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Abstract

The objective of the project is to investigate the effects of varying processing

techniques on tensile properties and flexural properties of empty fruit bunch (EFB) -

high density polyethylene (HDPE) composites. Dried empty fruit bunch fiber of5 mm

in length was compounded with HDPE matrix using extruder machine at 150°C. The

resulting compound is further processed using either an injection molding or

compression molding to obtain the tensile test bars. Samples obtained from both

processing techniques were subjected to tensile test and flexural test. Finally, the

tensile properties and flexural properties obtained from both processing techniques

were analyzed and compared. The samples from injection molding process exhibited

better tensile properties and flexural properties compared to those fabricated using

compression molding. This was due to pore spaces or voids within the compression

molding samples. Furthermore, the voids between the EFB fibers and HDPE matrix

could also be the reason for poor mechanical properties of both injection molded and

compression molded samples. The effect of EFB fiber were negligible in tensile test,

but it shown a large significant in flexural strength as the percentage difference of

flexural strength and flexural modulus showed the highest in each properties with

value of 31% and 30%. These results indicate that processing technique does have an

influence on the mechanical properties of the EFB-HDPE composites.
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Chapter 1

Introduction

1.1 Background

The polyethylene material have been discovered by the Reginald Gibson and Eric

Fawcett at the British Industrial Giant Imperial Chemical Industries (ICI) in 1933, where

there were two types of polyethylene which is the low density polyethylene (LDPE) and

high density polyethylene (HDPE) [1]. Since then, a lot of research and technology

development have been carried out in order to obtain and understand the mechanical

properties of the plastic material. HDPE materials have a few advantages which are

economical,, strong and chemical resistant. Therefore, it is being used in most

manufacturing industries all around the world to produce consumers' product and

machinery items for example, containers, piping materials and automotive fittings. After

the discovery of plastic material, a new approach of combining the high density

polyethylene material with natural fiber such as empty fruit bunch have been carried out in

order to obtain a better mechanical properties of the newly developed fiber composite.

During the combination between empty fruit bunch with HDPE, various processing

techniques, such as injection molding and compression molding, can be apply in order to

obtain a new fiber-filled composite.

1.2 Advantages Of Natural Fibers

Natural fibers such as oil palm empty fruit bunch and kenaf have been widely used

in most of manufacturing industries due to its low specific weight where a higher specific

strength and stiffness can be obtained. Therefore, it is an advantage especially for parts

design industry and automotive dashboard production as it requires suffer materials. Since

the oil palm empty fruit bunch fiber is classified as a biomass product, it can be easily

obtained and at low cost.



Moreover, it is a renewable source where it can be widely commercialized and also

the production ofnatural fiber composites requires small amount of energy [2]. During the

production phase, the processing techniques employed can influence the mechanical

properties of the empty fruit bunch - HDPE composite and therefore affect the advantages

of the fiber composite.

1.3 Processing OfNatural Fiber Composites

The combination of oil palm empty fruit bunch and HDPE will require processing

phase in order to obtain the natural fiber composite. The processing technique that will be

used during the research is injection molding and compression molding. Injection molding

is a manufacturing process for producing parts from polymeric materials. Molten EFB-

HDPE composite is injected at high pressure into a mold, which is the inverse of the

product's shape. Most of the injection molding that is being used nowadays uses screws to

increase the efficiency of heating, mixing and injecting the natural fiber composite into

molds [3]. Another processing parameter that can be used to create natural fiber composite

is the compression molding where, high force and pressure will be applied to ensure that

the fiber composite material are in contact with all mold areas. An advantage of applying

the compression molding method is that it produces less fiber-length degradation than

injection molding method [4].

1.4 Problem Statement

Various research have revealed that the mechanical properties of empty fruit bunch

- HDPE composites such as tensile modulus increased, whereas tensile strength and

impact strength decreased with increasing filler loading. Unfortunately, mechanical

properties of most materials will change after they are being processed. Apart from the

filler loading there are other factors that affect the mechanical properties of fiber

composites such as fiber length, chemical treatment and temperature used during the

processing phase. However, the effect of processing parameters on mechanical properties

of composites requires further investigation. The processing parameters will affect the

microstructure of the composites particularly the fiber orientation and its distribution.



The changes in microstructure of fiber filled composite can influence the

mechanical properties of the newly developed material which includes tensile strength and

flexural strength. This study particularly will investigate the effects of processing

techniqueson the mechanical properties of the emptyfruit bunch- HDPE composites.

1.5 Objectives and Scope of Study

The objective of this project is to investigate the effect of different processing

techniques such as compression molding and injection molding on mechanical properties

of the empty fruit bunch-HDPE composite. The mechanical properties that will be

investigated in this project aretensile properties and flexural properties of the natural fiber

composite after it undergoes particular processing technique. The material used in this

project is the oil palm emptyfruit bunchand high density polyethylene matrix where they

were combined to produce natural fiber composite.



Chapter 2

Literature Review and Theory

2.1 Previous Related Research

Besides processing techniques, the mechanical properties of EFB-HDPE composite

can be influenced by other factors such as fiber length, fiber content and chemical

treatment that are being applied on the natural fiber composite. An example of the

previous related researchthat have been done was the investigation of oil palm emptyfruit

bunch composites based on high density polyethylene matrix. In the research, the effect of

EFB fiber content, fiber length and chemical treatment on mechanical and water

absorption properties of the composites was investigated. The research showed that the

EFB short fiber composites have high tensile and flexural properties compared to EFB

particulate composites. The increase of EFB content increased the flexural modulus but

decreased the tensile strength of EFB short fiber composites and EFB particulate fiber

composites [5]. The research is related to this study where the same natural fiber material

is beingused to investigate the effect of certain parameters on the mechanical properties of

the natural fiber composites [6].

Another related research that have been done was the study of influence of

processing methods and fiber length on physical properties of kenaf fiber reinforced soy

based, where the same processing techniques of injection molding and compression

molding were being used to investigate the influence of processing parameters [7].

Various fiber lengths is being used to examine the effect of fiber size. The research

showned that the compression molded sample of kenaf fiber reinforced say based

composites had similar storage modulus to the injection molded sample at room

temperature. Moreover, the compression molded sample had a higherIzod impact strength

compared to the injection molded sample of the natural fiber composites. Therefore, the

research is related to the current investigation where various processing techniques were

shown to influence the mechanical properties of naturalfiber composites.

4



There were other related research that has been carried out to investigate on the

mechanical properties, deformation and fracture of a natural flax fiber polymer composite.

The related research has been carried out using similar processing technique and natural

fiber composites which is compression molding and flax fiber high density polyethylene

composite [8]. The mechanical properties of the composite that was determined

experimentally were tensile strength, tensile (Young's) modulus, ductility and toughness.

The mechanical properties of the natural flax fiber polymer composite were being

compared between 0%, 10%, 18%, 20% and 30% by volume flax fiber. As a result of the

investigation, the material properties showed greater variability at high fiber volume

fractions, due to fiber clamping. The research is related to this study where natural fiber

composite and similar processing technique has been used to investigate the effect of

various fiber volume fractions on mechanical properties of the material.

An example of previous related research which used similar composite material is

the characterization of wheat straw fibers for reinforcing application in injection molded

thermoplastic composites [9]. The objective of the research was to process and

characterize wheat straw fibers to evaluate their potential as reinforcing materials for

thermoplastics. The wheat straw fibers were prepared by mechanical and chemical process

as reinforcing additives. Composites of polypropylene filled with 30% wheat straw fibers

were prepared and tensile strength and flexural strength were evaluated. The research

showed that composite with mechanically prepared wheat straw fibers yielded 29% and

49% improvement in tensile and flexural strength, whereas composition with chemically

processed fiber exhibited 12% and 49% enhancement in tensile and flexural strength. The

research is related to this is study since the material used in the investigation is natural

composites. Chemically and mechanically processed fiber can affect the mechanical

properties of a natural composite.

2.2 High Density Polyethylene

Since the processing technique can influence the microstructure as well as the

mechanical properties of the EFB-HDPE, it is important to understand the natural fiber

composite and its matrix microstructure. The microstructure of polymers can be

characterized either amorphous structure or semi-crystalline structure. Polyethylene varies

in molecular weight, branching characteristics and chain orientation.



The chain orientation of polyethylene increases as the density increases causing

microstructure to be more crystalline. The crystalline structures of HDPE have regular,

straight-chain structure with small pendent group which can be seen in Figure 2.1.

Moreover, when HDPE cools from liquid state, the long polymer chains folded up to form

a regular, repeating structure which constitutes a crystal [10]. Formation of crystalline

structure in HDPE helps to increase resistance to chemical attack and mechanical

properties because of strong bonding between the chains. Basically, polyethylene are made

from ethylene monomer which undergoes low pressure and low temperature techniques

[11].

Improvements of the properties of HDPE matrix have focused on using advance

polymerization techniques to tailor the degree of branching and molecular weight

distribution. The importance of HDPE matrix improvement is to avoid material failure

which is caused by either chain breakage or disentanglement of individual chains from

their neighbours [8]. The molecular structure ofHDPE atoms are describe as follow:

where H -

C -

n =

[] =

H H

I I
C C-h

I I
H H

it

Hydrogen atom

Carbon atom

Molecular weight (number of repeating units)

Monomer symbol

Electron bond

Therefore, the development EFB-HDPE composite is another way to improve the

microstructure since it can affect the mechanical properties of the newly developed

composite. But, the EFB-HDPE composite microstructure is being influenced by the

processing parameters as changes of fiber distribution occur during the processing phase.
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Figure 2.1: Microstructure of High Density Polyethylene [5].

2.3 Tensile strength

Tensile strength is the maximum stress on the engineering stress-strain curve

which can be seen in Figure 2.2. This corresponds to the maximum stress that can be

sustained by the EFB-HDPE composite specimen in tension. All deformation up to this

point is uniform throughout the narrow region of the tensile specimen [12]. Engineering

stress- strain curve from each processing technique will be obtained in order to compare

and analyze the data.

Tensile

Strength

CD

u f~^
Strain

Figure 2.2: Typical maximum tensile strength in engineering stress-strain curve
illustration [12].



2.4 Flexural Strength

Another mechanical properties of the natural fiber composite that will be tested is

the flexural strength. The stress at fracture using flexure test is known as the flexural

strength, modulus of rupture or fracture strength. The specimen will be subjected to a tree-

point bending test as shown in Figure 2.3.

The formula for flexural strength of a rectangular cross section is,

Uf* " 2bd* (1)

According to Figure 2.3, Ff is the load of fracture, L is is the distance between

support points, d is the height of the specimen and b is the width of the specimen.

Moreover, flexural strength, af,, will depend on specimen size. With the increasing of

specimen volume, there is an increase in the probability of the existence of a crack-

producing flaw and, consequently, a decrease in flexural strength [12].

The formula for flexural modulus is,

_L3Ff
Ebs"d ~4bd'S (2)

Based in the flexural modulus equation, 6 is the deflection of the beam when a

force F is applied. According to the ASTM D790 - 03, the flexural properties may vary

with the specimen depth, temperature, atmospheric conditions and the difference in the

rate of straining. Moreover, the crosshead motion of the machine is being set according to

the calculation that have been made by using the equation below,

*=fr (3)6a

where,

R = rate of crosshead motion, mm/min,

L - support span, mm,

d = depth ofbeam, mm,

Z = rate of straining of the outer specimen, mm/mm/min.



According to the ASTM D790 - 03, the rate of straining of the outer specimen, Z,

is 0.01 mnVmiWmin.

Figure 2.3: 3-point bending test for flexural strength test.

2.5 Processing Theory

High temperature above the melting point was applied during the injection molding

process in order to inject the composite material into the mold. In injection molding

process, the composites were being fed from a hopper into a heated barrel where it is

melted, after which a screw or ram forces the composites into the mold, as shown in

Figure 2.4. The temperature condition applied on the composite material on both

processing technique can affect its mechanical properties of the samples. The composite

material become more brittle as it is being exposed to temperatures that are below its

melting point [11].

Cavities

Stationary half of mold

Movable half of mold

Hopper to feed polymer pellets

Screw and ram

Figure 2.4 Typical schematic diagram of injection molding [10].



For the compression molding process, both mold pieces were heated, causing the

composite material to become viscous and flow to conform to the mold shape. The

temperature of the upper and lower plate of the compression molding machine must be

higher than the melting point of the sample. Both plates will compress the mold according

to the compression pressure that has been set after, plates, mold plunger and mold base are

equilibrium in temperature, as shown in Figure 2.5. The hydraulic plunger will apply the

compression pressure.

Heat and

cooling

Heat and

cooling

Mold

base

-s*-

I I

U

Platen .

Mold plunger

Guide pin
Molding compound

Mold cavity

•Platen

Hydraulic-
plunger

Figure 2.5 Typical schematic diagram of compression molding[12].
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3.1 Materials Used

Chapter 3

Methodology

Oil palm empty fruit bunch was obtained from the local farmers in the form of coir

and used as the natural fiber. Example of EFB before it is being process into coir is shown

in Figure 3.1. The weight of EFB that are being used is about 450 g per bunch. High

density polyethylene with density of 0.958 g/cm3 was purchase from the Titan Chemical

Sdn. Bhd.

l •• • (T*

• '♦.■gar t^gaf ***""-*

Figure 3.1: Typical Oil Palm Empty Fruit Bunch [9J.

3.2 Sample Preparations

3.2.1 Compounding of EFB and HDPE

EFB coir was shredded into particles which have an average fiber length of 5 mm

and kept in the oven at 80°C for 12 hours to remove the moisture content as shown in

Figure 3.2. The HDPE-EFB composites were compounded with 20%wt EFB fiber content.

To obtain EFB-HDPE composites, both EFB fiber and HDPE matrix were fed into the

Leistritz extrusion machine with temperature of 140°C for each barrels.

11
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Figure 3.2: 5 mm length of empty fruit bunch

The temperature for the flange and die was being set to 208°C and 210°C

respectively so that the EFB-HDPE composites will not solidify at the 2 mm die. The

EFB-HDPE composite rod obtained from the Leistritz extrusion machine were shredded

into granulates form as shown in Figure 3.3. The compounded granulates were used in the

injection molding and compression molding process.

Figure 3.3: EFB-HDPE composites in granulates form

3.2.2 Injection Molding

ME20II Tat Ming Mechatronics injection molding machine has been used to make

dog-bone shape specimen for mechanical properties measurements. The EFB-HDPE

composites will be injected into the mold cavity with temperature of 170°C and 80 bar of

pressure. Duration of the heating process of the injection machine was 30 minutes.

Average of 7 dog-bone shape samples of EFB-HDPE composite molding have been

obtained for subsequent tensile test in order to analyze the effects on mechanical

properties.

12



3.2.3 Compression Molding

Alternatively, CARVER CMG30H-15-CPX compression molding machine was

also used to process and obtain the dog-bone shape specimens. The preheating process

was the initial activity before the compression molding. Both heating plate, Platen 1 and

Platen 2, were being set at the same temperature of 170°C. The preheating process of the

compression molding machine will take 30 minutes. The natural fiber composite were put

in the mold cavity which then be closed with top force and of 4 kN. It is assumed that the

heat from both plate were transferred to the mold since the effect of surrounding

temperature is negligible. This condition was being maintained throughout the process

until the EFB-HDPE composite mold was obtained. Average of 7 dog-bone shape samples

of EFB-HDPE composite molding were obtained for the next step of the investigation.

The overall methodology is as shown in Figure 3.4.

Shredded

Empty Fruit
Bunch (EFB)

HDPE

m

Injection Molding

Mechanical Testing

Obtain data, Results, Calculation

and Data

%D^pS|p^^eE§ferfe^|Hl^gJ^

Compression Molding

Mechanical Testing

Obtain data, Results, Calculation

and Data

:•;>:!

Figure 3.4: Methodology to study the effect of processing technique on mechanical
properties.

3.3 Mechanical Testing

3.3.1 Tensile Test

All specimens were prepared according to ASTM D 638 standard. Average of 7

natural fiber composite specimens from each processing technique will then be tested for

their tensile strength by using the ARMSLER HA100 Universal Tensile Machine.

13



The EFB-HDPE composite specimen will be applied with 5 kN of force and strain

rate of 5 min"1. Data and results that will be gained from the testing machine will be

calculated and compared with that processed by the other processing technique.

3.3.2 Flexural Test

All specimens for flexural test were prepared according to ASTM D 760-03

standard. The conditions of the test specimens temperature and humidity were 23°C and

5% respectively. Average of 7 natural fiber composite specimens from each processing

technique were tested for their flexural strength by using the ARMSLER HA100

Universal Tensile Machine. A 5 kN force and were employed. Different dimension of each

samples have different strain rate. Data and results obtained from the test were analysed

and compared with that processed using the other processing technique.

14



Chapter 4

Results and Discussion

4.1 Tensile test

Two types of processing technique, injection molding and compression molding

were being investigated. Figure 4.1(a) shows the typical stress-strain curve of EFB-HDPE

composite sample from injection molding process. The results show that samples of EFB-

HDPE composites from injection molding process have a low tensile strength which is an

average of 18.3 MPa with standard deviation of 0.7 MPa, compared to pure HDPE of

injection molding which is 22.1 MPa [13].

20

IS

16

F 12
*?,

Injection molding
process

Compression
molding process

0 5 10 15 20 25 30

Percentage Strain

Figure 4.1: Typical stress-strain curve of EFB-HDPE composites prepared by

injection molding process and compression molding process.
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Tensile test showed that the tensile strength of EFB-HDPE composite samples of

compression molding were much lower with the value of 12.6 ± 2 MPa than that of pure

HDPE prepared by equivalent processing technique, value of 18.8 MPa with a standard

deviation of 2.2 MPa. Its percentage difference was 31%. Figure 4.1(b) shows the typical

stress-strain curve of EFB-HDPE composite prepared by compression molding process.

Pure HDPE prepared by injection molding, has a tensile modulus of 1 GPa. Lower

tensile modulus of both EFB-HDPE composite samples processes by injection mold and

compression mold, with the value of 240.9 MPa ± 11.5 MPa and 269 MPa ± 5.8 MPa,

respectively, maybe due to the elastic property of HDPE that have been reduced by the

presence of EFB fiber. Stress at yield of EFB-HDPE composites prepared using injection

molding samples, with the value of 11.5 MPa ± 0.4 MPa was slightly higher than that of

the compression molding samples, with the value of 10.9 MPa ± 0.7 MPa, with a

percentage difference of 5%.

It was observed that most of the compression molded samples failed at the pores

spaces in the EFB-HDPE composite samples as shown in Figure 4.2(a). The presence of

pores, as noted by the faded colour on the surface of the EFB-HDPE composite sample,

was expected to decrease the tensile properties of the material. This pores are seen to

develop more in the compression molding samples compared to injection molding

samples.

Figure 4.2: Optical microscopic of the surface of the EFB-HDPE composite

prepared using compression molding process with (a) 5 X

magnification and (b) 10 X magnification.

16



The pores in the EFB-HDPE composite samples of compression molding process

occur due to gaps between the granulates of natural fiber composites at the earlier process

of compression molding. In the pore spaces, huge amount of loose fiber, as shown in

Figure 4.2 (b). Loose fibers were EFB fibers that were wrapped with HDPE matrix but

with poor bonding between each fiber.

The gaps between granulates of EFB-HDPE composite provide a platform for

pores to develop during the compression molding process. The air that was trapped

between the gaps will expand throughout the compression molding process due to the

heating effect and created larger pores in the natural fiber composite.

Compared to the injection molding, the EFB-HDPE composite has less gaps or

pores since it was injected in molten condition as shown in Figure 4.3 (a). There was less

loose EFB fiber seen in the pores. The EFB fibers were closely packed and contact with

the HDPE matrix. The surface of pores can be seen in Figure 4.3 (b).

Figure 4.3 ;

(a) (b)

Optical microscopic of surface of EFB-HDPE composite sample

prepared using injection molding process with (a) 5 X magnification

and (b) 20 X magnification.

4.2 Flexural Test

The highest value for flexural strength was found to occur for the injection

molding samples of EFB-HDPE composite which was 33.7 MPa with standard deviation

of 1.1 MPa. The flexural strength of injection molded EFB-EGDPE composite samples was

slightly higher than that of pure HDPE, value of 29.2 MPa ± 1 MPa, but does not show

much significant since the variation is only 4.5MPa, as shown in Table 4.1.

17



The samples of pure HDPE and EFB-HDPE composite which were prepared by

using compression molding did not shown much different as the flexural strength of both

samples were 24 MPa and 23.1 MPa, respectively. The difference in maximum deflection

between pure HDPE and EFB-HDPE composite of injection molding was negligible. The

typical stress-deflection curve of EFB-HDPE composite can be referred to Figure 4.4.
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Figure 4.4: Typical stress-deflection curve of pure HDPE and EFB-HDPE

composite prepared by compression molding process.

The maximum deflection of EFB-HDPE composite samples of injection molded

was averagely same with pure HDPE that were prepared using the same process, as shown

in Figure 4.5. Samples that were prepared using injection molding process were higher

than that for the samples from compression molding process, as shown in Table 4.1. This

proved that injection molded samples can withstand higher deflection compared to

compression molded samples, without being affected by the presence of EFB fiber.

The EFB-HDPE composite sample of injection molding showed higher flexural

modulus value of 638 MPa with standard deviation of 22 MPa compared to that of the

compression molded, with a value of 446 MPa with standard deviation of 27 MPa, as

shown in Table 4.1. The percentage difference between the two samples was 31%.
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Figure 4.5: Typical stress-deflection curve of EFB-HDPE composites and pure

HDPE prepared by injection molding process.

The high flexural modulus of EFB-HDPE composite samples obtained from

injection molding process may be due to the EFB fiber properties which have better

flexural properties. The EFB-HDPE composite samples and pure HDPE samples of

compression molding, with the value of 446 MPa ± 27MPa and 480 MPa ± 32 MPa,

respectively, showed small differences in the flexural modulus value. Pure HDPE that

were prepared using injection molding and compression molding have percentage

difference of 18%, with the value of 583 MPa ± 21 MPa and 489 MPa ± 32 MPa,

respectively. This showed that different processing technique can affect the flexural

modulus of pure HDPE more significantly compared to EFB-HDPE composite that were

prepared using different processing technique.

The small differences in compression molded samples of both EFB-HDPE

composite and pure HDPE were due to large pore space created within the samples. This

phenomenon has taken a large impact on the value obtained for flexural modulus. The

flexural test result indicates that compression molding leads to poor flexural properties as

the process creates poor bonding between the EFB and HDPE. This may be the main

reason for the low flexural properties of the compression molded samples.
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Higher load can be applied on injection molded samples compared to that of the

compression molded samples. The effect of the pores in the EFB-HDPEcomposite sample

of compression molded sample causes the material to withstand only a small load of

30.9 N. Unlike the pure HDPE that were being prepared using compression molding, it

can withstand higher tensile load of 41.7 N. Hence, in order to obtain mechanically

improved composite, pore spaces that are created within the samples need to be reduced.

4.3 Summary

Pure HDPE prepared from injection molding have showed better tensile properties

compared to other samples, as shown in Table 4.1. Less void and pores was identified to

be the main reason of its high tensile properties. Materials with high number and volume

of pores will lead to poor bonding and low mechanical properties. Samples from

compression molding process have high number of pores compared to samples prepared

by injection molding. Moreover, all samples prepared from compression molding process

have lower tensile properties than that of samples from injection molded. In tensile test,

the effect of EFB fiber is negligible.

However, the compression molding process does showed a higher value of tensile

modulus of 269 MPa with a standard deviation of 5.8 MPa compared to that of EFB-

HDPE composite sample prepared using injection molding, with a value of 240.9 MPa

with standard deviation of 0.8 MPa. The different value of stress at yield for EFB-HDPE

composite prepared using injection molding and compression molding were negligible.

For flexural properties, EFB-HDPE composite prepared using injection molding is

higher than other samples prepared by using compression molding, as shown in Table 4.1.

This may be due to the elastic property of the EFB fiber. Therefore, the effect of EFB fiber

in flexural test is significant.

But, the EFB-FtDPE composite showed the lowest flexural properties if it is

prepared by using compression molding process. However, EFB-HDPE composite and

pure HDPE prepared using compression molding showed high maximum deflection with

the value of 6.7 mm and 5.9 mm, respectively.
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Table 4.1: Mechanical Properties of EFB-HDPE composite and pure HDPE

prepared using injection molding and compression moldmg process

EFB-HDPE composite Pure HDPE

Properties
-2 «

o o

o

11
O

S -T3
.2 <t>

<D O

3^

a
o

to CD

t-. i—i

P

o

Tensile

strength

(MPa)

Mean111 18.3 ±0.71 12.6 ±2.0 22.1 [13] 18.8 ±2.2

Tensile

modulus

(MPa)

Mean[1] 240.9 ±11.5 269 ±5.8 1000 [13] 24.6 ±0.8

Stress at

Yield (MPa)
Mean'11 11.5 ±0.4 10.9 ±0.7 14.9 [13] 9.7 ±0.9

8

X

Flexural

Strength

(MPa)

Mean113 33.7 ±1.1 23.1 ±2.2 29.2 ±1.0 24.0 ±1.6

Flexural

modulus

(MPa)

Mean[1] 637.8 ±21.9 446.1 ±26.9 583.1 ±20.9 479.6 ± 32.2

Maximum

Load(N)
Mean11J 59.8 ±3.2 30.9 ± 1.6 51.7 ±2.0 41.7±3.7

Max.

deflection

(mm)

Mean[1] 9.0 ±0.1 6.7 ±0.1 9.0 ±0.0 5.9 ±0.2

1JA mean calculated from atleast 5 samples.
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Chapter 5

Conclusions and Recommendation

5.1 Conclusions

The influence of processing techniques on mechanical properties of EFB-HDPE

composite was examined. Results showed that the samples from compression molding

process have lower tensile properties and flexural properties compared to that of the

injection molded samples. The highest percentage difference of tensile strength was

between EFB-HDPE composite from compression molding and pure HDPE prepared by

injection molding of 43%. The lower tensile strength of the composites could be attributed

to the void formation between the EFB fiber and HDPE matrix. The void may causes poor

bonding between EFB fiber and HDPE matrix. Therefore, better mechanical properties of

EFB-HDPE composite may be obtained if the pores that occurs in the material can be

reduced. The presence of EFB fiber proved to improve the flexural strength and modulus

of EFB-HDPE composites although it has a negative effect on the tensile properties.

As for the flexural strength, the highest percentage difference was between EFB-

HDPE composite prepared by injection molding and compression molding with a value of

31.5%. This showed that in flexural test, EFB fiber does have a significant effect on the

EFB-HDPE composite. Moreover the percentage difference for other flexural properties

between EFB-HDPE composite prepared by injection molding and compression molding

showed the highest value, such as flexural modulus with the value of 30%. Based on the

tensile test and flexural test it is suggested that the EFB-HDPE composite product

obtained from the injection molding process is preferable as the processing techniques

showed high mechanical properties. It can be concluded that the processing technique can

influence the mechanical properties of EFB-HDPE composites.
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5.2 Recommendation

Further studies on combination of other natural fibers with polymer matrix may

result in composites with better mechanical properties. For example, further studies can be

done on mechanical properties of compounding fresh palm oil leaves with HDPE and the

accompanied effects of various processing technique. Different result may be obtained

from different types of natural fiber and polymer matrix that undergoes different

processing technique. Reduction of pore spaces in the compression moldmg samples can

be used as a case study to see the effect on mechanical properties of the EFB-HDPE

composite material. This can be done by modifying the mold by introducing several holes

on the top or at the side to allow any trapped air between the granulates.
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Appendices

Table A-1: The tensile properties of pure HDPE prepared by compression molding process

tensile properties

strength11J modulus111 stress at offsetyieldL1Jmaximum load121

18.9 24.8

21.8 24.7

16.6 23.3

17.8 24.6

25.7

Mean 18.8 24.6

STDL3j
2.2 0.8

10.0

10.7

9.8

8.2

9.8

9.7

0.9

mThe units for strength, modulus and stress at offset yield are in MPa

[2]The units for maximum load are in N

[3]STD ^ Stan(jard Deviation
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914.7

985.4

952.6

950.9

35.4



Table A-2: The flexural properties of pure HDPE prepared by compression molding
process

flexural properties

strength11J modulus1 IJ elastic strengthUJ

24.2 483.9 5.8

24.6 491.6 4.8

21.7 433.9 6.0

25.5 509.0 5.7

Mean 24.0 479.6 5.6

STDt3] 1.6 32.2 0.5

[1JThe units for strength, modulus and elastic strength are in MPa

[2-lThe units for maximum deflection are in mm

[3]gTD = Standard Deviation
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maximum deflection1^

5.7

6.2

5.9

5.8

6.0

5.9

0.2



Table A-3: The flexural properties of pure HDPE prepared by injection molding process

flexural properties

strength111 modulus11J elastic strengthUJ maximum deflectionUJ

30.4 608.6 4.3 9.0

28.2 563.7 4.4 9.1

28.3 565.4 4.4 9.1

28.2 563.7 4.2 9.0

29.9 598.0 9.0

30.0 599.0 9.0

9.0

Mean 29.2 583.1 4.3 9.0

STD[3] 1.0 20.9 0.1 0.0

L1]The units for strength, modulus and elastic strength are in MPa

I2]The units for maximum deflection are in mm

[3]STD = Standard Deviation
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Table A-4: The tensile properties of EFB-HDPE composite prepared by compression
molding process

tensile properties

strength1li modulus11] stress at offsetyield11J maximum load12J

15.5 269.5

11.5 270.9

10.9 260.9

12.6 274.6

Mean 12.6 269.0

STD133 2.0 5.8

10.4

10.3

11.2

11.7

10.9

0.7

' The units for strength, modulus and stress at offset yield are in MPa

I2]The units for maximum load are in N

E3]STD = Standard Deviation
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594.9

560.0

586.9

580.6

18.3



Table A-S: The flexural properties ofEFB-HDPE composite prepared by compression
molding process

flexural properties

strength11J modulus11J elastic strength1IJ

22.7 454.8 0.2

26.5 435.6 0.3

21.8 415.5 0.3

20.8 478.5 . . 0.2

23.9

Mean 23.1 446.1 0.3

gTD[3]
2.2 26.9 0.0

11JThe units for strength, modulus and elastic strength are in MPa

[2]The units for maximum deflection are in mm

[3]gTD = Standard Deviation

30

maximum deflectionL2J

6.6

6.5

6.8

6.7

6.7

0.1



Table A-6: The tensile properties of EFB-HDPE composite prepared by injection molding
process

tensile properties

strength11J modulus1 J stress at offset yield11J maximum load12J

19.3 228.0 11.5 822.9

18.0 236.5 11.9 776.5

18.7 236.5 11.6 810.7

18.4 253.5 11.0 797.8

18.4 234.2 793.7

17.0 256.7 738.5

18.3 796.0

Mean 18.3 240.9 11.5 790.8

gTD[3] 0.71 11.5 0.4 27.2

'^The units for strength, modulus and stress at offset yield are in MPa

[2]The units for maximum load are in N

[3]STD = Standard Deviation

31



Table A-7: The flexural properties of EFB-HDPE composite prepared by injection
molding process

Mean

STD[3]

flexural properties

strength1iJ modulus1IJ elastic strength113

31.8 636.7 9.3

33.6 672.8 10.8

34.7 695.0 14.7

34.5 689.1 13.7

33.1 661.6

34.4 687.4

33.7

1.1

637.8

21.9

12.1

2.5

11JThe units for strength, modulus and elastic strength arein MPa

[2]The units for maximum deflection are in mm

[3]STD - Standard Deviation
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maximum deflection1 l

9.2

9.0

9.1

9.1

9.0

9.0

9.0

9.0

0.1
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