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Abstract

Fiber-reinforced polymer (FRP) composites have gradually gained wide ac-
ceptance as engineering material applications due to their unique advantages
including their high strength-to-weight ratio and excellent corrosion resis-
tance. This study was carried out with composites prepared by hot press
molding method using coconut spathe fiber as reinforcing material and
HDPE (from HDPE can as obsolete polymer) as polymer matrix. Composites
were made at 150°C under 60 kN load by taking diverse weight percentage
(wt.%) of fiber from 0 to 20 of its total weight. In this research investigation,
different properties of the composites such as bulk density, water absorption,
tensile and flexural properties, impact strength and hardness test properties
were carried out. The fiber content enhancement increases the bulk density in
all composites. The rate of water absorption improves with the improvement
of fiber addition with respect to HDPE in all composites. But the water ab-
sorption was not increased uniformly with the increase of fiber addition in
composites. In all cases, composites absorbed water very rapidly up to 80 hrs
and then water absorption is in saturated condition. The mechanical proper-
ties like tensile strength (TS), flexural strength (FS), impact strength (IS) and
hardness were observed to be comparatively more enhanced for 5% compo-
site, while further increasing of fiber addition, all mechanical properties
changes irregularly. The irregular nature of change might be caused due to
the over loading of fiber in polymer matrix.
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1. Introduction

In composite materials, the usage of natural fibers has increased day by day, be-
cause they execute the sustainability criteria for development, are enthusiastical-
ly available at a cheap expenditure from the renewable sources and advantaged
over synthetic fibers as reinforcement [1] [2] [3]. Over the last few decades, nat-
ural fibers reinforced polymeric (NFRP) composites material was used as a sig-
nificant development of cellulosic material, because of its wide range of applica-
tions and their excellent sustainability, biodegradability, low density [4] [5] [6]
[7]. To harvest sustainable composites for numerous applications, some re-
searchers suggested with the idea of emphasizing diverse natural fibers in poly-
mers matrix [8]. Natural fibers like henequen, sisal, jute, coir, etc. make them at-
tractive as reinforcing materials for the substitution of engineering artificial fi-
bers because of some beneficial physical and mechanical properties [9] [10] [11]
[12]. Moreover, in order to save energy in several industrial applications, un-
filled tubular structure of natural fiber enhances their acoustic and thermal in-
sulating properties [13] [14] [15] [16] [17]. A huge amount of coconut wastes,
roughly estimated 12.75 t dry lignocelluloses residues, are produced yearly from
husks, spathes, peduncles, petioles, leaves. This provides a bright prospect for
utilizing these residues and panels production for the construction industry [18].
The covering of the coconut inflorescence used as coconut spathe fiber in this
research, is an under-exploited material with significant prospective in this re-
spect. Research has been done with coconut palm (Cocos Nucifera) and different
part from coconut palm tree, as like as, rachis, rachilla, spathe, root, coir have
been examined and concluded that all parts can be used in composite, leaf bud
sheath, coir, shell [19] [20] [21] [22].

Nowadays, the natural fiber demand as renewable materials for the rein-
forcement in polymer composites has been increasing. Yearly, 15% - 20% in au-
tomotive applications and more than 50% in construction applications, the rest
being in the manufacture of tiles, furniture, sea platforms, etc. are used natural
fiber as strengthening factor in polymer composites [23]. Because continuous
use of plastics and plastic products in everyday life plastics waste increased day
by day, now it is necessary to recycle and reuse the plastic products [24]. Most
exceedingly demanded plastic is high density polyethylene (HDPE) and the plas-
tic products produced from it are the common plastic waste. In the urban areas,
plastic utilization has increased drastically from 5.56 kg per person in 2005 to
14.9 kg per person in 2014 and increased the amount of wastes also [25]. In this
present study, composites were made from obsolete high density polyethylene
(HDPE) as polymer. HDPE in pure condition is a thermoplastic polymer having
good physical and mechanical properties like as low water absorption, better
hardness and strength. To reduce the plastic waste from environment and re-
duce carbon footprint recycling is the best way [26]. The density of pure HDPE
is greater or equal to 0.941 g/cm’ and the ultimate tensile strength of HDPE is
about 31 MPa according to ASTM D638. Additionally, the melting point is in
the range of 120°C to 180°C (248°F to 356°F) [27].
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A lot of research investigations have already been accomplished on fiber rein-
forced composite to gain excellent properties. Mechanical characterization of
sisal fiber reinforced HDPE composite was done by R. Chianelli et a/. [28] and
found that the addition of sisal fibers in composites tensile strength was not in-
creased. The incorporation of sawdust-urea-formaldehyde resin into banana fi-
ber gave the best mechanical properties [29]. And in this case there was proper
adhesion-fiber interaction for this best result. Rafia A et al [30] fabricated wo-
ven natural fibre reinforced unsaturated polyester resin composites and ob-
served that the flexural strength and it’s modulus enhanced with the increase of
talc fiber content. An investigation of the ABS/wood composite by different
technique was done by L. Chotirat et al. and perceived that the enrichment of
wood achieved very good composite properties [31]. The viscosity of composites
improved with the rise of wood content when M. Kaseem and his co researchers
investigated [32]. Another research group P. Threepopnatkul and his co-workers
were investigated the similar property and they found very good properties of
the composite [33]. The fiber content increased the stiffness of the composite
was found by Johnny N. Martins et a/ when they investigated various properties
of ABS/textile fiber composites [34]. Mohammad N. N. B et al. [35] fabricated
kenaf fiber reinforced rPET/ABS composites. They observed that over fiber
loading increased brittleness of the composite as confirmed by morphological
characterization. The understanding of the benefit of natural fiber and availabil-
ity of coconut spathe fiber has stimulated the current work in which coconut
spathe fiber are being developed as new engineering material and recycled
HDPE as obsolete polymer is used for leading reusing approach. Coconut spathe
fiber reinforced HDPE composite was prepared and different properties are in-
vestigated. The physical properties like bulk density and water absorption and
mechanical properties like tensile and flexural properties, and impact strength

and hardness of the composites were studied.

2. Materials and Methods

2.1. Raw Materials Collections

In this investigation waste material as recycled HDPE (from HDPE can) was
employed as matrix and natural coconut spathe fiber as reinforcement material.
For matrix recycled high density polyethylene (HDPE) from colorless HDPE can
was collected from local market with a density of 960 - 970 kg/m’. And the rein-
forcing material coconut spathe fiber was collected from local sources by hand

from coconut tree.

2.2. Composite Preparation

Composites were prepared by hot press molding method for different wt.(%) of
fiber content (0% to 20%) in HDPE polymer matrix at 150°C under 60 kN pres-
sure. Coconut spathe fiber was collected from coconut tree then washed with

distilled water in order to remove inclusions and foreign particles and then dried
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for 2 days in sunlight. After that, the dried fiber was cut into a size of 14 cm x 12
cm mat. Cutting samples were then dried in oven for 24 hours to get rid of
moisture and to improve bonding. HDPE sheet of equal size of fiber was cut
from HDPE can and these pellets were thoroughly cleaned with water and dried
for 2 days under sunlight in open air before they were used in composite as ma-
trix. For the hot press two open molding plates of 21 cm x 16 cm were used. Co-
conut spathe fiber was kept in between HDPE sheet and spathe fiber reinforced
HDPE composites were prepared for 5%, 10% 15% and 20% compositions. In
composites the layer of spathe fiber used in between HDPE sheet for 5%, 10%
15% and 20% compositions were one to four, respectively. Two molding papers
were used to cover and compressed the composite. The mold was then pressed
with 60 kN pressure at 150°C for 20 minutes and allowed to cool at room tem-
perature. The composition of composites samples are given in Table 1. Raw co-
conut spathe fiber and HDPE sheet from colorless HDPE can be shown in Fig-
ure 1(a) and Figure 1(b), respectively. By using Paul-Otto Weber Press machine
composites were made for different wt.(%) of spathe fiber reinforced HDPE. Af-
ter the hot press molding operation, the specimen was cut according to ASTM

standard and characterized in terms of physical and mechanical properties.

3. Characterization of Composites
3.1. Determination of Physical Properties

3.1.1. Bulk Density of Composites
By measuring the weight and dimensions of the individual sample the bulk density

Table 1. Composition of different percentages of HDPE and coconut spathe fiber in
composites.

Composition weight (%)

Composites
HDPE wt.(%) Coconut spathe fiber wt.(%)
Cl1 100 0
C2 95 5
C3 90 10
C4 85 15
C5 80 20

(a) (b)
Figure 1. (a) Raw coconut spathe fiber, (b) HDPE sheet from HDPE can.
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of the HDPE/Spate fiber composite samples were measured permitting to ASTM
C134-76 [36] using the following equation

Bulk density, D= S —
LxWxH

where, w, L, W, and H are weight, length, width, and height of the composites.
To measure bulk density 50 mm x 10 mm samples were cut from original sam-

ples.

3.1.2. Absorption of Water of Composites

Water absorption investigation was done by maintaining the rules of ASTM
D570-98 [37]. Sample was taken for 0%, 5%, 10%, 15% and 20%) of water at
25°C for different time periods (up to 144 hours). The samples weight was de-
termined before ablution of sample. The following formula was used to evaluate

the soaking percentage [38].

— Wa_w()

x100

Wo

3.2. Determination of Mechanical Properties

3.2.1. Tensile Strength and Flexural Strength of Composite

The Tensile Strength and Flexural Strength were measured by using universal
apparatus (Hounsfield UTM 10 kN; ASTM D 3039/D 3039 M-00) [39]. Tensile
Strength properties were measured at 2 mm/min crosshead speed, taking 50 mm

as gauge length. Same apparatus were used to determine flexural strength.

3.2.2. Hardness of Composite

We have applied Leeb’s Rebound hardness test in this project because of it has
portability property which increase the testing rates without annihilation of
samples and saves cost [40]. A ball hammer of carbide and electronic sensor
spring rather than gravity powered and measures the hammer velocity respec-
tively.

4. Results and Discussion

4.1. Physical Properties

4.1.1. Bulk Density of Composites

Before making the composite, the moisture absorption of spathe fibers was re-
duced as it is hydrophilic in nature. The consequence of the variation of wt.(%)
of spathe fiber on the density of HDPE/spathe fiber composite is illustrated in
Figure 2. The bulk density of spathe fiber reinforced HDPE composite increases
with spathe fiber addition. The density increases from 0.58 gm./cc to 0.88 gm./cc
for different wt.(%) of fiber contents in composites. The bulk density is not
identical under the similar condition indicated by the figure. Bulk density gives
similar value for composites with 5%, 10% and 15% fiber. After that, the value
decreased for composites with 20% fiber. Bulk density is maximum for 15% fiber

content in HDPE/spathe fiber composite. In this research coconut spathe fiber
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Figure 2. The effect of the variation of the amount of spathe fiber wt.(%) on the density
of spathe fiber reinforced HDPE composite.

was used as fiber which is naturally abundant in our country, Bangladesh. To
make the composites cost effective, in this research very natural fiber as mat
shape was used and was taken the same weight and size of mat shape fiber. In
naturally occurring coconut spathe fiber, fibers are not homogeneously distri-
buted. May be the coconut spathe fiber mat used in 20% composition had more
voids, porosities, and spaces within the components of mat, which may gave

lower bulk density for this composites.

4.1.2. Water Absorption of the Composites

Figure 3 shows the consequence of the accumulation of fiber content on the ab-
sorption of water behavior of the coconut spathe fiber reinforced HDPE compo-
sites. Figure indicates that the absorption of water of the composites was ob-
served to improve with the increase of spathe fiber content in composites. Water
absorption of the composites was very fast up to first 80 hrs then water uptake
slowed down with time. Finally graph shows a flat zone for the rest of the obser-
vation time. Moreover, figure indicates that the water absorption increased with
soaking time, but the rate of absorption decreased over time for all of the com-
posites. Water absorption by HDPE/spathe fiber composites was not uniform
and maximum water absorbed by 20% composite then 10%, 15% and 5% com-
posites. The water absorption was lowest for 5% composite among all compo-
sites which means that may be fiber content is lower than other compositions. In
this research composites were made with layer by layer of obsolete HDPE poly-
mer (collected from color less HDPE can) and coconut spathe fiber of same
shape. The density of fiber is not same all over the volume of the mat shape co-
conut spathe fiber used in this research. From this inhomogeneous distribution
of fiber content in mat shape fiber used here caused variation of water absorp-
tion. Also these may results from inadequate fiber content in interfacial side of
5% and 15% fiber content composites for absorption of water. Maybe due to
these reasons 5% and 15% fiber content composites absorbed less amount of

water. Naturally, polymer absorb small amount of water while the natural fiber
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Figure 3. Water absorption (%) vs soaking time in hours for spathe fiber reinforced
HDPE composites.

reinforced polymeric composites absorbs more water due to the hydrophilic na-
ture of the natural fiber (due to presence of polar group). Through the interfacial
side of the sample water can enter into the composite which may allow hydrogen
bonding to occur between the free hydroxyl groups of the cellulosic molecules

with water molecule [41].

4.2. Mechanical Properties of Composites

Any chemical or morphological change has an effect on the mechanical proper-
ties of the fibers. Due to poor natural fiber-polymer bonding, lignocellulosic fil-
lers have limited use in industrial practice in spite of its attractive properties
[42].

4.2.1. Tensile Property of Composites

Figure 4 shows the tensile strength of the composites increased with the increase
of fiber content up to 15% then the value decreased sharply for 20% composites.
Firstly with the addition of fiber content in composite, the value increased for
5% then tensile strength decreased for 10% composition. After that its value
again increased for 15% composition which is the maximum value for tensile
strength. Then the value decreased sharply for 20% composition giving the low-
est tensile strength among all compositions including HDPE.

Seung-Hwan ef al. [43] showed that due to poor interfacial adhesion between
polymer matrix and fiber the tensile strength progressively decreased with the
increase of fiber content. Naturally fibers are hydrophilic and polymers are hy-
drophobic so it is unable to coexist these two materials in composites. Although,
spathe fiber produces initially a significant reinforcement effect in the used
HDPE composite. But with the increase of fiber addition in composites the value
was in decreasing nature. The maximum value of the tensile strength of spathe
fiber reinforced HDPE composites is found to be 20.22 MPa for 15% spathe fi-
ber. This means that up to 15% the fibers are well distributed in the composites

and the better interfacial bonding between the fiber and matrix. Another study
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Figure 4. Tensile strength of recycled HDPE/spathe fiber composites with different
wt.(%) of fiber.

showed that due to strong inter fiber hydrogen bonding (which holds the fibers
together), when fibers reinforced into thermoplastic matrices they are poorly
disperses [44]. Neher et al. [45] investigated that the value of tensile strength was
not homogeneous with the addition of fiber in composites. Mohammad, N. N. B.
et al. [35] observed that there was a to some extent decrement in mechanical
properties with addition of kenaf fiber in kenaf fiber reinforced rPET/ABS

composites.

4.2.2. Elongation at Break (Eb %)
The effect of palm fiber loading on elongation at break of composites is shown in
Figure 5. In this graph it is shown that with 5% fiber in the composites the
elongation at break (%)/strain (%) is maximum. The elongation at break rapidly
decreased after 5% composites with the addition of coconut spathe in compo-
sites. The value showed drastically decreasing order when 10%, 15% and 20% fi-
ber is added into the polymer.

Several researchers showed that with the increase of fiber loading in compo-
sites elongation at break decrease. As a result, with the increase in the dispersed

phase in composite, the discontinuity of the polymer matrix increases [43] [46].

4.2.3. Young’'s Modulus

Young’s modulus of recycled HDPE/spathe fiber composites for different wt.
(%) of spathe fiber is shown in Figure 6. It reveals that the young’s modulus in-
creased at first for 5% composite by giving the maximum value. Then the value
rapidly decreased for 10% composite, again increased for 15% composite and fi-
nally deceased for 20% composite. The fiber and the polymer seem to be well
dispersed for this increasing region. Composites with 10% fiber content given
the lowest value then other composition along with pure HDPE. The Young’s
modulus is a measure of stiffness of a material. Thus, the spathe fiber reinforced
HDPE composites with 5% and 15% fiber addition are stiffer than 0%, 10% and
20% composites.
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Figure 5. Effect of fiber addition on change of Eb (%) for recycled HDPE/spathe fiber
composites.
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Figure 6. Young’s modulus of recycled HDPE/spathe fiber composites as a function of
the amount of spathe fabric reinforcement.

4.2.4. Flexural Strength of Composites

Figure 7 shows the variation of the flexural trength of coconut spathe fiber
reinforced recycled HDPE composites for different wt.(%) of coconut spathe fi-
ber. Figure revealed that flexural strength of the composites increased with the
increase of fiber content in all composites and the maximum value given by 5%
composite. Then the value decreased for 10% composite again increased for 15%
and finally decreased for 20% fiber content composites. The abnormal change of
flexural strength after 5% fiber loading in the composite is similar to the research
work of Mohammad, N. N. B. et al. [35] in which fiber overloading caused the
abnormal behaviour in their kenaf fiber reinforced rPET/ABS composites.

4.2.5. Flexural modulus of Composites

Figure 8 shows the variation of the flexural modulus of coconut spathe fiber
reinforced recycled HDPE composites for different wt.(%) of coconut spathe fi-
ber. Figure revealed that flexural modulus of the composites increased with the
increase of fiber content for 5%, 10% and 15% composites and the maximum
value given by 5% composite. Composites with 20% fiber gave the lowest value
which was also less than HDPE. The increment and the decrement nature of the

value of flexural strength and flexural modulus are similar.
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Figure 7. Effect of fiber addition on flexural strength of recycled HDPE/spathe fiber
composites.
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Figure 8. Effect of fiber addition on flexural modulus of recycled HDPE/spathe fiber
composites.

4.2.6. Flexural Strain

Figure 9 shows the effect of fiber addition on flexural strain of spathe fiber
reinforced HDPE composites. As like as flexural strength and flexural modulus,
flexural strain also increased for 5% and 15% composition and the value de-
creased for 10% and 20% compositions. Maximum value for flexural strain was
given by 5% composites and minimum value was given by 10% composites.
Most of the properties showed better performance for composites with 5% and
15% fiber addition.

4.2.7. Impact Strength of Composites

Figure 10 illustrates the effect of addition of spathe fiber on impact strength of
HDPE/spathe fiber composites. With the addition of fiber content impact
strength increased for 5% composites then the value decreased for 10%, 15% and
20% composites. Figure shows highest value of impact strength is obtained at 5%
composite. It means that the 5% spathe fiber reinforced HDPE composite is
tough than other composites and lowest value of impact strength means more

brittle material.
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Figure 9. Effect of different wt.(%) fiber addition on flexural strain of recycled HDPE/
spathe fiber composites.
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Figure 10. Effect of addition of spathe fiber on impact strength of HDPE/spathe fiber
composites.

4.2.8. Leeb’s Rebound Hardness Test
Figure 11 illustrates the effect of addition spathe fiber on Leeb’s Rebound Hardness
of HDPE/spathe fiber composites. Results indicated that rebound hardness of
recycled HDPE/spathe fiber composites increased with the increase of spathe fi-
ber for 5% and 15% composites and the value decreased for 10% and 20% com-
posites. Figure shows that for 10% and 20% composites hardness decreased
drastically. Leeb’s rebound hardness test measures the hardness of the material
and hardens material produce a higher rebound velocity than softer material.
Tan et al. showed that void are formed in the composites if the composites
have a tendency of high moisture absorption and due to this reason some me-
chanical properties like as hardness reduce in the composites [47]. Another re-
search done by Bhuiyan, A. H. et al concluded that with the addition of filler
TiO2 in composites, there is a decrement nature of the hardness in the compo-
sites [48]. Rahman, M. M. and his coauthor established that as natural fibers are
strongly hydrophilic in nature so they absorbed moisture naturally and degraded
the mechanical properties of natural fiber reinforced composites materials [49].

Table 2 summarized results for different mechanical properties.
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Figure 11. Effect of spathe fiber addition on Leeb’s rebound hardness of recycled HDPE/
spathe fiber composites.

Table 2. Effect of fiber addition on mechanical properties of coconut spathe reinforced
recycled HDPE composite.

Fl 1St th Izod I t  Leeb’s Rebound
Composites  Tensile Strength (MPa) exural Streng zod fmpac eeb's Reboun

(MPa) Strength (J/mm) Hardness (HL)
C1 14.76 14.84 0.032 535
C2 19.07 27.41 0.075 565
C3 17.66 17.90 0.040 442.3
C4 20.22 23.83 0.045 544
C5 12.89 17.25 0.038 454

5. Conclusion

In this present study, coconut spathe fiber reinforced with recycled high-density
polyethylene composites was made to observe the different properties and also
search the opportunity of HDPE/spathe fiber composites as a new engineering
material, a new material that opens the door to new technologies, whether they
are in civil, chemical, construction, nuclear, aeronautical, agricultural, mechani-
cal, and biomedical or electrical engineering. Nowadays, an engineering material
has a great choice because of its strength, its electrical properties, resistance to
heat or corrosion, or a host of other reasons; but they all relate to properties. In
this fabricated process, it is seen that with the increase of fiber addition, the den-
sity increases and follows the mixture rule. Water absorption of the spathe fiber
reinforced HDPE composites was increased with time and fiber addition. Tensile
properties, flexural properties, impact strength and hardness of composites were
found to be increased with increasing fiber addition. And the value increased for
5% and 15% composites in most cases and the value decreased for 10% and 20%
composites. From water absorption property, this research showed that compo-
sites with 5% and 15% fiber content absorbed less water comparatively than

other compositions. Absorption of more water decreased some mechanical
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properties of the composites. Another reason is that maybe in 5% and 15%
compositions, the fibers are well distributed in the composites and the better in-
terfacial bonding between the fiber and matrix for showing better results. Inclu-
sion of fiber in HDPE/spathe fiber composites improved the load bearing capac-
ity (tensile strength) and the ability to withstand bending (flexural strength) of
the composites. But at the same time, in few cases with the addition of fiber in
composites, these properties of the composites are found to be decreasing. This
decline in strength may be attributed to the presence of pores at the interface
between the spathe fibers and the matrix; the interfacial adhesion may be too
weak to transfer the tensile stress. It was also revealed that HDPE/spathe fiber
composites had moderate mechanical properties (such as tensile and flexural

properties, impact strength and hardness).
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