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Abstract: The growing rate in use of non-biodegradable products and improper disposable methods has posed a 
serious threat on entire living population. Human role and activities are wholly responsible for this issue. The use 
of natural fiber as a reinforcement in composite industry was practiced since a long time. With the development 
of synthetic fiber such as glass and carbon there was decrease in interest towards these natural fiber composites 
during the past 80 years .Growing popularity of synthetic fibers had threatened the development of natural fibers. 
Natural fibers are being used as reinforcement in the polymer matrix composites. Natural fibers composites are 
material made up of a polymer resin reinforced by fibers. The interfacial adhesion between the polymer matrix 
and the fiber affects the properties of a composite. The surface modification with chemical surface treatment 
of fiber improves the fiber and matrix adhesion, tensile strength and flexural properties of the composites. The 
natural fibers are hydrophilic while the polymer resins are hydrophobic in nature. This is the main reason of poor 
adhesion between them. The aim of my research work is testing the coconut fiber reinforced polymer composite 
for measuring the flexural properties. The study indicates that chemically treated coconut fiber may be considered 
as an alternative for the manufacturing of the polymeric composites with the help of injection molding technique. 
The chemical treatment of coconut fiber with NaOH + distilled water and maleic anhydride + acetone leads to 
remove the waxy substances and enhances the roughness of fiber surface. The addition of recycled HDPE into 
fresh HDPE enhances the flexural strength by 30.98%. Flexural strength increases with the addition of chemically 
treated coconut fiber into HDPE matrix having equal proportion of fresh and recycled HDPE. The flexural strength 
of composite containing 20% and 30% hemp fiber are respectively higher by around 2.72 MPa and 1.99 MPa when 
compared with specimen made of 50% fresh and 50% recycled HDPE.

Keywords: American Society for Testing and Materials, Fresh High Density Polyethylene, Low Density Polyethylene, 
Sodium Hydroxide, Recycled High Density Polyethylene.

in the human society that has provoked the use of 
natural fiber composite for environmental reasons 
has once again assured the interest towards natural 
fibers. This successful period has been influenced by 
a number of factors including growing environmental 
and health concerns. Natural fibers are being used 
as reinforcement in the polymer matrix composites. 
Natural fibers composites are material made up of a 
polymer resin reinforced by fibers [3]. The interfacial 
adhesion between the polymer matrix and the fiber 
affects the properties of a composite. The surface 
modification with chemical surface treatment of 
fiber improves the fiber and matrix adhesion, tensile 
strength and flexural properties of the composites [4].

IntroduCtIon1. 

The growing rate in use of non-biodegradable 
products and improper disposable methods has 
posed a serious threat on entire living population [1]. 
Human role and activities are wholly responsible for 
this issue. The use of natural fiber as a reinforcement 
in composite industry was practiced since a long time. 
With the development of synthetic fiber such as glass 
and carbon there was decrease in interest towards 
these natural fiber composites during the past 80 
years[2]. Growing popularity of synthetic fibers 
had threatened the development of natural fibers. 
However in recent years the rises in awareness level 
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exPerImental ProCedure2. 

a. raw material

Coconut fibers and high density polyethylene (both 
fresh and recycled) are used in this study to prepare 
the composites samples [5]. For carrying out chemical 
treatment of coconut fibers sodium hydroxide, maleic 
anhydride and acetone were employed.

B. surface modification of Coconut fibres

1. Sodium Hydroxide Treatment: Coconut fibers, 
which are extracted from coconut shell, were 
chemically treated in order to remove lignin-
containing materials such as pectin, waxy substances 
and natural oils covering the external surface of 
the fiber cell wall [6]. The literature confirms that 
Sodium hydroxide (NaOH) is the most commonly 
used chemical for bleaching and cleaning the surface 
of plant fibers. For the purpose of chemical treatment, 
coconut fibers of size between 4 to 5 mm (Figure 1) 
are washed with distilled water and then dried in 
an oven at 20°C for 1 hour for the removal of oil, 
dust or foreign particles, which commonly affect the 
properties of fiber and its resulting composites [7].

figure 1: Chopped coconut fibers (size 4-5 mm)

Following drying in oven the coconut fibers were 
first treated with 8 wt. % NaOH solution in distilled 
water. The coconut fibers were soaked in this 
solution for 2 hours (Figure 2). NaOH treated fibers 
were then washed with distilled water (Figure 3) 
till the pH of the fibers reached a neutral value i.e. 7 
[8]. Finally these fibers were dried in oven (Figure 4) 
at 105°C for 1 hour.

8 weight % of NaOH solution = % weight of 
NaOH/100 ¥ Molecular Weight of NaOH

Molecular weight of NaOH = 23 + 16 + 1 = 40

Therefore, 8 wt. % of NaOH solution = 
8

100
40¥

 = 3.2g

figure 2: soaking of coconut fibers in naoh solution

figure 3: Coconut fibers having ph = 7

figure 4: Coconut fibers in oven for drying

2. Maleic anhydride treatment: The 10 wt. % solution 
of Maleic Anhydride (MA), Figure 5, was prepared 
in acetone, as per calculations shown below [9]. 
The coconut fibers were soaked in this solution 
for 2 hours (Figure 6) and thereafter washed with 
distilled water (Figure 7) till the pH of fibers reached 
at neutral i.e. 7. The neutral coconut fibers were 
again dried in oven at 105°C for 1 hour (Figure 8). 
Dried coconut fibers were kept in sealed packet with 
silica gel (Figure 9) to prevent them from moisture 
absorption.



Investigation of Flexural Behavior of Coconut Fiber Reinforced Fresh/recycled High Density Polyethylene  69

10 wt.% of MA solution

 = 
% age of MA

100
 ¥ Molecular weight of MA

Molecular Weight of MA (C4H2O3) = (12 ¥ 4) + 
(1 ¥ 2) + (16 ¥ 3) = 98

Therefore,10  wt. % of MA solution = 
10

100
 ¥ 98

= 9.8 g

figure 5: maleic anhydride crystals

figure 6: soaking of coconut fibers in ma solution

figure 7: Washing of coconut fibers in distilled water

figure 8: dried ma treated coconut fibers

figure 9: silica gel packets

3. Composite Fabrication: Twelve common types 
of thermoplastics with different natural fibers 
were suggested by Velde (2001). It was concluded 
that polypropylene (PP), low density polyethylene 
(LDPE), and high density polyethylene (HDPE) 
are suitable to be matrix in natural fiber-reinforced 
composites because they have lower characteristic 
temperatures and higher mold shrinkage although 
their mechanical properties are relatively low. High 
Density polyethylene, containing 50% recycled 
HDPE (RHDPE) [10-13] and 50% fresh HDPE 
(FHDPE), is used as matrix and coconut fibers as 
reinforcement to fabricate the composite. HDPE 
is used as a matrix material because they can be 
easily molded. They often need additional strength 
or additional stiffness gained from reinforcement 
(Strong et. al., 2000). Injection molding technique 
is used to fabricate the composite with ASTM 
standards. The chain structure of the polyethylene 
is shown in the Figure 10 below.

Figure 11 represents the different forms of HDPE 
matrices. The white colored grains in Figure 11(a) 
represents the fresh form of PE whereas Figure 11(b)
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figure 10: Polymer repeating unit for polyethylene 
(strong et. al., 2000)

represents recycled form of HDPE [14-16] matrix 
and Figure 11(c) represents grains with a mixture 
of 50-50 fresh and recycled HDPE which is used in 
manufacturing of the required composites.

(a)

(b)

(c)

figure 11: hdPe matrices: (a) fresh hdPe (b) recycled 
hdPe (c) fresh + recycled hdPe in 50- 50 proportions

Figure 12 represents the drawing of the specimen 
for flexural strength testing. For flexural testing, the 
specimen is made in flat shape die.

figure 12: dimensions for flexural test specimen

The schematic views of dies for flexural specimen 
are shown in Figure 13(a). The specimen for tensile 
and flexural strength is fabricated with injection 
molding machine (Model M 30 at Aarju Plastics Pvt. 
Ltd.) as shown in Figure 13(b).

(a)

(b)
figure 13: Injection molding process (a) die for flexural 
test specimen (b) Injection molding machine

The specimens obtained after injection 
molding technique are shown in Figure 14. After 
manufacturing; the specimens are kept in silica gel 
packs to prevent them from absorbing any moisture 
content.
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figure 14: specimens for flexural strength

4. Flexural Strength: Flexural strength is the ability 
of the composite material to withstand bending 
forces applied perpendicular to its longitudinal 
axis. Flexural test were performed using 3-point 
bending method according to ASTM D790 standard 
procedure. The loading arrangement of the specimen 
was shown in Figure 15.

(a)

(b)
figure 15: flexural testing (a) specimen before loading 
(b) specimen after loading

result and dIsCussIons3. 

Specimen obtained after injection molding process 
was tested to evaluate the flexural strength of 
coconut fiber reinforced polyethylene composites. 
Flexural strength of HDPE composites with 
10%, 20% and 30% fiber loading was obtained in 

accordance with ASTM D 790 standard. Table 1 
shows the comparison of flexural strength of various 
specimens. The flexural strength of specimen-F4, 
containing equal proportion of fresh and recycled 
HDPE, is about 30.98 % higher than the specimen-
F5 made of fresh HDPE alone, Figure 16. In general, 
on reinforcing coconut fibers into polymer matrix 
the flexural strength increases, except for a slightly 
lower flexural strength observed for specimen-F3 
(10% coconut fiber).The flexural strength of sample 
F2 having 20% fiber content is highest among 
all. The flexural strength of composite containing 
20% and 30% hemp fiber are respectively higher 
by around 2.72MPa and 1.99MPa when compared 
with specimen made of 50% fresh and 50% recycled 
HDPE. The flexural strength of sample F2 with 
20% fiber loading is 8.23MPa higher than sample 
F5 having 100% FHDPE. The slight decrease in the 
flexural strength of sample containing 30% fiber 
loading may be due to improper fiber orientation 
during preparation of composite but still it is higher 
than samples obtained without fiber loading.

figure 16: variations of flexural strength

table 1 
flexural properties of coconut fiber reinforced 

hdPe composites

S. 
No. Composition Test 

Standard
Flexural

Strength (MPa)

F1 10% Coconut + 90% 
(FHDPE + RHDPE)

ASTM D 
790

18.77

F2 20% Coconut + 80% 
(FHDPE + RHDPE)

20.50

F3 30% Coconut + 70% 
(FHDPE + RHDPE)

19.77

F4 50% FHDPE + 50% RHDPE 17.78

F5 100% FHDPE 12.27
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The surface morphology through SEM provides 
excellent technique for examining the surface of 
fibers and fractured surface of the composites. 
Figure 17 shows the microstructure of coconut fiber 
before and after chemical treatment. The shining 
surfaces in Figure 17 (a) show the presence of waxy 
substances on the surface of coconut fiber before 
chemical treatment whereas Figure 17 (b) shows 
the rough surface of coconut fiber after chemical 
treatment. The chemical treatment of coconut fiber 
leads to remove the waxy substances and enhances 
the roughness of fiber surface.

(a)

(b)
figure 17: sem Images of coconut fiber (a) Coconut 
fiber before chemical treatment (b) Coconut fiber after 
chemical treatment

ConClusIons4. 

Following are the conclusions of the present 
research based on the experimental results and the 
discussions:

 1. The study indicates that chemically treated 
coconut fiber may be considered as an 

alternative for the manufacturing of the 
polymeric composites with the help of 
injection molding technique.

 2. The chemical treatment of coconut fiber 
with NaOH + distilled water and maleic 
anhydride + acetone leads to remove 
the waxy substances and enhances the 
roughness of fiber surface.

 3. The addition of recycled HDPE into fresh 
HDPE enhances flexural strength by 30.98%.

 4. Flexural strength increases with the 
addition of chemically treated coconut fiber 
into HDPE matrix having equal proportion 
of fresh and recycled HDPE. The flexural 
strength of composite containing 20% and 
30% hemp fiber are respectively higher 
by around 2.72 MPa and 1.99 MPa when 
compared with specimen made of 50% fresh 
and 50% recycled HDPE.
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