MECHANICAL AND FLAMMABILITY PROPERTIES

OF ABS/PVC BLENDS

CHEW SAU YEN

A thesis submitted in fulfillment
of the requirements for the award of degree of

Master of Engineering (Polymer)

Faculty of Chemical and Natural Resources Engineering

University Technology Malaysia

MARCH, 2004



%

e

For my dearest parents, siblings and See How

who wonder what I do all day............

it



iv

ACKNOWLEDGEMENTS

It is a pleasure to acknowledge the considerable assistance I have received
from the people of UTM. I wish to express my utmost gratitude to my supervisor,
Associate Professor Dr Azman bin Hassan, for his invaluable advice,
encouragement, understanding and trust during my stay at UTM. Many thanks for

his careful review of the manuscripts. Any remaining errors are my responsibility.

Special thanks to my co-supervisor, Dr Shahrir Hashim for his guidance and
invaluable advice. I would like to express my deepest appreciation to Madam Emily
Choy, Polystar Sdn Bhd for their assistance in my sample preparation and
experimental works. I would also like to convey my appreciation to Mr. Chen Chan
Hoong, Plastrade Sdn. Bhd. and Mr. Yee Joon Wee, IRM Industri Berhad for helping
me in the LOI equipment. Thanks are also due to Mr.PC Teh, Toray Plastics
Malaysia for their assistance in supply of ABS materials, and special thanks to Mr
Wauthilaohaphan Siriporn, Vinythai Public Company Limited for their supply of
acrylic grafted PVC. I would also like to thanks all the technical staffs in the

Laboratory of Polymer Engineering for the support and equipment facilities.

I am indebted to many who encouraged me during this research. My
overwhelming debt is to my parent and sibling for their everlasting love. Great

gratitude also expressed to my friends and polymer laboratory technicians.

My greatest debt, however, is to my companion, See How, who endured my
long days in my study with particular grace and understanding. He has been, simply,

indispensable.

Finally, I am also grateful to the School of Graduate Studies UTM for the
financial assistance in the form of a Research Scholarship, UTM-PTP and RMC for
the research grant.



ABSTRACT

Blending of polymers is often used as a means to develop new materials with
the desired properties. The main objective of this research is to study the effect of
different PVC molecular weight (K-58 and K-66) and acrylic grafted PVC on
different grades of ABS in terms of mechanical and flammability properties.
Morphological, thermal and rheological properties of the blends were also
investigated. Three grades of ABS were used; high rigidity, medium impact and
super high impact. Using a single screw extruder, blends of ABS/PVC in various
compositions ranging from 100 - 80% ABS were prepared and injection moulded.
Interestingly, a synergist effect is observed whereby the impact strength of the
ABS/PVC blends is higher than the pure polymer. With increasing PVC content, the
impact strength of the blends increased. The impact strength was also found to be
dependant upon PVC molecular weight, with the higher K-value, the higher the
impact strength. Acrylic grafted PVC is more effective in increasing the impact
strength than the non grafted PVC. The impact strength enhancement increases with
increasing rubber content in the ABS. The result also shows that the highest impact
strength occurs when acrylic grafted PVC was added into super high impact ABS.
However, it was observed that when PVC is incorporated in ABS, there is a marginal
decrease in flexural modulus. The flexural modulus of the blends was also found to
be dependant upon PVC molecular weight, with the lower K-value, the higher the
flexural modulus. With increasing PVC content, the flexural modulus of the blends
decreased. The highest flexural modulus among the blends is high rigidity ABS/
PVC K-58. The DMA study confirmed that the SAN component of ABS is highly
miscible with PVC. The miscibility between SAN component of ABS has improved
the interfacial adhesion between PVC and ABS. The flammability of the blends
determined by the LOI test shows that the flammability of the blends decreased with
increasing PVC content. The most optimum formulation in terms of cost and

mechanical properties is 80 super high impact ABS/20 PVC K-66.
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ABSTRAK

Pengadunan polimer dibangunkan demi mengeluarkan bahan baru yang
mempunyai sifat-sifat yang diingini. Objektif utama penyelidikan ini adalah untuk
mengkaji kesan berat molekul PVC, iaitu jenis K-58, K-66 dan PVC bercangkuk
akrilik ke atas akrilonitril butadiena stirena (ABS) terhadap sifat mekanikal dan
kebolehbakaran. Sifat-sifat morfologi, terma dan reologi adunan turut dikaji. Tiga
jenis ABS digunakan: ketegaran yang tinggi, hentaman sederhana serta hentaman
paling tinggi. Dengan penyemperit skru tunggal, adunan ABS/PVC disediakan
mengikut komposisi dalam julat 80 -100 % ABS dan diacu-suntikan. Menariknya,
adunan ABS/PVC mempunyai kekuatan hentaman yang lebih tinggi daripada
polimer tulen. Kekuatan hentaman bertambah dengan peningkatan kandungan PVC.
Selain itu, kekuatan hentaman juga dipengaruhi oleh berat molekul PVC, semakin
tinggi nilai-K, semakin tinggi kekuatan hentaman. PVC bercangkuk akrilik lebih
efektif dari segi peningkatan kekuatan hentaman berbanding dengan PVC lain.
Kekuatan hentaman meningkat apabila komposisi getah dalam ABS meningkat.
Keputusan menunjukkan adunan antara ABS berhentaman tinggi dan PVC
bercangkuk akrilik berjaya menghasilkan kekuatan hentaman yang maksimum.
Walau bagaimanapun, penurunan nilai modulus lenturan yang sikit diperolehi
apabila PVC dicampur ke dalam ABS. Modulus lenturan juga dipengaruhi oleh berat
molekul PVC, semakin rendah nilai-K, semakin tinggi nilai modulus. Apabila
komposisi PVC bertambah, modulus lenturan bagi adunan ABS/PVC turut munurun.
Nilai modulus lenturan yang tertinggi wujud apabila PVC K-58 dicampur bersama
ABS bertegaran tinggi. DMA membuktikan komponen SAN dalam ABS adalah
hampir serasi dengan PVC. Keserasian ini berjaya meningkatkan pelekatan antara
permukaan PVC dan ABS. Kebolehbakaran adunan diuji dengan teknik indeks
oksigen terhad (LOI) menunjukkan kebolehbakaran semakin menurun apabila
komposisi PVC semakin meningkat. Formulasi yang optimum dari segi kos dan sifat

mekanikal ialah 80 ABS berhentaman paling tinggi/20 PVC K-66.



TABLE OF CONTENTS

CHAPTER TITLE

II

TITLE PAGE
DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATION AND
SYMBOLS

LIST OF APPENDICES

INTRODUCTION
1.1 Introduction
1.2 Problem Statement

1.3 Objectives
1.4 Scope

LITERATURE REVIEW

2.1  Acrylonitrile Butadiene Styrene (ABS

Polymers)

vii

PAGE

ii
iii

iv

vi
vii
xii
Xiv

Xix

xxi

wm N e



22

2.1.2

2.1.5
2.1.6
2.1.7

General Introduction and
Historical Background
Chemistry and Manufacturing
2.1.2.1 Chemistry
2.1.2.2 Manufacturing
2.1.2.2.1 Mechanism of
Grafting
2.1.2.2.2 Emulsion
Technology
Properties
2.1.3.1 Mechanical Properties
2.1.3.2 Thermal Properties
2.1.3.3 Flammability
2.1.3.4 Rheology
2.1.3.5 Ultraviolet Resistance
2.1.3.6 Chemical Resistance
Processing
2.1.4.1 General Processing
2.1.4.2 Preheating and
Predrying
2.1.4.3 Extrusion
2.1.4.4 Injection Moulding
Advantages and Disadvantages
Specialty Grades
Application

Polyvinyl Chloride

2.2.1
222
223

What is PVC?

Historical Background

Chemistry and Manufacturing

2.2.3.1 Vinyl Chloride
Monomer (VCM)

viii

10
10

11

13
14
15
16
17
17
18
18
18
19

19
19
20
20
22

25
26
27
27



23

24

2.5

2.2.3.2 Polymerization

Process
2.2.4 Morphology and Properties
2.2.4.1 Mechanical Properties
2.2.4.2 Thermal Properties
2.2.4.3 Melt Viscosity
2.2.4.4 Flammability
Properties
2.2.5 Processing
2.2.6  Advantages and Disadvantages
227 Additives
2.2.7.1 Lubricant
2.2.7.2 Stabilizer
2.2.8 PVC Industries and Their
Products
Polymer Blends
2.3.1 ABS Blends
2.3.2 PVC/ABS Blends
2.3.3  Polycarbonate/ABS Blends
2.3.4 Nylon/ABS Blends

Flame Retardant

24.1
242
243
244
2.4.5

Fire and Polymers: An Overview
Combustion of Plastic

Flame Retardant Chemistry
Effect of Halogen Compounds

Flame Retardant Thermoplastics

Mechanism of Impact Modification

2.5.1

Implementing the Mechanism
2.5.1.1 Crazing
2.5.1.2 Crack Multiplication

28

29
30
31
31
32

32
32
33
34
34
35

38
39
40
42
42

43
43
43
46
48
48

51
52
52
54

ix



III

2.5.1.3 Shear Banding

2.6  Compatibility of Polymer Blending

2.6.1 Method for Determining

2.6.2 Dynamic Mechanical Properties

Compatibility

METHODOLOGY

3.1 Materials

3.1.1

Blend Formulation

3.2 Preparation of Blends

3.2.1
322
323

Dry Blending
Single Screw Extrusion

Injection Moulding

3.3 Testing and Analysis Procedure

3.3.1
332

333

334

3.3.5

3.3.6

3.3.7

Pendulum Impact Test
Dynamic Mechanical Analysis
(DMA)

Scanning Electron Microscopy
(SEM)

Flexural Properties

Oxygen Index Test (LOI)
Heat Deflection Temperature
(HDT)

Melt Flow Index (MFI)

55

57
59

60

63
66
68
68
68
69
70
70
71

73

74

75

76

77



v RESULTS AND DISCUSSION

4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

Izod Impact Testing

4.1.1  Effect of PVC Molecular Weight
on Different Grades of ABS
4.1.1.1 High Rigidity ABS
4.1.1.2 Medium Impact ABS
4.1.1.3 Super High Impact ABS

4.12  Effect of ABS Grades on
Different PVC Molecular Weight
4.1.2.1 PVCK-58
4.1.2.2 PVC K-66
4.1.2.3 Acrylic Grafted PVC

4.1.3  Overall Discussion on Impact
Strength

Dynamic Mechanical Analysis

Scanning Electron Microscopy

Flexural Properties

Flammability Properties

Heat Distortion Temperature

Melt Flow Index

Raw Material Costing

General Discussion

A\ CONCLUSIONS AND
RECOMMENDATIONS

5.1
52

Overall Conclusions

Recommendations

REFERENCES

APPENDICES

78
79

79
80
81
82

82
84
85
86

90
97
105
111
117
121
124
127

132
135

137

152

xi



LIST OF TABLES

TABLE No. TITLE

2.1 Effect of molecular characteristics of the elastomer
phase and SAN copolymer forming the matrix

2.2 Historical background of PVC

23 Blends with ABS (Adam et al., 1993)

24 Impact strength data for various PVC/ABS blends
(Datta and Lohse, 1996)

2.5 Impact strength data for various ABS compositions
blended with PVC (Datta and Lohse, 1996)

2.6 Burning characteristics, burn rates and LOI index of
some polymers

2.7 Properties of flame retardant ABS resin

2.8 Oxygen index of various metal-stabilized PVC
samples

3.1 Typical properties of Toyolac ABS

3.2 Typical properties of PVC

33 Types, trade name, manufacturer and purpose of
ABS and PVC

34 Types, trade name, manufacturer and purpose of
additives

35 Blend formulation

3.6 Extrusion operating conditions

3.7 Injection moulding operation conditions

3.8 Dimension measurement for Izod type test specimen

PAGE

13

26
39
40

41

45

50
51

64
64
65

66

67
68
69
71

xii



4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8

4.9

Transition temperature of loss tan delta for selected
materials

Flexural modulus for ABS/PVC blends

LOI index for ABS

LOI index for ABS/PVC blends

MFI data for ABS

MFI data for ABS obtained from Toray Plastics
Melt flow index for ABS/PVC blends

Calculation of raw material cost per unit volume of
pure ABS and ABS/PVC blends

Relationship between impact properties, flexural
modulus, cost per unit volume and flame retardancy

of selected ABS/PVC blends

92

106
111
113
121
121
123
125

131

xiii



LIST OF FIGURES

FIGURE No. TITLE

2.1 Engineered plastics demand, 2001

2.2 Emulsion ABS polymerization process

2.3 Major property trade-offs for ABS with increasing
rubber level (Glenn and Cathleen, 1985)

2.4 Automotive Award and People’s Choice Award:
Unibody plastic trailer

2.5 ABS resin speeds motorbike to market

2.6 Industrial Enclosure Award: Printer/embosser
enclosure for a tabletop card personalization system

2.7 Feedstock conversion to vinyl chloride

2.8 Oxychlorination process

2.9 PVC particle morphology

2.10 Schematic curve showing the effect of molecular
weight on most mechanical properties of PVC. The
exact nature of the plot will depend on the
mechanical property selected (Donald, 1986).

2.11 PVC pumps stand up to chemicals, rough use

2.12 Vinyl outsoles resist harsh chemicals and oils

2.13 High impact PVC sparks electric fence

2.14 Critical Barrier Packaging Award: Package for
medical components

2.15 Thermoplastic worldwide forecast

2.16 Schematic representation of polymer degradation

2.17 Polymer combustion process cycle

PAGE

12
14

23

24
24

27
28
29
30

37
37
37
37

38
44
46

Xiv



2.18

2.19

220

221

222

223

2.24

225

2.26

227

3.1
32
3.3
3.4

A typical flame involving organic fuel showing
decomposition region where volatilized fuel
decomposes before combustion.

Effect of antimony oxide concentration on the
properties of ABS containing 13wt% flame
retardant

Stress concentration around a hole (Charles, 1996)
Surface roughness versus fracture energy for several
cured epoxies

Thermal shrinkage stress directions developed by
differential contraction in rubber and glass during
cooling

Crazing cusp for PMMA

Properties versus polymer/polymer ratio in a
polyblend

Morphologies of a blend of polymer A (solid line)
and polymer B (dashed line) (a) miscible; (b)
immiscible; (c) partially miscible (Fox and Allen,
1985)

E’ — E” versus temperature for polybutadiene in
styrene acrylonitrile copolymer (SAN); --------
calculated: (SAN)/PBD : o,
77/23; and e, 56/44 (Moore, 1989)

experimental; and

E’ and E” vs temperature for blended system of
PVC and NBR of various compositions (PVC/NBR)
at 138 Hz: o, 100/0; x, 83/17; o, 67/33; A, 50/50; ©,
20/80; and e, 0/100 (Moore, 1989)

Mould for injection moulding specimen

Izod Impact Tester

Dimension for Izod type test specimen

A schematic diagram of a DMA used to determine
the compatibility of the blends (Perkin-Elmer

Instrument)

47

49

53

54

56

56

58

59

61

62

69
70
71
72

XV



3.5
3.6
3.7
3.8
3.9
4.1

4.2

4.3
(
4.5

4.6

4.7

4.8
4.9
4.10
4.11

4.12

DMA three point bending system

Photograph of SEM JSM 5610

Photograph of Instron universal tester

Typical equipment layout for oxygen index test
Heat distortion tester S-3 machine

Effect of different PVC molecular weigﬂt and’n
content on Izod impact strength of high rigidity
ABS

Effect of different PVC molecular weight and
content on Izod impact strength of medium impact
ABS

Effect of different PVC molecular weight and
content on Izod impact strength of super high
impact ABS

Effect of ABS grades and PVC content on impact
strength of PVC K-58

Effect of ABS grades and PVC content on impact
strength of PVC K-66

Effect of ABS grades and PVC content on impact
strength of acrylic grafted PVC

Notch Izod impact strength of PVC/ABS biends at
23°C showing the toughness achieved by balancing
matrix ductility against PVC content (Deanin and
Moshar, 1974)

Typical dipole-dipole interaction and segments of
chains between molecules of PVC and SAN

DMA curves for high rigidity ABS as a function of
E”/E’ and tan §

DMA curves for high rigidity ABS — PVC K66 as a
function of E”/E’ and tan

DMA curves for medium impact ABS as a function
of E”/E’ and tan §

DMA curves for medium impact ABS — PVC K66

72
73
74
76
77
80

81

82

83

84

85

86

87

94

94

95

95

xvi



4.13

4.14

4.15

4.16A

4.16B

4.17A

4.17B

4.18A

4.18B

4.19A

4.19B

4.20
4.21

as a function of E”/E’ and tan &

DMA curves for super high impact ABS as a
function of E”/E’ and tan &

DMA curves for super high impact ABS - PVC K66
as a function of E”/E’ and tan 6

Schematic stress-whitening zone of Izod impact
specimen, near the edge and on the fracture surface
region

SEM micrographs of the fractured surfaces of the
virgin high rigidity ABS (Magnification X200)
SEM micrographs of the fractured surfaces of the
virgin high rigidity ABS (Magnification X2000)
SEM micrographs of the fractured surfaces of the
high rigidity ABS/PVC K-66 (90/10 phr/phr)
(Magnification X200)

SEM micrographs of the fractured surfaces of the
high rigidity ABS/PVC K-66 (90/10 phr/phr)
(Magnification X2000)

SEM micrographs of the fractured surfaces of the
super high impact ABS/PVC K-66 (80/20 phr/phr)
(Magnification X200)

SEM micrographs of the fractured surfaces of the
super high impact ABS/PVC K-66 (80/20 phr/phr)
(Magnification X2000)

SEM micrographs of the fractured surfaces of the
medium impact ABS/acrylic grafted PVC (85/15
phr/phr) (Magnification X200)

SEM micrographs of the fractured surfaces of the
medium impact ABS/acrylic grafted PVC (85/15
phr/phr) (Magnification X2000)

Forces involved in a simple beam (Vishu, 1998)
Effect of PVC molecular weight on heat distortion
temperature of high rigidity ABS

96

96

98

100

100

101

101

102

102

103

104

106
118

Xvii



4.22

4.23

424

4.25

4.26

4.27

Effect of PVC molecular weight on heat distortion
temperature of medium impact ABS

Effect of PVC molecular weight on heat distortion
temperature of super high impact ABS
Determination of balance properties based on
impact strength and flexural modulus of high
rigidity ABS

Determination of balance properties based on
impact strength and flexural modulus of medium
impact ABS

Determination of balance properties based on
impact strength and flexural modulus of super high
impact ABS

Determination of balance properties based on

impact strength and flexural modulus for selected
ABS/PVC blends

119

119

128

128

129

130

Xviii



Xix

LIST OF ABBREVIATIONS AND SYMBOLS

ABS - Acrylonitrile-butadiene-styrene
AN - Acrylonitrile

ASTM - American Standard Test Method
CaCO; - Calcium carbonate

Cast - Calcium stearate

DMA - Dynamic mechanical analysis
DSC - Differential scanning calorimetry
E’ - Storage modulus

E” - Loss modulus

EPDM - Ethylene-propylene-diene terpolymer
EPM - Ethylene-propylene copolymer
FeOOH Ferum trioxide

FR - Flame retardant

FRSS - Flame retardant smoke suppressants
HDT - Heat deflection temperature

He - Heats of fusion

Hst - Stearic acid

L/D - Length to diameter

LOI - Limiting oxygen index

MFI - Melt flow index

MgCO; - Magnesium carbonate

min - Minutes

MPa - Mega pascal

NBR - Butadiene-acrylonitrile rubber



PBD

TPU
UF
VCM
Wy,
AH,

Polybutadiene

Polycarbonate

Part per hundred

Poly(methyl methacrylate)
Unplasticised Poly(vinyl chloride)
Revolutions per minute
Rockwell hardness
Styrene-acrylonitrile copolymer
Scanning electron microscopy
Styrene maleic anhydride
Tangent delta

Glass transition temperature
Thermogravimetric analysis
Melting temperature
Crystallization peak
Thermoplastic polyurathane
Urea formaldehyde

Vinyl chloride monomer

Width of the peak at half height

Heat of crystallization

XX



LIST OF APPENDICES
APPENDIX TITLE
A A technological scheme of the production of ABS

polymer by the blending technique

B Comparison between suspension, mass and

emulsion polymerization

C A technological scheme of the production of ABS

polymer by grafting in emulsion

D Scheme of the production of ABS polymer by the

emulsion-mass technology

E Block flow diagram for PVC by suspension process

F PVC by mass process block flow diagram

G Block flow diagram for PVC by emulsion process

H Calculation of cost per unit volume of pure ABS
and ABS/PVC blends

I Published paper

PAGE

152

153

154

155

156

157

157

158

170



CHAPTER1

INTRODUCTION

1.0 Introduction

The first completely synthetic plastic, phenol-formaldehyde, was introduced
by Baekeland in 1909, nearly four decades after Hyatt had developed a semisynthetic
plastic-cellulose nitrate (Chanda and Roy, 1993). In 1927 poly(vinyl chloride) (PVC)
and cellulose acetate were developed, and 1929 saw the introduction of urea-
formaldehyde (UF) resins (Chanda and Roy, 1993). The development of new
polymeric materials proceeded at an even faster pace after the war. Epoxies were
developed in 1947, and acrylonitrile-butadiene-styrene (ABS) terpolymer in 1948
(Chanda and Roy, 1993). The next two decades saw the commercial development of
a number of highly temperature-resistance materials. More recently, other new
polymer materials were introduced, including several exotic materials which are

mostly very expensive.

There are hundred of homopolymers commercially available today. Since one
type of polymer does not possess all the physical and mechanical properties desired
in a finished product, blending of polymers were introduced to meet the
requirements. The continuing pressure to improve productivity and quality has
generated the research in polymer blends. Blending also offers the possibility of
tailor-make products to meet specific end needs. For this reason, much attention was
received from academia and industry and thus blending of polymers are experiencing

significant growth. From the economic point of view, blend development is far less



costly and time consuming than the development of new polymers (Datta and Lohse,

1996).

This present study focuses on the blending of ABS with PVC. The large
diversify of end uses makes ABS one of the most successful of the engineering
thermoplastics available. It is a bridge between commodity plastics (e.g.,
polystyrene) and higher-performing engineering thermoplastics (e.g., polycarbonate).
Its position in terms of both properties and price between the more highly priced,
high performance engineering plastics and the lower priced commodity plastics

makes ABS the material of choice for many applications (Adams et al., 1993).

ABS resins are composed of over 50% styrene and varying amounts of
butadiene and acrylonitrile. Styrene provides rigidity and ease of processability,
acrylonitrile offers chemical resistance and heat stability, and butadiene supplies
toughness and impact strength. ABS having high rubber content possesses higher
impact strength than those with low rubber content. Increase in rubber content results
in greater ductility of these blends. Large-volume applications for ABS resins
include plastic pipe and automotive and appliance parts. Although ABS has many
desired properties as engineering thermoplastic, its still has some limitation for
example, easily burn with high flammability value and poor resistance to outdoor
UV light (Chanda and Roy, 1993).

ABS itself is already a blend of polybutadiene and styrene acrylonitrile
(SAN). It can be further blended with other materials to introduce new and improve
resin grades. Thus, the scope of possible applications is broadened (Jin et al., 1998),
and resulting in overall demand growth for ABS. Demand in the U.S. for ABS is
projected to advance 4% per year through 2006 to 1.6 billion pounds, valued at $3.1
billion (Freedonia Industry Study, 2002).

The low price of PVC renders its use desirable in many applications. Besides,
this material is popular with its inherent flame retardancy and UV stability. When
blended with ABS, the result is a material with good impact strength, toughness and
inherent flame resistance (Hofmann, 1985). ABS/PVC is used in a wide variety of

applications which include electrical components, appliances, business machine



housings and automotive parts (Manson and Sperling, 1976). The inherent flame
retardancy of PVC makes it suitable for applications where the more expensive

flame retardant ABS could be employed (Landrock, 1983).

Blending of ABS with other polymers is widely reported. Many studies have
been carried out on ABS/Polycarbonate (PC) blend (Chiang and Hwang, 1987; Lee
et al., 1988; Steeman and Maurer, 1994; Ogoe et al., 1996; Jin et al., 1997,
Balakrishnan and Neelakantan, 1998; Lim and Bertilsson, 1999 and Choi et al.,
2000) Among the interesting finding of these studies are that ABS provides the
benefits of economics, processability and more reliable impact resistance, while PC
contributes the improvements of tensile, flexural, thermal properties and

flammability to the blends.

The study on ABS/PVC blend had received less attention compared to
ABS/PC blend. According to Adam et al. (1993), ABS/PVC blend possessed U.S.
annual consumption growth rate (1990-1996) of 12-18% or 3-9% higher than
ABS/PC blend (Growth rate: 9%). Thus, more research study should base on
ABS/PVC blend since it has a convinced growth rate but less research study is being
reported.

The studies on polyblend of PVC and ABS were conducted by Maiti ef al.
(1992). PVC compositions ranging from 50 to 100% were used. Maiti et al.
discovered that this polyblend possesses advantages like the tensile strength and
rigidity of PVC and impact strength of ABS. TGA analysis revealed a substantial
improvement in thermal stability of PVC/ABS blends over that of PVC.

The compatibility enhancement of ABS/PVC blends was also conducted by
Jin et al. (1998). The composition for PVC was ranging from 50 to 100 %. When a
compatibilizer, SAN 25 was added into the blend, the compatibility was enhanced

and about twofold increase of impact strength was observed.

Bensemra and Bedda (2001) studied the properties of PVC/ABS blends.

Blends with variable composition, 0 to 100 wt % PVC were used. The researchers

concluded that addition of plasticizer, di(ethyl-2hexyl) phthalate into the blends



greatly improved the impact properties where the higher the PVC content, the higher

the impact value.

Besides studying the mechanical properties of ABS/PVC blend, flammability
of the blend was also investigated by Carty and White (1994). According to
Alexander (2000), the annual loss of life and the property caused by fire around the
world is extraordinary, since thousand of death and billion of property were loss each
year. Most of the fires involve the combustion of polymeric materials. So, the
method to reduce the flammability of polymers and hence reduced the loss of life
and the property has been the subject of increasing interest over the past several
years. As mentioned, one of ABS main drawbacks is its inherent flammability and
therefore a need exist to improve this property by incorporation of halogenated

polymers, such as PVC.

In the study conducted by Carty and White (1994), ABS/PVC blends
containing up to 30 phr of PVC were examined. In this work, addition of PVC into
ABS has successfully reduced the flammability of ABS, where the LOI value
increased from 18.3% to 33.8%. The flame retarded ABS currently has a great deal
of interest in the computer and business equipment market. Alexander (2000) also
mentioned that European regulators were considering requiring flame retarded

polymer in electronic equipments and other products.

1.2 Problem Statement

As mentioned earlier, the studies on ABS/PVC blend have received less
attention compared to PC/ABS blend. The previous studies on PVC/ABS blends
concentrate mainly on the use of ABS as the added polymers, with PVC as the main
component (Maiti et.al, 1992; Jin et.al, 1998; Bensemra an Bedda, 2001). The
present study will focus on the effect of adding PVC into ABS. The effect of adding
PVC of different molecular weight into different types of ABS (with different ratios
of monomer content) has not yet been reported. It is expected that both, PVC
molecular weight and polybutadiene content in ABS will influence the properties of



ABS/PVC blend. The study on blending acrylic grafted PVC with ABS has also not
been reported. This proposed study hopefully will further the knowledge in the area
of ABS/PVC blend and extend the applications of ABS.

1.3  Objectives

The main objectives of the proposed research are as follows.

» to study the effect of PVC molecular weight and content, and acrylic grafted
PVC on the mechanical and flammability properties of ABS/PVC blends.

= to study the effect of different grades and composition of ABS on the
mechanical and flammability properties of ABS/PVC blends.

* to determine the optimum ABS/PVC content in terms of mechanical

properties, flammability, and cost.

14  Scope

The study involved preparing various samples of ABS/PVC at blend
composition of 100/0, 90/10, 85/15 and 80/20. A mixer, single screw extruder and
injection moulding were used for sample preparation. The types of the testing and

analysis are as follows:

(@ Mechanical Properties

Two types of mechanical properties were conducted, that is Pendulum

Izod impact and flexural test.



(b)

(©)

(d

Pendulum Izod impact was used to determine the impact strength of each
blend.

Flexural test was also carried out to determine the stiffness of the

ABS/PVC blend.

Flammability

Oxygen Index Test was used to determine the flammability properties of

the blends.

Thermal Properties

Heat deflection temperature (HDT) was used to determine the

temperature at which it loss the rigidity.

Material Characterization Test

DMA (Dynamic Mechanical Analysis) was used to correlates the T, with
the miscibility of the blends.

SEM (Scanning Electron Microscopy) analysis was carried out to

correlate the surface fracture with the impact strength results.

MFI (Melt Flow Index) test was conducted to obtain the melt flow rate
and to determine the processibility of the ABS/PVC blends.



iii)

136

a) Using higher content of PVC
b) Incorporation of different types of flame retardant (not more than 10
phr) into ABS/PVC blends such as:

1) FeOOH — Bayferrox yellow 3905 (Bayer)
Iron 2) Fe304 — ferrosoferric (magnetic) black iron oxide (BDH)

compounds 3) FeOCl - iron (III) oxychloride

4) Iron (1110 molybdate
1) Octabromodiphenyl oxide

Brominated  2) 1,2 — bistribromophenoxy ethane

materials 3) Tetrabromobisphenol A

4) Poly-dibromostyrene

c) Incorporation of Sb,Os as synergist in flame retardant ABS/PVC
polymer.

d) Varies the particles size of SbyO3,

The initial work on flammability properties has given interesting results.
This method can be further investigated by developed a correlation
between LOI and smoke density (smoke production). Char determination
can also be carried out by using DTA/TGA technique to record accurately

heat and mass change.

Incorporation of flame retardant will reduce the mechanical properties of
the blends. In order to minimize the reduction, compatibilizer should be
added to study the effect of coupling agents in flame retarded ABS/PVC
blends.

To investigate the effects of compatibilizer on flame retarded ABS/PVC
blends.
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