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Abstract
The mechanical properties and fracture mechanisms of thermoplastic composites
reinforced with Entada mannii fibres was investigated. Polypropylene reinforced with
1, 3, 5, and 7 wt% KOH treated and untreated Entada mannii fibres were processed
using a compression moulding machine. The tensile properties, impact strength, and
flexural properties of the composites were evaluated while the tensile fracture surface
morphology was examined using scanning electron microscopy. The results show that
reinforcing polypropylene with Entada mannii fibres resulted in improvement of the
tensile strength and elastic modulus. This improvement is remarkable for 5 wt% KOH
treated Entada mannii fibre reinforced composites by 28 % increase as compared with
the unreinforced polypropylene. The composites reinforced with Entada mannii fibres
also had impact strength values of 70 % higher than the unreinforced polypropylene.
However, the polypropylene reinforced with 5 and 7wt% KOH treated fibres exhibited
significantly higher flexural strength and Young’s modulus by 53% and 52% increase
as compared with the unreinforced polypropylene. The fracture surface of the
polypropylene composites reinforced with untreated Entada mannii fibres were
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characterized by fibre debonding, fibre pull-out and matrix yielding while less voids
and fibre pull-outs are observed in the composites reinforced with KOH treated Entada
mannii fibres.
Keywords
Entada mannii; Polypropylene; Natural fibres; Polymer matrix composites; Fibre
chemical treatment; Mechanical properties

Introduction

Over the past two decades, the use of plant fibres as reinforcements of polymer has
been a topical issue which has continued to attract interest among researchers. They have been
successfully utilized for technical applications in the automobile, construction, and aerospace
industries [1-2]; and have reliably served as substitutes for synthetic fibre reinforcements [3].
Among natural fibres which have been investigated for suitability and competence as
reinforcement in polymer matrix composites (PMCs) are jute, kenaf, flax, ramie, sisal and
hemp [4]. These natural fibres are reported to possess good mechanical properties, low
density, renewability and biodegradability [5]. They are also cheaply processed and have a
high degree of flexibility compared to conventional synthetic fibres such as glass and carbon
fibre [6]. Notwithstanding the potentials of natural fibres, fibre strength and strong adhesion
of the fibres to the polymer matrix, and fibre degradability are areas where more work needs
to be done. Natural fibre properties are reported to be influenced by many factors, including
plant type and variety, growth conditions, the method used to extract the fibre bundle, and
chemical treatment applied on the fibre [7]. The presence and distribution of lignocellulosic
constituents in natural fibres are reported to also affect the fibre properties [8]. By nature,
natural fibres are hydrophilic while the matrix is hydrophobic, thus creating an adhesion
problem between both. As a result, optimal benefit of the goal of reinforcement may not be
obtained if the fibres have poor adhesion to the matrix [9-10].
In order to improve the affinity between natural fibres and polymer matrices, use of
either chemical or physical modifications on the surfaces of fibres and/or the matrix have
been proposed [11-13]. The level of improvement in adhesion and interface bonding between
fibre and matrix from these treatments are observed to show significant variation depending
on the type of fibre. Hence several studies on the subject are still ongoing with different plant
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based fibres under exploration to ascertain the best suitable for reinforcement in polymer
matrix composites (PMCs).
A natural bast fibre with potentials to serve as reinforcement of PMCs is Entada
mannii plant fibres. It belongs to the family of Olive. Tisserant leguminous mermosae, liana
plant. The plant is 2 to 3m high semi-climber which grows mainly in the tropical forests of
Nigeria, Gabon and Madagascar [14]. Its erect trunk is comprised of anticlockwise- twisted
pleats while its climber part comprises of hammock-like, twisted, woody stems [15]. The
Entada structure also has its canopy spread from one support tree to another forming a long,
leafless, cable-like stems (stolon’s) that navigates aerially approximately 15 m above the
ground [16]. There are currently very limited literatures on the use of Entada mannii fibre as
reinforcement in materials systems hence its consideration in this work.
This research work is aimed at assessing the mechanical properties and fracture
mechanisms of thermoplastic composites reinforced with Entada mannii fibres suitable for
interior of automobile construction.

Material and method

The materials utilized for this research are: Entada mannii fibre which was obtained
from Ikare Akoko, Ondo state, Nigeria; Polypropylene-Homopolymer obtained from Safripol,
South Africa; Maleic anhydride polypropylene MAAP which served as compatibilizers to
improve the fibre-matrix adhesion; and Teflon sheet which was used as the releasing agent.

Extraction of fibre
Figure 1 show the Entada mannii plant and fibres extracted from the bark bundles by
hand stripping. The hand stripped fibres were sun dried for a day after which they were dried
in oven at 650C for 2 days to remove moisture from the fibres.
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(a)
(b)
Figure 1. (a) Distribution of Entada mannii plant containing the fibre, and (b) Extracted
Entada mannii fibres
Fibre surface treatment
The Entada mannii fibres were immersed in 5% KOH solutions (which served as the
chemical treatment solution) and placed in a shaker water bath at 500C for 4 hours. The
insoluble residue was DE lignified at pH 3 and washed with distilled water in order to remove
mineral traces. In order to remove moisture from the fibres, they were dried in an oven at
600C for 2 days. The treatment with KOH was for the purpose of removing hemicellulose,
waxes, impurities and lignin from the surface of the fibres [17]. Some untreated Entada
mannii fibres were also retained for control experimentation.

Composite Fabrication
Entada mannii fibres (treated and untreated) were chopped into 5 mm length as shown
in Figure 2(a) and mixed with homo polypropylene which served as the matrix for composite
production. An industrial granulator was used to process the mixture before drying in an oven
at 650C for 48 hours. The chopped Entada mannii fibre were weighed in 1, 3, 5 and 7 % and
mixed with polypropylene .The mixture was compounded with 5% MAPP using a TwinScrew extruder at processing temperature of range 190-2300C. A screw speed of 60
revolutions per minute was used to feed through the hopper of the extruder. The extrudate
after cooling was granulated in an industrial granulator into pellets dimensioning 3 to 5 mm.
The pellets were bagged in a plastic bag and placed in an oven to dry at 650C for 2 days; after
which they were compounded by hot a compression moulding machine. The compression of
the composite was performed at 1900C and at pressure of 100 Mpa for 10 minutes. This
process was necessary to help improve the dispersion of the fibres in the matrix. The
composites produced were immediately transfer to the a cold press to cool down the
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composite at pressure of 50 Mpa for 15 min and the resultant sheet were of 150 mm by 150
mm by 2 mm in thickness for both untreated and treated fibre reinforced polypropylene
composites (Figure 2b).

(a)
(b)
Figure 2. (a) Crushed treated Entada mannii fibres, (b) Entada mannii fibre reinforced
composite
Tensile testing
Tensile test were performed on the composites produced using a universal tensile
testing machine operated at a strain rate of 10 mm/min with 10 KN load cell. The sample
preparation, testing procedure and determination of the tensile strength and tensile modulus
were in accordance with ASTM D638 [18]. In each case six samples were tested and the
average values were recorded to guarantee the reliability of the results obtained.

Impact Strength
The impact strength of the Entada mannii fibre composite was evaluated using an Izod
impact test machine. The sample preparation and testing procedure were in accordance with
ISO180 standard [19]. All the composite specimen were notched and the test specimen
supported by a cantilever beam. Hammer head of 7.5 J was released with impact velocity of
2m/ to strike the face and break the notch specimens. Six specimens were tested at room
temperature and the values were recorded.

Flexural strength
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Flexural testing commonly known as three-point bending test was also carried out
on the composites using a universal tensile testing machine. The sample preparation and
testing procedure were in accordance with ASTM D790 [20]. The test was performed by
supporting the composite specimens on a beam and load was applied at the centre. The test
was carried out at temperature of 230C with a cross speed of 2 mm/min at a strain rate of 10
point/sec. 6 samples were tested and the results was documented.

Morphology analysis (Scanning Electron Microscope analysis)
The surface and fracture morphology of the treated and untreated Entada mannii fibre
reinforced polypropylene composites were examined using a JEOL JSM-7600F model
scanning electron microscope. The sample were placed in vacuum chamber, air dried and
coated with 100 A thick irradium in JEOL sputter ion coater at 15KeV.

Results and discussion

Tensile Properties
The effects of KOH treatment and Entada mannii fibre wt% on the tensile properties
and Young’s modulus of the composites produced are presented in Figure 3.
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Figure 3a. Comparison of the tensile properties of the treated and untreated composite
From Figure 3(a), it is observed that reinforcing polypropylene with Entada mannii
fibres resulted in significant improvement of the tensile strength in comparison with the
tensile strength value of the unreinforced polypropylene. It is also observed that irrespective
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of the wt % of the fibre, the KOH treatment resulted in improved tensile strength compared
with the composites reinforced with the untreated Entada mannii fibres. This can be attributed
to the removal of lignin, hemicelluloses, and wax which are reported to weaken fibre/matrix
interface bonding. Poor interface bonding facilitates fibre pull-outs from the matrix during
tensile loading resulting in strength levels lower than expectations [7]. With 5wt% the results
show that the tensile strength increases with increase in fibre wt % by 32% than unreinforced
composites an attaining an optimum with 5wt% Entada mannii fibre. Further increase in fibre
content to 7 wt % resulted in a drop in the tensile strength of the composite. This drop in
tensile strength may be linked to increased fibre density resulting in reduced fibre/ matrix
contact, poor fibre-fibre interaction, and less satisfactory dispersion of the fibres in the matrix.
The elastic modulus, a measure of the resistance of the composite to elastic
deformation (Figure 3b) is observed to follow a trend similar to the tensile strength values of
the composites (Figure 3a).
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Figure 3b. Comparison of the Young’s modulus of the treated and untreated composite
It is observed that reinforcing polypropylene with Entada mannii fibres resulted in
significant improvement of the elastic modulus with the effect more remarkable for KOH
treated Entada mannii fibre reinforced composites. The results also show that the elastic
modulus increases with increase in fibre wt% attaining an optimum with 5wt% Entada mannii
fibre. The increase of the elastic modulus of the composites is attributed to the high elastic
modulus of the fibres which on account of the good fibre/matrix bonding impacts relatively
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higher stiffness (resistance to elastic deformation stresses) on the composites compared to the
unreinforced polypropylene [21].
Tensile strength and Young’s modulus for both treated composites and pure PP are
presented in Table 1 and 2.
Table 1. Comparison table of tensile strength of KOH treated fibre composites and pure PP
Fibre variations 1
3
5
7
KOH fibres
32.1 33.3 37.6 32.6
Pure PP
25.5 25.5 25.5 25.5
% Increase
20 23 32 22
Table 2. Comparison table of tensile strength of KOH treated fibre composites and pure PP
Fibre variations
1%
3%
5%
7%
KOH fibres
1368.1 1425.5 1425.5
1490
Pure PP
1157.7 1157.7 1157.7 1157.7
% Increase
15
19
23
22
It is revealed that tensile properties and Young’s modulus of the composites were
improved by adding Entada mannii fiber. However addition of 5% wt fibre increases the
tensile strength by about 32% as compared to the Pure PP and Young’s modulus increased by
about 23% than the pure PP. When compare tensile strength and Young’s modulus of the
composites, Tensile strength is more significantly increased than Young’s modulus by adding
Entada mannii fibre. This is due to the fact that there is an improved interfacial adhesion
between the fibre and the matrix and thus improve the tensile strength at the elastic region of
the composites but fracture at higher extension near the ultimate strength.

Impact strength
The impact strength of the polypropylene composites reinforced with Entada mannii
fibber is presented in Figure 4.
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Figure 4. Comparison of the Impact strength of the treated and untreated composite
Impact strength is the capability of the material to withstand the suddenly applied
loads in terms of energy. It measures the impact energy required to fracture a sample [22].The
variation of impact strength of the unreinforced polypropylene, KOH treated and untreated
Entada mannii fibre reinforced composites are presented in Figure 4. It is again observed that
the composites reinforced with Entada mannii fibres had impact strength values significantly
higher than the unreinforced polypropylene. The improvement in impact strength was more
remarkable for the KOH treated Entada mannii fibre reinforced composites. The general
improvement in impact strength is due to removal of surface impurities such as hemicellulose
and lignin from fibre surface. It is also observed that peak impact strength was achieved with
the use of 5 wt % KOH treated Entada mannii fibre as reinforcement just as was the case with
the tensile properties of the composites (Figure 3).

Flexural strength and Flexural modulus
The Flexural strength and modulus results for the treated and untreated polypropylene
reinforced composites and the unreinforced polypropylene are presented in Figure 5.
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Figure 5a. Comparison of the Flexural strength of the treated and untreated composite
From Figure 5(a), it is observed that there is marginal difference in the flexural
strength of the unreinforced polypropylene and polypropylene reinforced with 1 and 3 wt %
treated and untreated Entada mannii fibres. However, the polypropylene reinforced with 5 and
7 wt % KOH treated fibres are observed to exhibit significantly higher flexural strength
compared with the unreinforced polypropylene. For all wt % fibre reinforcement, there was
no noticeable difference in the flexural strength of the unreinforced polypropylene and the
untreated Entada mannii fibre reinforced composites. The invariance in flexural strength with
increase in wt % of untreated Entada mannii fibre in the composite may be attributed to
presence of surface impurities and flaws within the composite. Related observations have

FLEXURAL MODULUS (N/mm2)

been reported by Munirah et al. [23].
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Figure 5b. Comparison of the Flexural modulus of the treated and untreated composite

10

Leonardo Electronic Journal of Practices and Technologies

Issue 30, January-June 2017

ISSN 1583-1078

p. 1-16

The flexural modulus variation (Figure 5b) did not follow a consistent pattern
although it can be observed that the KOH treated fibre reinforced polypropylene on the
average had the best flexural modulus with peak value obtained with the use of 5 wt % KOH
treated Entada mannii fibre.

SEM micrograph images of Tensile fractured samples

Figure 6. SEM micrographs for the unreinforced polypropylene

a

c

Figure 7. SEM micrographs for 1% (a), 3% (b), 5% (c) and 7% (d) untreated Entada mannii
composite
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a

c

Figure 8. SEM micrographs for 1% a, 3% b, 5% c and 7% d treated Entada mannii
composite
The SEM secondary electron images of the unreinforced polypropylene and the
fracture surfaces of the composites subjected to tensile loading to failure are presented in
Figures 6-8. Figure 6 shows the surface morphology of the unreinforced polypropylene which
was used as control sample in the investigation. The structure shows the matrix phase is
continuous and homogeneous. In the case of Figure 7, it is observed that the fracture of the
polypropylene composites reinforced with untreated Entada mannii fibres are characterized
by fibre debonding, fibre pull-out and matrix yielding. It is also noted that the fibre debonding
is more pronounced for the 7 wt % fibre reinforced composite Figure 7(d). Fibre pull-out and
debonding is attributed to the presence of fibre constituents such as lignin, hemicelluloses and
wax on the fibre surface. These constituents contribute to poor wetting and interfacial bonding
between the fibre and the polypropylene matrix by decreasing the interfacial area of contact
between the fibre and matrix [24, 25]. Hence tensile strength of the Entada mannii untreated
fibre composite was found to be lower than the composites reinforced with KOH treated
Entada mannii fibres. Similar observation was reported by Venkateshwaran et al. [22].
From Figure 8, it is observed that a more homogeneous fibre-matrix composite
structure is obtained by reinforcing polypropylene with KOH treated Entada mannii fibres.
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The SEM images show that there are less voids and fibre pull-outs in comparison with the
composites reinforced with untreated Entada mannii fibres (Figure 7). This confirms that
removal of impurities and fibre constituents by chemical treatment contributed to a strong
interfacial bonding between the fibre and the matrix.

Conclusions

The mechanical properties of thermoplastic composites reinforced Entada mannii fibres
was investigated. The results show that:
Reinforcing polypropylene with Entada mannii fibres resulted in improvement of the
tensile strength and elastic modulus of the thermoplastic composites as compared with
unreinforced and untreated composites. Impact strength was improved with the increasing
fibre loading which is remarkable for the 5 wt % of the KOH treated fibre reinforced
composites compared with unreinforced polypropylene. However, flexural modulus variation
did not follow a consistent pattern although the KOH treated fibre reinforced polypropylene
and on the average had the best flexural modulus. Polypropylene reinforced with 5 wt %
KOH treated Entada mannii fibre in all cases exhibited the best mechanical properties. The
fracture surface of treated fibre reinforced composites revealed that fibres were well bonded
to the polypropylene matrix while the untreated Entada mannii fibres reinforced were
characterized by matrix yielding. Entada mannii fibre reinforced composites could be utilized
for automobile interiors.
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