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Abstract

The effect of alkali treatment and fiber content variation on the tensile properties of coir fiber
reinforced cashew nut shell liquid (CNSL) composite was studied. Biocomposite consisting of
coir fibers and cashew nut shell liquid resin was produced using the hand lay-up technique. The
fibers were treated with 5% NaOH and varied between 0% to 40% weight fractions. Composite
laminates with untreated coir fibers were also produced with same fiber loadings. The results
showed that tensile strength and modulus of the CNSL/COIR composite increased as the weight
fraction of coir fibers was increased up to a fiber content of 30%. Also the composites exhibited
reduction in elongation at break as fiber content was increased. The alkali- treated CNSL/COIR
composite laminates showed improved tensile properties and this was attributed to an improvement
of interfacial fiber-matrix adhesion in the composites.
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1. Introduction

Fiber reinforced plastics consisting of petroleum-
based matrix, embedded with high-strength fibers,
such as glass, aramid and carbon have gained con-
siderable application in aerospace, leisure, construc-
tion, sport, packaging and automotive industries[1].
The widespread use of synthetic fiber reinforced poly-
mer composites and in general, “artificial” compos-
ites have a tendency to decline because of their high
initial cost and more importantly, their adverse en-
vironmental impact [2-4]. Synthetic fibers have very
serious drawbacks such as: (i) non-renewability (ii)
non-recyclability, (iii) high energy consumption in the
manufacturing process; (iv) health risk when inhaled
and (v) non-biodegradability [3]. According to Single-
ton et al [5], although glass fiber-reinforced compos-
ites have been widely used for many years due to its
advantages of low cost and moderate strength, to pro-
vide solutions to many structural problems, the use of
these materials, induces a serious environmental issues
that most western countries are concerned about.

Recently, due to a strong emphasis on environmen-
tal awareness worldwide and the pressure on manu-

facturers of materials to consider the environmental
impact of their products at all stages of their life cy-
cle, including recycling and ultimate disposal, atten-
tion of researchers is shifting to the development of
recyclable and environmentally sustainable compos-
ite materials. Thus biodegradable composites based
on natural fibers and biodegradable polymeric ma-
trices made from cellulose, starch, and other natu-
ral resources (green composites) have been developed
because of their environmentally beneficial properties
[6-8]. In general, the research and development of nat-
ural fiber biodegradable composites from renewable
resources for a wide range of applications is increas-
ing due to their advantages, such as eco-friendliness,
lightweight, carbon dioxide reduction and biodegrad-
able characteristics [9].

The natural fibers which have been shown to
strengthen polymer matrices include: hemp; jute; ke-
naf; coir; sisal; flax; bamboo, banana, palm, silk, cot-
ton, and wood etc. These fibers are renewable re-
sources and offer specific benefits such as low cost,
low density, low pollutant emissions, acceptable spe-
cific properties, renewable characteristics, enhanced
energy recovery and complete biodegradability [10-
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12]. Hence these fibers are considered as substitutes
to replace the conventional glass fiber due to eco-
friendliness. However, plant fibers contain strongly
polarized hydroxyl groups and are hydrophilic in na-
ture and because of the presence of hydroxyl and polar
groups in various constituents of plant fibers, moisture
absorption of these fibers is very high and this leads
to poor interfacial bonding with the polymer matrices
[13]. Moisture absorption and hydrophilic character
of fibers are reduced by surface chemical modification
[14, 15].

Depending on their origin, natural fibers can be
grouped into bast (jute, banana, flax, hemp, kenaf,
mesta), leaf (pineapple, sisal, henequen, screw pine)
and seed or fruit fibers (coir, cotton, oil palm)[16].
Among the plant fibers, coir fibers are extensively used
in many industrial applications such as in producing
erosion control blankets, woven geo-textiles, sheets,
brushes, discs, floor mat, door mats, brushes, mat-
tresses, floor tiles etc and it is gradually gaining useful
application in the production of composite materials
[17]. Coir consists of cellulosic fibers with hemicellu-
lose and lignin as the bonding materials for the fibers.

Researches are on-going on the use of coir fibers as
a reinforcement of polymer matrices but most of these
works have focused on the use of coir fibers in reinforc-
ing artificial or synthetic polymers. A few other re-
searches aimed at producing a completely biodegrad-
able polymer have been on coir-polylactic acid (PLA)
and coir-poly (butylene succinate) composite systems
[9]. Composite systems consisting of coir fiber and
plant-based polymers have been relatively unexplored.

This work investigated the effects of alkali treat-
ment and fiber content variation on the tensile prop-
erties of coir fiber-reinforced cashew nut shell resin-
based composite. The combination of coir fibers and
cashew nut shell liquid (CNSL) based biopolymer
can produce an environmentally-friendly biodegrad-
able composite.

2. Materials and Method

2.1. Coir fiber

Coir fiber is obtained from the fibrous mesocarp be-
tween the exocarp and the endocarp of the coconut
fruit (cocos nucifera). The coir fibers used in this
work were supplied by JuNeng Nig Ltd Nsukka. The
fibers were treated with 5% NaOH solution in a glass
beaker for 48hours at room temperature. The fibers
were taken out of the solution, washed several times
in fresh water and subsequently air dried for 2 days.
The reaction of sodium hydroxide with coir fiber is
described as follows

Coir − OH− + NaOH = Coir − O − Na+ + H2O (1)

2.2. Cashew nut shell liquid resin

The cashew nut shell liquid (CNSL) is an alkylphe-
nolic oil contained in the spongy mesocarp of the
cashew nut (anacardium occidentallis). The main con-
stituents of cashew nut shell liquid are cardanol, anac-
ardic acid, cardol, 2-methyl cardol and small amount
of polymeric material [18]. The CNSL used in this
work was extracted from cashew nuts at the chem-
istry laboratory of the University of Nigeria, Nsukka.

2.3. Composite fabrication

The hand lay-up technique was used in the pro-
duction of composite laminates used in this work.
The extracted cashew nut shell liquid was mixed with
polyester at the ratio of 50:50 and poured into a
wooden mould measuring 300 × 300 × 3mm. The
inner surfaces of the mould were coated with wax to
enhance the removal of the composite after curing. 0.4
wt % of methylethyketone peroxide and cobalt amine
nephthenate were added to act as catalyst and accel-
erator of curing respectively. The fiber weight fraction
was varied from 10% to 40% in both alkali- treated and
un-treated conditions. Length of coir fibers was incre-
mentally varied. All the specimens were post cured
at 50◦C for 12 hours in order to minimize residual
stresses. Tensile specimens were fabricated from the
laminate plates.

2.4. Tensile test

The tensile specimens of 300 x 15 x5mm were cut
from pure CNSL-based polymer and composite and
kept in a desiccator at ambient conditions. The spec-
imens were uniaxially pulled in a Hounsfield Mon-
santo universal tensometer in accordance with ASTM
D638 standard using a maximum beam load of 2500N.
Strain was measured using an extensometer. The
mean tensile properties of the samples were obtained
from five specimens for each fiber content and process
variation.

3. Results and Discussion

The tensile strength of un-treated and alkali-treated
coir-fiber reinforced cashew nut shell resin-based com-
posite is presented in figure 1 as a function of fiber con-
tent. As shown in the figure, the tensile strength of the
composite material increases as the weight fraction of
coir fibers is increased but reaches a maximum value
at 30% fiber content before reducing. The figure also
reveals that the tensile strength of alkali-treated fiber
reinforced (CNSL) composite are higher than those of
the composite reinforced with un-treated coir fibers.
At 30% coir fiber weight fraction, the tensile strength
of the composite material increased by 70.9% with al-
kali treatment while the un-treated fibers produced
only 39.0% increase in strength of the unreinforced
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Figure 1: Effect of alkali-treatment and weight fraction varia-
tion on the tensile strength of CNSL resin/coir fibre composite.
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Figure 2: Effect of alkali-treatment and weight fraction vari-
ation on the modulus AT of CNSL resin/coir fibre composite.

plastic. Again, figure 1 also reveals that maximum
strengthening effect of the coir fibers occurred at 30%
weight fraction in both the treated and un-treated coir
fiber reinforced composite.

The effect of fiber content and sodium hydroxide
treatment of coir fibers on the tensile modulus of
CNSL resin/coir fiber composite is shown in figure
2. As illustrated in the figure, alkali treatment im-
proved the tensile modulus of the composite mate-
rial. Notably, from the figure, the tensile modulus of
CNSL/coir fiber composite increases as the fiber con-
tent is increased and attains peak value at 30% weight
fraction of coir fibers.

Increase in strength and modulus of the CNSL/coir
fiber composite with the increase in coir fiber content
could be attributed to the fact that the coir fibers
are stronger, stiffer and capable of adhering to the
CNSL resin matrix. This enabled, load transfer from
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Figure 3: Effect of alkali-treatment and weight fraction vari-
ation on the elongation at break of CNSL resin/coir fibre com-
posite.

the matrix to the fibers through the fiber/matrix in-
terface [19]. However, alkali treatment improves the
fiber-matrix adhesion due to the removal of natural
and artificial impurities from the fiber surface as well
as changing of the arrangement of units in the cel-
lulose macromolecule [20]. Thus alkali treatment in-
creases the surface roughness and the amount of cellu-
lose exposed on the surface of the fiber surface result-
ing in better mechanical interlocking and fiber matrix
interfacial bond and, resulting in increased mechan-
ical properties [21]. Besides, the increase in tensile
strength and modulus up to 30% fiber content is due
to adequate wetting of the fibers by the matrix and
reasonable amount of fibers to bear applied load. The
decrease in strength and modulus at fiber content, of
40% probably resulted from poor wetting, because the
CSNL resin content is not sufficient to wet all the fiber
surfaces, leading to poor interfacial adhesion.

Figure 3 shows the effect of coir fiber content
and alkali treatment on the elongation at break of
CSNL/coir fiber composite.

Notably from figure 3, the elongation exhibited by
this composite material at breaking load decreases as
the fiber content of the composite is increased. This
is probably as a result of the structural integrity of
the CNSL resin being destroyed by the loading of coir
fibers and increasing fiber content imply poor interfa-
cial fiber-matrix adhesion, leading to quicker fracture
than pure CNSL resin [22]. This also indicates that
the ductile nature of CNSL resin decreases with the
addition of coir fibers.

4. Conclusion

Coir fiber/CNSL composites with different fiber
contents have been developed. The effect of alkali
treatment on the tensile properties of coir fiber/CNSL
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composite has been studied. The following conclu-
sions can be drawn from the study:

1. Alkali treatment of coir fiber increased tensile
strength and modulus of coir fiber/CNSL com-
posites.

2. The strength and modulus of coir fiber reinforced
CNSL composite increase as the weight fraction
of coir fiber is increased in the composite mate-
rial.

3. The coir fiber content for optimum strength and
modulus is 30

4. The experimental results in the present work sug-
gest that a useful composite with good strength
and modulus could be successfully developed us-
ing coir fiber as a reinforcing agent for CNSL ma-
trix.
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