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The effects of concentration of silane coupling agent,
glass fiber (GF) loading and PVC/SAN composition on
mechanical properties of compression molded poly (vinyl
chloride) /styrene-acrylonitrile copolymer composites were
investigated. To improve the adhesion between GF and
PVC/SAN, GF was treated with aminosilane or mercaptosilane
coupling agent before compounding. The suitable
concentration of aminosilane and mercaptosilane coupling
agent was 0.5 and 2.0% by  weight, respectively.
Mercaptosilane (A-189) performed better as a coupling agent
than did aminosilane (A-1100). The PVC/SAN of 80:20
composite containing 30% glass fiber treated with
mercaptosilane rendered the good tensile and flexural

properties.

RRGRE R K«nm«ﬁm‘dimm‘ﬁ-iw‘%moﬁ mgﬁa%‘aﬁam' ‘i\gwf mmfafam

a “ 4 A
GRRRPE ] ’Mﬂ'l@\'m sﬁmlﬂo? maua‘mmmmmﬁnm

Unisanu 2531 mﬂuamammmﬂﬂ%mﬂ;@g’ S




ACKNOWLEDGMENTS

The author wishes to express his sincere gratitude and appreciation
to his advisor, Professor Dr. Pattarapan Prasassarakich and to his co-advisor,
Assoc. Prof. Dr. Suda Kiatkamjornwong, for their valuable guidance, kindness, and
encouragement throughout the course of this thesis.

_ The author also wishes to thank Assoc. Prof. Dr. Supawan Tuntayanon and
Assist. Prof. Dr. Khemchai Hemachandra, for serving on the committee as chairperson
and member.

| am very grateful to the Department of Industrial Chemistry, King Mongkut’s
Institute of Technology, Ladkrabang Campus, for the Provision of their laboratories,
equipment, and their excellent facilities for this research work. Many thanks are due
to the Thai Plastic and Chemical (Public Co.,)Ltd., Thai Petrochemical Industry (Public
Co.,) Ltd, Asia Glass Fiber Industry Co., Ltd and S.I. Specialty Co., Ltd for providing
the materials.

| would also like to thank the following organizations for the provision of
experiment facilities: Department of Chemical Technology, Metallurgy and Materials
Science Research Institute, and Scientific and Technological Research Equipment
Center, Chulalongkorn University.

Finally, | wish to thank the thesis committee for their comments. Thanks are

also due to everyone who has contributed suggestions and given me moral support

during the thesis writing.



CONTENTS

PAGE
ABSTRACT (IN THAI. ..ttt iv
ABSTRACT (IN ENGLISH) ..ottt Y
P8 T ML O SO Vi
TS aenoameensepsspnsrrmn s s A s B AN R S maneail vii
LIST OF TABLES.........ccooneccencerenesne il s opesesuesesnensssasassessasesssnonsasossssessososnsosensesmments X
LIST OF FIGURES........ccoiiiren st s suge e - GaSA o varesss s anssssssnsssssssinssssssns sussnaneaemnnns Xi
CHAPTER | INTRODUCTION o ottt i eiiigans e v sevenseseneeresevsnsssessossssssssnsensenmosens 1
1.1 The Roles of Composite Materials............cocoooveovioeeoeieeeeeceeeeeeeeeeeeeee 1
1.2 Purpose of the Research WOrK.............ccooviviiieieeceeeeeeeeeeeeeeeeeeee e 3
1.3 Objectives of the Research Work...........cc.occooeeiiiiiiiiiiieeeeee 3
1.4 Scope of the Research WOork........c..cccovovoeiioioeecieeeeeeeeeeeeeee 3
CHAPTER Il THEORY AND LITERATURE REVIEW. ..o 8
2.1 Composite MaterialS:........ceiiuiriereiieeitieeiia e B
2.1.1 Classification of Composite Materials.......................... ML Y 6
2.1.2 Fabrication Method. L. ...l e 12
. POl IVIEETR. o s a5 it s s menesmprmanssmmmssmassimmarsomessrmimsgss o
2.2.1 Poly(vinyl chloride), ............cocooiiiioiiieoeeeeeeeeeeeeeeeee 19
2.2.2 Styrene-Acrylonitrile Copolymer............covveeveiviiiiiiieiiiiecieee. 21
2.3 Principles of Glass Fiber Reinforcement.................... i s A 22
2.4 CoUPIING AGENT.....viiiiiiiie ettt ettt 26
2.4.1 Chemistry of Organofunctional Silane Coupling Agent............... 27
2.4.2 Mode of Silane Addition.............ccovvivirininiiiiiiiicicce e 29

2.5 Literature RevnewsBO ,



viii

CONTENTS (continued)

PAGE

CHAPTER Il APPARATUS AND EXPERIMENTAL PROCEDURES...........cccoecvvven.. 40

3.1 Raw Materials and REagENtS.............cccoovoviveeieieeeeeeeee oo 40
3.1.1 Poly(vinyl chloride)..............ccccoooeiiiiiiiieeceeeeeee . A0

3.1.2 Styrene-Acrylonitrile Copolymer............ccccoceevevecneeeeee A1

3.1.3 Glass FIDET.......ccciiiiiiiiieeeeee e, 42

3.1.4 Coupling Agent : Organofunctional Silane.........c..ccccoocv........ 42

3,15 REAGENTS ..ocveiiiiiees e e 43

3.2 Apparaturs and EQUIDMENT...........ooioiiiiieeieecceee e, 43

3.3 Experimental Procedures........c.ccooeivioeiiiiieeeeeceeeeeeee e 44

3.3.1 Dry Blending of PVC. ................................................................... e

3.3.2 Treatment of Organofunctional Silane on Glass Fiber........ .....45

3.3.2.1 Determination of drying condition in treating

glass fiber both silane coupling agent................ roineB

3.3.3 Prepation of the COMPOSItES.....c..oviviieieceeeeeece e 46

3.3.4 CAARAMSUUNILINGIAL. ......cooveieriiiinrennen A6

3.3 5OHULALONGKORN.UNIVERSITY. ... 50

3.4 Mechanical Testing............................' ......................................................... 50

3.5 Fiber and Void Content Determination..............cccoooviiveiiiiiiiciecee 53
3.6 Microstructure of the Fracture Surface of the Composites..................... 54

3.6.1 Preparation of SPeCIMENS..........ccvovviiiiiiiiieeeeeeeeeeeeeeee 54

3.7 Differential Scanning Calorimetry of the Composites.............cccovvveeevenn.. bb

CHAPTER IV RESULTS AND DISCUSSIONS.......c.oooiiiiiiieeieeeeeeeeeeeeee 56

4.1 Effect of Drying Temperature on Tensile Strength of Glass Fiber

Reinforced PVC/SAN CompOSites.........cccoecveeieiiiiccieeciee e . DB



CONTENTS (continued)

PAGE
4.2 Effect of Silane Coupling Agent Concentration..........ccocoeeeeveeeeeeeeeeeei 57
4.3 Mechanical Properties of the COMPOSItes..............cccovcvvevooeeeeeeeee 65
4 4 Effect of PVC/SAN Compbsition on Mechanical Properties..................... 68
4.5 Effect of Glass Fiber Loading on Mechanical Properties........................ 73
4.6 Comparison of Mechanical Properties of the Glass Fiber reinforced
PVC/SAN Composites with Different silane Coupling Agent.................... 85
4.6 Scanning Electron MICrOSCOPY........cocoieeiiieiieeeeceeeeeeeeeeeeeeeeeeee e 90
4.7 Differential Scanning Calorimetry.......c...coeeeoueeoeeieeoeee oo .96
4.8 Economic Conslderafigadiialil. i et eeeeereressireereivenssssoseosesseenmessesnens 99
CHAPTER V CONCLUSION AND SUGGESTIONS.........ccooiiiiiieoiceieeeeeeeeeeen 101
REFERENCES.........coooioeenne s 2 SRS o eeeeveneievecivetrc e sscateseeseee e sihessnenaes 104



LIST OF TABLES

TABLE PAGE
2.1 Selected Properties of Fibers and Conventional Bulk Metals.............c..cccooee . 8
2.2 Fabrication Processes for Polymer Matrix COMPOSIte..........ccoocevvoeeeeeeeeeooeen 13
2.3 Physical Properties of the COMPOSItES...........oveveveveverieriieeeeeeeeeeeeeeeeerenn 31
2.4 Physical Properties of the COmMPOSItES.........ccoovviiiiiiiiiiiice e 35
2.5 Physical Properties in Each MiXiNg..........cc.ooooioviviiiioieeeceeeeeeeeeeeeeeeeee 36
2.6 Tensile Tests of Unplasticized PVC Cross-linked with mercaptosilane................ 37
3.1 Typical Data of SG B10.. ..t R R o isac e e enreerrersresrerssnsssssssessssessnessneesans 41
3.2 Typical Data of PORENE AS 330 PC...c..cooiiiiiiiiieiieeeeeeeee e, 42
3.3 Typical Physical Properties of Silane A-189 and A-1100..............coocvvvvvveeren. 43
3.4 Formulation of PVC Compounds (Phr)..........cooiiiioie oo 44
3.5 Formulation of PVC/SAN  COMPOSItES.....ovi oo 47
4.1 Effect of Drying Temperature on Tensile Strength..............coocvvviiivviionieee B7
4.2 Effect of Concentration of Aminosilane and Mercaptosilane Coupling Agent......60

4.3 Effect of Different Coupling Agents on Mechanical Propeties of the

Composites at Various PVC/SAN Compositions and Percents of the Glass

4.4 Regression Analysis of the Mechanical Properties in the Range of 10-30%

by Weight of the Glass Fiber Loading .........ccccooooiiviviiiiiiiiiiiiieee 82
4.5 Cost Analysis of PVC/SAN-Mercaptosilane Treated Glass Fiber Composites..... 100



LIST OF FIGURES

FIGURE PAGE
1.1 The growing use of U.S. composites shipments in 1993-1995...........ccccvvevee.n. 2
2.1 Types of discontinuous fiber reinforcement.............ccc.ococoooiiiiiiiiiieee . 10
‘2.2 Open mold, hand lay-up composite fabrication...................cccooovevievieeiieii, 14
2.3 Open mold, spray-up composite fabrication..............cccccoooieooieieie e 14
2.4 AULOCIAVE MOIAING.....c.iiiiie i 15
2.5 Machine for producing sheet-molding compound (SMC).........c.cooovovvevvieiieie 15
2.6 Compression molding in matched dieS........cc.ooveviiiiieeeiiieeee e 16
2.7. Filament winding pro@@Ss,//./ /AR @i 0ee NN o3 seseerssstsisassssssassassmmsansnnsramssenssasss )
2.8 Reinforced reaction injection molding (RRIM) process............ccoovvevvvevveieceeei 18
2.9 PUrUSION ProCess..........o. i d SGERERETt e oot Bl vesereesnressesessssssssesssnesasnmsssssssessseeessns 18
2.10 Direct melt continuous filament ProCeSS. ............coveovecveeeeeeeceeeeeeeeeeeeeee e 23
2.11 Arrangement Of fIDEIS.....ooueieeeeeeeeeeeees e 25
2.12 Functions of COUPHNG @QENT. ..coommiiiceeiiiiie e '8
2.13 Reaction process of alkoxXy Silane.............ccoooviiiiiiiieee e 28

2.14 1H—NMR spectra of GFR PVC composite in which the glass fibers were

sized with an aminosilane having a reactive primary amine moiety................... 31
2.15 DSC thermograms for PVC/at-MSAN3O0 (40/60) blends...........cccocvvvveeevieeec, 32
2.16 Interfacial shear strength as a function of silane concentration in solution......... 34

2.17 Ratio of number of hydrogen bound to nitrogens to number of alkoxy
TS o, oo 0 2. TS A R el e gt b 34
2.18 Effect of coupling agent and absorbed moisture on the Young’s modulus,
strength (or peak stress), and ultimate strain of the composites......................... 38

2.19 SEM photomicrograph showing effect of coupling agent..............ccocoovvviiiiinin 39



3.1
4.1

4.2

4.3

44

45

4.6

4.7

4.8

49

LIST OF FIGURES (continued)

Xii

FIGURE PAGE

Schemetic of tensile test specimen (type M-1)......ccooovooeooeooooeeeeee 51

Effect of Aminosilane coupling agent concentration on tensile strength

of PVC B0/SAN 40 COMPOSITES......ccveeieeiiiiiiiee oo .62
Effect of Aminosilane coupling agent concentration on tensile strength

of PVC 70/SAN 30 COMPOSIES. .....cueeiuieteeeeeeeeeeeeeee oo .62
Effect of Aminosilane coupling agent concentration on tensile strength

of PVC 80/SAN 20 cOmpOSIteS.........coovveioreiivrevieesennan. A A R i s 63
Effect of Mercaptosilane coupling agent concentration on tensile strength

Of PVC 60/SAN 40 COMPOSIEES. .uvivviiviieieee oo 63
Effect of Mercaptosilane coupling agent concentration on tensile strength

of PVC 70/SAN 30 COMPOSIEES.....oviiiiiiiite oo 64
Effect of Mercaptosilane coupling agent concentration on tensile strength

of PVC 80/SAN 20 COMPOSIEES........ceoueeeeeiiieeeiiteeeeeeeeeeee oo 64
Effect of PVC/SAN composition on tensile strength of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%...........ccoocveeeoeoeooe .69
Effect of PVC/SAN composition on flexural strength of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0% .........ccoovoeeoeeeeo 70
Effect of PVC/SAN composition on hardness of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0% .......ccoooeeemeeeeeeeeeeeeeee 71

4.10 Effect of PVC/SAN composition on HDT of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%..........cco........ s 72

4.11 Effect of glass fiber loading on tensile strength of the composites

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%...........ccoooeooeeoeoeeeeeeieei 75



Xiii
LIST OF FIGURES (continued)

FIGURE PAGE
4.12 Effect of glass fiber loading on tensile modulus of the composites.

(@) Aminosilane 0.5% (b) Mercaptosilane 2.0%..........cccoooveeoeeeoeceeeeieeeeeeeee, 76
4.13 Effect of glass fiber loading on elongation at break of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%............cccccoueeoeeceeeeeeeeeeeireseei] 77
4.14 Effect of glass fiber loading on flexural strength of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%.......cccooeveeeeeeceeeieeiieeiie, 78
4.15 Effect of glass fiber loading on flexural modulus of the composites.

(@) Aminosilane 0.5% (b) Mercaptosilane 2.0%............ccccceeeeveeecvenn... ............... 79
4.16 Effect of glass fiber loading on hardness of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%...........coooveeeeooieeeeeeeeeeeeeeeee 80
4.17 Effect of glass fiber loading on HDT of the composites.

(a) Aminosilane 0.5% (b) Mercaptosilane 2.0%..........c.cooeeeoeeeoeeeeeeeeeeeeeee 81
4.18 Models for the filled polymer. (a) perfect adhesion (b) No adhesion................. 84
4.19 Tensile strength vs glass fiber loading treated with different coupling

agent. (a) PVC 60/SAN 40 (b) PVC 70/SAN 30 (c) PVC 80/SAN 20............... 87
4.20 Flexural strength vs glass fiber loading treated with different coupling

agent. (a) PVC 60/SAN 40 (b) PVC 70/SAN 30 (c) PVC 80/SAN 20.............. 88
4.21 Flexural modulus vs glass fiber loading treated with different coupling

agent. (a) PVC 60/SAN 40 (b) PVC 70/SAN 30 (c) PVC 80/SAN 20............... 89
4.22 Hardness vs glass fiber loading treated with different coupling agent.

(a) PVC 60/SAN 40 (b) PVC 70/SAN 30 (c) PVC 80/SAN 20........cccccvveeennnn 90
4.23 HDT vs glass fiber loading treated with different coupling agent.

(a) PVC 60/SAN 40 (b) PVC 70/SAN 30 (c) PVC 80/SAN 20........cccoovveieiinn 91



Xiv

LIST OF FIGURES (continued)

FIGURE PAGE

4.24 SEM photomicrograph of fracture surfaces of the PVC/SAN reinforced

with 10% by weight of glass fiber loading.............ccocoooviiiieioieieeeeeeee .93
4.25 SEM photomicrograph of fracture surfaces of the PVC/SAN reinforced

with 20% by weight of glass fiber 10ading.............ccoooveoeeoiooeooeeeeeeeeeee 94
4.26 SEM photomicrograph of fracture surfaces of the PVC/SAN reinforced

with 30% by weight of glass fiber 10ading.............cccoooooeooeoooeeeeeeee 94
4.27 SEM Photomicrograph of fracture surfaces of the PVC/SAN reinforced

with 30% untreated glass fiber. (a) PVC 70/SAN 30 (b) PVC 80/SAN20............. 95
4.28 SEM Photomicrograph of fracture surfaces of the PVC/SAN reinforced

with 30% glass fiber treated with Aminosilane coupling agent.

(a) PVC 70/SAN 30 (b) PVC 80/SANZ20.........cocerieieiiieiiieeceeeeeeeeeeeeee 96
4.29 SEM Photomicrograph of fracture surfaces of the PVC 80/SAN 20 reinforced

with 30% glass fiber treated with Mercaptosilane coupling agent ........... 97
4.30 DSC curve of the PVC 80/SAN 20 reinforced with 30% glass fiber

treated with Mercaptosilane coupling agent.............ccooovoreooeeoeeee e 98



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

