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ABSTRACT
Natural fibres have been used to hold things together since time immemorial and it is simply an upgradation
of the same idea that causes man to look at natural fibres as reinforcements in today’s composites. Since the green
component of these fibres are huge and their low cost of production, preservation, availability and usage are attractive
and feasible, multiple combinations of such fibres like jute, flax, bamboo, coconut and other fibres have been tested
for feasibility in lightweight applications requiring high strength and long life. Bamboo fibres are coated with HDPE
and reinforced ABS composites were prepared. These composites were characterized and mechanically tested using
tensile and dynamic testing. Specimen combinations tested were with and without ABS coating and comparisons
were made and certain inferences drawn from them.

KEY WORDS: Bamboo fibre, HDPE, High Density Polyethylene, ABS, Acrylonitrile Butadiene Styrene.

1. INTRODUCTION

Bamboo, which is a perennial grass has a woody stem that is both strong yet flexible. Its uses are legendary
and it has about ten subfamilies and more than 1500 species under its banner. Though the qualities and properties of
these vary slightly, they are universally found and readily replantable. Statistics reveal that this grass is a native of
South-east Asia and of the South American continent. This grass has yielded itself to ancient civilisations as paper
in direct form and has remained a key ingredient in the making of paper.

In the field of engineering, bamboo has been looked upon as a feasible biodegradable alternate with its
excellent properties of strength and light weight, which prove its worth in many mobile applications. These fibres
are now being used as reinforcement in man-made composites to see if their innate strengths can be used to
effectively apply them in engineering applications. Once a suitable combination has been found, it promises to bring
about a giant leap in the field of manufacturing and design of materials.

The uniqueness of bamboo as a raw material for reinforcement can be seen in its ability to lend itself to
multiple processing and shaping methods. Some of the end results are veneers, strips and even thin fibres which can
be combed and arranged in any orientation desired by the designer. Such features have made it feasible to create bio-
composite materials of many shapes including foundations and walls in pilot civil projects. Since its use is well
established in the construction industry, its features have been tried upon other mechanical components as well. Its
main fortes are its availability, strength, weight, damping factor, visco-elasticity and ease of use in various methods.
This experimentation has considered all these excellent references from the construction industry and aims to see if
they can be incorporated into mechanical designs as well. Therefore, experiments have been carried out by preparing
composites with bamboo fibres, HDPE (High Density Polyethylene) and ABS (Acrylonitrile Butadiene Styrene).
Work done Before: Maria (2011), has dealt with the process of creating composites using injection moulding of
fibres. He carried out both mechanical and vibrational tests in order to analyse the samples and their properties. This
points in the way of being able to create new composites using different fibres as reinforcement. Wu Yao and Zongjin
Li (2003), have tested the flexural strength of bamboo fibre by reinforcing mortar laminated with bamboo fibre. They
have observed an increase in the flexural strength of the above said composite material. However, the initial treatment
of bamboo fibres, obtaining them, was well researched by Parnia Zakikhani (2014), and they have studied the process
of extracting bamboo fibres, cleaning them, smoothening and combing the fibres into long tresses and finally making
the composites. The entire process is never over unless it has been characterised and its inherent properties recorded
via logical experiments with statistics to approve or disapprove of it. This has been well dealt by Kumar Ashok
(2012), who have set mechanical test parameters for natural fibre coatings, having carried out their tests on the stalks
of Sorghum vulgaris, a type of millet that is available in plenty.

2. MATERIALS AND METHODS
It has been well known that the automotive industry is constantly looking for lightweight parts that are strong,

lightweight as well as able to resist impact loads. Other fibre reinforced composites have shown promise in this
application and it was determined to try out these bamboo fibre reinforced materials in the bumper section of an
automobile. This requires that the composites be made and then tested with similar loads as the component made
from this material would face. The procedure is as follows;

e Extract bamboo fibre from bamboo strips

o Make the composites with HDPE and ABS separately and another including both together.

e Test the composites for tensile strength
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e Test its impact strength using Izod test

e Test its natural frequency and plot it

e Compare graphical and numerical results for the different bamboo fibre composites

e Draw conclusions and inferences.
Extraction: The fibres are extracted using a method called steam explosion method. This method explodes the
bamboo strips and separates lignin from the surface of the plant. This results in dark and stiff fibres. They were then
sifted in a sifting machine with mesh filtering and fibres with diameters 125 - 210um were obtained. These were
dried for two hours at a temperature of 120°C. Though this method does not remove lignin completely from the
fibres themselves, it serves the purpose of separating it from the wood. It was then processed through the mixing
machine to remove the remnant traces of lignin and produce bamboo fibre cotton. Raw bamboo is overheated in an
autoclave at 175°C, at 0.8 MPa for an hour. Steam is then made to impinge on it for 5 minutes. This is repeated until
the cell walls are fractured and this took about 9 times to complete the procedure. The obtained fibres were then
washed in hot water with soap and then dried in an oven at 105°C for a day.

The cell walls of bamboo fibres crack open during this procedure and become soft enough to be extracted.
Whatever remnant portion of lignin is stuck on the fibres are washed away ultrasonically and then treated with
isocyanate silane (SH.), to remove the lignin from the steam exploded fibres. A comparison of exploded fibres with
and without silane treatment indicate that steam exploded fibres have greater tensile strength.

Composite Preparation: HDPE: To make the composite, a die was made for a thickness of 5mm and a layer of
wax applied to enable the moulded part to be ejected easily. HDPE 280 gm and ABS 25 gm of bamboo fibre were
taken and placed one over the other in alternate layers with HDPE at the base and the top. It was covered and kept
in the compression machine at 200°C for a few hours. In this heat, HDPE melts and spreads evenly over the fibre. It
is then removed and allowed to cool for one hour to facilitate easy removal.

Composite Preparation: ABS: The initial few stages are the same as in the preparation of HDPE and the sequence
of layers are as follows. The bottom most layer is HDPE followed by a layer of ABS. These are then covered and
then place in a compression machine at 140°C. In order to complete the procedure, the compression machine was
operated 4 — 5 times to complete the compression. Once it is removed, it was allowed to cool for an hour before it
was taken out of the die.

Composite Preparation: HDPE, ABS and Fibre: Using the same die pattern, 280 gm of ABS and HDPE each
were taken along with 25 gm of bamboo fibre. A layer of wax was first coated in order to prevent it from sticking to
the mould. A layer of ABS, then HDPE were spread out and the bamboo fibres were laid out evenly across this. To
cover it up another layer of ABS and HDPE were spread out over it. They were covered and left in the compression
machine and pressed 5 times at 200°C for a few hours until the ABS and HDPE melted evenly and spread all over
the fibre. It was then left to cool for an hour to facilitate easy removal from its die. The photograph is shown in
Figure.1.

Figure.1l. Preparation of the composite specimen with ABS,HDPE and Bamboo fibres

Testing:
Tensile Testing: This is one of the most common tests, where the specimen is loaded until failure occurs and this
test is done in order to find out how this material would react to continuously increasing loads. Three properties,
namely ultimate tensile strength, maximum elongation and reduction in area are measured and the stress- strain curve
is plotted so that one can ascertain the maximum load to which these composites can be subjected.

The specimens were cut into 210 x 10 x 5 mm pieces and they were fitted in the Universal Testing Machine
as shown in the following Figures.2 and 3.

Figure.2. Specimenfixed in the UTM
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Figure.3. Specimen for Tensile Test 210 x 10 x 5 mm
Natural Frequency Test: The non-destructive test using impulse excitation technique is used to determine the
natural frequency. The test piece is gently tapped with a small hammer and the vibrations it causes are measured by
appropriate devices. These devices can be a piezo-electric sensor, accelerometer or a laser vibrometer. To accurately
measure the results, either a microphone or a laser vibrometer is preferred as there is no actual, physical contact
between the test piece and the sensor. When extreme vibrations are to be measured, these laser vibrometers are of
great help.

The specimen was cut into 100 x 200 x 5 mm pieces and placed over a simply supported beam. An lzod
hammer was attached to the digital translator that did everything to excite the workpiece. A signal carrier is placed
on top of the specimen and it is connected to a translation device that would read the signals and convert them into
a graph of ten frequency nodes using a VMAP 4.5 software when set to FEA- Test Correlation. The test specimen
and equipment are shown below in Figures.4, 5 and Figure.6 respectively.
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Izod Test: This is a standardised test to determine the impact resistance of materials and the setup includes an arm
that swings from a pre-set height to engage with the sample being tested. The specimen size of 75 x 10 x 5 mm was
taken and it either breaks or absorbs the energy and from there the impact energy is determined. A notched sample
is used to determine the impact energy and notch sensitivity. Designed by a British engineer, Edwin gilbert 1zod, this
test works well to find out the impact strength of a material. The test specimen and equipment are shown below in
Figure.7 and Figure.8 respectively.
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Figure.7. Impact Test Specimen Figure.8. 1zod Impact Machine
3. RESULTS AND DISCUSION
Stress-Strain Results: The stress-strain results for the three different specimens are as follows in Table.1, and the
graphs are affixed below.

Table.1. Comparison of UTM parameters

HDPE with bamboo | ABS with Bamboo | ABS, HDPE & Bamboo
Ultimate Tensile Load | 19.031 N/mm? 11.56 N/mm? 9.496 N/mm?
Load at Yield point 19.031 N/mm? 19.031 N/ mm? 19.031 N/mm?
Initial Length 183 mm 183 mm 183 mm
Final Length 215.3mm 200 mm 200 mm
% elongation 17.65 % 9.29 % 9.29 %
Yield Strength 913.409 N 477.73 N 482.775 N
Ultimate Strength 1427.325 N 7122 N 862.75 N
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Figure.11. Stress-Strain graph for HDPE, ABS with Bamboo
Izod Test Results: The Izod test results for the three composites are tabulated below in Table.2. The weight of the
hammer is 20 kg and its initial angle was 90° to the specimen. The entire test was carried out at room temperature.
The impact test value for 5 mm thick specimen in Joule is 2.
Table.2. Comparison of Impact Strengths

HDPE with | ABS with | ABS, HDPE
bamboo Bamboo | & Bamboo
Fractional energy absorbed by bearing without specimen A (Nm) | 0 145 145
Energy spent in bending or bearing of the specimen B (Nm) 0 143 143
Energy absorbed by the specimen B — A (Nm) 0 144 144

Natural Frequency Analysis: The natural frequency for the three specimens are given below in Table.3 and their
analysis patters are shown below in Figures.12, 13 and 14.

Table.3. Comparison of Natural Frequencies
HDPE with bamboo | ABS with Bamboo | ABS, HDPE & Bamboo
43.6 Hz 40.23 Hz 43.065 Hz
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Figure.12. N‘att;alFrequency Analysis of HDPE Figure.13. NatE’aI—FEquency Analysis of ABS and
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Figure.14. Natural Frequency Analysis of ABS, HDPE and Bamboo
4. DISCUSSION AND CONCLUSIONS
Once the experiments were completed, the results were tabulated and conclusions were drawn.
For the tensile test, it was seen that the Ultimate tensile load was 19.031 N/mm? for HDPE with bamboo
composite. Its Yield strength was found to be 913.409 N and its ultimate strength as 1427.325 N. For the ABS with
bamboo specimen it was found that the Ultimate tensile load was 11.56 N/mm?, its Yield strength was found to be
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477.73 N and its ultimate strength as 712.2 N. This shows a marked reduction in the strength from HDPE which is a
synthetic resin. Upon testing the third composite of ABS, HDPE with bamboo fibres, it was found that the Ultimate
tensile load was 9.496 N/mm?, its Yield strength was found to be 482.775 N and its ultimate strength as 862.75N.
This shows that this strength is higher than using ABS alone with bamboo fibre, however it does not yet come close
to HDPE with bamboo fibres alone. This shows that HDPE with bamboo fibre has the best strength ratio of all the
three types and this is because of its high strength to weight ratio.

The lzod test results indicated that the energy absorbed by the three specimens did not vary much. However,
the highest energy absorption was for HDPE with Bamboo fibres once again owing to its superior strength and
reinforcement present. Its value was 145 Nm as opposed to 143 Nm of ABS with bamboo and 144 Nm for HDPE,
ABS and bamboo fibres.

The Natural Frequency Analysis indicated that the average frequency stored in the composites was 43.6 Hz
for HDPE with bamboo fibres. The ABS with bamboo fibres displayed a natural frequency of 40.23Hz and that of
HDPE, ABS and Bamboo fibres together indicated that it has a natural frequency of 43.065Hz. This shows the innate
ability of HDPE to remain strong even under intense loading. This shows that HDPE with bamboo fibre
reinforcement absorbs the most energy and remains stable. This makes it a feasible material to be considered in the
automotive industry to replace certain parts exposed to impact conditions.

From the graphs drawn for the three composites, comparing them and analysing their different strengths in
the various tests, it can be seen that the HDPE with bamboo fibres composite had the greatest tensile strength of
19.031 N/mm?, can absorb an impact strength of 145 Nm and can withstand the frequency of 43.6 Hz during
frequency tests.

This leads us to the conclusion that this composite can be used in automobile bumper parts and on its doors.
However commercial trials are yet to be conducted but it can safely be said that these composites can be tried out in
place where impact forces are faced. The excellent strength-to-weight ratio enables it to bring down manufacturing
costs and essentially the cost of the product.

5. ACKNOWLEDGEMENTS

I thank my God with whom all things are possible. | thank the management of the university, my HOD,
fellow faculty, laboratory people and my family, along with the willing work of students who helped bring this
experimentation to fruition.

REFERENCES

Kumar Ashok M, Chakradhar K.V.P Reddy, Ramachandra G. Reddy, Harinatha G. Reddy, Subbarami N, Tensile
and Thermal Parameters of Natural Fibers and Polymer Coatings, Effect on Sourghum Vulgaris Stalks, Journal of
Polymer Materials, 29 (1), 2012, 71-75.

Maria Virginia Gelfuso, Pedro Vieira Gurgel da Silva Il, Daniel Thomazini, Polypropylene matrix composites
reinforced with coconut fibers, Mat Res, 14 (3), 2011, 8-16.

Parnia Zakikhani R, Zahari M.T.H, Sultan D.L, Majid, Extraction and preparation of bamboo fibre-reinforced
composites, Materials & Design, 63, 2014, 820-828.

Wu Yao, Zongjin Li, Flexural behavior of bamboo—fiber-reinforced mortar laminates, Research, 33 (1), 2003,
15-19.

JCHPS Special Issue 2: February 2017 www.jchps.com Page 143



