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ABSTRACT

In this study, the influence of sodium hydroxide (NaOH) treatment and microwave treatment of coir fibers on the
mechanical and physical properties of pressed coir fiber/epoxy composite were evaluated. The composite was fab-
ricated with a hand lay-up method with compression molding. Before composite fabrication, pressed coir fiber
was treated with NaOH and microwave treatments. Mechanical testing (tensile, flexural, and impact testing) of
the composite was conducted. Then, water absorption and thickness swelling testing are also performed. The frac-
tured composite surface morphology after the tensile test was analyzed by scanning electronic microscopy (SEM).
The results revealed that tensile, flexural, and impact strengths of composite tend to increase after NaOH treatment
of coir fiber followed by microwave treatment for 10 and 20 minutes of exposure time compared to untreated fiber.
However, for NaOH treatment, the tensile, flexural and, impact strengths of composite reduce. The reducing of the
tensile strength of the composite is due to the agglomeration fiber occurred, which is displayed in the SEM micro-
graph. Furthermore, microwave treatment of fiber for 10 minutes and NaOH treatment followed by microwave
treatment for 20 minutes of exposure time decreases the water absorption and thickness swelling of the composite.
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1 Introduction

Composite materials have been used in various applications like in automotive, structure and aerospace.
In particular, natural fiber composites have been more attention in the last decade because of low density, eco-
friendly and relatively cheap [1–3]. Several natural fibers like ramie [4], flax [2,5], kenaf [6], coir [7], sisal
[2,8], and Borassus [9] have been employed for reinforcement of polyester composite and epoxy composite.
These natural fiber composites have been applied in building, construction, and automotive [10,11].

Among the plant fibers, coir fiber has been developed as a reinforcement polymer composite because it
has advantages due to abundantly available and cheaper for production [12]. Several studies have been
conducted related to coir fiber-reinforced polymer composite with the chemical treatment of fiber for
improving the fiber-matrix adhesion in the composite leading to increase the strength of the composite.
Alkali treatment of coir fiber improved the fiber-matrix bonding on the coir fiber reinforced
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polypropylene composite, which enhances the tensile strength of composite [13]. But, high alkali
concentration and long duration time of treatment can deteriorate of coir fiber, and as a result, decrease
the tensile strength of polypropylene composite [14]. Chemical treatment of coir fiber for reinforcing
polyester composite was also studied by Rout et al. [15]. They concluded that surface treatment of coir
fiber enhances the tensile, flexural, and impact strengths of polyester composite. Besides, Karthikeyan
et al. [16] studied the effect of NaOH treatment of coir fiber on the tensile strength of epoxy composite.
The results show that the tensile strength of the composite increases with increasing NaOH concentration
up to 4%. Otherwise, the decrease in tensile strength is more than 4% NaOH concentration. The chemical
treatment of coir fiber can also enhances the surface roughness of fiber. However, it does not
automatically improve the coir fiber-epoxy bonding in the composite [17].

In addition to chemical treatment, microwave irradiation treatment has also been used for surface
treatment of natural fiber for reinforcement composite. Islam et al. [18] have studied microwave treatment
of the empty fruit bunch (EFB) fiber for reinforcing polypropylene composite. They showed that the
mechanical and thermal properties of composite improved after microwave treatment of fiber. The
treatment of EFB fiber also changed the water absorption of the composite. Furthermore, Mohammed
et al. [19] evaluated the microwave treatment effect with the various temperatures (70, 80, 90°C) on the
sugar palm fiber as reinforcement of polyurethane composite. The best tensile strength of the composite
was attained in the microwave treatment at 70°C and pre-treatment of 6% NaOH. Bakri et al. [20] have
investigated the effect of NaOH treatment and microwave treatment on coir fiber as reinforcement
polyester composite. The mechanical properties of polyester composite tend to improve after the
combined alkali treatment and microwave treatment.

The surface treatment of natural fibers affects not only mechanical properties of composite but also water
absorption and thickness swelling. According to Rout et al. [21], alkali and bleached coir fiber treatment
decreased the water absorption of the composite compared to untreated fiber. The absorbed water can
occur in the cell wall of fiber, the lumen, and also space and defect at the interfaces between fiber and
matrix [22]. The content of water absorption on the composites influences their mechanical properties due
to the effect of water molecules diffusion on the fiber, matrix, and interface of fiber-matrix [23]. The
same study performed by Hamdan et al. [24], and Raghu et al. [25] found that water absorption in the
composite can degrade the adhesion between fiber and matrix consequently decreases the mechanical
properties of composite. Moreover, the thickness swelling is one of the essential characteristics of natural
fiber composite. It is affected by pores or voids’ presence on the surface of the composite [26,27]. Saw
et al. [26] investigated that coir fiber composite has higher the thickness swelling than the jute fiber
composite and the coir/jute hybrid composite. Then, the thickness swelling of the composite is also
influenced by the surface treatment of fiber. It was shown by Singh et al. [28] that decreasing thickness
swelling of fiber occurs after its surface modification.

In the present work, the mechanical and physical properties of pressed coir fiber reinforced epoxy
composite with NaOH and microwave treatments were evaluated. These properties of such composite are
tensile strength, tensile modulus, flexural strength, impact strength, water absorption, and thickness swelling.

2 Materials and Methods

2.1 Materials and Treatment of Coir Fibers
In this research, the composite material was composed of coir fibers and epoxy resin. Coir fibers were

taken from the Tawaeli-Palu area, Central Sulawesi and epoxy resin and hardener were obtained from the
local market.
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2.2 Treatment of Coir Fibers
Coir fibers were rinsed and cleaned with water to remove surface impurities and followed by drying in

room temperature for 48 hours. The treatment of fiber was divided into three parts. First, cleaned coir fibers
was exposed in microwave oven for 10 minutes and 20 minutes [29]. Second, cleaned coir fibers were soaked
in 5 wt% NaOH solution for 24 hours. Fibers then were rinsed and dried for 48 hours in the temperature
room. The NaOH treated coir fibers were exposed in the microwave oven for 10 minutes and 20 minutes.
The microwave oven is set with 100% power. Lastly, the NaOH treated coir fibers were heated in the
conventional oven with 100°C for 2 hours [30].

2.3 Fabrication of Composite
After the treatment of coir fibers, such fibers were then pressed like a mat, which was used to reinforce

epoxy composite. The fabrication of composites was based on the volume fraction. The volume fraction of
coir fibers is 17%, and the epoxy matrix is 83% volume fraction. The epoxy resin was mixed with hardener,
and then it was poured on the pressed coir fiber in the mold. A steel plate mold was used to fabricate the
composite with a hand lay-up method and followed by compression molding with the manual hydraulic
press until 4 ton [20]. Samples of the composite are shown in Tab. 1.

2.4 Mechanical Testing
Mechanical testing of composite consists of three types, which are tensile, flexural, and impact testing.

Universal Testing Machine -TN20MD Controlab type was used to tensile and flexural testing. The tensile
testing was carried out based on ASTM 638-02 with a strain rate of 2 mm/minute. In this testing, six
samples were used to take the mean value of tensile strength and tensile modulus. The sample of tensile
testing used is displayed in Fig. 1a. Then, the flexural test with three point bending was performed
according to ASTM D 790-02 with a strain rate of 4 mm/minute. Seven samples were tested in this
testing to obtain the mean value. Sample of flexural testing used is showed in Fig. 1b.

The impact test was carried out according to the ASTM D 256 using the impact machine. The samples
were made with notch (Fig. 1c).

2.5 SEM Analysis
The fractured surface of the composite after the tensile test was evaluated by scanning electron microscopy

(SEM). The SEM–JEOL JSM 6510 LA type was utilized for the characterization of tensile fracture.

Table 1: Samples of coir fiber reinforced epoxy composite

Samples Fiber treatment Epoxy content (%) Fiber content (%)

UTE Untreatment 83 17

M10E Exposure in Microwave (10 min) 83 17

M20E Exposure in Microwave (20 min) 83 17

2NE NaOH 83 17

NM10E NaOH + Exposure in Microwave (10 min) 83 17

NM20E NaOH + Exposure in Microwave (20 min) 83 17
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2.6 Water Absorption and Thickness Swelling
The physical properties of composite tested in this paper are the water absorption and the thickness

swelling. The dimension of the water absorption sample is 25.4 mm wide by 76.2 mm long by thickness of
the composite. The water absorption test was used based on the standard test method of ASTM D 570-98.
To calculate the percentage of water absorption after immersion, the formula used is the following Eq. (1).

%W ¼ Wt �Wo

Wo
� 100 (1)

where Wt is the wet weight after immersion, and Wo is the conditioned weight.

The sample of thickness swelling is the same as the sample of water absorption. When the water
absorption test was conducted, the thickness of all samples was also measured to determine the thickness
swelling (TS). TS can be calculated based on the following Eq. (2) [27].

%TS ¼ ht � ho
ho

� 100 (2)

where ht and ho are the sample thickness after and before the water immersion

3 Results and Discussions

3.1 Tensile Strength
The tensile strength of pressed coir fiber/epoxy composite results is shown in Fig. 2a and Tab. 2. It shows

that the tensile strength of pressed coir fiber reinforced epoxy composite tends to increase after coir fibers
with NaOH and microwave treatment. The tensile strength of the 2NE sample (11.24 MPa) decreased
compared to the untreated fiber composite (UTE) (14.54 MPa), approximately 22.7% due to the
possibility of the fiber agglomeration and the effect of the fabrication process of the composite. From
Fig. 2a, the NM20E sample is a higher tensile strength (22.33 MPa) than other samples. The tensile
strength of the NM20E sample increases 53.6% from the untreated fiber (UTE) sample. It may be caused
by excellent fiber and matrix bonding in the composite. It is supported by an image of SEM (Fig. 5f),
which displays the better fiber-matrix adhesion, and the fracture fibers occur when the loading is released
in the composite. The surface modification of fiber may induce for enhancing the interface bonding
between fiber and matrix [13,31] because of mechanical interlocking occurs [32].

Figure 1: Samples of (a) tensile testing (b) flexural testing, and (c) impact testing
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As shown in Fig. 2b, Young’s modulus of composites is a similar trend of the tensile strength. 2NE
sample also has a lower tensile modulus (134.53 MPa) (Tab. 2) than other samples. The decrease of
Young’s modulus from 2NE sample to untreated (UTE) sample is 38.8%. Meanwhile, the NM20E sample
of the composite has the highest Young’s modulus (280.26 MPa), approximately 27.6% from the UTE
sample. After fiber treatment, the higher Young’s modulus of composites is related to the higher stiffness
of composites [33].

3.2 Flexural Strength
Fig. 3 displays the relationship between flexural strength and the NaOH and microwave treatments of

coir fibers reinforced epoxy composite. The flexural strength of composite declines after fiber treatment
with microwave for 10 minutes (M10E) and 20 minutes (M20E), and also NaOH treatment (2NE)
compared to untreated fiber. These decrease are 8.5%, 17.5% and 39.4%, respectively. In this case, the
decrease of flexural strength may be caused by weak fiber-matrix adhesion and also the presence of voids
in the composite. In M20E and 2NE of composite, these samples display the agglomeration of fiber,
which may lead to the flexural strength effect. In NaOH treatment (2NE) of coir fiber, the flexural
strength of epoxy composite in this paper has the opposite flexural strength result of the polyester
composite as previously published by authors [20]. The difference of matrix and also distribution fiber in

Figure 2: (a) Tensile strength and (b) Young’s modulus of pressed coir fiber/epoxy composites

Table 2: Mechanical properties of pressed coir fiber reinforced epoxy composite

Samples Tensile strength
(MPa)

Young’s modulus
(MPa)

Flexural strength
(MPa)

Impact strength
(J/m2)

UTE 14.54 (6.98)a 219.64 (69.86) 42.56 (10.30) 3.24 (0.86)

M10E 17.11 (1.57) 238.34 (36.57) 38.94 (6.49) 2.74 (0.72)

M20E 17.50 (0.40) 237.40 (42.17) 35.13 (7.06) 1.88 (0.14)

2NE 11.24 (2.68) 134.53 (62.08) 25.78 (4.23) 2.55 (0.03)

NM10E 17.00 (2.21) 269.06 (55.03) 51.26 (11.71) 4.13 (1.27)

NM20E 22.33 (0.84) 280.26 (66.74) 54.96 (7.87) 3.62 (1.02)
Note: aValues in parenthesses are standard deviation
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the composite may lead to the difference in these results. The flexural strength of NM10E (51.26 MPa) and
NM20E (54.96 MPa) samples enhanced 20.4% and 29.1%, respectively, compared to untreated fiber (UTE)
(42.56 MPa) sample (Tab. 2). These improvements can be influenced by the better fiber-matrix bonding and
also may be caused by a proper distribution of fiber in the composite [34].

3.3 Impact Strength
The impact strength of untreated and treated coir fiber reinforced epoxy composite is presented in Fig. 4.

The value of impact strength varied from 1.88 kJ/m2 to 4.13 kJ/m2 (Tab. 2). The impact strengths of
composite reduce after microwave treatment of fiber for 10 minutes (M10E) and 20 minutes (M20E)
exposure time, and NaOH treatment (N2E) of fiber compared to untreated fiber. These reducing are
15.3%, 41.9%, and 21.32%, respectively. Otherwise, the impact strength of treated fiber composites with
NaOH treatment of fiber followed by microwave treatment for 10 minutes (NM10E) and 20 minutes
(NM20E) increase compared to untreated fiber. The increase of this impact strength may be caused by the
improvement of fiber-matrix adhesion so that the composite has a high impact strength for failure during
the impact test [35]. The NM10E sample is the highest impact strength (4.13 kJ/m2). This increase is
approximately 27.67% from untreated fiber composite (UTE).

Figure 3: Flexural strength of pressed coir fiber/epoxy composites

Figure 4: Impact strength of pressed coir fiber/epoxy composites
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3.4 SEM Analysis
Fig. 5 presents SEM images of composite fracture after tensile testing. In Figs. 5a, 5b, and 5e, some

voids, the pull-out, and debonding of fiber-matrix appear in the composite. These lead to an influence on
the tensile strength of the composite. The agglomeration of fiber in the composite is also shown in the
micrographs (Figs. 5c and 5d), which may cause the weak bonding between fiber and matrix inducing to
the strength of the composite reduced. Fig. 5f displays the tensile fracture surface of epoxy composite
reinforced with NaOH treatment of fiber followed by microwave treatment for 20 minutes (NM20E). The
surface shows fewer voids and almost inexistent of fiber pull-out. Also, several fibers were cut-off or
fiber fracture ends, which indicate strong bonding between fiber and matrix [15]. It causes better strength
properties of the composite.

Figure 5: SEM images of tensile fracture of pressed coir fiber/epoxy composite: (a) UTE, (b) M10E, (c)
M20E, (d) 2NE, (e) NM10E, and (f) NM20E
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3.5 Water Absorption and Thickness Swelling
The influence of immersion time on water absorption of pressed coir fiber reinforced epoxy composite

with untreated and treated coir fibers can be seen in Fig. 6a. The water absorption of all samples increased
rapidly after 48 hours of soaking. After this time, water absorption rises gradually for all samples due to
saturated moisture content closely achieved. Composite with NaOH treatment (2NE) of fiber has higher
water absorption than other samples. It indicates that it absorbs more water due to the lack of fiber-matrix
bonding [22] and also may be more void content in the composite, which causes absorption occurred
quickly [36]. The water absorption of M10E and NM20E samples is smaller than that of untreated fiber
composite (UTE), and the decrease is around 10.93% and 8.59%, respectively. Regarding mechanical
properties, moisture or water absorption can influence the mechanical properties of the composite. Water
absorption in the composite can damage fiber-matrix adhesion so that it reduces the mechanical properties
of composite [23–25].

Fig. 6b shows the correlation between immersion time and thickness swelling of the composite. The
thickness of composite change when composites are soaked in the water for a certain time because water
molecules absorb into the fiber through interface fiber-matrix with a capillary action mechanism [26]. The
presence of voids on the surface of composite also influences the change of the composite dimension.
Thickness swelling increases rapidly for all samples after 24 hours of soaking. However, further this time,
the thickness swelling of composites tends to grow slowly due to closely saturated moisture content. The

Figure 6: The immersion time on (a) water absorption properties (b) thickness swelling properties and (c)
water absorption and thickness swelling correlation of pressed coir fiber/epoxy composites
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2NE sample has a higher thickness swelling than other samples, while the M10E sample is lower thickness
swelling than other samples. It is related to water absorption.

Fig. 6c displays the correlation between the water absorption (W) and the thickness swelling (TS) of the
composites. After fitting linear, the relationship between Wand TS is shown by R-squared value on the chart
(R2 = 0.92), which means are closely related. Shakeri et al. [27] have studied this correlation for recycled
newspaper-glass fiber hybrid reinforced polypropylene composite. The correlation between thickness
swelling and water absorption can be formulated as the following Eq. (3).

TS ¼ 1:10W � 11:67 (3)

4 Conclusion

NaOH and microwave treatments influenced the mechanical and physical properties of coir fiber
reinforced epoxy composite. Tensile strength, Young’s modulus, flexural strength, and impact strengths of
the composite enhance after NaOH treatment of coir fiber followed by microwave treatment for 10
minutes and 20 minutes of exposure time compared to untreated fiber. Meanwhile, these strengths of
composite reduce after NaOH treatment (2NE) due to agglomeration fiber occurs in the composite, which
is displayed in the SEM micrograph leading to the lack of adhesion between fiber and matrix. Besides,
microwave treatment of fiber for 10 minutes and NaOH treatment followed by microwave treatment for
20 minutes reduced water absorption and thickness swelling of the composite. Lastly, the relationship
between the water absorption and thickness swelling was formulated.
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