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Abstract:- The objective of this work is to investigate the effect of fibre type and fibre orientation tensile and
flexural shear properties of woven jute and bamboo fibre reinforced epoxy composites by experimentally.
Laminates were fabricated by hand lay-up technique in a mould and cured under light pressure for 60 min
followed by curing at room temperature for two days. Jute and bamboo laminates were made with a total of six
piles by varying two orientation of fibre as to obtain four different samples. Specimen preparation and testing
was carried out as per ASTM standards. The results shows the tensile strength and flexural strengths of the jute
and bamboo laminates higher at 0/90° orientation and jute shows the highest in both tensile and bending
strength.
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l. INTRODUCTION

The natural fibre reinforced composites (NFRC) are rapidly replacing petroleum based composites in
different areas such as automotive, electrical construction and even building industries [1-3] due to low-density
materials yielding relatively light weight composites with high specific properties[4-5]. One of the main
important aspects of the behaviour of NFRC is their response to an bending load and the capacity of the
composites to withstand it during their service life. Some of the reported work has suggested that NFRC are
very sensitive to impact loading [7].

However the mechanical properties of natural fibre composites much lower than those of synthetic
fibre composites [8]. The fibre type and fibre orientation also influence on mechanical properties of NFRC.
The aim of this work was to study the influence of fibre type and fibre orientation on the mechanical properties
of epoxy composites and also studied fibre breakage during the experimental studies.

1. EXPERIMENTAL STUDY

Calcium hypochlorite and hydrogen peroxide used as a oxidizing agent to remove dust and oil from
natural fibre. Alkanline treatement with NaOH, known as mercerization, extracts lignin and hemicelluloses,
increasing the tensile strength and the elongation at break of the composite. In this process the fibre are
immersed in 10 wt.% solution of NaOH for two hours, followed by continuous washing and drying at 100 °C.

The composites used in the study were virtually identical in every aspect bamboo / jute used was plain-
woven fabric type. The bamboo or jute was coated with an emulsion based sizing agent to promote good
chemical adhesion with the resin matrix. The resin used in this study was epoxy (Ciba-Geigy, Araldite-LY 556
and Amine Hardener HY 951 — The resin hardener ratio- 100:10). The specimens were fabricated using wet
hand layup process. Woven mat 2-D fibers [0/90] and [45/45] were used in the specimens. The number of fiber
layers was derived based on the resin: fiber proportion 50: 50 wt % in all the cases. The specimens were cured at
room temperature for two weeks as most of the materials for industrial applications are naturally cured, before
exposing to experimental conditions. The edges of the panels were sealed using the matrix resin before
exposing to the experimental conditioning. This was to prevent the moisture permeation through these sides.

Mechanical properties such as ultimate tensile strength (UTS), Young’s modulus, Flexural strength
(FS), Flexural modulus of fibre reinforced epoxy composites are computed from the test conducted using
universal testing machine (UTM) in accordance to ASTM standards. The Test specimen geometry as specified
in the above standard for balance symmetric glass are, width 12.7 mm, length 208 mm and thickness 3 mm.
The test specimen is positioned vertically in the grips of the testing machine. The grips are tightened evenly and
firmly to prevent any slippage. The samples are cut to the dimensions as per ASTM standards for flexural
testing. The test specimen geometry as specified in the above standard for balanced symmetric glass fibre
composites (0/90) are , width 12.7 mm, length 127 mm, thickness 6 mm. The test is conducted at a strain rate of
0.5mm/minute.
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1. RESULTS AND DISCUSSION

3.1 Tensile Strength with fibre orientation

The strain—stress curves for jute and bamboo composites with fibre orientation of 0/90 and 45/45 °are
plotted in Fig. 1. From this figure, an increase in maximum tensile strength and a reduction in strain is observed
with an increase in jute reinforced plastic composites at 0/90° fibre orientation being prominent. This indicates
that jute fibre is acts as reinforcement and also as an effective stress transfer constituent in the composite
system. Composite with 0/90 ° fibre orientation has demonstrated a factor of improvement in tensile strength
when compared with the 45/45 ° fibre orientation. The maximum tensile strength of jute fibre composites is
22.01 Mpa with a strain at ultimate strength of 2.1%. The same trend of higher tensile strength is observed in
case of bamboo composites.
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Fig. 1: Typical stress—strain curve of jute and bamboo epoxy composites for different fiber orientation

25 ~

§§
- 20 o
g 15 A
£
=]
=
10
=
e
é s ]
H -
%ﬁ R a —
Jute 0/90° Jute 4,545 Bamboo Bamboo
o/90" 45,4457

Fig. 2 Maximum tensile stress of Jute and bamboo composites at different fibre orientation

A comparison of tensile strength between jute and bamboo specimens with different fibre orientation is
presented in Fig. 2, 3 and 4. It can be seen that the tensile properties of jute composites compares well with
those of bamboo composites for 0/90 ° and 45/45 ° fibre orientation. The tensile strength of jute 0/90°
composites is 535% more than that of jute 45/45, while jute 45/45 is 230% more than that of bamboo 0/90 and
bamboo 0/90 is 191 % more than that of bamboo 45/45.

The improved tensile strength in jute 0/90 ° could be attributed to several factors. Firstly, the density of

jute 0.88 g/cc is marginally less than that of bamboo matrix at 0.96 g/cc, which suggests that the jute has less
branching, therefore providing stronger intermolecular forces and tensile strength.
Secondly, during the recycling process the presence of additive compounds, such as cellouse, could improve the
compatibility of jute fibre with epoxy matrix, which in turn will increase the tensile strength of jute composites.
With the 0/90 ° fibre orientation the maximum strength can be observed, the fibre matrix compatibility plays
more significant role in contributing mechanical properties of composites. As a consequence of this, the
maximum tensile strength for jute composite with 0/90 ° fiber loading showed an improvement of nearly 6.53
times when compared to that of jute with 45°/45° orientation composites.
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Fig.3: Strain (%) at maximum strength for jute and bamboo composites at different fibre orientation

Fig. 3 shows the values of strain at maximum strength and also as a function fibre orientation for
composites containing both jute and bamboo composites. It can be observed here that there is improvement in
composite stiffness with an increase in fibre orientation in case of jute composites. However, in the case of the
bamboo the reverse is observed. That is, the strain in the case of bamboo 45/45 orientation is higher than

bamboo with 0/90 orientation.
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Fig 6: Variation of flexural strength of jute and bamboo epoxy composites for different fiber
orientation
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Fig 7: Variation in strain at maximum bending strength for jute and bamboo epoxy composites at
different fiber orientation

Fig. 4 shows the results of the variation of Young’s Modulus (E) within the elastic limit as a function
of the fibre orientation for composites containing both jute and bamboo composites. As was observed in the case
of tensile strength, the value of Young’s Modulus can be seen to improve with an increase in fibre orientation. A
significant improvement of the Young’s Modulus in the case of jute composites was observed at 0/90 ° fiber
orientation when compared to that of 45/45° fiber orientation.

3.2 Flexural Strength with fibre orientation

Flexural strength, the strain at maximum strength and the flexural modulus at 1% and 3% strain for jute
and bamboo composites were tested on the UTM in accordance with ASTM D790 standard. The dimensions of
the test specimen were maintained to be as per the standard. Three specimens were tested in each case to ensure
repeatability of values.
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Fig.4: Young’s modulus of jute and bamboo composites for different fibre orientation
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The strain-stress curves for jute and bamboo composites with 45/45° and 0/90° fibre orientation are
plotted and shown in Fig. 5. The figure shows an increase in maximum flexural strength and strain with an
increase in the angle of fibre orientation. This indicates that the jute fibre acts as a reinforcing and also as an
effective bending stress transfer constituent in the composite system.

The flexural strength in the case of for both jute and bamboo composites laminates with 45/45 ° and
0/90 ° fibre orientation are plotted and shown in Fig. 6. It can be observed that as the fibre orientation increases,
there is an increase in the bending strength and stiffness. This is similar to the results obtained from tests
conducted on tensile testing. The highest value of flexural strength and stiffness are seen in the case of jute
composites laminates with 0/90 ° fiber orientation.

The percentage decrease in the maximum flexural strength between Jute 0/90 to Jute 45/45 is a 217%
and from jute 45/45 to bamboo 0/90 shows an increase in flexural strength by 14.91%.However there is a
decrease in the maximum flexural strength from bamboo 0/90 to bamboo 45 by a factor of 94.12%.

Thus the best orientation and composition is terms of the maximum flexural strength is 0/90 jute
composite system with maximum flexural strength being 82.02 Mpa.

However, in the case of bamboo composites laminates at 0/90 orientation, the bending strength and the
modulus at 1% strain are 44.59 MPa and 685 Mpa, respectively. This could be attributed to the insufficient
interface bonding between fibers with epoxy matrix to transfer shear strength. In this study, the strain at
maximum flexural strength and the flexural modulus of composites at 1% and 3% strain are presented in Figures
6.7, 6.8 and 6.9 respectively for the selected composite systems. This was done to specifically evaluate the low
flexural strain behaviour and stiffness for possible structural applications.

The testing results indicate that jute/epoxy combination at 0/90 fiber orientation is the optimized
combination for obtaining high flexural strength and modulus. The maximum bending strength and stiffness was
observed for composites with 0/90 fiber orientation. This may be due to the higher compatibility and better
interface bonding between the jute fibers and epoxy matrix. A summary of the flexural testing results are
presented in grahps. Results from both tensile and flexural testing results indicate that under quasi-static loading
condition, the mechanical properties of the jute composites with epoxy matrix are compatible with those of
bamboo/epoxy matrix

V. FIBER FRACTURE AND DAMAGE STUDIES
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Fig. 8: Variation of flexural modulus at 1% strain for jute and bamboo epoxy composites at different fiber
orientation
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Fig. 9: Variations of flexural modulus at 3% strain for jute and bamboo epoxy composites at different fiber
orientation

= —— FEETT AR =3 Len
Fig. 10 SEM image of fracture surface of a) Jute / epoxy composites laminates (0/90° fiber orientation), b) Jute /
epoxy composites laminates (45/45° fiber orientation) ¢) bamboo/ epoxy composites laminates (0/90° fiber
orientation), b) bamboo / epoxy composites laminates (45/45° fiber orientation)

Fig. 10 shows an overview of the fractured surfaces of jute-epoxy (0/90 ° fibre orientation), jute-epoxy
(45/45° fibre orientation), bamboo-epoxy (0/90 ° fibre orientation) and bamboo- epoxy (45/45 ° fibre
orientation) composites. It shows many fibre pullouts in all composites and that bamboo fibres are coarser when
compared to jute fibres. Jute fibres are the thinnest when compared with the other and are also more evenly
distributed in the epoxy. The reason for this separation is expected to lie in the enzymatic retting process and the
lower lignin content when compared with other fibres. Jute fibres are better dispersed and distributed in the
epoxy matrix when compared with bamboo. Good dispersion and distribution of fibres is very important for
mechanical properties. It is also possible to see that in all the composites the fibre surfaces are clean which
indicates poor adhesion between the fibres and the matrix.

V. CONCLUSION
The objective of this study was to investigate effect of fibre and orientation affects the mechanical
properties of NFRC. The tensile and bending strength were highest with jute fibre orientation of 0/90. This is
believed to depend on fibre toughness along fibre pullouts. The electron microscopy study showed that bamboo
fibres were several times coarser than jute after processing. Furthermore jute fibres were separated to single
elementary fibres during the tested but bamboo fibres were still in the form of fibre bundles after processing.
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