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~Semi-Interpenetrating polymer networks (semi-IPN) of poly(vinyl
chloride (PVC) disperse phase and a continuous matrix crosslinked
polyurethane %PU) base on polycaprolactone glycol (PCL),
triethanolamine(TEA) and modified methylene diisocyanate (MMDI) was
prepared using either one-shot or prepolyraer procesS. The latter gave
completely phase compatibility while the former incompatibility. The
compatibility could be observed from the optically transparent, a
homogeneous phase as observed by SEM technique and a sharp g%eak_as
observed by DMA technique. It is attributed to the hydrogen-bonding
between PVC hydrogen with PU prepolymer carbonyl and with PCL carbonyl.

The value of Tg of PU (the equivalent ratios oaf NCO/OH = 1.05 and
of PCL:MMDI:TEA = 1:3:2) is reported to be -7.§ vxgweeodhat of the
compatible Semi-IPN be in the ranges of -4.0 Cto O y, Gdependent
upon the amount of PVC presented.

at break and hardness of PU and Semi-IPN prepared by those two processes
were also measured. In general the partially wuncompatible dispersed
phase PVC with the continuous matrix PU gave poor mechanical properties
than the completely compatible Semi-IPN. The wvalues of tensile
strength, elongation at break and hardness(shore A) of the Semi-IPN are
reported resgectlvely in these studies in the ran%es of 3.46-6.10
N/mm2,385.4-557.3 % "and 59.6-64.3, dependent upon the amount of PVC
presented. In gieneral, the larger the amount of PVC gave the better
those mechanical Fropertles except the hardness of the materials was not
3|%n|f|c_antly difrerent even the variation of amount of PVC from 5 to 30
% by weight.

The mechanical propperties including tensile strength, elongation
g

B — tBTUR.. oo % o,




ACKNOWLEDGEMENT =/

| would like to express my gratitude to Assoc. Prof. Dr.Werasak
Udomkichdecha, my advisor, and Dr. Anucha Euapermkiati, my co-advisor,
for their invaluable guidance, advice and encouragement throughout this
research. In addition, | am also grateful to Asst. Prof. Paipam Santisuk,
Assoc. Prof. Saowaroj Chuayjuljit, and Dr. Nuanphun Chantarasiri for
serving as chairman and members of thesis committee, respectively, whose
comments have been especially helpful.

An indebtness is also felt for the financial support for this research
from the Graduate School of Chulalongkom University and National Metal
and Materials Technology Center (MTEC). And the raw materials in this
reserch were supported by Thai Polyurethane Co.,Ltd. and Thai Plastic and
Chemicals Co.,Ltd. These supports are gratefully acknowledged.

| also wish to express my thanks to Scientific and Technological
Research Equipment Center (STREC) and MTEC for their supports in
testing of polymer synthesized. And many thanks to Materials Science
Department for supporting the apparatus used in this research.

Furthermore, many thanks are going to my friends and all those who
help and encourage me over the years of my study.

Finally, 1 wish to express my deep appreciation to my family
members who always mean so much to my life,



CONTENTS

PAGE
ABSTRACT (THAT) o v
ABSTRACT (ENGLISH ). ismsssssssssssssssssssssssssssnnnes V
ACKNOWLEDGEMENT ooooicvnssssssssssssssssssssssssssssssssnss Vi
CONTENTS v Vii
LIST OF TABLES it X
LIST OF FIGURES ciisinssinssssimsssssssssssssssssssssssnsnes Xi
CHAPTER
LAINTRODUCTION oot isssissssssssssssssssssssssssnss 1
2. THEORY AND LITERATURE REVIEW oo 4
2.1 Interpenetrating Polymer Networks(IPN)............ 4
2.2 POlyUTRtRANES s 14
2.2.1 Basic chemistry ofpolyurethanes.......... 16
2.2.2 Raw materials for polyurethanes.......... 19
< [SOCYANALES...ovvvvvciceiiisrrrrssssnsssssrsn 20
AL MGISOBN. MINIVERSITY. ....ooccrmnreiens 23
A GATEIVES oo 29
2.2.3 Methods for preparation of polyurethanes 34
- Prepolymer proCess. s 34
= 0NE-SNOL PrOCESS irvmnvvrrvrsssrrrnens 3
2.2.4 Basic structure of polyurethanes........... 36
2.3 Poly(vinyl chloride) . o 41
2.3.1 POlymerization process. i 42

2.3.2 Structure and property.....ninns 43



viil.

CONTENTS (continue)
PAGE
2.3.3 Miscibility 0f PV.C oo 44
2.4 POlyMErs in aULOM OLIVE..ooiiivvcseiivvvsssssssnissnnn 47
2.5 Relevant literature review s 52
3 EXPERIMENTAL oovoivrssssssssssssessssissssssnen 56
3L RAW MALETIALS oo H6
3.2 Raw materials characterisation ... H8
3.2.1 Determination of Hydroxyl number of PCL 58
3.2.2 Determination of Acid number of PCL........59

f
3.2.3 Determination of Hydroxyl number of TEA.61
3.2.4 Determination of Isocyanate content of

MOified M D Lo oo 61

3.3 CalCUIALION ..o 62

3.4 Formulation of polyurethane and semi-IPN........65

3.5 Preparation of PCLIMMDI/TEA-hased PU

andGHDIARDNGKOBN. UNIVEBSITY......cooconsiiuvninn 69

3.6 Materials Characterisation......coveeiivvvssssinns 12

4, RESULT AND DISCUSSION v 18

4.1 Sample nomenclature. i, 78
4.2 Chemical structure of PCL/MMDI/TEA-based

PU oo 83

4.3 The Glass Transition of PU and the semi-IPN.......85

4.4 Thermogravimetric Analysis of PU and the
the SEMI-IPN v 104



CONTENTS (continue)
PAGE
4.5 Mechanical property ofPU and the semi-IPN...108
4.5.1 Effect ofthe equivalent ratio of
PCL:MMDETEA on the mechanical
DROPErtY 0 PU oo 108
4.5.2 Effect of the equivalent ratio of NCO/OH
on the mechanical property ofPU.......... 115
4.5.3 Effect of the equivalent ratio of NCO/OH
on the mechanical property of the
the SEMI-IPN ovvccvvce s 120
454 Effect ofthe amount of PVC dispersed
phase on the mechanical property of

the SEMI-IPN i 126

5, CONCLUSION AND SUGGESTION FOR FURTHER
WORK. ..o Mcmrrrrrmmmmmmmmmmrrmmere Moo vecersescnnes 135
51 ConcR¥gMINIMANIINENAE ... 135
5.2 Suggestion for further Work......cccooveeeriivvrsnnn 139
REFERENCES oooivssnssssssssssssssssssssssssssssennns 141

VITA 144



LIST OF TABLES

TABLE PAGE
2.1 ClasSIfICation 0F IPN Suurvvvvvevvvssvmssmsenssssssssissssssssssssnssssssssnns 10
2.2 RanQes 0f MD T VATANTS oo s 24
2.3 Conventional and high molecular weight polycaprolactone
DOIYesters for PU SYNENESIS .o 29
2.4 Reasons for Using a0ditiVe ... 30
2.5 Chain-extending agents, crosslinking agents and their
A11S0Cyanate BQUIVAIRNTS. . 32
2.6 Effect of PVC additives on product properties. ... 41
2.7 Typical Modifiers for PV C oo 46
2.8 . . Plastics usage in the automotive industry 1983-1993 .....47
3.1 Average-Hydroxyl number 0f PCL .o h9
3.2 Average-Acid number 0fPCL i 60
3.3 Average-Hydroxyl number of TEA .o 61
3.4 Average-Isocyanate content of Modified M D Lo 62
3.5 Equivalentweight of PCL,TEA and MMDIL.,, .o oo 64
3.6 Weights of reagents for various equivalent ratio of
PCLIMMDITEA-DASEA P U oo covvssvrsssssssssssssssssssnnn 65
3.7 Weights of reagents for various NCO/OH ratio of
PCLIMMDUTEA-DASEd P U cocoovvvvvsvvnssrrsssssssssssssssnsen 66
3.8 Weights of reagents for various NCO/OH ratio for the
preparation 0f Semi-IPNs 0f PU and PVC..ccvvvvcciiivvcsiiiinns 67

3.9 Weights of PVC for various weight composition of
SEMi-IPNS 0f PU aNA PV C oo 68



Xl

LIST OF TABLES (continue)
TABLE PAGE

4.1 Ten-character nomenclature of samples prepared in

tNESE STUIRS orvvvvvvvvrssrvssssrssssssssssss s e 81
4.2 Values of Tg of the semi-IPNs measured by DM A technique

at various equivalent ratios 0fNCO/OH oo 98
4.3 Values of Tg of the semi-IPNs measured by DM A technique

at various weight percentage 0f PV C i 99
4.4 The tensile strength, the elongation at break and the Shore A

hardness of Pus and the semi-IPNs prepared in these studies. 109



LIST OF FIGURES

FIGURE PAGE
2.1 Ideal interpenetrating polymer network (EPN)..ocooviveceriivvscirinn 4
2.2 MiXed polymer SErUCTUTES coivvvvoivvvsssssssssssssssssisssssisssnns 0
2.3 SYNENESIS OF IPN Suuvvvvvvvcvvvsssssssssssssssssssssssissssssissssssnnns g
2.4 Structure-property relationship in polyurethanes.....vven 15
2.5 TDLISOM TS . ovvvsvvvssssvnssssssssssssssmssssssssssssssssssssssssssssssssssnnns 20
2.6 Structures of 4, 4”-MD1and 2,4"-MD 1o 21
2.7 Modified pure M D L. 22
2.8 Modified pUre M D Lo 22
2.9 Structure of polymeric M D Lo 23
2.10 The manufacture of polyether polyols. . 26
2.11 Prepolymer route for the formation of polyurethane.............. 35
2.12 One-shot process for palyurethane preparation........ 36
2.13 The basic unitin a urethane block copolymer. ... 36
2.14 Flexible and rigid segments in a polyurethane elastomer......37

2.15 Strain-induced elongation crystallization of polyether soft
segments in segmented polyurethane elastomer by elongating

1110 200% EXTENSION ooviivvvsvvvcssvssssmssssssssssssssssssssssssssssnnnn 38
2.16 Location of plastic parts in Toyota Camry Car.....cvvnn b1
3.1 Sinusoidal stress with the Strain response .. 7

4.1 Chemical reaction and chemical structures of the repeating
units of the hard and soft segments of PCLIMMDI/TEA-



LIST OF FIGURES (continue)
FIGURE PAGE

4.2 The dynamic mechanical response of PU prepared by one-shot

AN PIePOIYMET PrOCESSES . vvrvvvvsrrrvmsrmsrmsnsssssssssssrsssssssssssennns 86
4.3 DSC scans of diol chain-extended polyurethane elastomers....87
4.4 Possible three-dimensional network of crosslinked PU

prepared in these SUIES.....vrvmmmmrmmmmsmssmsssssmsssssnssnens 87
4.5 The dynamic mechanical response ofthe semi-IPN prepared

by one-shot and prepolymer ProCesses. .. 90
4.6 SEM micrographs of semi-IPNs PU and PVC

(one-shot process) invarious amount 0f PV C....ovcciivvciiiivnn 91
4.7 SEM micrographs of semi-IPNs PU and PVC

(prepolymer process) in various amount 0fPVC .o 94

4.8 Theplots of E’and tan 5 against temperature of the semi-1PN
of PU and PVC prepared by one-shot process with the variation
OFtNENCOTOH L0 v 100

4.9 The plots of E'and tan 5 against temperature of the semi-IPN
of PU and PVC prepared by prepolymer process with the
variation 0fthe NCOIOH Tati0.....vrrvvvvvnvvssssnsssssnsnnn 101

4.10 The plots of E'and tan 6 against temperature ofthe semi-IPN
of PU and PVC prepared by one-shot process with the
variation 0fthe amount 0f PV C v 102

4.11 The plots of E"and tan 6 against temperature of the semi-IPN
of PU and PVC prepared by prepolymer process with the
variation 0fthe amount 0f PV C oo 103



XV

LIST OF FIGURES (continue)
FIGURE PAG!

412 TGA thermogram of PCL/IMMDI/TEA-based PU

(0N8-SNOL PIOCESS).rvvvvrrvvvssrrvrssrmsmsssssssssissssssssssssssssssssssssssses 105
4.13 TGA thermogram of PCL/IMMDI/TEA-based PU

(DTEPOIYMET PTOCES ) vrrrvvvcrvvsrvvsssssssssssssssssssssssssssssssssses 106
4.14 TGA thermogram of the semi-IPN PU/PVC

(0N8-SNOT PTOCESS).rvvvvsrrvvmvsismnsrmsrmssrismssrssssssssssssssssssssssssrsses 106
4.15 TGA thermogram ofthe semi-IPN PU/PVC

(DIEPOIYMEr PrOCESS) omvsirvirsmivnsmsssnsssmssmsssssssssssssssssssssssssnnns 107
4.16 TGA thermogram 0fPVC TSIN.ivvcriiiivssrisvnsssssssinsssnnn 107
4.17 Effect ofthe amount of crosslinking on the tensile strength

OF PUSmrrmrnnnrmnsnnsend SRt 1 vv1 100 sss5s st sessessssss s 112
4.18 Effect ofthe amount of crosslinking on the Shore A hardness

OF PU S ssssssssssssissssssess s 113

4.20 Effect of the equivalent ratio of NCO/OEL on the tensile
SEERNQEN OF PUSciivviisssisssssssssssssssssssssssssssnssssenns 117
4.21 Effect of the equivalent ratio of NCO/OH on the Shore A
NAFANESS 0T PUS.uuiivvvvvsivnmvnsninsnnssssmssmssssssssrsssennes 118
4.22 Effect of the equivalent ratio of NCO/CH on the elongation
ALOTEAK 0T PUS .o 119
4.23 Effect of the equivalent ratio of NCO/OH on the tensile
Strength 0 f the SEMI-IPNS. oo 123

114



XV

LIST OF FIGURES (continue)

FIGURE PAG]
4.24 Effect of the equivalent ratio of NCO/OH on the elongation

At Dreak 0fthe SEMi-IPN S 124
4.25 Effect of the equivalent ratio of NCO/OH on the Shore A

hardness 0fthe SEMi-IPNS. ..o 125
4.26 Effectofthe PVC content in the resulting semi-IPNs on

the tensile Strength ... 129
4.27 Effect ofthe PVC content in the resulting semi-IPNs on

the elongation atDIEaK ... 130
4.28 Effect ofthe PVC content in the resulting semi-IPNs on

the SHOre A RAFANESS....vvvmsccrmirrnssirssmsssssssssssnssssenens 131

4.29 The tensile strength and elongation at break of
PCL/MDI/TEA-based PU blended with various amount of

4.30 The tensile strength and elongation at break of polyblend of
PCLIMDI/TEA-based PU with PVC prepared by
Bandyopadhyay and Shaw and ofthe semi-IPNs prepared
N ENESE SEUBIRA vvvvvrvvvsrvvsvvssersrsss s 134



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



