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The thesis is divided into the major three parts. The part one deals with the investigation of
the extraction methods for bamboo fibers from raw bamboo by the mechanical extracting
technique, the steam-explosion technique and the alkaline-treatment technique. How to control
pH of wastewater yielding from the alkali treatment method is also one of the primary
objectives of this part. The mechanical properties (tensile strength, maximum strain at failure,
Young’s modulus, and microstructure configuration) of the extracted bamboo fibers were
measured. Interfacial strengths were tested between bamboo fiber bundles and typical resins
(unsaturated polyester and polypropylene). The variation of moisture absorption of the extracted
fiber bunldes was determined. The experimental results proved that the extracted fiber
performances of the alkaline-treatment technique were better than the steam-explosion
technique and the mechanical technique for applications of green composite materials. This
study also revealed that CO, gas was applicable to reduce pH from 10.8 to 7.0 within 110
minutes by aeration.

The second part deals with fabricating micro/nano sized bamboo fibrils (MBF) from raw
bamboo (1-3 years) using the alkaline treatment technique and the mechanical extraction
method (micro-grinding). With the addition of MBF, the fracture toughness of epoxy resin at 0.8
wt.% MBF significantly increased by 84.6% from 0.639 MPa.m'? for neat epoxy to 1.18
MPa.m"?. The mode-I interlaminar fracture toughness of the carbon fiber reinforced epoxy

composite containing 0.8 wt.% MBF for both crack initiation and crack propagation also
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improved by 35.30% and 47.32%, respectively. The toughening effect could be attributed to the
matrix crack encountered with obstacles (fiber bridging) which gradually deflect the crack
orientation so that more energy was required, resulting in higher fracture toughness. The fatigue
life of the MBF modified composites dramatically increased 12-25 times longer than that of the
unmodified composites at high cycle fatigue while the tensile strength slightly increased. This
could be attributed to MBF delay the onset of matrix crack, and reduce the crack growth in the
CF/EP composites through their encounter (bridging mechanism) which resulted in higher
fatigue life.

The third part deals with how to fabricate green nanofibers by the electrospinning process,
and use such geen nanofibers to the carbon fibers reinforced epoxy composite (CF/EP
composite). The experimental results revealed that randomly-aligned web of poly(vinyl
alcohol) nanofibers (nPVA) with a ranging of diameter (50-100 nm) were produced by the
electrospinning process. The effects of nPVA on the mechanical properties of the CF/EP
composite were investigated. The fracture toughness of nPVA-epoxy improved by 15% with the
addition of 0.1 wt.% nPVA. The incorporation of 0.1wt.% nPVA contributed to improvement in
the IFSS between single carbon fiber and micro-droplet epoxy by about 20%. There was a slight
increase of the tensile strength by 5% with the addition of 0.05 wt.% nPVA. The initiation and
propagation interlaminar fracture toughness in mode-I significantly increased by 65% and 73%,
respectively due to the modification of 0.1 wt.% nPVA. There was an increase of the mode-II
interlaminar fracture toughness (Gyc) by 30% in case of 0.1 wt.% nPVA. The heat resistance of
CF/EP composite in DMA tests decreased with the presence of nPVA. The fatigue life of the
modified composite dramatically extended 10-30 times longer than the unmodified composite at

all conditions of maximum cyclic stress.



