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Abstract

This paper deals with the development of resinless, unidirectional bamboo
fibre-reinforced eco-composites. Resinless bamboo composites were fabricated
by the hot-pressing of unidirectional bamboo fibres extracted by a steam
explosion method. The effects of forming conditions on their mechanical
properties were investigated. The forming temperature was changed every 20°C
from room temperature to 180°C, and the forming pressure used was 10 MPa
and 50 MPa. Except for the conditions below 60°C, their tensile strength and
fracture elongation decreased with increasing forming temperature. Average
tensile strength and Young’s modulus of the resinless bamboo composites
fabricated at 120°C and 50 MPa were 322 MPa and 37 GPa respectively.
Keywords: natural fibre, bamboo, resinless, binderless, unidirectional
composites, tensile strength, modulus.

1 Introduction

Biodegradable composites that are also known as “green” composites are mostly
made from natural fibers and a biodegradable resin. Therefore the composites are
one of the most environment-friendly materials, because they are finally
biodegradable, and thus can be resolved into carbon dioxide and water through
the ideal decomposition stage. Hence, many researchers have been conducting
the research on biodegradable composites, and especially on their mechanical
properties [1-7]. However, most of the biodegradable resins are more expensive
than conventional plastics, such as PP and PE. In addition, extra energy is needed
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when the biodegradable resin is made from natural plants, such as corn and
potato.

Recently much attention has been paid to the characteristics of engineered
wood powder products, which are consolidated under a plastic condition derived
from a hot-pressing at high-temperature and high pressure [8-11]. This treatment
is called “plasticizing.” The wood-plastics made from waste wood powders
have also been developed [11], and they have a good prospect of new eco-
materials. However, their strength is low compared with that of conventional
engineering plastics. Thus, they need to be strengthened in order to extend their
application field.

In recent years, because of a domestic demand of bamboo decreases in Japan,
many bamboo forests have been going to ruin. The ruin of bamboo forests causes
several environmental problems such as landslides and encroachments against
other plants; therefore, much autonomy wants to cut down the bamboo and to
utilize them as a raw material of commercial products.

To overcome these problems, in this paper, we have tried to fabricate resinless,
unidirectional bamboo fiber composites by hot-pressing of steam-exploded
bamboo fibers (abbreviated as bamboo fibers hereafter) without using any
adhesives and binders. Particular focus is placed on the effect of hot-pressing
conditions on their tensile properties.

2 Experimental method

2.1 Bamboo fibers

Bamboo fibers were extracted from raw bamboo (phyllostachys pubescens) stem
by using a steam explosion method. The condition of the steam explosion was
180°C and 40 min. After the steam explosion, bamboo stem became fragile, and
long bamboo fibers were easily taken out from the bamboo stem by hand. Soft
cells attached on the surface of extracted bamboo fibers were removed by wiping
with a wet cloth.

2.2 Preparation of unidirectional resinless bamboo composites

First, the bamboo fibers were cut into about 100 mm in length. Then, the bamboo
fibers were set into a metallic mould and finally hot-pressed at various
temperatures and pressures for 10 min. The dimensions of specimens are about
10 mm x 100 mm % 1 mm.

2.3 Tensile tests

Tensile tests were carried out using an Instron universal test machine (Model
5567). The tensile tests were performed at a crosshead speed of 1.0 mm/min,
with a gage length of 25 mm. Aluminium tabs in 2 mm thickness were glued at
the both ends of the tensile specimen to prevent damages caused by gripping.
The shape and dimensions of the tensile specimen are shown in fig. 1.
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Figure 1: Shape and dimensions of tensile specimens (unit: mm).

3 Results and discussion

Under the moulding condition of R.T. and 10 MPa, bamboo fibres did not adhere
to each other; therefore, it was impossible for this sample to carry out the tensile
test. However resinless bamboo composites can be fabricated by hot-pressing at
temperatures over 80°C. The colour of surface changed from dark brown to
black with increasing the moulding temperature. This colour change might be
attributed to the chemical reaction of lignin comprised in bamboo fibres.

Figure 2 shows typical stress-strain curves of resinless bamboo composites
moulded at 50 MPa as a function of moulding temperature. The initial slope of
the curve (corresponding to Young’s modulus) becomes steeper with increasing
the moulding temperature, and simultaneously tensile strength also increases.
The stress of composites moulded below 180°C gradually decrease in the latter
part of the deformation. This phenomenon should be responsible for the
cumulative fibre fracture. However, the stress-strain curve for the composites
moulded at 180°C becomes a straight line with the same steep slope as 120°C. At
the same time, fracture behaviour is brittle, and fracture elongation becomes
considerably small value less than 0.005. In the case of moulding pressure of 10
MPa, almost the similar stress-strain curves are obtained as show in fig. 3.

The relationship between tensile strength of bamboo composites and moulding
temperature is shown in fig. 4. The tensile strength reaches a maximum value of
about 300 MPa at 120°C at both of the moulding pressures. It can be seen from
this graph that the bamboo composites become brittle at temperatures over
120°C, and bamboo fibres do not adhere to each other at temperatures below
120°C.

The relationship between Young’s modulus and moulding temperature is
presented in fig. 5. Young’s modulus initially increases with the moulding
temperature, and then levels off at temperatures above 120°C. This rise in
Young’s modulus is consistent with the increase in the density of samples. This
is because modulus as well as stress also increases with the moulding
temperature.

Figure 6 shows the relationship between fracture elongation and moulding
temperature. The fracture elongation is almost constant below 120°C, and
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decreases with increasing the moulding temperature thereafter. This drop in
fracture elongation might be attributed to the increased brittleness of bamboo
fibres derived from high temperature exposure [12].
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Figure 2: Stress-strain curves of resinless bamboo composites moulded at 50

MPa.
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Figure 3:  Stress-strain curves of resinless bamboo composites moulded at 10
MPa.
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Figure 4: Variation of tensile strength of resinless bamboo composites with
moulding temperature.
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Figure 5:  Variation of Young’s modulus of resinless bamboo composites

with moulding temperature.
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Figure 6: Variation of fracture elongation of resinless bamboo composites
with moulding temperature.

4 Conclusions

The tensile properties of resinless bamboo composites were investigated. The
major results obtained are summarized as follows:
1) Resinless bamboo composites can be made by hot-pressing at temperatures
over 80°C. The optimum moulding temperature is 120°C among the
conditions investigated.
2) Young’s modulus of resinless bamboo composites initially increases with
the moulding temperature, and then levels off at temperatures above 120°C.
This rise in Young’s modulus is consistent with the increase in the density of
samples.
3) The fracture elongation of resinless bamboo composites is almost constant
below 120°C, and decreases with increasing the moulding temperature
thereafter. This drop in fracture elongation might be attributed to the increased
brittleness of bamboo fibres.
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