfulness, creative
suggestions, and encouragement.  The author had the most enjoyable time working
with all of them. Also, the author is greatly indebted to his parents and his family for
their support, love and understanding.



TABLE OF CONTENTS

PAGE

Title Page i
Abstract (in English) i
Abstract (in Thai) v
Acknowledgements V
Table of Contents vi
List of Tables IX
List of Figures X
Abbreviations Xii

CHAPTER

| INTRODUCTION 1

Il BACKGROUND AND LITERATURE REVIEW 4

Il EXPERIMENTAL 9

31 Materials 9

3.1.1 Reagent 9

3.1.2 Starting Polymer 9

3.2 Methodology 9

321 Synthesis of Ring.-Acylated Polystyrene 9

3.2.2 Synthesis of Polystyrene Ring Substituted

with 1-Hydroxypropyl Group 10
3.2.3 Synthesis of Polystyrene-Graft-Poly(e-caprolactone) 10
3.2.4 Synthesis of Polystyrene-Graft-Poly(DL-lactide) 10
3.25 Synthesis of Polystyrene-Graft-Polycaprolactam 1

3.3 Equipment and Characterization

331 NMR 1
3.3.2 FTIRIHATR Spectroscopy il



CHAPTER

3.3.3 Differential Scanning Calorimetry

3.3.4 UV-Vis Spectroscopy

3.35 Gel Permeasion Chromatography

3.3.6 Total Organic Carbon Analyzer

3.3.7 Thermal Gravimetry - Dynamic
Temperature Analysis

3.3.8 Dynamic Mechanical Analysis

3.3.9 Solubility

POLYSTYRENE GRAFTED WITH
BIOCOMPATIBLE POLYMERS
Abstract
Introduction
Experimental
Results and Discussion
Acylation
Reduction
Polystyrene Grafted with Poly(s-caprolactone),
Polycaprolactam, and Poly(DL-lactide)
The Grafting Percentage of the Copolymers
Absorption Properties of the Graft Copolymers
Solubility
Thermal Properties of the Grafting Copolymers
Conclusions
References

CONCLUSIONS AND RECOMMENDATIONS
REFERENCES

Vii

PAGE

EBERKEK

FORR TR 7Y

16
16
16
18

23
24

25
28
3

3
40
4

90
93



CHAPTER

APPENDICES

Appendix A

Appendix B
Appendix ¢

Appendix D

Appendix E

Appendix F

Appendix G
Appendix H

Appendix |
Appendix J

Standard curve and sample’s curve

of GPC (room temp.)

Standard curve of GPC (water)

NMR spectrum of graft copolymer

and precursor polymer from paper

NMR spectrum of graft copolymer

and precursor polymer from

ChemDraw Ultra 8.0 program

NMR spectrum of nitrobenzene, PCL, PLA,
and Nylon6 from ChemDraw Ultra 8.0
program

Calculation of grafting percentage and the
average length of grafting polymer

UV-Vis absorption spectrum of nitrobenzene
Table of wavelength absorption and observed
color of compound

Degradation of sice chain polymer

TG-DTA curve of PS

CURRICULUM VITAE

Ml

PAGE

o7
111

112

116

126

133
136

135
136
138

139



TABLE

41

4.2

43

44

4.5

4.6

4.1

438

LIST OF TABLES

CHAPTER IV

Molecular weights of polymers were characterized by GPC
(rate Lml/min)
Grafting ratio calculated from TGA-DTA data in comparison to
grafting ratio determined by weight and number of protons from
‘HNMR

Length and number of grafting chain polymers calculated
by 'h NMR spectrum
Tm, Td, AHMof rm, AHJ 0f 7¢ from DSC results and solubility in
chloroform
Total organic carbon content ofthe graft copolymers dissolved in
water over night
Total organic carbon content in 0. 1%wt salt water from the
copolymer dissolved over night
The retention time and molecular weight of dissolved polymer in
water at room temperature (over night) with Gel Permeation
Chromatography (rate 0.5 ml/min)
Temperature of degradation, weight loss percentage and total
residue percentage of copolymers were characterized by TG-DTA
at 50-600 °c

PAGE

6l

62

84

65

86

87

88

89



LIST OF FIGURES
FIGURE

CHAPTER Il
2.1 Grafting method.

CHAPTER Il
31 Synthesis method.

CHAPTER IV
41 *Hand 13C NMR spectra of ring-acylated polystyrene.

4.2

43

44

4.5
4.6
4.1
43
49
410
411
412
413
414
4.15
4.16
417

The FTIR spectra of ring-acylated polystyrene (polymerA)
and polystyrene ring substituted with 1-hydroxypropyl group
(polymer B).

IH and 13C NMR spectraof polystyrene ring substituted with
1-hydroxypropyl group.

Absorption spectra of the starting polymers and copolymers
by HATR.

‘H and 13C NMR spectra of PS-g-PCL (ratio 1:1).

'Hand 1 NMR spectra of PS-g-PCL (ratio 12).

'H and & NMR spectra of PS-g-PCL (ratio 1.3).

‘Hand 1 NMR spectra of PS-g-PLA (ratio L:1).

'Hand 1 NMR spectra of PS-g-PLA (ratio 1:2).

*Hand 1 NMR spectra of PS-g-PLA (ratio L1:3)

'h and 13C NMR spectra of PS-g-Nylon6 (ratio L:1).

'h and 13C NMR spectra of PS-g-Nylono (ratio 1.2).

*Hand 1 NMR spectra of PS-g-Nylon6 (ratio 1:3)
TG-DTA spectra of PS-g-PCL inratio 1.1,

TG-DTA spectra of PS-g-PCL in ratio 1.2

TG-DTA spectra of PS-g-PCL inratio 1.3,

TG-DTA spectra of PS-g-PLA in ratio 1:1.

PAGE

45

46

47

43
49
50
ol
52
53.
54
5
56
of
58
59
60
6l



FIGURE

418 TG-DTA  spectraof PS-g-PLA inratio 12

419 TG-DTAspectra of PS-g-PLA in ratio 1.3,

420 TG-DTAspectra of PS-g-Nylon6 in ratio L:1.

421 TG-DTAspectra of PS-g-Nylon6 in ratio 1:2

4.22 TG-DTAspectra of PS-g-Nylon6 in ratio 1.3

4.23 The UV absorption curves of PS, polymer A and B.

4.24 The UV absorption curves of PS-g-PCL.

4.25 The UV ahsorption curves of PS-g-PLA.

4.26 The UV absorption curves of PS-g-Nylon.

427 GPC curves of the water-dissolved polymer that PS-g-PCL
was dissolved over night.

4.28 GPC curves of the water-dissolved polymer that PS-g-PLA
was dissolved over night,

4.29 GPC curves of the water-dissolved polymer that PS-g-Nylon6
was dissolved over night,

430 The temperature of glass transition curves: PS, polymer A,
polymer B,

431 The DSC curves of PS-g-PCL inratio 1.1, 1:2, and 1.3

4,32 The DSC curves of PS-g-PLA inratio 1:1, 1:2, and L3,

4.33 The DSC curves of PS-g-Nylon6 in ratio 1.1, 1.2, and 1.3,

4,34 DMA curves of PS-g-PLA inratio 1:1 by compression mode
(30-130°C).

4.35 DMA curves of PS-g-PLA inratio 1:2 by compression mode
(30-130°C).

4.36 DMA curves of PS-g-PLA inratio 1 Lhy compression mode
(30-130°C).

Xl

PAGE
62
64
65
66
67
68
69
10
1!
12
13
14
[
16
Il
8
19

80



PS
PS cut

PCL

PLA
PS-g-PCL
PS-g-PLA
PS-g-Nylon 6
Polymer A
Polymer B
Caprol 1
Capro 12
Capro 13
Lactidel 1
Lactide 12
Lactidel 3
Nylonl 1
Nylon12
Nylonl3

Ds.

ABBREVIATIONS

Polystyrene

Polystyrene chains were cut by Dicumyl
peroxide 0.5% ( / )
Poly(e-caprolactone)
Poly(DL-lactide)
Polystyrene-graft-poly(s-caprolactone)
Polystyrene-graft-poly(DL-lactide)
Polystyrene-graft-polycaprolactam
Ring-acylated polystyrene
Polystyrene ring substituted with 1-
hydroxypropyl group
Polystyrene-graft-poly(e-caprolactong)
inratio Lto 1(PS: e-caprolactone)
Polystyrene-graft-poly(e-caprolactone)
inratio 1to 2 (PS: e-caprolactone)
Polystyrene-graft-poly(e-caprolactone)
inratio 1to 3 (PS: e-caprolactone)
Polystyrene-graft-poly(DL-lactide) in
ratio 1to 1(PS: DL-lactide)
Polystyrene-graft-poly(DL-lactide) in
ratio 1to 2 (PS: DL-lactide)
Polystyrene-graft-poly(DL-lactide) in
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ratio 1to 3 (PS: caprolactam)
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Td

m
AHm
AHd

AH
AS

X1

Decomposition temperature
Glass transition temperature
Melting temperature

Melting enthalpy (Heat of fusion)
Degradation enthalpy (Heat of
degradation)

Enthalpy

Entropy
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