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Abstract: In this study, Bamboo fibre was extracted via retting process, and subsequently crushing to remove the
fibre. These processes enables the removal of fibre surface impurities. The composites samples were produced by a
mixing process involving the introduction of the Recycled Polyethylene Terephthalate (PET) while the rolls of the
two rolls mill machine (model: 5183) were in counter clockwise motion and soften for a period of 5 minutes at a
temperature of 190°C. Upon achieving a band and bank formation of the PET on the front roll, the prepared
Bamboo fibre was introduced gradually to the bank, cross mixed and allowed to mix for 3 minutes. The composite
obtained from the mixing process was placed into a metal mould of dimensions 120mm x100mm x 3.2mm and was
placed on the hydraulic hot press {Compression Moulding Machine (model: 0557)} for shaping at temperature of
160 °C and pressure of 2.5 MPa for 5mins and labeled into samples BF1, BF2, BF3 and BF4 using 10, 20, 30 and
40 % weight fraction of Bamboo fibre, respectively. The experimental characterization of PET-bamboo composite
was performed by testing the tensile, flexural, impact and hardness properties of the developed composite. These
tests were carried on the samples cut from the developed composite as per the relevant ISO and ASTM standards for
composite laminates as shown in Table 2. Three specimens from each sample (BF1, BF2, BF3 and BF4) were tested
and the average properties were calculated. The tests on the PET-Bamboo composite with 20 % fibre loading (BF2)
was shown to possess higher tensile and flexural strength, thus making it suitable for high strength application.
However, sample BF4 with 40 % fibre loading possess higher hardness than other fibre loadings, making it suitable
for application where hardness is the major property needed. This work also reveals the strength dependence on the
fibre/matrix; while the tensile and flexural strengths of the developed PET-Bamboo composite were observed to be
more dependent on the PET matrix alone, while the impact and hardness properties were more dependent on the
Bamboo Fibre than the PET matrix.
Keywords: Bamboo fibre; natural fibre reinforced polymer composites; life cycle assessment (LCA)

1.

Introduction

As concern about resource conservation has grown, research efforts have increased to develop
materials out of rapidly renewable constituents, to assess their life cycle environmental impacts,
and to predict their service-life performance. Determining material property suitability, often a
concern for polymers and their composites, is essential in evaluating their viability as novel
materials to serve as lower environmental impact replacements for conventional materials.
However, research in methods to combine environmental impacts from production and material
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use is needed. (Olivetti et al., 2018). Composite manufacture and usage comes with attendant
negative environmental impact. A life cycle assessment (LCA) of an all-composite airplane,
based on a Boeing 787 Dreamliner by Timmis, Hodzic, Koh, Bonner, Soutis, Schäfer, & Dray,
L. (2015) was undertaken utilising SimaPro 7.2 in combination with Ecoinvent. The analysis
demonstrated CFRP structure results in a low single score environmental impact during usage,
but there is higher environmental impact in the manufacturing phase, due to the increased fossil
fuel use.
In the mid-1940s PET were essentially used in the production of textile fibres (Gargiulo, 1997).
While by 1973 the PET bottle was patented by Nathaniel Wyeth and their used in the production
of disposable soft drink bottle was popularised by 1980s. By 1987, more than 700 million
pounds of PET were consumed in their production. Virgin pet has been traditionally used as fibre
in textile industry and subsequently their used in the manufacture of soft drink bottles. The
widespread use of pet results in a very enormous quantity of waste which is environmentally
damaging. It is also important to highlight that to tackle the problem recycling of pet product is
the best way to economically reduce PET waste (Throne 1987 & Yoda 1998). The major factor
affecting the suitability of post consumed PET flake for recycling is the level and nature of
contaminants present in the flakes (Al-Sabagh et al., 2016).. To this end, as observed by
(Giannotta, Cardi, Tampellini, Occhiello, Garbassi, & Nicolais, 1994) contamination of postconsumed PET is the major cause of deterioration of its physical and chemical properties during
re-processing.
Notwithstanding, the contamination that can be associated with the recycled pet considering their
used in packaging consumables, they can be employed in other applications that won’t interfere
with the environment. Therefore any contribution to environmental protection is always helpful
however small it may be. In an attempt to contribute to this noble cause of protecting the
environment many researchers have investigated the use of recycled matrix and natural fibre as
reinforcement in polymeric composite production. The biodegradability, low cost, abundance,
and suitable mechanical properties, of the natural fibre make them a suitable alternative to
traditional reinforcement fibres such as glass fibre (Boopathi, & Mylsamy. (2012).
Apart from the matrix another important constituent of composite is the fibre as mentioned
above. The term “fibre” refers to materials that use to reinforce the natrix to form the composite.
Among all reinforcing fibres there are those that are naturally occurring while others are
synthetic. But natural fibres have gained great significance as reinforcements in polymer matrix
composites. Natural fibre polymer composites (NFPC) are a composite material consisting of a
polymer matrix embedded with high-strength natural fibres, like jute, oil palm, sisal, kenaf, and
flax (Sabbie, Sarah & Micheal, 2015). .Depending upon the source of origin, natural fibres are
classified as plant, animal and mineral fibres. The main advantages of natural fibres are their
availability, low cost, low density, high specific properties and good thermal properties. Natural
fibres are now considered as a serious alternative to synthetic fibres for use in various
engineering design fields (Dinesh Bhonde, Parbat, & Waghe. 2014).
Bamboo fibre as a fibre in polymeric composite stems from the fact that a fibre from bamboo
takes advantage of its light weight, flexibility, toughness, high tensile strengths, cheapness than
the other fibre materials like carbon and glass fibres. This paper will examines the fabrication
Bamboo fibre-Recycled PET matrix and determination of the mechanical properties namely;
hardness, tensile, flexural and impact strengths
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2. Materials and Methods
2.1 Materials
The materials used in this work include the Fibre material, Matrix material and the Mould
material.
2.1.1

Fibre

The bamboo fibre shown in figure 1 used in the present investigation was sourced from local
market. Bamboo fibre possessed higher ultimate tensile strength compared to other natural fibres,
such as sisal Fibre (polymers).

3.1.2. PET
In preparation for recycling, the waste PET bottles collected were cleaned with water to remove
impurities and subsequently sun dried to ensure no moisture remains. After which, they were
shredded into small sizes. This was done for easier melting.
3.1.3

Equipments

The equipments used in this project are given in Table 3.1.
Table 1 Equipments used in PET-Bamboo fibre composite fabrication.

S/N Equipment

Manufacturer/Model No.

Location accessed

1

Two Roll Mill

NILEST- Zaria*

2

Compression Moulding
Machine
Universal Material Testing
Machine

North Bergen, U.S.A
(Model: 5183)
Wenzhouzhiguang Ltd,
China (Model: 0557)
Norwood Instruments Ltd,
(Cat. Nr. 261)

ABU, Zaria**

3

NILEST- Zaria

4

Digital Weighing Balance

Mettler Instruments Ltd
(Model no: AE200)

NILEST- Zaria

5

Microhardness Tester

Vicker Hardness Tester
(Model no MV 1-PC)

ABU, Zaria
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6

Resil Impact Tester

CEAST Resil Family
(6957.0000)

NILEST- Zaria

*NILEST- Nigerian Institute of Leather and Science Technology, Zaria, **ABU- Ahmadu Bello University, Zaria

3.1.4. Manufacture of Mold
The mold was constructed according to the shape of the composite to be fabricated. For this
work, a square mold of 150 mm x 150 mm x 3 mm dimension was adopted. The mold was
produced with the use of a 3 mm heavy gauge iron sheet so that it is not affected by the high
temperature during composite manufacture. Hence, the effect of mold bending was eliminated
which results in perfect-shaped composite.
3.2 Specimen Preparation
The composites samples were produced by a mixing process involving the introduction of the
Recycled Polyethylene Terephthalate (PET) while the rolls of the two rolls mill machine were in
counter clockwise motion and soften for a period of 5 minutes at a temperature of 190°C. Upon
achieving a band and bank formation of the PET on the front roll, the prepared Bamboo fibre
was introduced gradually to the bank; cross mixed and allowed to mix for 3 minutes. The
composite was sheeted out and labeled accordingly.
The composite obtained from the mixing process was then placed into a metal mould of
dimensions 150 mm x 150 mm x 3 mm and was placed in the hydraulic hot press (Compression
Moulding Machine) for shaping at temperature of 160oC and pressure of 2.5 MPa for 5mins. The
resulting composite was then cooled in a cool compression moulding machine platen under 2.5
MPa pressure at room temperature for 3mins and labeled accordingly.

Plate 2 Composite production process; a) Two roll mill machine b) PET compounding c) Mixing PET with Bamboo
fibre d) Compression Moulding Machine

3.3 Characterization Process
The PET-Bamboo fibre composite was prepared using randomly oriented fibre and is
characterized into samples BF1, BF2, BF3 and BF4 using 10, 20, 30 and 40 % weight fraction of
Bamboo fibre, respectively. The experimental characterization of PET-bamboo composite was
performed by testing the tensile, flexural, impact and hardness properties of the developed
composite. These tests were carried on the samples cut from the developed composite as per the
relevant ISO and ASTM standards for composite laminates as shown in Table 2. Three
specimens from each sample (BF1, BF2, BF3 and BF4) were tested and the average properties
were calculated.
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Table 2 Test standards adopted

Type of test

Test Standard

Tensile test

BS EN ISO 527-2:1996

Flexural test

EN ISO 14125:1998

Impact test

ASTM D256

Hardness test

ASTM D785

Plate 3 Testing Set-up; a) Tensile test b) Flexural test c) Impact test d) Hardness test
3.3.1 Tensile Strength Test
The tensile strength test was carried out using Universal Testing Machine according to ASTM
D-638. A dumbbell shaped samples with gauge dimensions 50 mm x 10 mm x 3 mm were
subjected to a tensile force and tensile properties such as the tensile strength, % elongation, and
modulus for each sample was determined. These were automatically generated by the machine.
3.3.2 Flexural Strength Test
The flexural strength test on the blends was carried out in accordance with ASTM D-790. The
specimen measuring 100 mm x 25 mm x 3 mm was placed on a support span horizontally at 80
mm gauge length and a steady load was applied to the center by the loading nose producing
three-point bending until the sample specimen failed. The maximum load (N) and the
corresponding deflection (mm) were recorded accordingly as the sample specimen failed. The
flexural strength and flexural modulus were calculated using the equations;
Flexural Strength = 3FL/2bd2 (MPa) …………………………………………… (Eq……)
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Flexural Modulus = FL3/4bd2D (MPa) …………………………………………… (Eq…..)
Where,
F = Maximum Load at break
L = distance between the support spans at both edge of the specimen = 80mm
b = Sample width = 25 mm
d = Sample thickness = 3.2 mm
3.3.3 Impact Strength
The impact test was carried out according to the ASTM D-156 standard; the specimen was cut to
specimen dimension 64 mm x 12.7 mm x 3.2 mm and 45o notched was inserted at the middle of
the test specimens from all the produced blend samples. The impact energy test was carried out
using Izod Impact Tester (Resil impactor testing machine). The specimen was clamped vertically
(IZOD) on the jaw of the machine and hammer of weight 1500 N was released from an inclined
angle 150°. The impact energy for corresponding tested specimen was taken and recorded.
Impact strength was also calculated and recorded accordingly. The Impact strength was
determined using equation;
Impact Strength =

(J/m) ……………………………............. (E.q…..)

3.3.4 Hardness
The hardness test was carried out in accordance with ASTM D2240 standard using Micro Vicker
Hardness Tester. The sample measuring 30 mm x 30 mm x 3 mm was placed on the mounting
stage and the stage was raised such that the sample come in contact with the dial point and exacts
pressure/force on the sample and the reading was taken directly from the system screen. This was
repeated three (3) times at different positions on the sample and average hardness was calculated.
4. Results and Discussion
4.1 Tensile Strength of the Manufactured Composite
The PET-Bamboo composite was prepared into samples BF1, BF2, BF3 and BF4 using 10, 20,
30 and 40 % weight fraction of Bamboo fibre, respectively. Fig 1 shows the tensile strength of
PET-Bamboo composite at these fibre loadings. It can be observed that the composite with 20 %
fibre loading exhibits the highest tensile strength, while the PET-Bamboo composite with 40 %
exhibits the lowest tensile strength. This indicates that the tensile strength of the composite
largely depends on the PET than on the Bamboo fibre.
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4.2 Flexural Strength of the Manufactured Composite
Fig 2 shows the flexural strength of PET-Bamboo composite at different fibre loading. The
findings revealed that the composite with 20 % fibre loading exhibits the highest flexural
strength, while the minimum flexural strength were attributed to the composites with 10 % and
40 % fibre loading. It can be deduced that the bamboo fibre reinforcement above 30 % fibre
loading will result in decreased flexural strength.
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4.3 Impact Strength of the Manufactured Composite
Fig 3 depicts the impact strength of PET-Bamboo composite at different fibre loading. It can be
observed that the composite with 30 % fibre loading exhibits the highest impact strength, while
the PET-Bamboo composite with 40 % fibre loading exhibits lowest impact strength. With fibre
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loading, the impact strength increases linearly up to 30 % fibre loading. However, at 40 % fibre
loading the impact strength drastically reduces to the minimum.
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4.4 Average Hardness of the Manufactured Composite
Fig 4 shows the average hardness of PET-Bamboo composite at different fibre loading. It can be
observed that the composite with 40 % fibre loading exhibits the highest hardness strength, while
the PET-Bamboo composite with 10 % fibre loading exhibits lowest hardness strength. This
finding indicates that the average hardness of the composite depends on both the bamboo fibre
and the PET matrix.
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5. Conclusion
Recycled PET-Bamboo fibre composite was successfully produced using compression moulding
technique. The mechanical properties: tensile strength, flexural strength, impact strength and
hardness of the developed PET-Bamboo fibre composite were evaluated. The PET-Bamboo
composite with 20 % fibre loading (BF2) was shown to possess higher tensile and flexural
strength, thus making it suitable for high strength application. However, sample BF4 with 40 %
fibre loading possess higher hardness than other fibre loadings, making it suitable for application
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where hardness is the major property needed. This work also reveals the strength dependence on
the fibre/matrix; the tensile and flexural strengths of the developed PET-Bamboo composite were
observed to be more dependent on the PET matrix, while the impact and hardness properties
were more dependent on the Bamboo Fibre than the PET matrix.
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