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ABSTRACT: Coir fiber is a suitable raw material to serve the purpose of green composite. Both physical and chemical
treatments were performed to minimize the hydrophilic nature of coir fiber. Alkali treatment with NaOH
(20%,chemical in nature) were performed on coir fiber by varying the treatment time duration for 1hr, 3hr, Shr and 7hr.
Oven treatment (physical in nature) were performed for 5hr at a temperature of 90°C on NaOH treated coir fiber. From
the FESEM, XRD and FTIR analysis it has been confirmed that 20% NaOH treated coir fiber for 3hr treatment is better
for composite preparation due to proper roughness and surface characteristic. FTIR study confirms the reduction of
hydrophilic group and XRD study confirms the crystallinity. Lapox as a resin with K-6 hardener used for composite
preparation along with 15% (wt/v) coir fiber. Instron analysis confirms that flexural strength is highest for composite
prepared with 3hr NaOH treated coir fiber.
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1. INTRODUCTION

Composite has significant importance in modern days. Any composite consist of one or more discrete phases embedded
in a continuous phases to produce a multiphase material which possesses the properties which is not obtainable with the
individual constituent material acting alone. Discrete and matrix phase are two basic phases of any composite. Matrix
phases hold the spread phases whereas discrete phases provide the strength, rigidity and hardness to composite.
Generally fiber is used as discrete material and epoxy as matrix materials for natural composites. Fiber is a rope or
string utilized as a part of composite materials. It comprises of a large number of filaments having a measurement
between 5-15 micrometres. There are numerous advantages of natural fiber on reinforcing material due to properties
like low density, minimal effort, good thermal coefficient, strength and biodegradability [1,7]. All these properties
make natural fiber mainstream over synthetic fiber. The cellulose and lignin content of natural fiber plays major role in
composite preparation. From the literature survey it has been found that coir fiber is suitable for the flexural strength
analysis due to its superior properties over other composite and ongoing research interest. The objective was to prepare
a composite of high flexural strength and contribute the quality scientific information. Several parameters and useful
information has been taken from the literature survey for the improvement of flexural strength [15-24].

Starting from the basic definition to current research work in the field of natural fibers with basic element has been
discussed by Chandramohan et al., 2011 [1]. Coir fiber reinforcement has been discussed briefly in Verma et al. paper
2013 [2]. Mechanical properties of coir fiber composite has been studied by many people. Several kind of chemical
treatment like NaOH, KMnO, and H,0, with different time duration has been performed for the improvement of
mechanical properties. Chemical treatment with 20% NaOH for 3hr and physical treatment at a temperature of 90°C
using an oven for 5hr are suitable and preferred [3]. The untreated coir fiber washed with an incubator under
mechanical stirring provided with certain temperature range [4]. Calculation of the flexural strength using universal
testing machine with different ASTM standard has been discussed in Manikam et al. paper [5]. Mechanical testing like
stress-strain curve and different failure of chemically treated coir fiber has been discussed in Mir et al. and Natarajan et
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al. [6,10]. Fabrication of composite with fiber weight percentage, fiber length and specimen preparation for flexural
strength measurement of composites has been discussed briefly in thesis work [7].

1. MATERIAL AND METHOD

Coir fiber is extracted from the husk of coconut. Physical and chemical treatments are necessary to make it suitable for
matrix reinforcement. It is also useful for enhancement of surface morphology i.e. surface roughness and moieties.
Reducing the hydrophilic group, moisture contains and crystallinity improvement are also part of the treatments. The
changes occurred in the fiber during the treatments studied with the help of FESEM, XRD and FTIR. FESEM provide
the surface morphology data, XRD about the characteristic properties and FTIR about the chemical bonding.

Matrix materials, fiber and hardener are necessary for composite fabrication. Polymer matrix material are most widely
used among all due to its cost effectiveness, ease of fabrication with less tooling rate and tremendous room temperature
property. The common matrix material are epoxy, polyurethane, phenolic, polyester, polyetheretherketone (PEEK),
vinyl ester etc. Among these material PEEK and epoxy are generally utilized however epoxy is favored because of its
better properties like adhesiveness to wide variety of fibres, prevalent mechanical and electrical properties and great
execution at elevated temperatures. Epoxy is picked as the matrix material for the composite preparation. Chemically it
has a place with the "epoxide" family and its regular name of epoxy is bisphenol A diglycidyl ethers. Lapox is used as a
resin along with K-6 hardener. Coir is used as fiber materials.

11-A. PREPARATION OF COIR FIBER

Coir is a versatile lingo-cellulosic natural fibre extracted from mesocarp tissue, or husk of the coconut. Raw coir were
extracted and broken into small pieces for drying in sun rays. Dust of coir was separated by traditional method. The
process was repeated several times to prepare the coir fiber.

11-B. CLEANING OF COIR FIBER

Coir fiber washed with 2% detergent solution to remove the surface dirt using an incubator with a rotation of 20 RPM,
temperature of 30°-60°C, duration of 2hr for uniform cleaning. Fiber removed from the incubator and washed with
distilled water followed by drying with an air dryer to remove the extra moisture. Again it is dried with an oven at a
temperature of 20°C to gain constant weight. Extra surface dirt separated from single coir fiber to prepare it as
untreated fiber [8].

1I-C. CHEMICAL TREATMENT USING NaOH

Raw coir fiber soaked in 250ml NaOH solution (20% concentration) for a time duration of 1hr, 3hr, 5hr and 7hr. The
fiber were removed from the solution and washed with distilled water to remove the excess solution present in the fiber.
The extra moisture evacuated from the fiber using a dryer.

11-D. PHYSICAL TREATMENT USING OVEN

Raw fiber and NaOH treated fiber were taken inside the oven and treated for 5Shr at a temperature of 90°C. The fiber
removed from the oven after the treatment and packed with different polythene packet coated with Aluminum foil. It
has been kept inside desiccators to protect from the atmospheric moisture. After the physical treatment the coir fiber
was ready for the scientific analysis.

1I-E. COMPOSITE FABRICATION

A handmade indigenous wooden mold prepared with plywood, glue and small nails was used for fabrication of
composites. The length of wooden mold was 15 cm, breadth was 5 cm and thickness was 6 mm. Releasing plastic was
applied in the bottom of the wooden mold and heavy duty silicon spray was applied to releasing plastic for the easy
removal of the composite plate. Initially, epoxy and hardener were mixed together in a beaker on a weight percentage
of 10:1 to form matrix. Raw and treated coir fiber were cut into small pieces (20 mm in length) and mixed with a
weight percentage of 15% with the epoxy. A stirrer were used for 10 minutes to maintain the uniformity of the mixture.
The matrix mixture distributed uniformly over the wooden mold and strapped down with an iron roller to evade and
eliminate the air bubbles. The top of wooden mold filled with composite is covered with a glass coated with releasing
plastic and sprayed with silicon spray. A heavy load is applied to remove the extra matrix. The composite plate were
removed from the wooden mold after the curing at room temperature for 24hr [9]. The small hacksaw and zig saw were
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used to prepare the specimen for flexural strength analysis. For flexural strength; length, breadth and thickness were 50
mm, 30 mm and 6 mm.

(c) Heavy load to remove extra matrix (d) Fabricated composite

Figure 2.1. Composite Fabrication with different step

! 50 mm |

Thickness =6 mm

Figure 2.2. Specimen for flexural strength
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1. RESULT AND DISCUSSION

I11-A. SURFACE MORPHOLOGY USING SCANNING ELECTRON MICROSCOPE

Mechanical properties of composite depend on fiber reinforcement and fiber content. In below (Figure 3.1), figure (a, a”)
shows the surface morphology of untreated single coir fiber with two different magnification. The fiber surface is
looking smooth which indicates that the surface is still filled with impurities. The surface morphology of different
treatments has been demonstrated with rest of figures. It confirm that surface roughness is increasing for (b, b’) and (c,
¢’). Surface bond breaking begins with (d, d’) and (e, €’). Impurities and surface bond breaking are unsuitable for
adhesion in between fiber and matrix. Among all (c, ¢’) is suitable for the fiber reinforcement with the matrix materials

B3]

17 P

(b) 1hr N
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Figure 3.1. Surface Morphology of treated and untreated fiber
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111-B.CHARECTERIZATION USING X-RAY DIFFRACTION

The XRD pattern of raw and NaOH treated coir fibers for 1hr, 3hr, 5hr and 7hr are shown in figure 3.2 and figure 3.3.
In figure 3.4, 26 with respect to different coir fiber has been shown. The diffractograms of both dewaxed and raw coir
fiber shows a well-defined main peak around 26 = 25.5°, which is characteristic of cellulose. It has been seen that after
dewaxing, 20 is increasing up to 3hr NaOH treated coir fiber and decreasing after it. Inter planar spacing is decreasing
up to 3hr NaOH treated coir fiber (more dense) and increasing after it. From the above it has been concluded that coir
fiber is going through squeezing up to 3hr NaOH treated coir fiber and swelling happening after the 3hr NaOH
treatment. Finally it confirms that crystallinity is more in case of 3hr NaOH treated coir fiber [11].
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Figure 3.2. Diffraction pattern of coir fiber with different Figure 3.3. Diffraction pattern at peak position of coir
treatment fiber with different treatment

20 |—*— Value of 29
25.9 4

I 25.8 - Y

% 25.7 - /
25.6
255

T T T T T
Raw 1hr 3hr Shr 7hr
Different Coir with Treatment

Figure 3.4.Value of 26 for different coir fiber

111-C.FOURIER TRANSFORM INFRARED SPECTRA ANALYSIS
Wave number and their corresponding group has been shown for coir fiber in table 3.1.

Wave number(cm®) | Corresponding Group
3406.87 (OH) broad, strong band from the cellulose, hemicellulose and lignin
2926.02 (C-H) in aromatic ring and alkane
1740.42 (C=0) most probably from lignin and hemicellulose
1610.96 (C=C) aromatic in plane
1516.54 (C=C) aromatic skeletal ring vibration due to lignin
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1473.71 (C-H);(C-OH) primary and secondary alcohol
1422.12 (C-H) primary and secondary alcohol
1370.53 (C-H) primary and secondary alcohol
1258.59 (C-OH) out of plane

1121.54 (C-0O-C) stretching

1044.45 (C-OH) secondary alcohol

898.44 (C-0-C) in plane symmetry

Table 3.1. FTIR data analysis

FTIR analysis shows that OH stretching vibration (3406.87 cm™) is decreasing. The bond stretching for hydrogen bond
at OH starching and ester group C-O stretching appear at 3406.87 cm™ and 1740 cm™ respectively. A reduction in inter
molecular/intra molecular hydrogen bonding among the hydroxyl group of cellulose ,hemicellulose and removal of
hemicellulose upon alkali treatment results in decrease in the transmittance area ratio of both of these peak to the
internal standard peak after alkali treatment. The aromatic bond of lignin band (1516.54 cm™) displays a decreased
absorbed intensity ratio after dewaxing which confirms the decrease of lignin content in the dewaxed fiber. The
presence of peak at 2950 cm™ is due to the —CH, stretching vibration and its intensity increases up to 3 hour. There
after it decreases up to 7hr which shows that at 3hr the (-CHy) bridging unit is maximum [12-14].
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Figure 3.5. FTIR spectra of coir fiber with different treatment

111-D. FLEXUARAL STRENGTH ANALYSIS USING INSTRON

Flexural strength of composite prepared with raw coir fiber and treated coir fiber has been shown in figure 3.6. It
confirms that flexural strength is highest for 3hr NaOH treated coir fiber. The interfacial zone plays a vital role in fiber
reinforcement and which leads to transfer the load between fiber and matrix which consequently affects the mechanical
properties such as strength. From surface morphology it has also been seen that interfacial zone was better in case of
3hr treated NaOH coir fiber. So it demonstrates that flexural failure depends mainly on the fiber and matrix adhesion.
The increased value of flexural strength in case of 3hr NaOH coir fiber is due to the increase in effective surface area
available for contact with the matrix. Impurities removed from the surface of 3hr NaOH treated coir fiber and replaced
by epoxy in composite which creates an active bond with increased static force due to the rough surface of the coir fiber
[11].
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Figure 3.6. Flexural strength of coir fiber with different treatment
IV.  CONCLUSION

On the basis of above work it has been found 3hr treated NaOH coir fiber is suitable for preparation of composite.
From surface morphology it has been observed that adhesiveness is more in case of 3hr NaOH treated fiber which is
suitable for bonding. 3hr NaOH treated coir fiber is maintain a proper surface roughness which leads to increase in the
flexural strength of composite prepared with it. XRD analysis confirm that crystallization is increase up to 3hr NaOH
treated coir fiber. NaOH treated coir fiber for a duration of 5hr and 7hr are going through swelling which leads to
decrease in crystallinity. From FTIR spectroscopy it has been seen that amount of lignin content is decreasing in case of
NaOH treated coir fiber. At the end it has been concluded that flexural strength is more in case of composite prepared
with 3hr NaOH treated coir fiber. Overall it has been observed that chemical treatment can change the surface
morphology. Proper surface roughness, adhesiveness always leads to increase in flexural strength of the composite.
First and second treatment leads to increase in crystallization on the surface of the coir fiber, while third and fourth
treatment creates trench groove on the surface of coir fiber. Coir fiber (3hr NaOH treated, physically at a temperature
of 90°C for 5hr) is suitable for the composite preparation and better flexural strength.

V. FUTURE SCOPE

The researcher may study different mechanical strength analysis for the above work. Further, they can analyse the
dielectric properties and water absorption capacity.
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