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ABSTRACT

The use of bio-fibers, as opposed to synthetic fibers, has been well recognized due to the
positive environmental benefits with respect to ultimate disposability and raw material
utilization. In addition, it has properties like low cost, light-weight, high specific strength
and free from health hazard.

A major drawback associated with natural fibers for reinforcement purposes is
their hydrophilicity. The presence of hydroxy! and other polar groups in the natural fibers
would lead to poor wettability with the relatively hydrophobic polymers, resulting in
weak interfacial bonding. Environmental performance of such composites is also poor
due to delamination under humid conditions. Thus, in order to develop composites with
better mechanical properties and environmental performance, it is necessary to impart
hydrophobicity to bamboo fibers by reaction with suitable chemical reagents.
Lignocellulosic fibers are amenable to chemical modification due to the presence of
hydroxyl groups. Surface characteristics such as wetting, adhesion, surface tension,
porosity can be improved by modification.

Bamboo mat reinforced epoxy and polyester composites were fabricated using
hand lay up method using compression molding. The main thrust of the work reported in
this thesis was to develop chemically modified bamboo fiber reinforced plastic composite
and hybrid composite by reinforcing bamboo mat in polymer resins and to study its
various mechanical properties (tensile, flexural and impact), water absorption, thermal
degradation and electrical properties. SEM (scanning electron microscopy) has been
carried out on tensile fractured surface to study the bonding between the fiber and matrix,

surface morphology of fibers and the failure process in composites.
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Chemicals used to modify the bamboo were sodium hydroxide, silane,
acrylonitrile, methacrylamide, maleic anhydride, potassium permanganate, benzoyl
chloride, benzyl chloride, dicumyl peroxide, benzoyl peroxide, hydrogen peroxide,
acrylic acid, acetic acid and formic acid. Pre-impregnation and water treatment were also
carried out. Hybrid composites with woven glass mat, woven glass strand mat, carbon
nanotube and nano clay were also fabricated.

The mechanical properties of the composites reinforced with modified fibers have
improved compared to the untreated fiber composite. Tensile strength of the modified
(mercerized) BFRP composites has increased more than 55% in case of epoxy matrix and
69% in case of polyester matrix. SEM studies on the tensile fracture surface reveal an
improved interfacial bonding between the matrix and the modified bamboo fiber.
Mercerization also improves the water resistance property of the composites.
Cyanoethylation increases the tensile strength by 45% and 31% for the epoxy and
polyester composites respectively. With acrylonitrile treated BFRP composite the water
uptake has been brought down to 13.96% for the polyester matrix composite. This is a
sharp reduction in water uptake. An attempt has also been made to modify the bamboo
fiber surface through the use of water. This is a very clean process as no chemical is
involved. It was observed that upon hybridization with glass fiber the mechanical and
water absorption properties improved in general. Addition of nanoclay in the matrix
improved the elastic modulus of the bamboo composites. Due to reinforcement of CNTs
in the epoxy matrix impact strength of the bamboo-epoxy composite has been increased
by 84.5%.

The thermal degradation behavior of the chemically treated fiber composites vis-
a-vis untreated fiber composite was investigated by thermogravimetry (TG). The

treatments had a considerable effect on the thermal degradation behavior of the fibers,
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promoting an increase in the temperatures at which the thermal degradation took place.
The degradation temperatures have increased and the weight losses have decreased. After
5% alkali treatment, degradation temperature has increased by 16.15 °C for epoxy
composite and 21°C for polyester composite. Maleic anhydride treatment has increased
the charred residue of the bamboo epoxy composite from 7.1% to 19.28%. Dicumyl
peroxide treated bamboo polyester has the maximum residue of 8.57% among the
polyester based composites at 650°C. Thermal stability of glass hybrids has also
increased due to incorporation of glass fiber. Additions of nano clay and CNT have also
lead to increased thermal stability of bamboo composites. The improvement in thermal
stability will lead to better service performance of the composites at elevated temperature.

The dielectric properties of bamboo composites were carried out. For the
chemically treated bamboo epoxy composites, the dielectric constant decreases more
rapidly with increase in frequency compared to untreated fiber composite. In the case of
chemically treated bamboo polyester composite, decrease in dielectric constant is less
than that of untreated bamboo polyester composite. In hybrid composites, the dielectric
constant decreases with the increase in glass fiber content. Maximum values of volume
resistivity are obtained for peroxide treated bamboo epoxy and methacrylamide grafted
bamboo polyester composites. The volume resistivity of glass fiber-reinforced composites
is higher than that of bamboo fiber composite. Glass composites have the lowest
dielectric dissipation factor (tan 8). tan & of the chemically treated bamboo epoxy
composites is higher than that of untreated composite.

The present work has established that chemically modified bamboo fiber
reinforced plastic composites have superior properties in terms of enhanced mechanical
properties, less water uptake and better thermal and dielectric properties as opposed to

untreated BFRP composite.



CONTENTS

CERTIFICATE i
ACKNOWLEDGEMENT ii
ABSTRACT iii
CONTENTS vi
LIST OF FIGURES Xiii
LIST OF TABLES XX
SYMBOLS AND ABBREVIATIONS XX11
CHAPTER 1: INTRODUCTION 1-24
1.1 Introduction ' 1
1.2 Natural Fiber 2
1.2.1 Natural Fiber and Its Source 2
1.2.2 Structure of Natural Fiber 3
1.2.3 Chemical Composition 5
1.3 Bamboo 7
1.4 Natural Fiber and Glass Fiber Reinforced Plastic Composites 10
1.5 Polymer Resins 11
1.5.1 Epoxy Resins 12
1.5.2 Polyester Resins 13
1.6 Interface 14
1.7 Theories of adhesion 14
1.8 Surface Modification of Natural Fibers 15
1.8.1 Physical methods 15

1.8.2 Chemical methods 16

vi



1.9 Woven Pattern
1.10 Literature review of Bamboo Composites
1.11 Objective of the present work

1.12 Plan of the thesis

CHAPTER 2: EXPERIMENTAL
2.1 Introduction
2.2 Bamboo mat
2.3 Resins
2.4 Mould and compression moulding machine
2.5 Modification of bamboo fiber
2.6 Fabrication Process
2.7 Fiber volume fraction
2.8 Tensile, flexural and impact test
2.9 Scanning electron microscopy (SEM)
2.10 Water absorption test _
2.10.1 Kinetics of water absorption
2.11 Thermogravimetric studies

2.12 Dielectric measurements

CHAPTER 3: MODIFIED BAMBOO FIBERS REINFORCED PLASTIC

COMPOSITE

3.1 Introduction

3.2 Effect of Alkali Treatment

3.2.1 Alkal treatment

vii

17

18

22

22

25-37

25

22

26

26

28

28

28

29

33

33

34

37

37

38-158

38

39

42



3.2.2 Results and discussion
3.2.2.1 Mechanical properties
3.2.2.1.1 Tensile properties
3.2.2.1.2 Flexural properties
3.2.2.1.3 Impact strength
3.2.2.2 SEM micrograph
3.2.2.3 Water absorption studies
3.2.3 Conclusion
3.3 Effect of Silane Treatment
3.3.1 Silane treatment
3.3.2 Results and discussion
3.3.2.1 Mechanical properties
3.3.2.2 Scanning electron microscopy
3.3.2.3 Water absorption studies
3.3.2.3.1 Silane treated bamboo epoxy composite
3.3.2.3.2 Mercerized and silane treated bamboo epoxy composite
3.3.2.3.3 Mercerized and silane treated bamboo polyester composite
3.3.3 Conclusion
3.4 Effect of acrylonitrile treatment
3.4.1 Materials and methods
3.4.2 Results and discussion
3.4.2.1 Mechanical properties
3.4.2.2 Water absorption
3.4.3 Conclusion

3.5 Effect of Graft Copolymerization with Methacrylamide

viii

43

43

43

45

51

52

52

57

58

60

61

63

71

73

73

78

82

84

86

86

87

87

92

94

93



3.5.1 Materials and methods
3.5.2 Results and discussion
3.5.2.1 Mechanical properties
3.5.2.2 Water absorption
3.5.3 Conclusion
3.6 Effect of Peroxide Treatment
3.6.1 Experimental
3.6.2 Results and discussion
3.6.2.1 Mechanical properties
3.6.2.2 Water absorption properties
3.6.3 Conclusion
3.7 Effect of Acid Treatment
3.7.1 Experimental
3.7.2 Results and discussion
3.7.2.1 Mechanical properties
3.7.2.2 Water absorption properties
3.7.3 Conclusion
3.8 Effect of Maleic Anhydride Treatment
3.8.1 Maleic anhydride treatment
3.8.2 Results and discussion
3.8.2.1 Mechanical properties
3.8.2.2 Water absorption
3.8.3 Conclusion
3.9 Effect of Permanganate Treatment

3.9.1 Permanganate treatment

ix

96

96

v

101

104

104

105

105

105

112

113

113

114

115

116

122

123

124

125

125

126

134

135

135

133



3.9.2 Results and discussion
3.9.2.1 Mechanical properties
3.9.2.2 Water absorption
3.9.3 Conclusion
3.10 Effect of Benzoylation
3.10.1 Experimental
3.10.2 Results and discussion
3.10.2.1 Mechanical properties
3.10.2.2 Water absorption
3.10.3 Conclusion
3.11 Effect of Benzylation
3.11.1 Experimental
3.11.2 Results and discussion
3.11.2.1 Mechanical properties
3.11.2.2 Water absorption
3.11.3 Conclusion
3.12 Effect of Preimpregnation
3.12.1 Experimental
3.12.2 Results and discussion
3.12.2.1 Mechanical properties
3.12.2.2 Water absorption
3.12.3 Conclusion
3.13 Effect of Water Modification
3.13.1 Experimental

3.13.2 Results and discussion

136

136

137

138

139

139

140

140

142

143

143

143

144

144

145

146

146

147

148

148

149

150

150

151

151



3.13.2.1 Mechanical properties
3.13.2.2 Water absorption

3.13.3 Conclusion

CHAPTER 4: HYBRID COMPOSITES
4.1 Introduction
4.2 Composite Reinforced with Bamboo and Glass Fibers
4.2.1 Experimental
4.2.2 Results and discussion
4.2.2.1 Mechanical properties
4.2.2.2 Water absorption studies
4.2.3 Conclusion
4.3 Composite Reinforced with Bamboo and Nanoclay
4.3.1 Experimental
4.3.2 Results and discussion
4.3.2.1 Mechanical properties
4.3.2.2 Water absorption
4.3.3 Conclusion
4.4 Composite Reinforced with Bamboo and Carbon Nanotubes
4.4.1 Experimental
4.4.2 Results and discussion
4.4.2.1 Mechanical properties
4.4.2.2 Water absorption

4.4.3 Conclusion

Xi

151

156

158

159-194

159

160

161

161

161

172

174

175

175

177

177

185

188

189

190

191

191

194

194



CHAPTER 5: THERMAL DEGRADATION OF BAMBOO COMPOSITES

195-206
5.1 Introduction 195
5.2 Experimental 196
5.3 Results and discussion 196
5.4 Conclusion 205

CHAPTER 6: ELECTRICAL PROPERTIES OF BAMBOO COMPOSITES

207-219
6.1 Introduction 207
6.2 Experimental 208
6.3 Results and discussion 209
6.3.1 Dielectric constant 209
6.3.2 Volume resistivity 213
6.3.3 Dielectric dissipation factor 216
6.4 Conclusion | 219
CHAPTER 7: CONCLUSION 220-226
SUGGESTIONS FOR FUTURE WORK 227
APPENDIX - I: Standard deviation along the mean 228
REFERENCES 23]

LIST OF PUBLICATIONS 261

Xii



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

