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Abstract
In recent years, natural fibers are replaced by synthetic fibers as reinforcing agents to fabricate biocomposites. The present study
is aimed to blend an abundantly available natural fiber with biopolymer to fabricate green biocomposite material. Four sets of
cardanol-based biocomposites were prepared by incorporating bagasse fibers cut length 10 mm (chemically treated and untreat-
ed) and 20 mm (chemically treated and untreated) with biopolymer. These cut fibers were blended in various wt% (viz., 0, 5, 10,
15, and 20 wt%) with cardanol. The tensile strength and impact test were performed to study the mechanical properties of the
developed composites. The morphological study in tensile fractured specimens was carried out using scanning electron micros-
copy (SEM). In addition to this, differential scanning calorimeter (DSC) tests were also carried out. The result proved that the
morphologies of the composites have an improved bonding between the fiber and resin, leading to enhanced mechanical
properties. Among the four sets, 15 wt% of 20 mm NaOH-treated fiber length composite has better mechanical properties like
higher tensile strength, impact strength, and thermal stability than other wt% composites. SEM photograph also supports for the
same biocomposite.
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1 Introduction

After the Second World War, there was a spectacular rise in
the production of synthetic fibers, but at the same time, the use
of natural fibers considerably decreased [1]. There has been a
revitalization of usage of natural fibers in the plastics, build-
ing, textile, and automotive industries which is taken for en-
vironmental consideration. This consideration is reinforced by
economic developmental perspectives on the agro-industrial
market, and its local productions specifically emphasize on

economic growth and its own independence against the use
of imported materials [1, 2].

The increasing ecological concern and governmental policy
tends to rise in the demand of the natural fibers which act as a
substitute of synthetic fibers. These natural fibers are renewable
as well as biodegradable in nature and possess rich qualities
such as high modulus of elasticity and specific strength, low
density and cost, and reduced dermal and respiratory irritation
[1, 3, 4]. Interestingly, more numbers of natural fibers are abun-
dantly available to prove to be cost effective with good rein-
forcement effect in the thermoplastic and thermoset plastics [5].

Researchers are presently focusing their effort in develop-
ing new types of totally biodegradable Bgreen^ composites by
mixing natural fibers with biodegradable resins. These poly-
mers are classified to degrade through the action of living
microorganisms. The most important attractions of green
composites are fully degradable, environmental friendly, and
sustainable, because, they are truly green. Later, they will be
simply disposed of or composted without disturbing the envi-
ronment [6]. Polylactic acid (PLA) is a bioactive and biode-
gradable thermoplastic aliphatic polyester synthesized from
renewable resources, such as chips or starch, cassava roots,
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corn starch, and sugarcane. PLA had the second maximum
utilization volume of a few bioplastic of the world [7].

This leads to prepare a new biocomposite using locally
available eco-friendly, cost-effective, and abundantly avail-
able bioproducts. India is the largest producer of cashew
nut, accounting for almost 50% of world exports [8]. The
cashew tree yields the fruit called cashew apple to which
the cashew nut is attached. This fruit is very juicy, fibrous,

and also edible. Cardanol resin obtained from the cashew
nut shell oil will function as thermoset polymers, which
may be used as a matrix in composites [9]. Sugarcane is
the most abundantly and eco-friendly biodegradable crop
cultivating locally. The sugarcane bagasse is a residue ex-
tensively generated in high proportions in the agro-industry.
It is a fibrous residue of cane stalks left over after the
crushing and removal of juice from the sugarcane. The

Fig. 2 Prepared green composite

Fig. 1 a Before chemical treatment of bagasse fiber. b After chemical treatment of bagasse fiber
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main chemical constituents of bagasse are cellulose, hemi-
cellulose, lignin, and ash contents of approximately 55%,
17%, 25%, and 1%, respectively [10]. Incorporation of
chemically treated and untreated bagasse fiber (cut length
10 and 20 mm) may be done for the preparation of better
biocomposite. Similarly different wt% of bagasse fiber may
be blended with the biopolymer to reinforce the fabrication
of biocomposite.

The compounds like sodium hydroxide, acetic acid, isocy-
anates, potassium permanganate, silane peroxide, etc. were
found to promote more adhesion, when they are used for
chemical treatment of bagasse fiber. The fiber which
underwent chemical treatment attains favorable characteristics
than before [11]. The aim of this work is to prepare different
biocomposites with various wt% of alkaline-treated and un-
treated bagasse fiber with cardanol biopolymer also to carry

Fig. 3 Effect of untreated and
NaOH treated bagasse fiber wt%
on tensile strength

Fig. 4 Effect of untreated and
NaOH treated bagasse fiber wt%
on impact strength
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out various tests to compare and study the properties of the
prepared biocomposites.

2 Experimental

2.1 Materials

The sugarcane bagasse collected from roadside sugarcane
juice shop at Chidambaram (Cuddalore District, Tamil
Nadu, India). Cardanol prepared in our earlier work [12].
Epoxy [LY 556], sodium hydroxide (NaOH), and araldite
[HY 951] were procured from Indian Scientific Solution
(Mayiladuthurai, Tamil Nadu, India).

2.2 Sodium hydroxide treated in bagasse fiber

Alkaline treatment of fibers was considered to be the suit-
able method to enhance the interface adhesion between
fiber and matrix [13]. The cleaned and dried fiber was
immersed in a 5% sodium hydroxide (relative to bagasse
fiber weight percentage) for a day. Then, it was dried at
100 °C for 24 h in an oven [14]. The main aim of this
treatment was to increase the surface area and decrease
the hydrophilic groups, which lead to incompatibility in
a hydrophobic polymer matrix and weak bonding in the
fiber/matrix interface [15]. Figure 1a, b shows the photo-
graphs of the treated and untreated bagasse fiber.

2.3 Green composites preparation

Four sets of cardanol-based composite specimens of ba-
gasse fibers viz., 10 mm chemically treated and untreated,
20 mm chemically treated and untreated sets were fabri-
cated using compression molding machine. Epoxy resin
was blended with the synthesized cardanol [12] and hard-
ener in a ratio of 3:8:1 by weight % (wt%) to prepare
these composites to decrease the curing time [16]. The
prepared composites were fabricated into dimension of
300 × 300 × 3 mm at 110 °C after a wax coat. The wt%
of fiber reinforcement was varied as 0, 5, 10, 15, and
20%, and totally 17 samples were prepared. The laminates
were left to cure at 120 °C temperature for 24 h in hot air
oven. This composite preparation process was reported
elsewhere [12, 17]. Figure 2 shows the flow chart for
the preparation of green composites.

2.4 Composite characterizations

Tensile tests of the composites were conducted by a Unitek-
94100 universal testing machine at a specific load range and
cross head speed. Tensile strength and modulus were mea-
sured according to ASTMD638 standard. Charpy impact tests
were carried out using a Charpy impact tester in terms of the
standard method used for the Charpy impact strength of plas-
tics (ASTM D256), with a hammer weight of 0.6 kg and a
falling height of 0.125 m. The test was repeated five times to
report the average value.

The morphologies of the untreated and treated fiber and
mechanical fractured surfaces of composites were analyzed
using a scanning electron microscopy (JEOL JSM 6610
LV), at Department of Manufacturing, Annamalai
University, Annamalai Nagar, Tamil Nadu, India. The com-
posites were cleaned thoroughly, air-dried, and were coated
with platinum to provide enhanced conductivity and observed
in SEM at 15 kV.

Thermal stability and thermal degradation of the pre-
pared composite samples were determined by differential
scanning calorimetry technique. For this purpose,
NETZSCH STA 449F3 thermogravimetric analyzer was
used. About 10 g of each sample was placed in a platinum
pan and heated up to 600 °C at the heating rate of
20.0 °C/min under nitrogen atmosphere.

3 Results and discussion

3.1 Tensile strength

Figure 3 represents the tensile strength of biocomposites taken
into the account of the reinforcement effect of various wt% of
bagasse fibers both untreated and NaOH treated. The tensile
strength increased linearly up to 15 wt%; later that, it tends to
decrease in spite of the further rise in the wt% of both untreat-
ed and treated fiber reinforcement. As the wt% of bagasse
fiber increases, beyond certain wt%, it leads to complication
for the resin to fully impregnate the fibers, thus leading to poor
interfacial bonding and accordingly lower mechanical proper-
ties [18]. As per the result, the 15 wt% of untreated and treated
bagasse fiber-reinforced cardanol composite exhibits the
highest tensile strength for both dimensions (10 and 20 mm
length fiber). Incorporation of bagasse fiber (of both the
lengths) beyond 15 wt% tends to decrease in the tensile
strength.

3.2 Impact strength

It was observed from Fig. 4 that the notched Charpy impact
strength of the untreated bagasse fiber cardanol composites
showed a decreasing trend with increase in fiber content, but

Fig. 5 Photomicrographs of a cardanol-NaOH-treated bagasse fiber
composite fracture surfaces of a sample subjected to tensile
strength, for a, b 5 wt%, c, d 10 wt%, e, f 15 wt%, and g, h
20 wt% (columns I and II represents 10 and 20 mm fiber length
composites respectively)

R
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NaOH-treated bagasse fiber cardanol composites showed an
increasing trend with increase in fiber content. This increase in
impact strength indicates the contribution of the fiber. Higher
impact strength indicates the ability of the composites to ab-
sorb energy. This is because of strong interfacial bonding be-
tween the fiber and matrix [19]. It also depends on the nature
of the fiber and polymer [20].

3.3 Tensile fracture surface morphology

Figure 5 represents the tensile fractured region of cardanol
matrix containing NaOH-treated bagasse fiber composite,
where it can be seen the fiber distribution in the matrix, fibers
fractured in the composite, and characterizing the mechanism
of brittle fracture. Figure 5a (0 wt%) shows confirmation of no
voids of fibers. Figure 5b, c shows the 5 wt% of 10 and 20mm
length fiber composites. The cracks in the composite, fiber
porous structure, and voids coalescence were observed in

SEM micrograph. It indicates the good compatibility of the
fiber and matrix, due to high porosity through which entrap-
ment of air which percolates inside the composite or on the
surface [21]. Hence, the mechanical properties of the compos-
ites were lesser than the other wt% composites. The slight
improvement in tensile strength observed in 10 wt% compos-
ites compared to 5 wt% composites may be explained as due
to minimum porous structure observed in Fig. 5d, e, and this
minimum porous structure prevented the entrapment of air
inside the composites and restricted crack growth. Figure 5f,
g shows 15 wt% of 10 and 20 mm length fiber composites
exhibited with a trapped fiber, absence of voids, absence of
cohesion of fibers, and good adhesion at the fiber–matrix in-
terface. This leads to the higher tensile strength for 15 wt%
(27.3 and 28 MPa for 10 and 20 mm fiber length) than other
wt% composites. The presence of polar hydroxyl groups and
aromatic rings in both the matrix and fiber favors
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Fig. 9 DSC analysis of NaOH-treated 20 mm length bagasse fiber
composites
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Fig. 8 DSC analysis of NaOH-treated 10 mm length bagasse fiber
composites
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Fig. 7 DSC analysis of untreated 20 mm length bagasse fiber composites

0 100 200 300 400 500 600

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8
)

g/
W(

w
olf

t
ae

H

Temperature °C

 0 wt %           

 5 wt %  10 mm fiber   

 10 wt % 10 mm fiber

 15 wt % 10 mm fiber 

 20 wt % 10 mm fiber 

Fig. 6 DSC analysis of untreated 10 mm length bagasse fiber composites
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intermolecular relations at the interface, leading to good adhe-
sion [22]. Figure 5h, i shows the failure surface for 20 wt% of
10 and 20 mm length fiber composites. The failure mode
observed in the fibers shows uneven spreading of matrix, in-
compatibility of fiber and matrix, good dispersion, slight
crack, and small voids. The slight crack and small voids in
the matrix was the foremost reason, for 20 wt% composites to
have a small decrease in tensile strength [23].

3.4 Differential scanning calorimeter

Figures 6 and 7 show differential scanning calorimeter (DSC)
analysis of the neat polymer; untreated and NaOH treated with
different levels of fiber (5 to 20 wt%) added to 10 mm length
and 20 mm length samples are presented. The DSC curves
present endothermic and exothermic processes. The only en-
dothermic peak appeared from room temperature at 100 °C. It
corresponds to the dehydration process to the fiber [24, 25].

An exothermic peak around 150 °C related to residual was
observed in DSC curves of the composites (neat polymer
composite and composites of fiber 5 to 20 wt% (10 and
20 mm length)) (Figs. 6 and 7). Another exothermic peak
was observed at 350 °C, which was related to the decompo-
sition of cellulose present in the untreated samples (0 and 5 to
20wt%) [26]. In respect of 20mm length untreated samples (5
to 20 wt%), Fig. 7 indicates the peak intensities are more than
that of untreated samples of 10 mm length (Fig. 6).

The last stage appears from 550 to 590 °C and is relative to
the final decomposed product of the fibers and the polymer
matrix degradation. The large exothermic events that occur
(Figs. 6 and 7) are assigned to the decomposition process of
the major components of the plant fibers, as discussed above
[27].

The cardanol resin of the composite with 15 wt% of ba-
gasse fiber (10mm length) showed a feeble endothermic event
in the DSC curve. The intense exothermic peak that appears
between 250 and 370 °C in the DSC curves for the composites
15 wt% (10 mm length) corresponds to the thermal decompo-
sition of the major components in this sample.

Figures 8 and 9 represent the DSC curves for 10 and 20mm
NaOH-treated reinforced fiber biocomposite samples relative
to the biocomposite of 0 wt% bagasse fiber. The first stage of
temperature range for biocomposites reinforced with untreat-
ed fiber occurred at 350 °C while for treated with chemical, it
occurred at 355 °C. The second stage for biocomposites with
untreated fiber had a maximum temperature of degradation at
370, 470, and 550 °C, respectively. The last stage reported a
significant difference of temperature for untreated fiber
(15 wt%) (470 °C), chemical treated (15 wt% 10 mm length)
(500 °C) and (570 °C), chemical treated (15 wt% 20 mm
length) (510 and 570 °C). In other words, a variation of 10–
15 °C comparing the composites reinforced by untreated fiber
with composites reinforced by chemical-treated fiber

(15 wt%) was observed. These results reflect a better diffusion
of the resin inside the fibers treated with an alkali solution.

4 Conclusions

The present investigation aimed at studying cardanol-based
bagasse fiber composites. The results are compared with fiber
wt%, length of the fiber, and untreated and NaOH-treated
fiber. Based on the investigations, the following conclusions
are drawn.

Four sets of cardanol-based biocomposites were prepared
by incorporating bagasse fiber cut length 10 mm (chemically
treated and untreated), 20 mm (chemically treated and untreat-
ed) with biopolymer. Five percent NaOH was used for chem-
ical treatment of fiber.

The bagasse cut fibers were blended in various wt% (viz.,
0, 5, 10, 15, and 20 wt%) with cardanol by compression
molding. In total, 17 biocomposites were prepared.

Of the four sets, 15 wt% of 20 mm NaOH-treated fiber
length composite has better mechanical properties, like higher
tensile strength (28 MPa) and impact value (2.5 kJ/m2) than
other wt% composites.

SEM photograph also supports for the same 15 wt% com-
posite with a well-trapped fiber, absence of voids, no cohesion
of fiber, and good adhesion at the fiber–matrix interface.

Comparing untreated and NaOH-treated fiber composites,
it is concluded that the 15wt% of 20mm length NaOH-treated
fiber composite shows the better mechanical properties and
thermal stability compared to neat polymer (0 wt%) composite
and other wt% of untreated and NaOH-treated bagasse fiber
composites.
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