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Abstract

In the present research, nylon-broom grass and onion root-broom grass reinforced hybrid
polypropylene composites were manufactured using a hot press machine. Three different
levels of fibre loading (5,10 and 15 wt.%) with fibre ratios of 1:1 were incorporated in the
polypropylene matrix. Tensile, flexural, impact and hardness tests of the composites were
subsequently carried out. The two combinations showed opposite trends for tensile strength
and impact strength and similar trends for Young’s modulus, elongation, flexural properties
and hardness. Tensile strength of the onion root containing composites increased with an
increase of fibre loading, while in the nylon containing composites, tensile strength decreased
with an increase in fibre loading. Their Young’s modulus increased and % elongation
decreased with an increase in fibre content. Both flexural strength and flexural modulus
increased with an increase in fibre content in both combinations. The impact strength of the
onion root containing composites decreased with an increase in fibre loading, while the nylon
containing composites showed the opposite trend. The hardness of both combinations
increased with an increase in fibre content. The best set of properties were found at 15 wt%
fibre loading in the nylon-broom grass-PP hybrid composite.

Keywords: Onion root fibres, Nylon fibres, Broom grass fibres, Polypropylene hybrid composite,
Mechanical properties.

1. Introduction

At present, hybrid composites are gathering notable attention around the globe for their
outstanding capability of providing the designers new freedom of tailoring composites which have
added a new dimension to modern civilization. This has enabled the engineers to achieve much better
property-oriented composites which cannot be obtained in binary systems consisting of one type of
fibre in the matrix. It has also paved a new way of using less expensive, abundantly available fibres
for producing cost-effective composites. Moreover, the recent concern about global warming can be
reduced to a great extent if there is proper utilization of waste fibres in producing hybrid composites.
To minimize and reverse the adverse effect of global warming, it is necessary to make the best use of
waste products. Hybridization of waste natural fibres (such as broom grass and onion roots) and waste
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synthetic fibre (such as nylon) enhances the properties of composites as well as provides a better
solution to waste management issues [1].

Composites are composed of two or more different components forming regions sufficiently
large to be considered as continua. The basic components are usually strongly fused at the interface.
There can be a variety of both natural and synthetic materials conforming to this picture, such as
mortar and concrete, reinforced rubber, alloys, polymers containing fillers, aligned and chopped fibre
composites, porous and cracked media, polycrystalline (metal) aggregates, and others [2].

Broom grass or Tiger grass is a tall perennial grass of the Poaceae family. The scientific name is
Thysanolaena maxima, and it is called Phool jharu in the local language. Inflorescences of these plants
are used for making brooms called grass brooms. Grass brooms are eco-friendly and biodegradable
[3]. Tiger grass is mostly found in the slopes of hills, damp steep banks along ravines and on sandy
banks of the rivers. Although not a true bamboo species, Tiger Grass is a bamboo-like, tropical,
ornamental grass with lush arrow-shaped foliage that fits a niche for smaller size single storey screens
up to 3m tall [4]. It grows naturally in temperate and subtropical parts of India, Bhutan, Myanmar,
China, East Asia, Nepal, New Guinea and Malaysia up to 2000 m elevation. It flowers during June-
July and bears inflorescence on the shoot apex at the end of its vegetative growth [5]. A broom (also
known in some forms as a broomstick) is a cleaning tool consisting of usually stiff fibres (often made
of materials such as plastic, hair, or corn husks) attached to, and roughly parallel to, a cylindrical
handle, the broomstick. It is thus a variety of brushes with a long handle. It is commonly used in
combination with a dustpan. Common onion (4/lium cepa L.) is one of the oldest cultivated plants [6]
which is available worldwide. The onion has a fibrous root system consisting of 20 to 200 shining
white, rather thick roots. Some of these spread horizontally just beneath the surface soil 12 to 18
inches on all sides of the plant before turning downward. The roots are generally regarded as the waste
parts of the onion and they are biodegradable. [6, 7] For its easy availability, low price and
environment-friendly nature, onion root can be of great use [8-10].

Nylon is the generic name for a family of synthetic polymers, more specifically, aliphatic or
semi-aromatic polyamides, in which at least 85% by weight of the amide-linkages (-CO-NH-) are
attached directly to aliphatic or cycloaliphatic units. They can be melt-processed into fibres, films or
any other shape. Nylon fibres are exceptionally strong and elastic and stronger than polyester fibres.
The fibres have excellent toughness, abrasion resistance, and are easy to wash and dye in a wide range
of colours. The filament yarns provide a smooth, soft, and lightweight fabric of high resilience [1].

In the present research, an effort had been given to find a suitable combination of fibres in the
composite with appropriate fibre loading for better quality and properties. The first combination was
natural-natural fibre in the hybrid composites and it consisted of onion roots and broom grass fibre
with PP matrix. The second combination was nylon and broom grass fibre with PP matrix. The effect
of natural (onion root) and synthetic (nylon) fibre hybridization on mechanical properties of broom
grass fibre reinforced polypropylene composites were evaluated.

2. Materials and Methods
2.1 Materials

Commercial grade polypropylene granules were initially collected from the local market. They
were off white colour with a melting point of around 160°C. Their specific gravity was approximately
0.90-0.91 and crystallinity was about 82%. Keeping the matrix the same, two different hybrid
composites were formed with different fibre combinations. The first one was made of broom grass and
onion roots, while the second one consisted of broom grass and nylon fibre. Broom grass fibres were
cut from the brooms, which were collected from a company named Shelter A.G situated at Karwan
Bazar local market, Dhaka, Bangladesh. The waste grass broom fibre has a tensile strength of 297.58
MPa, modulus of 18.28 GPa, and an effective density of 864 kg/m®. For onion roots fibre, roots were
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extracted from the onions and their wastes, and these were collected from the Polashi local market,
Dhaka, Bangladesh. The bulk of the onion roots system is made up of stem-borne roots seldom
branch; hence onions have sparse and in addition, short lateral roots, which rarely rebranch. Such a
root system pattern leads to the characteristics of a low density of roots in onions. In addition to the
scarce branching, in onion roots hairs are either missing or very rare and short which reduces, even
more, the potential uptake surface of the root system [8, 11]. The onion roots were wet initially, so
they were dried at room temperature under a normal atmosphere for some time to remove the
moisture. However, the broom grass fibre and onion roots were cleaned properly. Nylon fibre was
taken from the nylon ropes, which were also gathered from a local market. The melting point of nylon
fibre was around 245°C and specific gravity was around 1.23. Figure 1 shows pictures of different
fibres and polypropylene.

Figure 1. Pictures of (a) broom grass, (b) onion root, (¢) nylon and (d) polypropylene

2.2 Preparation of Composites

The hot press technique was used to prepare the composites. During processing, fibre (short and
randomly arranged fibres) loading was varied at 5, 10 and 15 wt%. The fibres were initially cut to a
length of 3-5 mm. The required amount of polypropylene and fibres were taken after measuring with a
balance. The die was first sprayed with releasing agent silicone spray. PP was then stacked as the first
layer at the bottom in the lower die. For the preparation of onion root-broom grass- PP hybrid
composite, the mixture of onion roots and broom grass fibres were stacked. The mixing was
conducted manually for ensuring the uniformity of the mixture to some extent. As a result, the
fibres comprised the second layer in the middle. Then, another layer of PP was stacked at the top as
the third layer. The die was then covered with the other part i.e., the upper die and put into the hot
press machine. It is to be noted that, the application of heat (much below the melting point of PP)
enabled the fibres to adhere with the PP granules since no additional adhesive had been used. The
fibre-matrix mixture was allowed to press at 30 kN at 160°C temperature for 20 minutes and 180°C
temperature for 10 minutes in the hot press machine so that the polypropylene was fully melted (like
the melting point of polypropylene is 160°C). After that, the die was cooled to room temperature. The
composite was finally withdrawn from the die. A similar procedure was repeated for the preparation
of nylon-broom grass- PP hybrid composite was in place of onion roots and broom grass combination,
nylon and broom grass fibre mixtures were stacked as the second layer. Pictures of broom grass-onion
roots and broom grass-nylon fibre reinforced PP composites are shown in Figure 2.
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Figure 2. Pictures of (a) broom grass-onion roots and (b) broom grass-nylon fibre
reinforced PP composites.

2.3 Mechanical Testing

Tensile, flexural, impact and hardness tests of prepared composites were carried out. For each
test and fibre loading, five specimens were tested and the average values were reported. Tensile test
was performed according to ASTM D 638-01 [12] using an Instron machine (system 1d3369J8567,
maximum capacity 50 KN). The three-point flexural test was conducted according to ASTM D 790-07
[13] using the same Instron machine. Impact test of the composite was carried out using an impact
tester MT 3016 and Specimen was prepared according to ASTM D 6110-97 [14]. The hardness of the
specimens was measured using a Shore durometer in its D scale.

3. Results and Discussion
3.1 Tensile Properties

Tensile properties of various prepared composites are plotted in Figures 3-5. For the onion root
containing composite, both tensile strength and Young’s modulus increased with an increase in fibre
loading (Figures 3 and 4). With an increase in fibre content, the strong interaction area between the
fibre and matrix increased and fibres acted as dislocation points. These dislocation points acted as
barriers to the movement of the crack. As a result, with the increase in fibre loading, tensile strength
also increased. Moreover, the structure and chemical composition of fibre also affected the tensile
properties. Onion roots had cellulose which might be favourable for increased tensile strength. So, by
increasing the fibre content, increased cellulose which in turn increased tensile strength. There might
be better adhesion between fibre and matrix. That is, it might have enhanced the interfacial bonding.
Young’s modulus increased because the composite became more brittle with the increase in fibre
amount. During tensile loading, partially separated micro spaces were formed, which obstructed stress
propagation between the filler and the matrix [15]. As the fibre loading increased, the degree of
obstruction increased, which ultimately increased the stiffness [16]. So, the composite became more
brittle. Fibre also had higher Young’s modulus as compared to matrix, which led to modulus transfer
and increased Young’s modulus of composites. Besides, the strain to failure decreased with the
increase in fibre loading due to the increase in stiffness of the corresponding composites. Both onion
roots and broom grass fibre were stiffer than polypropylene matrix. As a result, they had a lower
percentage of elongation at break than the polypropylene matrix. Moreover, increasing fibre content
also restricted the deformation and motion of polymer chains, which decreased elongation (Figure 5).
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Figure 3. Variation of tensile strength against fibre loading of all prepared composites.

For the nylon containing composites, tensile strength decreased with an increase in fibre content. This
was due to the fact that with an increase in fibre content, the weak interfacial area between the fibre
and matrix also increased, which consequently decreased the tensile strength. It was weak because of
worsening interfacial bonding between the hydrophilic fibres and the hydrophobic matrix. An increase
in fibre loading increased the micro-spaces between the fibre and the matrix, which ultimately
weakened the fibre-matrix interfacial adhesion. As a result, the value of tensile strength showed a
decreasing trend with increasing fibre content in the composite. Other researchers also observed the
same trend [17-21] in their research. The values of Young’s modulus for different fibre loadings were
also measured. It was found that Young’s modulus increased, while % elongation decreased with an
increase in fibre content. The reasons for such behaviours for Young’s modulus and elongation were
the same as those for the first combination of onion roots-broom grass-PP hybrid composites.
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Figure 4. Variation of Young’s modulus against fibre loading of all prepared composites.
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Figure 5. Variation of elongation at the break against fibre loading of all prepared composites

The optimum results for both the combinations were found to be at 15 wt% fibre loading. It
could be seen that the value of the tensile strength (TS) was different for different fibre combinations.
The best value was shown by the composites of the onion roots-broom grass fibre combination (whose
TS is 34.3 MPa) as compared to that of the nylon-broom grass fibre combination (whose TS is 18.7
MPa). It was found that the tensile strength increased by 45.55% when onion roots were used instead
of nylon fibre. The reason could be because of the presence of different structures and chemical
compositions. As the tensile strength of any composite is related to the chemical composition of the
fibre and its internal structure [22], so this could be the cause for the variation in the tensile strength.
Onion roots are cellulose-containing fibre and cellulose content plays a vital role in contributing to the
tensile strength of the natural fibre. In contrast, nylon fibre is not a cellulose-containing fibre so its
tensile strength is lower. For this reason, a higher value of tensile strength had been found in the
composites containing onion roots-broom grass (natural-natural fibres combination) than that in the
composites containing nylon-broom grass (natural-synthetic fibres combination).

Young’s modulus of nylon was higher than that of onion roots and so incorporation of nylon
fibre required higher stress for the same deformation and this led to the enhancement of Young’s
modulus of the composite. Consequently, the optimum value was shown by the composites containing
nylon-broom grass fibre combination (whose modulus was 1740.1 MPa) as compared to that of onion
roots-broom grass fibre combination (whose modulus was 1676.3 MPa). Here, Young’s modulus
increased by 3.67% when nylon fibres were used instead of onion roots fibres. The percent elongation
was higher in composites of onion roots-broom grass fibre (which was 0.53%) than that of nylon-
broom grass fibre combination (which was 0.04%). It was due to the fact that nylon was stiffer than
onion roots.

3.2 Flexural Properties

Flexural properties of various prepared composites are plotted in Figures 6 and 7. Both flexural
strength and flexural modulus were found to increase with an increase in fibre loading [22-24]. The
increase in flexural strength might be due to the favourable entanglement of the polymer chain with
the filler, which had overcome the weak filler matrix adhesion with increasing filler content. A similar
trend was also found in previous research [21]. Since both onion roots and broom grass were high
modulus materials, a higher fiber concentration demanded higher stress for same deformation. For the
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nylon containing composites, both flexural strength and flexural modulus were found to increase with
an increase in fibre loading. This finding was similar to the previous combination. Both the nylon and
the broom grass fibres had high modulus materials, so a higher fibre concentration demanded higher
stress for the same deformation. Hence, the incorporation of the filler (rigid onion roots and broom
grass) into the soft polypropylene matrix resulted in an increase in the flexural modulus [25].
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Figure 6. Variation of flexural strength against fibre loading of all prepared composites
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Figure 7. Variation of flexural modulus against fibre loading of all prepared composites.

For both the combinations, the optimum results were found at 15 wt% loadings. At this
percentage, both the flexural strength and the flexural modulus of the composite containing nylon-
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broom grass fibre combination were higher in comparison to those of the composite containing onion
roots-broom grass fibre combination. The best value of flexural strength was shown by the composites
of nylon-broom grass fibre combination (which was 22.4 MPa) as compared to that of onion roots-
broom grass fibre combination (which was 14.4 MPa). It was found that the flexural strength
increased by 35.94% when nylon fibres were used instead of onion roots. The higher content of
cellulose and smaller percentage of hemicellulose and lignin compared to that nylon fibre-containing
could be the probable cause of the higher bending properties of onion roots (natural fibre) containing
composite fibre [26]. Moreover, the optimum value of flexural modulus was found for the
incorporation of nylon (which was 662.8 MPa) compared to that of onion roots (where the value was
523.8 MPa). So, the flexural modulus increased by about 20.97% when nylon was used instead of
onion roots.

3.3 Impact Properties

The impact strength is the capacity of the material to withstand suddenly applied load and is
expressed in terms of energy. The Charpy impact test was performed for the three composites with
different fibre content for both the combination of composites. The values of impact strength of the
composites for different fibre combinations at 5, 10, 15 wt% are plotted in Figure 8. For the onion
root containing composites, the impact strength decreased steadily with an increase in fibre loading.
The fibre-matrix interface was weak due to fibre pull-out in composites. There were mainly two
mechanisms by which fibres could reduce the impact strength of the composite. Fibres tended to
inhibit deformation and ductile mobility of polymer molecules, which lowered the ability of the
composite to absorb energy during crack propagation and fibre also created high-stress concentration
regions that required less energy to initiate a crack [27]. As a result, the weak surface adhesion
between fibre and the matrix might have initiated the crack upon the energy transferred to the
composite. The impact strength decreased because of poor interfacial bonding between fibre and
matrix [28]. Such regions might have occurred at fibre ends. These were the areas of poor interfacial
adhesion where fibres contacted each other. An optimum bonding level was necessary for good
impact strength [29]. Moreover, high fibre content increased the probability of fibre agglomeration
which resulted in regions of stress concentration requiring less energy for crack propagation [30].
Hence, the non-uniform distribution of fibres could be responsible for lowering the impact strength
with an increase of fibre loading. For the nylon containing composites, a different trend was observed
for the impact strength against fibre loading. The impact strength of the fibre reinforced polymeric
composites depended on the nature of the fibre, polymer and fibre-matrix interfacial bonding [28, 31].
It was found that the impact strength increased with the increase in fibre content. This might be due to
the fact that the fibre was capable of absorbing energy because of strong interfacial bonding or the
favourable entanglement between the fibre and the matrix [32]. Fibre pulls out was found to be an
important energy dissipation mechanism in fibre-reinforced composite materials. One of the factors of
impact failure of a composite material was fibre pull out. With the increase in fibre loading, a stronger
force was required to pull out the fibres. This in turn had resulted in the increase of the impact strength
[33]. A similar trend was also observed by other researchers [33, 34].

For both the combinations, the optimum results were found at 15 wt% loadings. At this
percentage, it was found that the impact strength of the composite containing the onion roots-broom
grass fibre combination was higher than that of the composite containing nylon-broom grass fibre
combination. The maximum value of impact strength was shown by the composites of the onion
roots-broom grass fibre combination which was 170.6 J/m, while the impact strength of the nylon-
broom grass fibre combination was 26.9 J/m. So, it was found that the impact strength increased by
84.26% when onion roots were used as fibres instead of nylon. The lower value of impact strength in
nylon containing composite might be due to the fact that it had higher hardness and stiffness. As a
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result, it could not absorb much energy as the crack propagated easily through the composite during
sudden impact load.
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Figure 8. Variation of impact strength against fibre loading of all prepared composites.
3.4 Hardness Properties

Hardness values of various prepared composites are plotted in Figure 9. For onion roots
containing composites, the increase in fibre content resulted in an increase in shore hardness. The
value of the hardness of a composite depended on the distribution of the filler into the matrix [20].
Generally, when a more flexible matrix was present, it caused the resultant composites to show lower
hardness. But the incorporation of stiffer fibre into the PP matrix reduced the flexibility of the matrix
resulting in more rigid composites. Because of the increase of stiffness of the respective composite,
the hardness of the composite showed an increasing trend with increasing fibre content [20]. Better
dispersion of the filler into the matrix with minimization of voids between the matrix and the filler
also resulted in enhanced hardness. Moreover, the hardness value increased when the resistance of the
materials to the deformation increased. When more filler was added, the composite became harder and
the materials’ hardness improved. The layer of the filler in the composite gave better resistance to the
plastic deformation in the transverse direction of the filler. The hardness of nylon containing
composites also increased with an increase in fibre content. The reasons were the same as those for the
onion roots-broom grass PP hybrid composites.

For both the combinations, the optimum results were found at 15 wt% loadings. At this loading,
it could be observed that the hardness of the composite containing nylon-broom grass fibre
combination was higher than that of the composite containing onion roots-broom grass fibre
combination. The best value of hardness (in shore D scale) was shown by the composites of nylon-
broom grass fibre combination (which was 77.5) as compared to that of onion roots-broom grass fibre
combination (which was 67.3). So, it was found that the hardness increased by 13.23% when nylon
fibres were used instead of onion roots.
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Figure 9. Variation of hardness against fibre loading of all prepared composites.
4. Conclusion

Generally, nylon-broom grass fibre reinforced hybrid PP composites had better properties as
compared to onion-broom grass fibre reinforced hybrid PP composites. Internal structure and
chemical composition of fibres, degree of compatibility of fibre and the matrix and other reasons had
played important roles in showing such superiority of nylon containing composite over onion roots
containing one. The higher content of cellulose and smaller percentage of hemicellulose and lignin
could be the probable cause of the lower bending properties of onion roots (natural fibre) containing
composite compared to that nylon fibre-containing composite for which the flexural strength of nylon
containing composite was higher. It can be concluded that hybrid composite containing a combination
of natural and synthetic fibre can result in better properties suitable for different applications. Desired
sets of properties can be obtained by changing the fibre loading according to the application’s
demand. By treating the fibre and improving the fibre matrix interfacial bonding, further modification
can be implemented.
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