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ABSTRACT (120 words)

The study of natural fiber composite in the field of materials has indeed sparked interest
among many due to its essential biodegradability feature. As such, pineapple leaf fiber
(PALF) is not only biodegradable, but also environmental friendly, as opposed to
synthetic fiber. Hence, this paper investigates the effect of fiber loading, as well as the
inclusion of maleic anhydride polyethylene (MAPE) to the mechanical properties of PALF
reinforced polylactic acid (PLA) composites. Therefore, untreated PALF with 0, 5, 10,
and 15% of weight content ratio, as well as PALF at 10% weight ratio treated with 2, 4,
and 6% of MAPE, had been prepared via roll mill mixing at 190 °C and followed by hot
compression molding to prepare the specimen sheets. The results obtained from this
study revealed that the tensile strength (TS) and the Young’s modulus were at their
highest levels for untreated 10% PALF, while the impact and the flexure properties
displayed a decrease as the content of fiber increased. Other than that, the inclusion of
MAPE indicated that the tensile properties exhibited lower value compared to that of
untreated. However, the flexural and the impact properties of composites increased with
the presence of MAPE. As a conclusion, the study demonstrates that the mechanical
properties depended on two major factors; i) fiber loading, and ii) the compatibility
between matrix polymer and fiber.



1. INTRODUCTION

In recent years, human has acknowledge that if the environment and nature is
not being taken care of, their own species will be endangered by the over usage of
natural resources as well as significant reduction of fresh air production in the world
(Cheung, Ho, Lau, Cardona, & Hui, 2009). As the world population continue to increase,
so as the consumption level of raw substances such as crude oil and finished products
(Neto, Araujo, Souza, Mattoso, & Marconcini, 2013). In Malaysia, population growth has
been increasing approximately at a rate of 2.4% per year which is about 600,000 per
annum since the year of 1994. On par with this trend of population growth in Malaysia,
the municipal solid waste (MSW) produced also increases. In year 2003, the mean
amount of MSW produced in Malaysia was represented by 0.5-0.8 kg/person/day. The
amount of generated MSW is expected to increase to 1.7-2.24 kg/day/person in major
cities in the year of 2020-2024. This large amount of MSW generated is mostly
contribution of plastics waste in form of rigid, film and foam (Manaf, Samah, & Zukki,
2009; Periathamby, Hamid, & Khidzir, 2009; Saeed, Hassan, & Mujeebu, 2009). With
this alarming rate of generated waste, it has been a major concern for engineers and
scientist to find a solution to reduce MSW especially plastic wastes. For that reason, the
utilization of renewable resources such as biopolymer and natural fiber from animal and
plant known as natural fiber-reinforced biopolymeric composite has become a crucial
design criteria in designing and manufacturing components for almost every industrial
products (Cheung et al., 2009).

Natural fiber is a hair-like material extracted from either animals or plants. Natural
fiber from animal includes wool, hair and secretions such as silk whereas natural fiber
such as pineapple leaves (PALF), kenaf, hemp, flax, jute, sisal, bamboo, coir and
elephant grass are from plants (Asim et al., 2015; T. Mukherjee & Kao, 2011). Plant fiber
such as PALF has complex structures and made up of several organic compound like
waxes, pectins, lignin, fatty acids, fats, hemicelluloses are among the others (Rowell,
Han, & Rowell, 2000). The decent mechanical properties of lignocellulosic fibers are
predominantly depends on their cellulosic fraction because they are in charge of the
fiber’s crystalline structure. PALF is suitable for commercial applications due to their high

crystallinity (Reddy & Yang, 2005; Tomczak, Satyanarayana, & Sydenstricker, 2007).



Bio-based polymers or biopolymers materials obtained from renewable sources
(Weber, Haugaard, Festersen, & Bertelsen, 2002). Biopolymer may split into three main
categories depending on their production and origin. The first category is where the
polymers are directly extracted from biomass. For instance, polysaccharides such as
cellulose and starch, chitin and proteins like casein and gluten (Ruban, 2009). The
second category is where the polymers are generated by micro-organisms or genetically
modified bacteria. Polyhydroxyalkonoates (PHA) appear mainly in this group of
biopolymer (Cutter, 2002). The third category is where polymers are obtained by using
renewable bio based monomers. An example of this polymer is polylactic acid (PLA)
(Kandemir et al., 2005).

PLA is a natural and renewable thermoplastic polymer that can be produced from
agriculture sources such as corn. As much as over 140,000 tons of PLA were produced
annually (Shen, Worrell, & Patel, 2010). PLA offers a wide range of advantages such as
low amount of energy used and low emission of greenhouse gases such as carbon
dioxide (CO,). However, PLA is expensive compared to other petroleum based products

making it less competitive (T. Mukherjee & Kao, 2011).

In recent years with the increasing global energy crisis, plant fiber reinforced
polymer composites are being researched and has becomes a renewed engineering
interest in material science due to what they has to offer such as high strength to weight
ratio, corrosion resistant property, safe to handle, low production cost, less machine
wear, reduction in carbon dioxide emission, less dependence on crude oil and most
importantly they are fully biodegradable that means there will be a significant reduction
on polymer waste generation (Arib, Sapuan, Ahmad, Paridah, & Zaman, 2006; Asim et
al., 2015; Cheung et al., 2009; Herrera-Franco & Valadez-Gonzalez, 2005; T. Mukherjee
& Kao, 2011). Several researchers compounded these plant fiber with biopolymer such
as PLA, cellulosic plastic, soybean plastics and starch plastic to make a 100%

biodegradable composites material (Zhang, Rong, & Lu, 2005).

There are approximately 30 million tons of natural fiber generated annually and
being used to manufacture varieties of products such as clothing, packaging, paper
production, automobiles components, building construction materials and sports
equipment. These fiber initially seen as waste are being transform into something useful
and low cost (Jawaid & Khalil, 2011).



11 PROBLEM STATEMENT

Approximately 150 million tons of plastics are produced every year all around the
world and this figure is expected to increase as the world population increases. Almost
all of these plastic products are made of petroleum based material that will increase the
utilization of crude oil. As a result, these plastic materials ironically contribute to serious

environmental pollution due to wasted and undegraded polymer (Okada, 2002).

In tropical country where agriculture is active, a lot of agriculture wastes will be
produced each year. Brazil is the third nation in the world that produces the most
pineapple with over 7% of world production. In 2004, the nation’s production was around
1.4 million tons of fiber. However due to the lack of knowledge of its economic potential,
these fibers are being discarded and burned (Neto et al., 2013). The disposal method of

these wastes through burning will cause air pollution and further harm the environment.

Thus, an engineering research in natural fiber-reinforced biopolymeric composite
such as pineapple leaf fibre (PALF)- reinforced polylactic acid (PLA) composites is
crucial to provide an alternative to replace non-biodegradable polymer and convert these
waste fibers into useful industrial and commercial product and to substitute the use of
conventional synthetic fiber that is expensive in processing and not environmental

friendly.

1.2 SIGNIFICANCE OF STUDY

During the extraction process and forming of the raw natural fibers into cordage,
roughly 10% of waste is formed. Instead of disposing these wastes that could potentially
harm the environment as a result of open combustion, they could be used in
manufacturing polymer reinforced composites since they possess attractive mechanical
and physical properties. These waste fibers consist of approximately 60% of cellulose
pulp that could be used to reinforce or enhance polymeric materials instead of being
solely discarded where pollution can be reduced. Natural fiber impart the composites
with several advantages such as biodegradable low density, not hazardous to human
health and less machine wear during processing compared to synthetic fiber such as

carbon and glass fiber (Herrera-Franco & Valadez-Gonzalez, 2005). Biodegradable



polymer matrices such as PLA can be reinforced with natural fiber such as PALF to
produce “green composites” that are environmentally beneficial (T. Mukherjee & Kao,
2011). This study proposes the utilization of PALF and PLA to create a biocomposite
where PALF serve as reinforcing agent. This can reduce the usage of PLA and
contribute to further reduction of cost since PLA is expensive and at the same time able

to preserve the environment.

1.3 OBJECTIVES

The objectives of this project are as follow:

o To study the effect of weight percentage of PALF and polylactic acid (PLA) to
mechanical properties of the composites.
o To study the effect of compatibalizing agent on the mechanical properties of

PALF reinforced PLA composite.

1.4 SCOPES OF STUDY

The scopes of this project are as follow:

o Material used for testing are PALF and PLA. This experiment is conducted by
mixing PALF and PLA as biocomposite where they are prepared in different
composition such as 5%, 10% and 15% weight percentage of PALF and their
mechanical properties are investigated

e Compatibalizing agents used are maleic anhydride polyethylene (MAPE).
Compatibalizing agent composition is such as 2%, 4% and 6% weight
percentage of MAPE. These agents are added to the composite to observe if
there is any change in their mechanical properties.

e Composites are prepared by roll mill mixing and hot compression molding. The
material is first roll mixed followed by using hot compression molding and cut
into dog-bone shape using pedestrian grinder.

e Specimen test is according to ASTM D638, ASTM D790 and ASTM D256.



2. RESEARCH METHODOLOGY

INTRODUCTION

This chapter will describe in detail on the method used in the experiment. The
material preparation and experimental setup will be discussed. In this experiment,
composite with different weight ratio of 5, 10, 15% PALF content will be tested. The
tensile property of each different specimen will be compared. The addition of 2, 4, 6
wt.% MAPE into the composite will be studied to determine if there is any enhancement

in the tensile property.

FLOWCHART

The methodology is illustrated in a flowchart for better understanding on the step
by step preparation. Figure 3.1 below shows the complete process flowchart of the

experiment.

PREPARATION OF RAW MATERIAL

The PALF was washed and dried under direct sunlight. After the PALF was
completely dried, the PALF was cut into a short dimension of 2-4 cm, followed by
grinding and sieving processes in order to obtain the required dimension of PALF at
around 2-4 mm. Afterwards, the PALF was dried again by using a vacuum oven at 80 °C
for 24 hours to remove the moisture content before it was stored in sealed containers
31 The PALF was blended with PLA and MAPE in the roll mixer machine. The mixing
process was continued at 190 °C with the speed of the roller set at 50 rpm. The
composite, later, was cooled at room temperature after completing the mixing process.
The process was repeated at different percentages of composition fractions by adhering
to the weight ratio displayed in Table 1. After the composite was cooled at room
temperature, it was placed into a crusher machine in order to achieve pellet size of the
composite. Besides, a laboratory-sized hot compress molding machine was employed to
compress the pelletizer composites into plate form composite with a dimension of 20 x
20x 0.3 cm.
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Figure 3.1: Flowchart of experiment

The pressure and the temperature that had been set for the hot compress
machine were 15 MPa and 190 °C respectively. Then, the specimen was cut with a table
saw by adhering to the ASTM standards of D638, D790, and D256.



Table 1 Mixing ratio of PLA, PALF and MAPE

Mixing Ratio (wt.%)
Sample

PLA PALF MAPE
Pure PALF | 100 - -
Fibre5 95 5 -
Fibrel0 90 10 -
Fibrel5 85 15 -
MAPE2 88 10 2
MAPE4 86 10 4
MAPEG 84 10 6

Mechanical Testing

Tensile and flexural tests were conducted according to ASTM D638 by using a
Universal Testing Machine Instron model 3369. The tests were performed at a
crosshead speed of 1 mm/min with 5 kN load cell. Each value obtained represented the
average of six samples. On the other hand, the flexural specimens were tested in
accordance with ASTM D790. The span distance between the two supporting points was
48 mm, while the crosshead speed was at 1 mm/min with a 10 kN. Each value achieved
represented the average of five samples. Meanwhile, the Charpy impact tests were
conducted on a Universal Impact Machine (Zwick 5113 pendulum impact tester). The
methods of the tests were carried out based on ASTM D256. In addition, all the test
specimens were un-notched. The impact load applied was a 4 J pendulum at a
maximum pendulum height of 160°. Hence, five specimens were tested for each sample
parameter to obtain the average value. Another note to highlight is that all the

mechanical properties were tested at room temperature.

Scanning electron microscope (SEM)

The morphology of tensile fracture specimen in PALF/PLA composites was
analyzed by using the Zeiss Evo50 scanning electron microscope. The samples were
mounted onto SEM holder using double-sided electrically conducting carbon adhesive
tapes to prevent surface charge on the specimens when exposed to the electron beam.
The PALF-PLA composites were then sputtered with titanium prior to their morphological

observation.



LITERATURE REVIEW

In recent years, awareness upon the deteriorating state of the environment has
sparked tremendous interest among researchers concerning natural resources
materials, such as natural fiber, approximately 30 million tons of natural fiber are utilized
to manufacture a variety of products, due to their excellent characteristics of recyclability,
environmental safety, and low in cost . As such, a great driving force has generated
fellow researchers in conducting endless studies pertaining to natural fiber reinforcement
in polymer composite for application in numerous fields like clothing, packing, paper
production, automobile components, building construction materials, and sports
equipment **°. Application of natural fiber based composites in automobile field had been
studied by several researchers ®®. For instance, jute based composites door panels had
started by Mercedes-Benz which into its A-Class vehicles °. Cicala and team worker had
studied to investigate hybridization of glass fiber with natural fiber for application in the
piping industry *°. In addition, kenaf reinforced glass hybrid composite given a great
attentiveness investigated to researchers for advanced in passenger car bumper °.
Natural fiber, as it is, is a hair-like material extracted from either animals or plants.
Natural fiber from animal includes wool, hair, and secretions, such as silk; whereas
pineapple leaf fiber (PALF), kenaf, bamboo, coir, sisal, rice husk, hemp, flax, jute, and
banana fiber, to name a few, are obtained from plants ***#, Furthermore, the production
of these natural fibers has been growing rapidly because they are renewable, cheaper in
price, emit lower pollutant, pose less health risks, can be easily obtained, and they are

comprised of eco-friendly materials when compared to synthetic fiber > **,

Besides, environmental topics related to massive crop wastes derived from
agriculture sector and plastic wastes are a huge concern at this present time. In addition,
nearly 150 million tons of plastics are produced worldwide every year and this figure is
expected to escalate with the increasing trend of the world population ****. On top of
that, as almost all these plastic products are made of petroleum-based material, the
utilization of crude oil is deemed to increase; contributing to serious environmental

pollution as they are made of non-degradable polymer '

. In a tropical country like
Malaysia where agriculture is active, a lot of agriculture wastes are produced each year.
In 2009, Thailand produces 1.894 million tons, the Philippines produced 2.198 million
tons, and Brazil produced only1.43 million tons of massive agricultural waste producer,

as shown in Fig.1 *. Thailand is one of the largest countries in the world for pineapple



production and thus, tons of pineapple leaves turn into agricultural waste after harvesting
8 whereas Malaysia generates approximately 1.2 million tons of agricultural residuals
on an annual basis *°. Another instance is Brazil; the third largest nation in the world that
produces pineapple with over 7 % of world production produced about 1.4 million tons of
fiber in 2004. Unfortunately, these useful fibers are discarded and burned due to limited
knowledge of their economic potential *°. Besides, the disposal method of these wastes
via burning causes air pollution that harms the environment. Hence, a research from the
engineering aspect to further probe into natural fiber-reinforced biopolymeric composite,
such as pineapple leaf fiber (PALF)-reinforced polylactic acid (PLA) composites, is
indeed crucial in providing an alternative solution to replace non-biodegradable polymer,
to convert these waste fibers into useful industrial and commercial products, as well as
to substitute the use of conventional synthetic fiber that is not only expensive in
processing, but also non-environmental friendly. PLA is often used for biodegradable
packing plastics due to their potentially hydrolysable ester bond **. However, poor
interfacial adhesion between the polymeric matrix and the natural fiber had been found
to cause inefficient stress transfer under load. Consequently, these composites exhibit

low mechanical strength #.

As such, this study looked into the effect of fiber loading on mechanical properties for
pineapple leaf fiber reinforced polylactic acid (PLA) composites. Furthermore, Li and Taj
et al., claimed that the chemical composition of PALF content is as follows: 70-82 wt% of
cellulose, 5-12.7 wt.% of lignin, 11.8 wt.% of moisture content, and 14° of microfibrillar #*
24 Cellulose has hydrophilic properties that belong to the hydroxyl group, which causes
poor interface and low resistance to moisture absorption when natural fiber is reinforced
with hydrophobic matrix ?°. Other than that, previous studies “**® have revealed that
natural fiber reinforced PLA composite displayed higher mechanical properties
compared to natural fiber reinforced propylene or polyethylene. Although poor interfacial
bonding exists between natural fiber and PLA matrix, its mechanical properties can be
improved by adding surface treatment or compatibilizing agent *°. Besides, the inclusion
of compatibility agent like MAPE had been proven to significantly improve the in

23

mechanical properties “°. Therefore, this study investigated the effects of maleic

anhydride polyethylene (MAPE) on the mechanical properties in PALF/PLA composite.
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3. FINDINGS

Tensile properties

Fig. 2 illustrates the graph pertaining to tensile strength (TS) against fiber
composition. An increment of 12.22% in TS was discovered as the fiber content was
increased from 5% to 10%. However, a decrease by 4.22% was detected in TS as the
fiber content was further increased to 15%. Nonetheless, all the results obtained did not
exceed the TS of pure PLA, which portrays a value of 53 MPa. Meanwhile, the results of
TS after the addition of MAPE are presented in Fig. 3. The TS was found to decrease
after MAPE was added into the composite. The TS reduced from 34.62 MPa (0 wt.% of
MAPE) to 27.17 MPa (6 wt. %), which displayed a decrease by 21.52%.
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Fig. 2 Effect of fibre content on TS of PALF/PLA composites
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Fig. 3 Effect of MAPE on TS of PALF/PLA composites



Other than that, the graph of Young's modulus against fiber composition is given
in Fig. 4. An increment of 17.14% was observed in Young’s modulus as the fiber content
was increased from 5 wt. % to 10 wt.%, but a decrease of 2.46% in Young's modulus
was noticed as the fiber content was further increased to 15 wt.%. This indicted that the
Young's modulus of the composite is about half less superior than the pure PLA that
served as control. Moreover, the composite’s tensile properties (TS and Young's
modulus) of the composite exhibited a decrease and thus, are far less superior
compared to pure PLA that served as control. This is due to the incompatibility of the
hydrophilic nature (presence of hydroxyl and other polar group in the fiber) of PALF and
the hydrophobic nature of PLA that lead tol result in poor interfacial adhesion and
obstructed stress propagation between them *2. Therefore, due to poor interfacial
adhesion and incompatibility of PALF, the fiber is regarded as void and does not
contribute to the composite as stress is not distributed among it. As such, the porosity of

the composite is increased, thus the resulting in a decrease in TS.

X Mean —--—PLA
= 4000
(=T
=) | _.._ e _
Z 3000
==
=
=
2000
= E .......................... xz
g
S 1000
5 10 =

Fiber content (wt.%)

Fig. 4 Effect of fibre content on tensile modulus of PALF/PLA composite
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Fig. 5 Effect of compatibilizing agent (MAPE) on tensile modulus of PALF/PLA
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On top of that, the effect of MAPE upon Young's modulus is shown in Fig. 5.
After MAPE was added into the composite, the Young's modulus did not show much
improvement compared to the untreated composite. Besides, the trend of Young's
modulus revealed in this experiment is almost similar to that conducted previously by
other researcher on thermoplastic rice starch (TPRS)/Cotton composite **. However, the
value of Young's modulus increased when 4 wt.% of MAPE was added into the
composite because the fibers actually turned brittle. Moreover, a decrement was noted
with further addition of MAPE at 6 wt.%. This could due to the plasticizing effect from the
MAPE that has a lower molecular weight compared to PLA. The plasticizing effect

eventually lowers the rigidity of the composite thus, decreasing the Young’s modulus **.

On the other hand, the scanning electron micrograph that was taken at 400x
magnification of PALF composite displayed poor adhesion between the PALF and the
PLA matrix, as presented in Fig. 6a. It is also evident from SEM micrograph that fiber
(PALF) pullout and cracks in PLA matrix led to a weak interfacial bonding between the
PLA and the PALF.

In addition, Fig. 6b and Fig. 6c illustrate the fractured surface of the composites
with the addition of 10 and 15 wt.% of PALF respectively. The TS and Young’s modulus
demonstrated a slight increase at 10 wt.% PALF content. This could be due to the
domination of fiber over matrix as the PALF content was increased. As PALF increases,
more fibers are available to constrain the matrix thus; the slight increase is further
reflected in TS and Young’s modulus *>*’. Nevertheless, it showed a decrease at 15
wt.% PALF content. This is mainly due to high fiber content, in which the fibers behave
as flaw and they are not properly aligned with the matrix. Moreover, the interfacial shear
strength is low and the void content is higher. Furthermore, Fig. 6d and Fig. 6e show the
SEM micrograph for the addition of 2 and 4 wt.% of MAPE in composites. The MAPE,
nonetheless, did not show any enhancement in tensile properties. The tensile properties
of the composite are far less superior after the addition of MAPE. This is due to the
existence of compatibalizer molecules that further enlarge the gap between PALF and
PLA matrix. In fact, further addition of MAPE leads to further reduction of strength and
this is due to the existence of many byproducts that have formed and interfered with the

38

coupling reaction, which results in weak bonding strength at the interface *°. Even

though MAPE has failed to contribute to better bonding or tensile properties of the



composite, its presence functions as void, thus increasing the porosity of the composite

and reducing the TS due to the weakening composite.

Flexural properties

Fig. 7 depicts that 5 wt.% of PALF/PLA composite withstands greater value of
flexural strength with the mean value of 71.02 MPa. The increase in fiber loading,
nonetheless, decreased the flexural properties of 10 wt.% and 15 wt.% fiber content by
37.7% and 77.4% respectively. The average flexural strength for treated PALF/PLA
composite is show in Fig. 8, in which the average flexural stress increased gradually as
the MAPE increased. At 6 wt.% of MAPE, the highest average flexural strength was
about 51.27 MPa.
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Fig. 7 Effect of fibre content on flexural strength of PALF/PLA composites
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Fig. 6 SEM micrographs of tensile fracture of (a) 5 wt.% of PALF, (b) 10 wt.% of PALF,
(C) 15 wt.% of PALF, (D) treated PALF with 2 wt.% of MAPE, and (E) treated PALF with
6 wt.% of MAPE
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Fig. 8 Effect of MAPE on flexural strength of PALF/PLA composites

Meanwhile, Fig. 9 and Fig. 10 exemplify the flexural modulus for both untreated
and treated PALF/PLA composites. In Fig. 8, the value of Young’s modulus decreased
as the fiber content was increased. However, a higher value of Young’s modulus was
obtained with 5 wt. % fiber content, which is 3449.78 MPa. On the other hand, Figure 9
portrays that after the compatibilizing agent was added into the composite, a couple of
decrease by 6.7% and 5.57% had been noted for 2 wt.% and 4 wt.% of MAPE. The
highest Young’s modulus was achieved at 6 wt.% of MAPE with 3374.61 MPa.
Therefore, the flexural results shows that the flexural performance of pineapple leaf fiber
reinforced polylactic acid composites had been were higher for 5 wt.% of fiber loading,

but generated a decrease in the properties for the next fiber loading.
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Fig. 9 Effect of fibre loading on flexural modulus of PALF/PLA composites

The 5 wt.% of pineapple leaf fiber also displays higher flexure properties among

other fiber contents due to good interfacial bonding between the hydrophilic natural fiber



and the hydrophobic polymer. The higher fiber content in composites has successfully
affected the flexural properties of composites. This is mainly due to the weak interfacial
adhesion between hydrophilic natural fibers and hydrophobic polymer. Hydrophilic
natural fibers tend to increase the content of moisture in it. The moisture is dependent
from voids and also has non-crystalline parts in the fiber. Nevertheless, poor interfacial
bonding due to partial spaces between matrix and fiber material generates the weak

structure of composite materials.
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Fig. 10 Effect of MAPE on flexural modulus of PALF/PLA composites

Meanwhile, the effect of compatibilizing agent has increased the flexural
properties for 10 wt.% of pineapple leaf fiber. This shows that the addition of
compatibilizing agent has indeed improved the interfacial bonding between the
hydrophilic natural fibers and the hydrophobic polymer. In other words, a compatibilizing
agent chemically links hydrophilic and hydrophobic fibers. Besides, the compatibilizing
agent also increases the performance in the aspect of flexurality, whereby the greatest
flexural performance was attained at 6 wt.% of compatibilizing agent. Moreover,
pineapple leaf fiber contains a high amount of cellulose. Due to the higher cellulose
content, cracks can occur through weak bonding between the cells and cause

intercellular fracture, but they do not influence the removal of microfibrils *°.
Charpy impact properties
The effect of fiber loading on the impact strength of the PALF/PLA composites

can be observed in Fig. 11. With the increase in fiber content, the un-notched impact

strength displayed a decrease linearly. This is similar to the results reported by several



researchers “> . In fact, a total of 9.14 kJ/m? (17.22%) decreased from 0% to 5% of
fiber content, whereas a reduction of 22.27 kJ/m? (41.96%) was noted from 0% to 10%.
On the other hand, from 0% to 15% of fiber content, the impact strength demonstrated a
drop that is almost half of the initial value of 26.45 kJ/m? (49.84%).

The decreasing impact strength is duly caused by poor interfacial adhesion
between fiber and matrix. The poor interfacial bonding is comprised of micro-spaces
between the fiber and the matrix polymer; prompting numerous micro-spaces or micro-
cracks when an impact occurs. Hence, crack propagation and crack initiation could take
place easily **. Besides, the increase in weight of fiber decreases the related strength
due to the incompatibility between PALF and PLA. This occurs because PALF is
hydrophilic in nature, which has lower compatibility with hydrophobic polymer. The
hydrophilic behavior has the tendency to become wet because of water. Therefore,
PALF can easily attract hydroxyl group better than hydrophobic polymer. This causes
poor interface and low resistance to moisture absorption when natural fiber is reinforced

25

with hydrophobic matrix “>. Hence, a coupling agent is required to enhance the

compatibility of hydrophilic fiber with hydrophobic polymer.
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Fig. 11 Effect of fibre loading on impact strength of PALF/PLA composites

Fig. 12 presents the effect of MAPE on the impact strength of PALF/PLA composites.
The highest increment was discovered at 4 wt.% with the impact value of 37.34 kd/m?,
which is an increase by 21.23%. However, it decreased to 31.16 kJ/m? at 6 wt.%.
Moreover, the percentage of performance for 4 and 6 wt.% decreased to about 16.55%
(6.18 kJ/m?). The impact strength of PALF/PLA composite further increased when the
wt.% of compatibilizing agent was increased up to 4 wt.%. This observation is also
similar to those reports retrieved from literature review ****. The compatibilizing agent of

MAPE enhances the impact strength because MAPE reacts with hydroxyl group on the



surface of lignocellulose to form a linkage or bond. Nevertheless, the polyethylene (PE)
tail from the MAPE forms a bond with the melted matrix. As a result, the formation of
mechanical linkage between hydrophilic lignocellulose and hydrophobic polymer is
generated *°. However, the impact strength dropped with 6 wt% of MAPE. This is
because; the increase in compatibilizing agent highly enhances the adhesion bonding
between fiber and matrix polymer. Therefore, the crack begins at the fiber itself, but not
at the interface as the impact happens. This is due to the fact that the matrix becomes
less brittle than the fiber *. As a result, the impact strength of the composite displayed a

decrease.

Moreover, there are also several other factors that affect the mechanical
properties of composite and the interfacial adhesion bond between fiber and matrix,
such as the processing method, the length of fiber, and the fiber orientation. These are
some the factors that should be considered in improving the mechanical properties of a
composite in order to produce a composite with excellent mechanical properties. On top
of that, agglomeration of fiber takes place is formed as the fiber loading is increased

during the roll mill mixer process, which resulting in poor mechanical properties.

These results are in reported to agreement with the findings obtained by several
researchers. Moreover, low energy demand initiates crack at the area of agglomeration
in the fiber “>. Hence, a better mixing method should be considered, such as internal
mixer and extrusion, which can hinder avoid agglomeration from occurring. This is

indeed a crucial step to further improve the mechanical properties of composites.

40 B 37.34
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Fig. 12 Effect of MAPE on impact strength of PALF/PLA composites



4. CONCLUSION

In conclusion, as fiber loading was increased in the experiments, composites formed
without compatibilizing agent displayed the highest values of TS and Young’s modulus
with 10 wt.% of PALF, in which the impact and flexure properties decreased.
Meanwhile, the addition of MAPE indicated that the tensile properties possess lower
value compared to those untreated. On the other hand, the flexural and impact properties
of the composites were increased with the presence of MAPE. Hence, as a conclusion,
the mechanical properties largely depend on fiber loading and the compatibility between

matrix polymer and fiber.



5.3

RECOMMENDATIONS

These are some recommendations that can be consider to obtain better and

more accurate results in future:

Treat the fibers prior to testing by using Sodium Hydroxide (NaOH) solution. This
surface treatment will remove the wax, lignin and other unwanted residue from
the fiber’'s surface therefore providing better adhesion with the matrix.

Use internal and extrusion machine instead of using roll mill mixer and crusher.
This will ensure more uniform and better distribution of the fiber and PLA.

Ensure the fibers are completely dried to avoid moisture content as it may result
in poor bonding with the matrix.

Use long fiber instead of short fiber to fabricate the composite. Long fiber has
larger surface area thus provide better entanglement with the matrix resulting in

strongerbonding.
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