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ABSTRACT
In this study, crushed luffa cylindrica fibres were used to modify polystyrene matrix PS using
compression moulding system. The fibres were alkaline treated with (5% conc.) NaOH. The
treated and untreated fibres were characterised by Fourier Transform Infrared spectroscopy
FTIR. Different weight fractions of the matrix to the treated fibre; 50:50, 60:40, 70:30, 80:20 and
90:10 were prepared respectively. The water absorption behaviour was observed and recorded for
the composites. The morphological changes on the surface of the fibre before and after the
chemical treated was investigated, using Scanning Electron Microscopy (SEM). Finally, the effect
of fibre reinforcements on the flexural strength of the different weight ratio of the composites
was found to be within the ranges of 4.25 to 1.37 N/mm2, with the material having a weight
percentage of 80:20 showing the optimum strength value with the magnitude of 4.25 N/mm2. The
successful enhancement of the flexural strength of this thermoplastic can be employed in the
production of environmentally disposable high strength packing material.

Keywords: Luffa Fibre, Polystyrene, Flexural Strength, FTIR, SEM

INTRODUCTION
Natural fibres are now attracting attention as good reinforcements for polymer

matrices for many applications, a lot of work have been published in this regard (Ahankari,
Mohanty, & Misra, 2011; Arrakhiz et al., 2012; El Mechtali et al., 2015). This observation is
because of developments in science and technology in search for materials with excellent
properties, eco-friendliness, light weight and low cost. Researches on fibre modified polymer
composites as well as their production have served as one of the most promising approaches
to meet up with this demand (Arpitha & Yogesha, 2017; Hao, Sapuan, Hassan, & Sheltami,
2018; Kim, Dutta, & Bhattacharyya, 2018). The use of natural fibres such as sisal, bamboo,
hemp, kenaf, flax, palm, and jute, as reinforcements for both engineering and commodity
plastics in certain applications, is particularly attractive. This is attributed to their;
biodegradable, non-toxic, low densities, and cost effectiveness characteristics (El Mechtali et
al., 2015; Panthapulakkal, Zereshkian, & Sain, 2006; Satyanarayana, Guimarães, & Wypych,
2007).

Similarly, thermoplastics are in high demand for both engineering and commodity
plastics. For instance, polystyrene PS has excellent transparency, high electrical insulation
ability as well as fluidity (Ching, Chuah, Ching, Abdullah, & Rahman, 2017). Further, this
polymer has been reinforced with natural fibres to enhance and increase its applicability
(Poletto, 2016; Singha & Rana, 2012). Polystyrene polymers are hydrophobic in nature; hence
lack compatibility with natural fibres, which are hydrophilic. One way to improve the fibre
association with polymer matrix is to subject it to chemical treatment. This increases the fibre-
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surface roughness as a result of the removal of some waxy and gummy hydrophilic cells
(Marques, Melo, Araujo, Lunz, & Aguiar, 2015). Good interaction between the polymer and the
fibre can also be achieved by graft-copolymerising of hydrophobic polymer to the surface of
the fibre. This approach gives the best fibre-polymer adhesion (Singha & Rana, 2010).

Luffa cylindrica (LC) also known as sponge gourd, is a plant from the cucumber family
grown for its multipurpose use. It has an architectural structure that is highly complex with
compositions such as; cellulose (60%), hemicelluloses (30%) and lignin (10%) (Mazali & Alves,
2005). Recently, many reports (Lai, Kao, Liu, & Chiu, 2016; Mohana krishnudu, Sreeramulu, &
Ramesh, 2018; Patel & Dhanola, 2016) have shown the use of luffa fibre as a reinforcement for
different polymer matrices. Its complex microstructure confers excellent mechanical
performance with potential in vibration and shock isolation, as well as thermal insulation, and
acoustic absorption (Shen, Xie, Huang, Zhou, & Ruan, 2013).

In this work, the treated luffa fibre was used to reinforce PS matrix and the water
absorption behaviour of the obtained material was observed. The characterization of the
sponge fibre was accomplished using FTIR and its surface modification was examined with
SEM. Finally, the flexural strength for different weight fractions of the prepared composites
were analysed accordingly.

MATERIALS AND METHOD
The luffa sponges used for this work were collected locally in Zaria, Kaduna State,

Nigeria. The fibres were peeled, cut, washed with distilled water severally, and dried in an
oven for 72 hours before size reduction. Then, the obtained fibre particles were alkaline
treated according to the procedure described by Mohanta et al. (Mohanta & Acharya, 2016).
The PS used was purchased from a chemical vendor within Zaria and used as supplied.

Preparation of Composite
10 g Luffa cylindrica (LC) and 90 g of PS were weighed to give a 90:10 weight fraction of

the composite. The two roll mills of the moulding machine are subjected to a temperature of
200 ⁰C for 10 minutes and the mixture was placed in the machine, while melting, the crushed
luffa fibre were introduced to the polymer for compounding. The mixture was then
transferred to the compressing machine where it was subjected to a temperature of 180 ⁰C for
5 minutes, after this, it was allowed to cool for 5 minutes before usage. The same procedure
was adopted for the preparation of samples with weight fractions of; 80:20, 70:30, 60:40, and
50:50 respectively.

CHARACTERIZATION
FTIR Analysis

FTIR spectra of both treated and untreated LC fibres were recorded on Agilent Cary
630 FTIR Spectrophotometer using KBr pellets over a range of 4000-500 cm-1.

Water Absorption Behaviour
The water absorption test was carried out according to the standard method described

by ASTM D5229. The given weights of the composites were measured and immersed in a
beaker containing distilled water and was allowed to stand for a period of 12, 24 and 48 hours.
They were then removed and wiped with a tissue paper and reweighed to obtain the new
constant weight. The new weight was subtracted from the original weight and the difference
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in weight is the extent to which the composites can absorb water. This absorption capacity is
expressed in percentage calculated using the expression belowH 0 (%) = × 100 .......................... Equation 1

Where:
W1 = Weight of dry sample
W2 = Weight of saturated sample

SEM Analysis
The SEM analysis of the composite materials reinforced with treated and untreated,

was carried out to study the morphological changes that occurred on the surface of the treated
fibre. The SEM measurements were recorded on Leo Electron Microscopy Machine (435-VP).

FLEXURAL / BENDING STRENGTH TEST
The flexural tensile strength was carried out on the UTM machine (100 KN 2007) in

accordance with ASTM D 3039-76 standard to examine the strength of the composites with
different proportion of the fibre.

RESULTS AND DISCUSSION
FTIR Result

Fig. 1, Shows the FTIR spectra of treated and untreated luffa cylindrica fibre
(Momordica cylindrica L.). From the spectra, the result obtained after the treatment of the
fibre shows a shift in the frequency of the carbonyl functional group carbonyl (C=O) from 1732
to 1724 cm-1, and a reduction in the peak intensity as well, this may be due to the removal of
acetyl group present in the hemiacetal of the fibre. Also, a decrease in the intensity of the
band at 1160cm-1 associated with C-O stretching of the acetal group of the untreated fiber can
serve as evidence for the successful removal of acetal as well (Sinha & Rout, 2009). The result
also shows that, the intensity of the –OH band present in untreated luffa fibre is obviously
reduced in the treated luffa indicating that some free hydroxyl group were removed in the
treated fibre (Tsuboi, 1957).

Figure 1: FTIR Spectrum of treated and untreated Luffa Cylindrica Fibre
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Water Absorption Behaviour.
Table 1. shows the values of the calculated weights of water absorption for composites

with weight fractions of; 70:30, 50:50 T for which the treated fibre was used, while 50:50 U.t
represent the weight fraction of the composite for which untreated fibre was employed. Fig. 2,
shows the water absorption characteristic of this composites. It was observed that, the
percentage of water absorption was higher for the untreated 50:50 U.t composite as compared
to that of the treated counterpart 50:50 T. This could be due to the treatment reaction that
removes the hydrophilic hemicellulose and lignocellulosic cells of the fibre hence lowering
interaction with water (Tsuboi, 1957). In addition, as the matrix percentage is increased, the
water absorption behaviour is expected to reduce since the matrix is hydrophobic in nature
(Bujjibabu, Das, Ramakrishna, & Nagarjuna, 2018).

Table 1: Water Absorption Capacity Result
Composite Initial Weight

(g)
Final weight
(g)

% of H2O
Absorption

Time (hrs)

70:30 1.90 1.90 0.00 12

3.10 3.20 3.23 24
2.20 2.30 4.55 48

50:50 T. 2.60 2.70 3.85 12

2.30 2.40 4.35 24

2.00 2.10 5.00 48

50:50 U.t 1.40 1.50 7.14 12

2.20 2.40 9.09 24

3.00 3.20 6.67 48

Figure 2: Result of Water Absorption Studies
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Morphological Analysis
Fig. 3(a) and 3(b) are the SEM micrographs for both treated and untreated luffa fibre

reinforced composites (50:50). It can be seen from the images that the interfaces are fully
immersed in fibrous polymer phase especially for the treated sample. This is an indication of
effective fibre-polymer interaction. The untreated fibre composite microstructure shows a
surface, containing a waxy, amorphous fibre structure, which are packed together.  Such
gummy substance contributes to poor fibre-matrix adhesion (Mishra et al., 2003). While for
treated fibre composite, the result indicates the absence of waxy and gummy components
hence resulting in a clean and smooth surface.

Figure 3(a): SEM Micrograph of Treated Fibre Reinforced Composite

Figure 3(b): SEM Micrograph of Untreated Fibre Reinforced Composite
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Flexural Test
Table 2, shows the values for the flexural strength for the different weight fractions of

the composite material, while Fig. 4, shows the plot of the values given in Table 2. The test was
carried-out for the composite materials fabricated with matrix to fibre weight fractions of;
90:10, 80:20, 70:30, 60:40 and 50:50 respectively, of which the fibre was treated. Also, 50:50
weight ratio of matrix to untreated fibre was separately conducted. It is worth mentioning
that, flexural strength does not depend only on the weight fraction of the reinforcement alone,
its orientation and relative distribution within the matrix also influence the experimentally
measured value (Melo, Panzera, Freire, & Scarpa, 2018; Nohrström, Vallittu, & Yli-Urpo, 2000).
This is reflected on the test values for each of the compositions used in this work.

The results showed an optimum flexural Strength of 4.25 N/mm2 for the composite
with 80:20 weight fraction, which is 92.3 % increment when compared with that of 90:10
weight fraction sample, with flexural strength of 2.21 N/mm2. This can be attributed to better
inclusion of the fibre particles within the polymer matrix allowing for effective transfer of
stress from the matrix to the fibre before failure (Rana, Mitra, & Banerjee, 1999). However, as
the fibre content is increased, the flexural strength diminishes as a result of fibre-fibre
agglomeration resulting in material that is brittle. This brittleness can be associated with the
presence of voids within the composites that obstruct stress propagation when load is applied
(Yang et al., 2004). But, the flexural modulus gets improved upon even with higher particulate
composition possibly due to the analysis of the sample at a point on the material where there
is relative dispersal of the reinforcement particles within the matrix, hence, the increased
result for composite sample with 60:40 weight compositions (Fu, Feng, Lauke, & Mai, 2008).

Treatment of the fibre enhances better stacking with polymer matrix, hence, the
improved flexural strength in the absence of particle agglomeration. However, at fibre content
of 50%, the flexural strength of the untreated is found to be higher than that of the treated
sample with the same percentage weight. The reason for this reversed behaviour is unclear.
Probably, it might be related to the diffusion of the polystyrene inside the large particles of the
luffa sponge fibre at early stages of the extraction process due to presence of lignocellulosic
cells, thereby increasing the mechanical interlocking between the matrix and the
reinforcement which is reflected as the high test result for this composition (Gironès et al.,
2011).

Table 2: Flexural Strength Result of the Composites.
Composite Flexural strength (N/mm2)
90:10 2.21

80:20 4.25

70:30 2.32

60:40 3.95

50:50 treated 1.37
50:50 untreated 3.71
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Figure 4: The Flexural strength pattern for the Composites

CONCLUSION
The characterisation analysis of this study shows that, the alkaline chemical treatment

of the sponge gourd was successfully as well as its incorporated into the polystyrene matrix.
The flexural strength of the resulting composite was greatly enhanced, even though, excess of
the fibre particles in the matrix can cause decrease in this mechanical property due to their
agglomeration.
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