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ABSTRAK

Polimer tetulang gentian telah menghasilkan sifat-sifat yang baik seperti ringan, tahap
kekakuan yang tinggi, nisbah kekuatan-berat yang tinggi, dan mempunyai ketahanan
yang sangat impresif berbanding dengan logam/aloi yang lain. Penyelidikan ini
mengkaji sifat-sifat mekanik komposit poliamida 6-polipropilena bertelulang gentian
kaca di bawah kadar beban yang berbeza. Biasanya hanya satu jenis matrik dan satu
jenis gentian yang digunakan untuk menghasilkan komposit tetapi gabungan ini tidak
dapat memenuhi keperluan semasa dalam pengeluaran produk berasaskan komposit
polimer yang memerlukan produk yang lebih baik dari segi sifat dan kemampuannya.
Oleh itu, dua matriks poliamida 6 dan polipropilena digabungkan dengan gentian kaca
untuk menghasilkan sifat-sifat baru komposit yang mempunyai kekuatan komposit dan
bahan mulur yang tinggi. Lima spesimen komposit poliamida 6-polipropilena
bertetulang gentian kaca berbentuk tulang anjing yang berbeza telah dihasilkan;
70%PA6+30%PP polimer paduan, 65%PA6+30%PP+5%GF komposit,
60%PA6+30%PP+10%GF komposit, 55%PA6+30%PP+15%GF komposit, dan
50%PA6+30%PP+20%GF komposit. Penyelidikan komposit poliamida 6-polipropilena
bertetulang gentian kaca akan berbeza dengan penyelidik lain kerana terdapat 3 kategori
ujian mekanikal yang berbeza dengan keadaan operasi mekanikal yang berbeza yang
dilakukan untuk penyelidikan ini. Komposit PA6-PP-GF yang mempunyai peratusan
yang berbeza telah dikaji oleh ujian tegangan, lenturan, dan hentaman di bawah kadar
beban yang berbeza iaitu daripada kadar yang rendah hingga kadar yang tinggi. Kadar
beban yang berbeza digunakan untuk ujian tegangan dengan kadar tegangan rendah
jaitu 2 mm/min, kadar tegangan sederhana iaitu 6 mm/min, dan kadar tegangan tinggi
laitu 10 mm/min. Bagi ujian lenturan, dua kadar beban digunakan iaitu kadar tegangan
rendah; 2 mm/min dan kadar tegangan tinggi; 4 mm/min dan dua daya kilas yang
berbeza digunakan dalam ujian hentaman iaitu 4 N.m dan 5 N.m. Sifat tegangan
70%PA6+30%PP polimer paduan menunjukkan modulus tegangan dan kekuatan
tegangan yang rendah tetapi 50%PA6+30%PP+20%GF komposit menghasilkan
keputusan yang tinggi walaupun pada kadar tegangan yang berbeza. Polimer paduan
PAG6-PP menunjukkan tingkah laku mulur jika dibandingkan dengan komposit PA6-PP-
GF dengan 20%GF yang memperlihat komposit tingkah laku rapuh. Graf lengkung
tegasan-terikan 50%PA6+30%PP+20%GF komposit di bawah kadar tegangan 10
mm/min juga menunjukkan keupayaan pemanjangan yang sedikit sebelum patah
berbanding komposit PA6-PP-GF yang lain kerana kadar tegangan tinggi yang
digunakan dan juga kerana kekakuan rapuh komposit itu sendiri. Sifat lenturan
komposit PAG-PP bertetulang gentian kaca menunjukkan peningkatan secara berterusan
apabila- kandungan gentian = kaca meningkat. Ciri-ciri tegangan dan lenturan
menunjukkan peningkatan hasil dengan peningkatan kadar gentian kaca apabila kadar
tegangan meningkat. Keputusan kekuatan lenturan komposit PAG6-PP bertetulang
gentian kaca pada kadar tegangan 4 mm/min adalah lebih tinggi berbanding kadar
tegangan 2 mm/min. Kekuatan lenturan komposit PA6-PP bertetulang gentian kaca
pada kadar tegangan 2 mm/min juga menunjukkan kekuatan yang lebih tinggi
berbanding keputusan kekuatan tegangan pada kadar tegangan 2 mm/min. Keputusan
ujian tegangan dan lenturan menunjukkan peningkatan hasil secara berterusan dengan
peningkatan kandungan gentian kaca. Selain itu, kekuatan hentaman menunjukkan
keputusan yang lebih tinggi pada 70%PA6+30%PP polimer paduan tetapi menurun
secara drastik pada 65%PA6+30%PP+5%GF komposit. Kemudian, kekuatan hentaman
meningkat sedikit apabila kandungan gentian kaca bertambah pada 10% dan 15% tetapi



apabila kandungan gentian kaca bertambah pada 20%, kekuatan hentaman menurun
semula kerana kandungan gentian kaca yang tinggi menyebabkan penyerapan tenaga
yang kurang berbanding dengan polimer paduan. Sifat mekanik komposit PA6-PP-GF
dipengaruhi oleh komposisi gentian kaca yang berbeza. Analisis mikrostruktur
komposit PA6-PP-GF menunjukkan tarikan gentian kaca dari panjang ke pendek
apabila kadar tegangan yang digunakan makin tinggi dan juga kekuatan ikatan antara
muka gentian kaca dan matrik PA6-PP yang kukuh. Sifat mekanik komposit PA6-PP-
GF dapat menyumbang kepada aplikasi industri seperti saluran masuk atau manifold
pengambilan di bahagian automotif, bumper automotif untuk menyerap tenaga
hentaman sekiranya berlaku perlanggaran, injap automotif, dan penyelidikan akademik
lain di masa depan.



ABSTRACT

Fiber reinforced polymers possess good properties such as light-weight, high levels of
stiffness, high strength-to-weight ratio, and outstanding endurance strength as compared
to other most common metallic alloys. This research study is investigating on
mechanical properties of glass fiber reinforced polyamide 6-polypropylene composites
under different operating conditions. Commonly only one type of matrix and one type
of fiber are used to produce composites but this combination cannot meet the current
needs in the production of polymer composite-based products that require better
products in terms of their properties and capabilities. Thus, two matrices of polyamide 6
and polypropylene are combined and reinforced with glass fiber to produce new
properties of a composite that have high strength of ductile materials. Five different
dog-bone-shaped specimens of glass fiber reinforced polyamide 6-polypropylene
composites were prepared; 70%PA6+30%PP polymer blend, 65%PA6+30%PP+5%GF
composite,  60%PA6+30%PP+10%GF  composite,  55%PA6+30%PP+15%GF
composite, and 50%PA6+30%PP+20%GF composite. The research of glass fiber
reinforced polyamide 6-polypropylene composites would differ from other researchers
as there are 3 different categories of mechanical tests with different mechanical
operating conditions performed for this research. The influence of different
compositions of glass fiber reinforced PA6-PP composites was investigated with
tensile, flexural, and impact tests under different loading conditions which is from a low
rate to a high rate. Different strain rates are used for tensile tests with a low strain rate
of 2 mm/min, medium strain rate of 6 mm/min, and high strain rate of 10 mm/min. For
flexural tests, two different tension rates are used which are a low strain rate of 2
mm/min and a high strain rate of 4 mm/min and two different torques were used in
impact tests which are 4 N.m and 5 N.m. Tensile properties of 70%PA6+30%PP
polymer blend show low tensile modulus and tensile strength but at
50%PA6+30%PP+20%GF composite show an increased result even at different strain
rates. The PAG-PP polymer blend show a ductile behavior if compare to PA6-PP-GF
composite with 20%GF that show brittle behavior composites. A stress-strain graph of
50%PA6+30%PP+20%GF composite under strain rate of 10 mm/min tensile test shows
a little elongation ability before fracturing compared to other PA6-PP-GF composites
due to the high strain rate applied and also because of the brittle behavior of composites
itself. Flexural properties of glass fiber reinforced PAG6-PP composites show
continuously increased properties as the glass fiber content is increased. Tensile and
flexural properties show continuously increased results with the increase of glass fiber
content as the strain rates increased. The flexural strength result of glass fiber reinforced
PA6-PP. composites at a strain rate of 4 mm/min is higher than a strain rate of 2
mm/min. The flexural strength of glass fiber reinforced PA6-PP composites at a strain
rate of 2 mm/min also shows a higher strength than tensile strength results at 2 mm/min
strain rate. Tensile and flexural test results show continuously improved results with
glass fiber content increases. Moreover, the impact strength shows the higher result at
70%PA6+30%PP polymer blend but drastically decreased at 65%PA6+30%PP+5%GF
composites. Then, the impact strength slightly increased when the glass fiber content up
to 10% and 15% but when the glass fiber content is up to 20%, the impact strength is
decreased again because of high glass fiber content absorbs less energy compared to a
neat polymer blend. The mechanical properties of PA6-PP-GF composites are
influenced by the different composition of glass fiber. The microstructure analysis of
PAG6-PP-GF composites revealed a long to short fiber pull-out as the strain rates applied
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for tensile properties is high and also showed a good interfacial bonding between glass
fibers and PA6-PP matrices. The mechanical properties of the PA6-PP-GF composites
can contribute to industrial applications such as inlets or intake manifolds in automotive
parts, automotive bumpers to absorb impact energy if happens any collision, automotive
valves, and other academic research in the future.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

A polymer is commonly known as a plastic material. Scientifically, polymers
consist of many monomers (assembly of long chain organic molecules from smaller
molecules) units in a long-chain. Polymers have low mechanical properties, low
density, and low coefficient of friction and can be produced transparent. Polymers also
have good corrosion resistance and good moldability. Polymers have strength and

flexible physical properties that generally stronger in long-chains.

Nowadays, fiber reinforced polymer composites are becoming increasingly
popular, and they are increasingly being used in bearings, cams, rollers, gear, wheels,
piston rings, mechanical seals, grips, and other industrial applications where the
properties of their lubricants are exploited to avoid any lubrication requirements
(Kusaseh et al., 2018 and Sen et al., 2015). A composite material consists of two or
more different materials that generate a combined, better than the individual material.
Composite materials can, therefore, be very important because of their strong and high
levels of stiffness, high strength-to-mass ratio and etc (Zhou et al., 2013). In addition,
the advantages of composites are lightweight, good corrosion resistance, fatigue

resistance, design flexibility and easy manufacture (Liu et al., 2013).

Fiber reinforced polymers or FRPs are composite materials consisting of plastic
resins and fillers such as aramid, carbon, and glass fiber. For FRP composites,
reinforcing fibers form the spine of the material and determine the strength and stiffness
in the fiber direction (Ku et al., 2011 and Taranu et al., 2015). Glass fibers are usually
used as reinforcements because of their low cost, lightweight, less brittle, and robust
material compared to carbon (Ashik and Sharma, 2015). A matrix of thermoplastic or

thermosetting plastic is usually used as a bonding agent and load transfer between



matrix and fiber (Frigione and Lettieri, 2018 and Ramesh et al., 2013). By reinforcing
the plastic matrix, various physical strengths and properties can be developed as FRP
composites. The type and configuration of reinforcements can also be selected with the
addition of plastic types and matrices. This variation allows a variety of extraordinary
strengths and physical properties. FRP composites can be specially designed for the

performance required for traditional materials such as wood, metal, and ceramics.

As been reported in previous research, glass fiber reinforced polyamide (GFRP)
composites are rising materials in the automotive industry because of their superior
mechanical properties, light in _weight, and lower mass production costs than pure
polyamide (Chaichanawong et al., 2016). In addition, a reinforced polymer has its own
mechanical properties and physical properties. Fiber-reinforced composite (FRP)
applications in the civil sector were popularly used because of excellent bending
strength and load-carrying capacity to strengthen the concrete beam (Rajak et al., 2019).
Type, shape, length, and orientation of the reinforcing material can affect the
mechanical and physical properties of a reinforced polymer. The percentage parameters
of the reinforcing material also give effect on the mechanical and physical properties of

the reinforced polymer.
1.2 Problem Statement

In spite of many advantages of polymer, better physical and mechanical
properties of a polymer are needed for industrial applications. As the industry now
needs a lightweight and high strength to weight ratio of glass fiber materials that can be
used as a replacement for traditional reinforcing materials in composites. So that,
reinforced polymers (composites plastics) have produced good materials with light-
weight properties, high levels of stiffness, high strength/weight ratio, incredible fatigue
resistance, and superb corrosion resistance to compare to most common metallic alloys,
such as steel and aluminum alloys. The strength and stiffness of polymers are good by
adding fibers of glass, carbon, nylon and etc. Generally, only one type of matrix and
one type of fiber are used to produce composites but this combination cannot meet the
current needs in the production of polymer composite-based products that require better

products in terms of their properties and capabilities (Ou and Zhu, 2015 and Khan et al.,



2010). To produce a composite that contributes to the high strength of ductile materials,
two matrices were used to reinforce with glass fiber that are polyamide 6 and
polypropylene. Besides, the combination of these materials can improve their
mechanical properties for new properties in GFRP composite field. The mechanical
properties of the PA6-PP-GF composites can contribute to industrial applications such
as inlets or intake manifolds in automotive parts, automotive bumpers to absorb impact

energy if happens any collision, automotive valves, and etc.

This study aims to investigate the mechanical properties by using two polymers
with different strengths as polyamide 6 has high strength while polypropylene has good
ductility and light-in-weight material and reinforced with glass fiber that possesses high
modulus of elasticity and high strength (Karsli and Aytac, 2013; Rudresh et al., 2016
and Zhang et al., 2014). As a result, by combining these two polymers with reinforced
of glass fiber, a high strength of ductile materials can be achieved as popularly known
that polyamide 6 and polypropylene matrices bonds well to the fiber surface and which
can transfer stress effectively to the fiber. The investigation of glass fiber reinforced
polyamide 6-polypropylene composites would be different from other researchers
because there are 3 different categories of mechanical testing with different mechanical
operating conditions was carried out for this research. Previous studied mostly focused
on only one applied condition that had only one strain rate for example; 5 mm/min
strain rate for tensile and flexural tests. Then, the percentage difference of the polymer
composite used is studied to find out how the percentage difference can affect the
mechanical result based only on one strain rate (Rathnakar and Shivanand, 2012 and
Rudresh et al., 2016). Tensile testing is carried out with 3 different strain rates at low,
medium, and high rates. Whiles, for flexural testing, it is carried out with 2 different
strain rates and impact testing also is carried out with 2 different torques. The
mechanical behavior for each testing is observed and the effects from different types of

glass fiber content with different operating conditions are discussed.
1.3 Objectives

I. To determine the suitable process parameters of injection molding machine, in

fabricating the various composition of composites.



1.4

To investigate the influence of glass fiber content on the tensile, flexural, and
impact properties of glass fiber reinforced polyamide 6-polypropylene

composites under different loading conditions.

To examine the failure behavior of the fractured specimens of glass fiber
reinforced polyamide 6-polypropylene composites under different loading

conditions.

Research Scope

This research study focuses on mechanical properties of glass fiber reinforced

polyamide 6-polypropylene composites under different operating conditions. The

research scopes as follows:

Dog-bone-shaped specimens with different compositions of glass fiber
reinforced PA6-PP composites were fabricated by using an injection molding

machine.

Five different types of glass fiber reinforced PAG6-PP composites are:
70%PA6+30%PP  polymer- blend, 65%PA6+30%PP+5%GF composite,
60%PA6+30%PP+10%GF composite, 55%PA6+30%PP+15%GF composite,
and 50%PA6+30%PP+20%GF composite.

The influence of fiber reinforcement on the mechanical properties of these PA6-
PP-GF composites under different loading conditions was investigated with 3

different tests; tensile, flexural, and impact test.

There are 3 different strain rates used for a tensile test which is 2 mm/min of
low strain rate, 6 mm/min of medium strain rate, and 10 mm/min of high strain
rate with following ASTM D638. For the flexural test, two different strain rates
were used which are 2 mm/min and 4 mm/min with following ASTM D790.

Impact test was carried out using two different torques to tighten the specimens
at the specimen support with a designated torque of impact test machine which
is 4 N.m torque and 5 N.m torque with following ASTM D4812.



Vi. Analysis of the test results were carried out under different loading conditions

for different types of composites.

vii.  The failure behavior of fractured specimens after testing were examined by

using Scanning Electron Microscopy (SEM).

1.5  Significance of Study

Polymer composites of one polymer with one fiber are common and many
researchers only focus on one condition of mechanical testing (Elanchezhian et al.,
2014 and Tian et al., 2017). To understand a better mechanical behavior of polymer
composites, two polymers are used to reinforce with glass fiber. Five different dog-
bone-shaped specimens of glass fiber reinforced polyamide 6-polypropylene
composites were prepared; 70%PA6+30%PP polymer blend, 65%PA6+30%PP+5%GF
composite, 60%PA6+30%PP+10%GF  composite, 55%PA6+30%PP+15%GF
composite, and 50%PA6+30%PP+20%GF composite. The polyamide 6 composition
was gradually reduced when the glass fiber .composition was increased by 20%, while
the polypropylene composition was constant at 30% to maintain the high ductility of
polypropylene in the PA6-PP-GF composites. The minimum PA6 composition used
was 50% because if the composition of PAG6 is less than 50%, the high ductility of PP
will result in low impact strength for PAG6-PP-GF composites. The higher GF
composition used in PA6-PP-GF composites was 20% because if more composition of
glass fiber is used, the composites are impending to brittle which will result in low
ductility composites. A lot of improvement is made with different glass fiber content in
one composite within this research and different mechanical operating conditions for
tensile, flexural, and-impact testing were used which-is from a low rate to a high rate.
Different strain rates were used for tensile tests with-a low strain rate of 2-mm/min,
medium strain rate of 6 mm/min, and high strain rate of 10 mm/min. Three different
strain rates for tensile testing were used because to investigate how the tensile
properties of PA6-PP-GF composites behave at low, medium, and high strain rates. For
flexural tests, two different tension rates were used which are a low strain rate of 2
mm/min and a high strain rate of 4 mm/min and two different torques were used in

impact tests which are 4 N.m and 5 N.m. Therefore, the polymer composites properties



and findings from this study would contribute to industrial applications such as in
automotive components, roller, bearing, etc. for a better future in this polymer

composites field.
1.6 Thesis Outline

The layout of this thesis begins with the introduction and general knowledge
about this research study in Chapter 1 which includes the problem statement, objectives,
research scope, significance of study, and thesis outline. For a further explanation from
previous researchers, the literature review about other research works are presented in
Chapter 2. Chapter 3 focuses on research flowchart and experimental procedures.
Whiles, Chapter 4 is the main character-in this thesis which discusses all the results for
all mechanical testing that were carried out. Finally, the conclusions of this research

objective and some recommendations for further improvement are stated in Chapter 5.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Polymer matrix composites (PMCs) consist of a polymer resin as a matrix. It is
being used in the largest quantities like glass fiber reinforced polymer, carbon fiber
reinforced polymer, and aramid fiber reinforced polymer. Thermoset and thermoplastic
(crystalline and amorphous) are the classifications of PMCs. The polymer composites
made from polymers and fiber reinforced composites are made of one’s material that
attached with another material. The combination of polymer with another material such
as glass will result in a unique property. The mechanical properties of composite are
improved with additional fibers which have high resistance to failure especially at high
tensile strengths such as glass fiber, carbon, and Kevlar (Massaq et al., 2019). The
objectives of this combination are to improve strength, stiffness, and toughness of

polymer composites.
2.2  Composite

Composite is a combination of any materials that made of two or more
components with different properties that, when combined, produce a material that is
better than the sum of the individual components. Composite materials also were high
strength-to-weight ratio compared to steel. Glass fiber reinforced polymer (GFRP), is a
composite material made of plastic reinforced by fine fibers from glass, that are low
cost, high chemical resistance, and the last important thing is high strength (Wambua et
al., 2003 and Deshmukh and Jaju, 2011). Fibers have two categories, natural and
synthetic. Natural fibers are like wood fiber, flax, hemp, silk, cotton, and more.

Synthetic fibers are like glass, carbon, and aramid.

There are studies in natural and synthetic fiber when combining with composites

and the result is especially focused on their mechanical properties. The mechanical



properties of synthetic fiber reinforced thermoplastic are better than natural fiber
(Maddah, 2016). But every material has pros and cons. Natural fiber reinforced
thermoplastic is environmentally compared to the synthetic fiber reinforced
thermoplastics (Shubhra et al., 2013). The environmental friendliness of natural fiber
advantage mostly refers to the meaning of sustainability that cause less or no damage to
the environment and therefore able to continue for a long time. Sustainability is a new
criterion that engineers want nowadays when trying to produce a new product. But then,
a synthetic fiber reinforced plastic composite gives better durability, high strength, and
good mechanical properties (Khan et al., 2009a, b, and Shubhra et al., 2013). The most
compatible fiber composite is glass fiber because it is cheaper than aramid and carbon,

and also better in physical and mechanical properties (Khan and Sultana, 2010).

Polypropylene (PP) is one of a thermoplastic polymer that is used in many
applications such as stationery, laboratory equipment, automotive components and
containers, electric industry, etc. (Arencon and Velasco, 2009; Gamze Karsli et al.,
2014 and Varga, 2002). PP is normally used in engineering with good resistance to
fatigue failure, flexible, good mechanical properties, inexpensive, excellent resistance
to humidity, and process (Kalpakjian and Schmid, 2010; Lingesh et al., 2014 and
Rudresh et al., 2016). Glass fiber (GF) is the most widely used reinforcement among
polypropylene composite materials, because of their good balance between properties
and cost. However, their final properties are largely ascertained by the strength and
stability of the polymer fiber interlayer (Etcheverry and Barbosa, 2012). Good
mechanical properties of composites come out from a good quality of polymer-fiber
interface and PP have an outstanding character for composite because of its suitability
in reinforcement, filling, and blending (Khan et al., 2010).

Nylonis known as polyamides (a group of plastic) and nylons are characterized
by amide groups (CONH). Due to its fascinating combination of mechanical properties
and processes, the polyamide is frequently used in various technical applications (Tjong
et al., 2002). Polyamide (PA) is a tough and semi-crystalline polymer with low glass
transition and is often used in the automotive parts and textile fibers because of its
mechanical strength and high impact strength and excellent performance (Kuram et al.,
2013). There are many types of polyamides such as PA 66, PA 6, PA 610, PA 11, PA



612, PA 12, PA 69, and PA 46. In nylon fabrication, it is stated that nylon is excellent
material especially for machining, tough, and abrasion resistant (Coronado, 2012).
Strong mechanical properties such as good thermal stability, low cost, and high tensile
strength, PA become strong candidates of good matrices among others (Botelho et al.,
2003 and Karsli and Aytac, 2013). Polyamide 6 (PA6) is a high strength engineering
thermoplastic with good mechanical properties. PA6 have a tendency to absorb water
(moisture surface) until it reaches equilibrium and can reduce mechanical properties but
increases the nylon number, impact resistance and flexibility. In order to provide good
resistance to moisture and ensure good processability of polymer composite, PAG is
mixed with polypropylene (PP) and it reduced the effects of water humid conditions on

mechanical properties (Roeder et al., 2002-and Miri et al., 2009).

Glass fiber is a material made from very fine glass fibers which are non-
crystalline materials with a short-range network structure (Park and Seo, 2011). Glass
fiber has a range of excellent properties such as high strength, high modulus of
elasticity, and high heat resistance (Zhang et al., 2014). Glass fiber is used to enhance
mechanical strength, resist external damage, and maintain a permanent appearance. The
results of combined both polymer and glass fiber, the high tensile strength are
supported. Besides, the properties of lightweight, strong, and good thermal insulation
are one of the factor glass composition and modern composite material (Ashik and
Sharma, 2015 and Russo et al., 2013). E-glass fibers provide stiffness and strength
composites and the polyamide-6 matrix provides a way to achieve resistance and
chemical resistance while holding the fiber together (Zhen et al., 2002). The
reinforcement of short glass fiber with polypropylene polymer could also enhance the
stiffness and impact resistance of composites, therefore allows use in higher

performance in automotive applications (Hartl et al., 2015).

The fiber reinforced polymers (FRPs) consist of high strength fibers and
modulus embedded in or bonded to the matrix with different interfaces between them
(Braga and Magalhaes, 2015). In general, fibers are the main load bearing elements,
while the matrix holds them in the desired position and orientation, and to transfer the
load to the fierce fiber through the shear stress at the interface (Boopalan et al., 2013;
Hachemane et al., 2013; Mir et al., 2010 and Wambua et al., 2003). There are many



conventional properties of glass fiber reinforced plastic, for example, long fibers are
more effective than short fibers. Their resistance to fatigue, creep, and wear also
depends on the type and amount of reinforcement. FRP composites of carbon fiber
reinforced polymer (CFRP) and glass fiber reinforced polymer (GFRP) are widely used
in the industries such as aerospace, automotive, oil and gas industries, and etc. These
two types of FRP have their own advantages and disadvantages based on previous
research which showed that GFRP composites are low-cost materials and have
excellent mechanical properties compared to CFRP composites (Kumarasamy et al.,
2018). GFRP is a polymer composite category in which glass fibers are used
specifically to mechanically enhance plastic strength and stiffness (Landesmann et al.,
2015 and Callister, 2007). GFRP composites have the ability properties to meet wide-
ranging performance specifications and the ability to markedly reduce part assembly.
GFRP composites also have high strength at low weight, good impact, and
compression. The molding part is in close dimensional tolerances. Moreover, these
composites show excellent chemical and corrasion resistance, good thermal insulation,
and respectable abrasion resistance with ready to bond with dissimilar materials
(Valliappan, 2015).

2.3 Processing Methods and Mechanical Properties

In preparing the composite GFRP, there are many processing techniques that
researchers have previously used such as hand lay-up technique, compression molding,
hot press technique, extrusion, injection molding, and etc. (Sathishkumar et al., 2014).
Mostly the hand lay-up technigue is widely used in processing natural fiber with epoxy
resin or woven glass fiber reinforced epoxy composite. But nowadays, most of the
efficient manufacturing technique used to produce a plastic product is_an injection
molding process. Most studies have a focus on injection molding process because of its
high efficiency of production, low cost, and high production speeds (Herrington, 2015
and Mortazavian and Fatemi, 2015). The injection molding process is also suitable to
process thermoplastic part in large quantities and it is a more precise manufacturing
method with highly automated and economical (Karandikar et al., 2014). There are
many processing methods that can be used to process fiber reinforced thermoplastics.

For this short fiber reinforced polymer, it is suitable to use the injection molding
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process because of high melt viscosity of the reinforced polymer. Before run of the
injection molding process, flow analysis of the plastic will be modeled and analysed by
using Autodesk Moldflow programmed. The model geometry is divided into a mesh to
form the element properties and continue until the analysis of the mesh product finish
(Misirli et al., 2011). Figure 2.1 shows an example of previous research about the
modeling of plastics flow or filling time (2.634 [s]) of the mold cavity for dog-bone-
shaped specimens with edge gate location. The moldflow analysis also can determine
the flow parameters of plastic material such as pressure, temperature, flow rate, etc.

(Nuruzzaman et al., 2016).

In the case of PP, crystallization and the improvement of heat contact between
polymer and the mold would be possibly integrated with a form of the heat exchange
process. A comparison of temperature experiments with theoretical results can
determine the characteristics of the process at the beginning of this heating event. Basic
knowledge of thermal properties is important to produce good thermoplastic specimens.
The melt-temperature and decomposition-temperature condition of some thermoplastic
Is shown in Figure 2.2 (Klein, 2011). There is a method to measure the temperature of
the polymer such as rigid design which is equipped with a thermocouple during the
injection molding machine (Nicolazo et al., 2010). In general, for the purpose of
achieving high performance of short fiber reinforced polymer (SFRP), higher fiber
content is necessary (Ahmad et al., 2006). It is often noted that the presence of fiber or
other reinforcing agents in the polymer matrix increases the strength of the composite
and the elastic modulus (Li et al., 2006). Hence, the enhancement of tensile properties

of fiber content affects the particular interests of many researchers (Ku et al., 2011).

The orientation of fibers and dispersions are impaortant factors in controlling the
final characteristic of the injection product. A good understanding of these parameters
has been developed for glass fiber reinforced composites. A typical orientation of the
core-shell structure is observed, characterized, and modeled. The spread of fiber across
the thickness is related to the orientation of fiber, length, and concentration. In the case
of injected molded composites, the effect of glass fiber content in terms of tensile,

compression and a flexural load is improved differently. The fiber reinforced composite
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behavior is highly dependent on the orientation and distribution of the fibers in the

injection molded specimens (Bajracharya et al., 2016).
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Figure 2.1 Fill time of dog-bone-shaped specimen in moldflow analysis

Source: Nuruzzaman et al. (2016)
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Figure 2.2 Melt condition and decomposition condition of some thermoplastic
Source: Klein (2011)

Furthermore, most of the factors that may affect the orientation and dispersion
of glass fibers in the thermoplastic polymer have been examined in detail as injection
conditions, geometric molds, and melt reactions (Abdennadher, 2016). An improvement
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to an injection molding machine to produce high-efficiency production process of
carbon fiber composite material has been made and it called as DFFIM (Direct Fiber
Feeding Injection Molding) (Figure 2.3). The dumbbell specimen of carbon fiber and
commingle yarn of carbon fiber and PA66 were fabricated by using DFFIM with 3
different matrix resin feeding rate of 20 rpm, 40 rpm, and 60 rpm. The effect of
different feeding rate used is investigated through the tensile test. The average tensile
strength results of carbon fiber and commingle yarn were decreased as the feeding rate
of DFFIM is increased (Nakao et al., 2016).
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Figure 2.3 Schematic of DFIM (Direct Fiber Feeding Injection Molding)
Source: Nakao et al. (2016)
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Recent studies showed that the tensile strength and modulus of short fiber
reinforced polymer composites (SFRPCs) is increased when the fiber volume fraction is
increased. The composite plates of different fiber volume fraction of short carbon fiber
reinforced epoxy resin; (0%, 5%, 10%, 15%, 17.5%, and 20%) were fabricated using
compression molding process. The tensile properties of short carbon fiber reinforced
epoxy composites is investigated by using the Instron Universal Testing machine (High
Wycombe, UK, model 4206), with a crosshead speed of 1 mm/min. The stress-strain
graph obtained from the tensile test shows (Figure 2.4) the increase in tensile strength
and stiffness of short carbon fiber reinforced epoxy composites when the fiber volume
fraction is increased (Capela et al., 2019). The tensile modulus also shows an increased
result as the fiber volume fraction is increased but vice-versa, the strain at failure is
decreased as the fiber volume fraction is increased. The fiber reinforced composite
mechanical behavior basically depends on the strength of the fiber and the modulus, the
chemical stability, the strength of the matrix, and the bond between the fiber/matrix
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allowing stress transfer (Erden et al., 2010). The effect of reinforcement arising from
fiber content is largely dependent on the retention of the length of the fiber and its
orientation. Regrettably, the shear force during the compounding and injection molding
process often leads to fiber damage. It is expected to optimize the length of the fiber
and to promote good mixing during the compounding process. In extrusion and
injection molding, the resulting flow field always encourages several degrees of fiber
orientation. The fiber orientation stage depends on the intensity of the flow field and the
characteristic of the fiber reaction (Pisharath and Wong, 2003).
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Figure 2.4 Stress-strain curves of short carbon fiber reinforced epoxy composites
Source: Capela et al. (2019)

The adhesion between the filler and the polymer matrix is known to be one of
the main factors that determine the structure and properties of the obtained polymer
composite (Franco-Marques et al., 2011; Li et al., 2014 and Tang et al., 2013). The
filler acts as_additional reinforcement components and enhances its mechanical
properties. These composite properties depend on the type and size of fillers used
(Devendra and Rangaswamy, 2013; Raja et al., 2013; Reddy, S. P. and Reddy, A. C.,
2014). The effect of different fibers on the properties of short fiber reinforced
polypropylene composites was studied. Most types of fibers used to show the effect of
the gain, according to the characteristics of the respective fibers. Comparison of the use
of different sizes and coupling agents were the interaction fiber/matrix to have a
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significant effect on the properties of the composite material is shown. By using a
longer fiber, it may help in increasing the final fiber length. However, the results of this
study indicate that as fiber lengths increase, a certain amount of adhesion is required to
improve composite performance (Unterweger et al., 2014).

A glass fiber reinforced unsaturated polyester (GFRP) based polymer composite
had been influenced by the various temperature levels under heat treated process for
one hour of 60°C, 90°C, 120°C, and 150°C before mechanical testing (Elahi et al.,
2014). The tensile testing was performed by using Universal Testing Machine
(Hounsfield series, model: INSTRON 1011, UK) under the cross-head speed of 10
mm/min. The obtained tensile strength results of GFRP shows a gradually increased
from untreated to 90°C but started to decrease with the increase in temperature at 120°C
until 150°C. The tensile modulus of GFRP also increased from untreated until 90°C and
decreased as the temperature is increased. The heat treatment methods show increased
tensile properties of GFRP from untreated to 60°C and 90°C but show decreased
properties when the temperature applied is above the boiling temperature (100°C).

Glass fiber reinforced polymer (GFRP) composite is one of the FRP composites
that extensively used in engineering applications but GFRP composites show limitation
at high-temperature applications (Kumarasamy et al., 2018). The tensile strength of
GFRP epoxy and polyester laminates was investigated under hot and cold environment.
The GFRP epoxy and polyester laminates specimens were fabricated using wet hand
lay-up with assisted by vacuum bag. The GFRP laminates are placed to a close chamber
box that attached to the Testometric machine for hot/cold temperature environment test.
There are hot and cold temperatures setup for this tensile test which are room
temperature (RT), 40°C, 50°C, 60°C, and 80°C for hot temperature and for cold
temperature are. RT, -5°C, -10°C, -15°C, and -20°C with a crosshead speed of 2
mm/min. The tensile strength and modulus of GFRP laminates at hot temperatures
resulting in decrease results when the temperature applied is increased. Both tensile
strength and modulus were decreased because of the resin softening of the GFRP
laminates. At cold temperatures, the tensile strength and modulus of GFRP laminates

attained an increased result as the temperature applied. The tensile modulus of GFRP
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laminates observed a slightly increased from RT to -5°C and slightly decreased from -

5°C to -20°C. GFRP laminates also show a brittle behavior at low temperatures.

The tensile behavior of glass fiber reinforced composite at different strain rates
and temperatures was studied. Dog-bone-shaped specimens of glass fiber reinforced
composite were used in completing the tensile test under different strain rates of 1/600s’
1 40s™, 80s?, 120s™, and 160s™. The result shows a linear elastic deformation before
reaching the fracture stress and drops to zero after the brittle failure. From the
investigation, it was found that the tensile strength and toughness of GFRP increases as
the strain rates increased (Ou and Zhu, 2015). Other than that, the mechanical behavior
of glass and carbon fiber reinforced composites was studied under varying strain rates
and temperatures. Due to the eco-friendly properties of fiber reinforced composites,
they have gained a lot of interest from many researchers. Particularly for industries,
which require light and high strength materials, glass fiber and carbon can be used as a
substitute for conventional reinforcement materials in composites. Tensile test of GFRP
and CFRP composites was done by using a universal testing machine. The composites
specimens were cut followed ASTM D638 The strain rates used for tensile testing are
2.5mm/min and 1.5mm/min, whiles the temperature is 35°C and 70°C. A Load vs.
Displacement graph of tensile test for both composites is observed. It shows that CFRP

composite has high tensile strength than GFRP for both tensile test parameters.

The flexural tests of GFRP and CFRP composites were carried out by 3-point
flexure test and the composites specimens were cut followed ASTM D790 with a
crosshead speed of 2 mm/min. The results show that the maximum flexural strength and
a flexural modulus of CFRP composites are higher than GFRP composites. This is
because the adhesion of CFRP and the epoxy matrix is better than the GFRP and epoxy
matrix composites. The impact test of GERP and CFRP composites was done by using
Charpy impact testing machine and followed ASTM D256. The impact strength of
carbon fiber is higher than glass fiber with 11J of energy absorbed. Lastly, the internal
structures of composites have been investigated by using SEM (Scanning Electron
Microscope). Morphological analysis showed that the angular orientation of the fibers

plays an important role in the mechanical behavior of CFRP and GFRP composite in a
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composite. As conclusion for this study, the CFRP composites are stronger than the
GFRP composites (Elanchezhian et al., 2014).

Other than that, some researchers added compatibilizer of maleic anhydride-
grafted polypropylene (MAPP) into carbon fiber reinforced composites to improve the
interfacial bonding strength between carbon fiber and polypropylene matrix. A single-
screw injection molding machine is used to fabricate dumbbell-shaped tensile bars of
carbon fiber-reinforced polypropylene (CRP) composites. A different carbon fiber
content of CRP composites with 0%CF, 5%CF, 10%CF, 15%CF, and 20%CF undergo
tensile and flexural testing under-the universal testing machine (MTS systems China
Co, Ltd) with a crosshead speed of 50 mm/min for tensile and 2 mm/min for flexural
with a span length of 64 mm. The obtained results showed an increase in tensile and
flexural strength of CRP composites with increasing of carbon fiber content (Tian et al.,
2017).

The flexural strength of heat-polymethyl methacrylate (PMMA) denture resin
reinforced with glass, aramid, or nylon fibers was investigated by a previous researcher.
Flexural strength was tested with a 3-point bending test at a crosshead speed of 2
mm/min. The experimental data (Figure 2.5) of PMMA resin reinforced with glass,
aramid, and nylon showed higher flexural strength than the pure PMMA resin.
Moreover, PMMA resin reinforced with glass fibers exhibited the highest flexural
strength, followed by PMMA resin reinforced with aramid and nylon showed the lowest
flexural strength (John et al., 2001). The mechanical behavior of short glass fiber
reinforced polyamide 6,6 was investigated under three different conditions of glass fiber
content, temperature, and a crosshead speed. The mechanical test results showed an
increased strength as the crosshead speed and glass fiber content increased. Besides,
temperature plays a major role in material behavior, rising temperatures cause more
ductility and less stiffness. Glass fiber reinforced PAG6,6 also exhibits improvement in
its tensile strength and modulus with the decrease in ductility but increase in stiffness

when the glass fiber content is increased (Mouhmid et al., 2006).

The effect of silane coated glass fibers on the mechanical properties of

polypropylene (PP) and polyamide 6 (PAG6) plastics resulted in an exhibited
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improvement in tensile and impact strength. The mechanical properties of the
composites that made of plastic and fibers can differ depending on the fibers
distribution in structure, fiber size, fiber content, and plastic fiber sticks. To strengthen
high adhesion between plastic and fibers, fibers are coated with materials that have less
surface energy, such as silane. Thus, increases the humidity of the matrix. The tensile
strength of 15wt% and 30wt% silane coated glass fiber reinforced PA6 and PP plastics
increased as the fiber content increased. While the impact test results showed a
decreased value at 15wt% fiber reinforced composites but the increased value at
30wt%. Fiber fractures also increase with increased fiber content (Gulll et al., 2006).
The effect of hybrid glass fiber (GF)/carbon nanotube (CNT) reinforcement on the
mechanical properties of polypropylene composites was investigated and the obtained
results showed that GF and CNT reinforced hybrid composites can provide improved
tensile strength and tensile modulus than only GF or CNT reinforced composites
(Gamze Karsli et al., 2014).
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Figure 2.5 Flexural strength of pure PMMA resin and PMMA resin with reinforced
materials

Source: John et al. (2001)

The polyester resin was reinforced with glass fiber and carbon fiber, and their
mechanical properties were investigated (Durairaj et al., 2016). The results revealed that
the bending properties and impact properties are strongly affected depending on the
type of composite and the strength of the reinforcement. Different glass fiber
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compositions have greatly influenced the mechanical properties of nylon reinforced
glass fibers (Nuruzzaman et al., 2016). The different types of resins used such as
thermoplastic or thermoset had different effects on the impact behavior of composites
(Arikan and Sayman, 2015). Tensile properties such as tensile modulus, tensile
strength, and elongation at break of calcite particle, glass fiber and glass fiber/calcite
hybrid reinforced ABS/PA6 composites were investigated (Gamze Karsli et al., 2013).
The obtained results revealed that tensile properties of the composites were different
depending on the filler type and filler loading level. It was reported that tensile
properties of fiber reinforced polymer composites are influenced by strain rate
conditions (Ou et al., 2016; Reis et al., 2012 and Shokrieh and Omidi, 2009).

Other than that, the tensile and bending properties of E-glass fiber reinforced PP
composite shows outstanding results compared to Jute fiber reinforced PP composite
and pure PP. The tensile strength of pure PP is 21 MPa while Jute fiber/PP composite is
48 MPa and E-glass fiber/PP composite shows the highest tensile strength of 85 MPa.
The full tensile and bending properties results are shown in Table 2.1. It is clear in this
investigation that the composite jute proves the adhesion of a good fiber matrix by
obtaining greater mechanical properties relative to the matrix material. However, E-
glass fiber/PP composite had a significant increase in mechanical properties compared
to the pure PP and Jute fiber/PP composite (Khan et al., 2010). It concludes that E-glass
fiber/PP composite mechanical properties almost doubled the value of jute composite.

Table 2.1 Tensile and bending properties of PP sheet and the composites

Tensile and bending properties

Tensile properties Bending properties
Strength Modulus Elongation at Strength Modulus
Material (MPa) (GPa) Break (%) (MPa) (GPa)
PP 21+2 0.53+0.14 378 +35 27 +1.4 1.98+0.11
Jute fiber/PP composite 48+2.4 2.50+0.20 12+3 56+2.6 450+0.14
E-glass fiber/PP composite 85+35 7.00+0.10 14414 8514 12.00+0.12

Source: Khan et al. (2010)

The mechanical behavior of glass fiber reinforced polypropylene composites
under three different forming pressures (MPa) was investigated. The composites were
fabricated with film stacking technique by using a hot compression molding machine.
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The levels factors of forming pressure were 4 MPa, 7 MPa, and 9 MPa. The mechanical
testing was carried by following ASTM D638 for tensile test and ASTM D790 for
flexural test. The results obtained from this studied is that the tensile and flexural
strength shows an increased result as the forming pressure are increased. Tensile
strength with forming pressure 4 MPa shows 102.33 MPa and increase steadily to
125.67 MPa under forming pressure 7 MPa while under forming pressure of 10 MPa,
the tensile strength is 106.00 MPa respectively. Flexural strength also reveals an
increased result of 49.67 MPa under 4 MPa and under forming pressure of 7 MPa and
10 MPa is 78.67 MPa and 55.33 MPa respectively. The researchers conclude that the
optimum parameter of forming pressure is 7 MPa because of the highest tensile and
flexural strength of glass fiber reinforced polypropylene composite was optimized
under forming pressure of 7 MPa (Suresh and Senthil Kumar, 2014).

An injection-molded of short glass fiber reinforced polypropylene composites
has been studied by flexural test and the effect different of loading rates and
temperatures dependence of these materials has been investigated. Dumbbell-shaped
bars specimens of pure polypropylene and pre-compounded short glass fiber reinforced
polypropylene (25 wt%) with a thickness of 3 mm and width of 10 mm were fabricated
by using injection machine (TOYO MACHINERY & METAL CO., Ltd., YI-30F6,
Japan) and with 200-240°C temperature applied. The flexural tests were carried out by
using Instron universal testing machine (INSTRON 55R4206) with different loading
rates of 0.1 mm/min, 1 mm/min, and 10 mm/min and different temperatures of 25°C,
40°C, 60°C, 80°C, and 100°C. The obtained flexural modulus and flexural strength
results of pure PP and GFPP composite were increased upon the increase of loading rate
from 0.1 mm/min to 10 mm/min. But, the flexural modulus and strength results were
decreased upon the increase of temperature from 25°C to 100°C. Both flexural modulus
and flexural strength are depending on the loading rate and temperature used (Lichao
and Yan, 2019). A three-point bending test of self-reinforced polypropylene (SRPP)
composites is investigated with a span length of 20 mm and a different displacement
rate of 200, 20, 2, 0.2, and 0.02 mm/min which are corresponded to strain rates of
4.25x107, 4.25x10°, 4.25x10™, 4.25x10°, and 4.25x10° s. The flexural modulus and
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flexural strength of SRPP composites is increased with the increase of the strain rates
(Reis et al., 2018).

A flexural properties of pultruded continuous glass fiber reinforced PAG
composites with different fiber contents of 50wt%, 60wt%, and 70wt% were
investigated by using a universal testing machine (KXWW-20C, Taiding test, Chengde,
China) with followed ASTM D790 (80 mm x 10 mm x 4 mm) and span size of 64 mm.
The obtained results showed that flexural strength and flexural modulus increased as the
fiber content is increased. This is because glass fiber as a reinforcement plays a major
role in the mechanical properties of composites. The fiber dispersion of pultruded
composites were observed under scanning electron microscopy and as the fiber content
is increased, the fibers dispersed more evenly and denser from 50 wt% to 70 wt%. The
microstructure of pultruded continuous glass fiber reinforced PA6 composites also
showed almost no void as the fibers content up to 60 wt% and 70 wt% (Figure 2.6)
(Chen et al., 2019). Electron microscopy is used to analyse the fracture surface of the
specimen after the test and the crack path of the fracture specimen is subjected to
interrupted fatigue test (Belmonte et al., 2017). There are two recommendations in
observation of fracture specimens that are fracture surface and side surface of the
specimen with their own advantages and disadvantages. The mechanism of damage

reported in fatigue testing can be the effect of fracture surface specimens.

In addition, the third component, maleic anhydride grafted polypropylene (PP-g-
MAMH) is investigated and the relationship between compounding sequence and the
properties of aminosilane-treated glass fiber-reinforced PA66 composite is studied and
shows different mechanical properties. There are four different types of sample
preparation of glass fiber-reinforced PA66 composite which are PA66/GF composite
which was prepared by using twin screw extruder (S0), PA66, PP-g-MAH, and GF
were also prepared by using twin screw extruder (S1), for (S2), PA66 and GF are mixed
together first in twin screw extruder and then are mixed again with PP-g-MAH for the
second time, and lastly for (S3), PP-g-MAH/GF mixture were mixed PA66 by using
twin screw extruder. After that, all composites were fabricated using an injection
molding machine. The mechanical tests were investigated by using universal tensile
tester (AGX, Shimadzu) and followed ASTM D638 for tensile test and ASTM D790 for
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a flexural test with a crosshead speed of 5 mm/min. Figure 2.7 shows all mechanical
test results obtained from the investigation.

-

$4700 20.0kV 17.0mm x100

Figure 2.6 SEM micrograph of the pultruded continuous glass fiber reinforced PA6
composites: (a) 50wt% glass fibers, (b) 60 wt% glass fibers, and (c) 70 wt% glass fibers

Source: Chen et al. (2019)

The tensile strength of S1 and S2 shows a decrease result if compared to SO and
an increased result at S3. For the tensile elongation of various compounded composites
shows a similar elongation at S1 and SO but increase tensile elongation at S2 and S3.
For flexural strength obtained a result is a decrease value at S1 and S2 but increase at
S3 more than at SO. Both tensile and flexural strength at S3 shows a higher result than
at S1 and S2. The impact strength of S1 is lower than SO, but then gradually increased
results at S2 and S3. As a conclusion, the compounding sequence of GF/nylon-6,6
composite improved the mechanical properties as shown at the results that S3 showed
good mechanical properties compare to SO, S1, and S3 (Mun et al., 2019).
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Figure 2.7 (a) Tensile strength (MPa) and tensile elongation (%) of composite, (b)
Flexural strength (MPa) of composite, and (c) Impact strength (kgf.cm/cm) of
composite

Source: Mun et al. (2019)

23



The mechanical properties of glass fiber/silicon carbide (SiC) reinforced epoxy
composite was investigated and two different compositions of SiC used in the research
study; 2% and 4%. The tensile strength result of glass fiber/SiC reinforced polymer
composite shows a decreased strength as the composition of SiC is increased. The
decreased in tensile strength because of the hardness and brittleness of SiC filler
material that makes the composites become brittle fracture behavior. But the other
mechanical test results of bending strength, compressive strength, and hardness strength
of GFRP composite obtained an increased result as the SiC filler is increased (Sharma
et al., 2018). Other than that, the influence of different moisture content of dry, 2%, and
4-5% on the tensile properties of short glass fiber reinforced polyamide 6 (SGFR-PAG)
with different fiber contents of 10wt% and 50wt% were studied. Dog-bone-shaped
specimens of SGFR-PA6 with dimensions of (170 mm x 20 mm x 4 mm) were
fabricated by using injection molding. Instron 8501 universal test machine was used for
tensile testing with followed ASTM D638 for each combination of different glass fiber

contents and moisture contents.

The stress-strain graph of SGFR-PA6 with a different glass fiber content of
10wt% and 50wt% and moisture content of 0% until 5% is shown in Figure 2.8. The
tensile modulus, yield strength, and tensile strength obtained a decrease in results as the
moisture contents are increased for both 10wt% and 50wt% glass fiber contents. The
highest tensile strength is 192.77 MPa at the dry condition with 50wt% glass fiber
content while the lowest tensile strength is 47.69 MPa at 5% moisture content with
10wt % glass fiber content. The tensile behavior is observed to be related to the
plasticization of water molecules in polyamide 6 material because of hydrogen bond
from polyamide may bind with water molecules and decreased the tensile properties of
SGFR-PAG (lbafiez-Gutiérrez et al., 2019).
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Summary

ombination of polymer and fiber could improve the mechanical properties

strength-to-weight ratio, high modulus of elasticity, etc. Glass fiber reinforced polymer

(GFRP) composites have the ability properties to meet wide-ranging performance
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specifications because of the good properties of glass fiber that specifically to enhance
the strength and stiffness of polymer. In preparing the GFRP composites, there are
many processing techniques to fabricate the composites into a specimen such as
compression molding, hot press, extrusion, injection molding, etc. Nowadays, the
injection molding machine is used to be the most efficient manufacturing technique
because of its high efficiency of production, low cost, and high production speeds. The
important factors of choosing the right manufacturing technique in producing good
polymer composites products are because to get good dispersions and orientation of
fibers in the polymer composites. The fiber reinforced composite mechanical behavior
depends on the strength of the fiber and the modulus, the chemical stability, the strength
of the matrix, and the bond between the fiber/matrix allowing stress transfer. The
mechanical properties of GFRP composites can be determined under tensile, flexural,
and impact tests. The mechanical properties of GFRP composites showed either an
increase or decrease in mechanical properties when the strain rates applied are
increased. The GFRP composites also showed either ductile or brittle behavior when
the glass fiber contents are increased. The fracture surface of GFRP composites after
tests is analyzed under electron microscopy. The pultruded of fiber or fiber pull-out and
interfacial bonding between glass fiber and polymer matrices can be seen under the
electron microscopy. Lastly, the polymer composites properties would contribute to the
industrial applications for example; use in higher performance in automotive

applications such as inlets, intake manifolds, automotive bumpers, valves, etc.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This methodology represents an essential role in completing this research study
correspondingly. The material preparation is needed before fabricating a dog-bone-
shaped specimen of glass fiber reinforced polyamide 6-polypropylene composites.
Pellets of polyamide 6, polypropylene, and glass fiber are measured in weight for a
different composition (Appendix A). Five composition was used in this study;
70%PA6+30%PP polymer blend, 65%PA6+30%PP+5%GF composite,
60%PA6+30%PP+10%GF composite, 55%PA6+30%PP+15%GF composite, and
50%PA6+30%PP+20%GF composite. The percentage composition was determined so
that the total percentage of PA6-PP-GF composite used was one hundred percent. The
composition of polyamide 6 was gradually reduced from 70% to 50% when the
composition of glass fiber was increased by 20%, while the composition of
polypropylene is constant at 30% in order to maintain the high density of polypropylene
in the PA6-PP-GF composites. The minimum composition of PA6 used in the PA6-PP-
GF composites was 50% because if the PA6 composition used was less than 50%, the
high ductility of PP will result in low impact strength for the PA6-PP-GF composites.
The highest composition of GF used in PA6-PP-GF composites was 20% because if
more composition of GF were used, the composites are impending to brittle which will
result in low ductility composites. The different glass fiber content in PA6-PP-GF
composites made many improvements in this research. There are different mechanical
operating conditions for tensile, flexural, and impact testing were used which is from a
low rate to high rate in this research. The materials then were mixed and injected into
the injection molding machine to produce the specimens. The influence of fiber
reinforcement on the mechanical properties of PA6-PP-GF composites under different

operating conditions was investigated. The mechanical properties of glass fiber
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reinforced PAG6-PP composites results reported were averages of at least three
measurements to ensure the reliability of the results and the average values of these

results were taken into consideration (Durairaj et al., 2016).

For experimental, tensile testing of the PA6-PP-GF composites specimen was
carried out using an Instron Universal Testing Machine (Model 3369)-ASTM D638 and
different strain rates used were 2 mm/min, 6 mm/min, and 10 mm/min. Tensile
properties such as tensile modulus, yield strength, tensile strength, fracture strength, and
elongation at break were investigated for different types of PA6-PP-GF composites.
Flexural test also was carried out by using Instron Universal Testing Machine (Model
3369)-ASTM D790 with different strain rates; 2 mm/min and 4 mm/min. The impact
test was carried out by using Instron CEAST 9050 Impact Pendulum and followed Izod
Impact (Unnotched) ASTM D4812 for different types of PA6-PP-GF composites. 11J
of hammer energies was used for impact testing and different torques were applied for
tightening the PAG6-PP-GF composites specimen; 4N.m and 5N.m. Then, the
microstructure observation of the fractured specimens was performed by Scanning
Electron Microscopy (SEM) to study the fracture behavior of fractures on different
types of PA6-PP-GF composites under tensile and impact tests. It is expected that
different compositions of glass fiber reinforcements in the polymer composites will
produce a significant impact on the properties of the composites which in turn will

affect the behavior of the mechanical components in industrial applications.
3.2 Research Methodology

The flowchart for the preparation and characterization of PA6-PP-GF
composites (Figure 3.1) of this research study showed the flow of investigating the
mechanical of glass fiber reinforced polymer composites under different operating
operations. The sequence of this research study is start from collecting material of
polyamide 6, polypropylene, and glass fiber pellets for the fabrication of dog-bone-
shaped specimens by using injection molding process. Then, the investigations of PA6-
PP-GF composites were carried out with tensile, flexure, and impact tests. Lastly, the
fractured specimens of PAG6-PP-GF composites were observed by using SEM

micrograph.
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3.3 Injection Molding Process

Injection molding machine is a type of machine in which convert a
pellets/granules of plastic into the desired shape by applying heat and pressure. In this
machine, a material is fed into the hopper and goes through the heated barrel, mixed
and forced into the mold cavity where it cools and hardens to the configuration of the
cavity. Figure 3.2 shows the injection molding machine that was used in carried out this

study.

3.3.1 Procedure

1. The pellets of plastic material were inserted into the hopper.

2. The barrel starts to be heated and the screw thread began to rotate.

3. A screw thread starts to push the pellets along the heater and the pellets were
melted into a liquid.

4. The screw thread was moved forward to inject melted pellets into the mold
cavity.

5. The specimen was cooled and solidified in the mold cavity.

6. The mold cavity was then opened and the specimen removed.

Table 3.1 shows detail on the temperature used for different compositions of
glass fiber reinforced PA6-PP composites. The full parameter of the injection molding
machine is stated in Appendix B. The differences of temperature used followed a melt-
temperature range that suitable for each material properties of plastics as shown in
Figure 2.2 in Chapter 2 (Klein, 2011). The melt-temperature range for polyamide 6
(PA6) shown is from 210°C until 290°C and melt-temperature for polypropylene (PP)
are from 175°C until 300°C.The melt-temperature range for PA6-PP-GF composite was
determined as shown 'in Table 3.1 'were based on Figure 2.2 and the melt-temperature
range used in the previous study for PA6-GF composites were 210°C to 255°C
(Nuruzzaman et al., 2016). Figure 3.3 shows dog-bone-shaped specimens of glass fiber
reinforced PA6-PP composites after the injection molding process.
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Injection

Figure 3.2 FKP Injection Molding Machine

Table 3.1 Temperature used for material composition of polymer composites

Material Composition Temperature (°C)
Nozzle Head Front Middle Rear
70%PA6+30%PP 238 233 228 223 219
65%PA6+30%PP+5%GF 241 236 231 226 221
60%PA6+30%PP+10%GF 247 242 237 232 227
55%PA6+30%PP+15%GF 253 248 243 238 233
50%PA6+30%PP+20%GF 259 254 249 244 239

3.4 Mechanical Testing

The mechanical properties of glass fiber reinforced PA6-PP composites were
determined by several mechanical testing such as tensile test, flexural or bending test,
and impact test. The results reported were averages of at least three measurements to
ensure the reliability of the results and the average values of these results were taken

into consideration (Durairaj et al., 2016).
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3.4.1 Tensile Test

The tensile properties of glass fiber reinforced PAG6-PP composites were
determined using Universal Testing Machine (UTM) 3369 at three different strain rates
of 2 mm/min, 6 mm/min, and 10 mm/min. The tensile test followed a standard test
method to determine tensile properties of unreinforced and reinforced plastic in dog-
bone-shaped specimens that was known as ASTM D638 and an extensometer was used
in this tensile test (ASTM D638-02a, 2002). The extensometer automatically records
changes in length during the test (Pisharath and Wong, 2003). Figure 3.4 (a) shows
Universal Testing Machine (UTM) 3369 and (b) shows Bluehill 2 software for

generating the results.
) l l

70%PA6 N 65%PA6+  60%PA6+ f| 55%PA6+ l| 50%PA6 +
+ 30% PP+ | 30%PP+ § 300PP+ § 30%FPP+
30%PP 506GF 10%GF 15%GF 20%GF

Figure 3.3 Dog-bone-shaped specimens of glass fiber reinforced polyamide 6-
polypropylene composites

3.4.1.1 Procedure

1. The Universal Test Machine was powered on and the Bluehill 2 software was
opened from the desktop icon.
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2. Test methods such as specimen parameters, strain rate, and type of graphs were

formed before performing mechanical tests.

3. The specimen was placed vertically between the grips of the test machine and
the calibrated extensometer was clamped on the test specimen as it is used to

measure changes in test specimen length.

4. The test then was started by the upper grips moving according to the specified
pulling rate and stress-strain graph was generated from the Bluehill software

during the experiment.

5. The machine was automatically stopped once it detects the specimen was
broken.
6. The broken specimen was removed and the steps were repeated for any

additional tests.

7. The programme was exited and the machine was switched off after the test has

been completed.

3.4.2 Flexural/Bending Test

The flexural properties of glass fiber reinforced PAG6-PP composites were
determined using Universal Testing Machine (UTM) 3369 with three-point bending
fixture (Figure 3.5) at two different strain rates of 2 mm/min and 4 mm/min. The
flexural test followed a standard test method for unreinforced polymer and reinforced
polymer bending properties; ASTM D790 (ASTM D790-03, 2003).

3.4.2.1 Procedure

1. The Universal Test Machine was turned on and the Bluehill 2 software was

opened from the desktop icon.

2. Three-point bending fixtures were set on the test machine and the specimen was

placed on two supporting pins at a specified distance.
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The flexural test began and the loading pin moves towards the specimen until
the specimen was deflected until a breaking point occurs on the outer surface of
the test specimen.

Stress-strain graph was generated from Bluehill software during the experiment

and the previous steps were repeated for any additional tests.

The machine was switched off after the test was completed.

Upper

Crosshead

Extensometer
Tensile
Fixture
(Grip section)
Lower
Crosshead
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3.4.3 lzod Impact Test (Unnotched)

The 'impact properties of glass fiber reinforced PA6-PP ‘composites were
determined using a CEAST 9050 Impact Pendulum testing machine (Figure 3.6) at two
different torque of 4 N.m and 5 N.m. The impact test followed a standard test method
for unnotched cantilever beam impact resistance of plastic as it shows the energy
extracted from a standard pendulum hammer that works in breaking down a specimen
with one pendulum swing; ASTM D4812 ( ASTM D4812-99, 1999). The torque meter
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shown in Figure 3.7 is used to tighten the specimens at the specimen support with a
designated torque.

3.4.3.1 Procedure

1. The impact test machine was powered on and the specimen was clamped to the

pendulum impact test fixtures with the thin edge facing the striking edge of the

pendulum.
2. Torque meter was used to tighten specimens with specific torque values.
3. The pendulum was released and allowed to strike through the specimen.
4, The machine was switched off after the test was completed.
Hammer
Hammer release knob
Hammer Protection
brake disc cover
Specimen
Touch- £upport
screen multi-
function Protection
display opening
handle
Structure -
Collection
Adjustable drawer for
support foot broken
(x4) specimens

Figure 3.6 CEAST 9050 Impact Pendulum

Figure 3.7 Torque Meter
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3.5  Characterization of Fractured Specimen

Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray Analysis
(EDX) was used in this research studies. SEM provides detailed high-resolution images
by launching an electron beam that was focused on the entire surface and detects
secondary or backscattered electronic signals. An Energy Dispersive X-Ray Analyzer
(EDX) was also used to identify elemental compositional information. Due to its high
density and simple image interpretation and easy sampling, SEM is the preferred
technique for viewing sample details at a resolution far beyond the optical microscope.
The SEM image clearly displays the three-dimensional properties of the object's surface
under examination. Fracture specimens of PA6-PP-GF composites from tensile and
impact test with different crosshead speeds were examined to differentiate changes in
failure mode. The fracture specimens were cut to about 10 mm from the fracture region
to fit the height size of SEM’s specimen chamber. The samples then were put on a
sample holder and being coated with a platinum-coated to prevent charge build-up by
the electron absorbed by the samples. The purpose of sample coating is because a
nonconductive specimen collects the charge when it is scanned in an electron beam,
particularly in secondary electronics imaging mode, which can cause a not good
scanned image (Suzuki, 2002). In the SEM observation, the surface of the specimen is
scanned with an electron beam and the defeated electron beams are collected and

displayed at the same scanning rate. The screen images are photographed.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

Mechanical tests play an important role in assessing the basic properties of
engineering materials, in the development of new materials, and in quality control of
materials for use in the industrial application. Materials used as part of the engineering
design structure need to know their ability or strength to withstand loads before being
manufactured and marketed. The most common types of tests used to measure the
mechanical properties of a material are the tensile test, flexural test, and impact test.
The mechanical properties of glass fiber reinforced PA6-PP composites results reported

were averages of at least three measurements.

The order of this chapter begins with a tensile test result analysis for different
strain rates of 2 mm/min, 6 mm/min, and 10 mm/min. The comparisons among the
tensile properties of these 3 different strain rates are discussed. Then, followed by
flexural test results analysis for 2 mm/min and 4 mm/min strain rates. The impact test
results under 4 N.m torque and 5 N.m torque are shown in the next section of this
chapter and the SEM micrographic of fractured specimens for tensile and impact tests
are analysed and discussed. Lastly, observations EDX analyses are included to prove

the element identification of PA6-PP-GF composites.
4.2 Tensile Test Results Analyses

Tensile testing is widely used to provide information about the basic design and
material strength that constitutes acceptance test specifications. Several material
properties can be determined by simply measuring the force required to pull the
specimen to the point of breaking. As mentioned in Chapter 3, Universal Testing
Machine (UTM) was used to determine the tensile properties and an Instron’s Bluehill

software was used to control, monitor test, collect data, analyse, calculate results,
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produce graphs, and generate details data. The tensile test was followed ASTM D638.
Three different strain rates were used in this tensile testing: 2 mm/min of low strain
rate, 6 mm/min of medium strain rate, and 10 mm/min of high strain rate. Five different
compositions of polymer composite were investigated and the stress-strain graphs were
plotted (Figure 4.1, 4.2, and 4.3). The fracture specimens for different strain rates used
for the tensile test are shown in Figure 4.4, 4.5, and 4.6. The PA6-PP polymer blend
specimen showed incomplete fracture compared to the PA6-PP-GF composites but the

PAG-PP polymer blend specimen had a fracture inside the specimen.
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Figure 4.1 Stress-strain curve of glass fiber reinforced PA6-PP composites under
strain rate of 2 mm/min

Figures 4.1, 4.2, and 4.3 show the stress-strain curve of PA6-PP-GF composites
with strain rates of 2, 6, and 10 mm/min respectively. From the graphs,
70%PA6+30%PP polymer blend experiences a uniform extension curve from start until
failure for all different strain rates because of their high ductility. The stress-strain curve
for 65%PA6+30%PP+5%GF composite, 60%PA6+30%PP+10%GF composite,
55%PA6+30%PP+15%GF composite, and 509%PA6+30%PP+20%GF composite were
experienced less elongation until failure as the glass fiber content is increased and the
PAG6-PP-GF composites become less elasticity. 50%PA6+30%PP+20%GF composite
has the highest tensile properties but the lowest elongation as it becomes less ductility
as compared to the other composites. As a conclusion, the tensile properties of glass
fiber reinforced PA6-PP composites increased as the percentage of fibers increased at 3

different strain rates. The tensile properties of glass fiber reinforced PA6-PP composites
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such as tensile modulus, yield strength, tensile strength, fracture strength, and
elongation at break are tabulated in Table 4.1, 4.2, and 4.3 for strain rates of 2, 6, and
10 mm/min respectively. The results reported are averages of at least three
measurements as mentioned in Chapter 3. Tensile properties of each specimen are

discussed in these following graphs.
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Figure 4.2 Stress-strain curve of glass fiber reinforced PA6-PP composites under
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Figure 4.3 Stress-strain curve of glass fiber reinforced PA6-PP composites under

strain rate of 10 mm/min

The average tensile modulus of glass fiber reinforced polyamide 6-
polypropylene composites under strain rates of 2, 6, and 10 mm/min is shown in Figure
4.7. The tensile modulus value of the material defines how it holds elastic deformation,
which occurs when the force is applied to the substance that causes its shape to change.

The tensile modulus trend for all strain rates shows an increasing result from
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70%PA6+30%PP polymer blend until 50%PA6+30%PP+20%GF composite. The result
of the neat polymer blend shows a low tensile modulus of 1.32 GPa at 2 mm/min, 1.61
GPa at 6 mm/min, and 1.52 GPa at a 10 mm/min strain rate. The trend for tensile
modulus at 6 mm/min strain rate shows the highest compared to others. The same goes
for the 65%PA6+30%PP+5%GF composite that shows the highest tensile modulus of
2.04 GPa at 6 mm/min while at 2 mm/min and 10 mm/min strain rates were 1.88 GPa

and 2.02 GPa respectively.

Table 4.1 Average Results of Tensile Test (Strain rate of 2 mm/min)

Strain Rate of 2 mm/min

Specimen Composition Tensile Yield Tensile  Fracture Elongation
Modulus Strength  Strength Strength  at Break
(GPa) (MPa) (MPa) (MPa) (%)
70%PAG6 + 30%PP 1.32 13.08 25.86 25.85 24.24
65%PA6 + 30%PP + 5%GF 1.88 14.74 28.11 26.48 15.37
60%PAG6 + 30%PP + 10%GF 2.39 17.16 30.79 29.43 7.90
55%PA6 + 30%PP + 15%GF 2.72 19.67 34.91 33.13 6.41
50%PA6 + 30%PP + 20%GF 3.34 22.13 39.26 37.29 4.77

Table 4.2 Average Results of Tensile Test (Strain rate of 6 mm/min)

Strain Rate of 6 mm/min

Specimen Composition Tensile Yield Tensile  Fracture Elongation
Modulus Strength Strength Strength  at Break

(GPa) (MPa) (MPa) (MPa) (%)

70%PA6 + 30%PP 1.61 16.82 29.06 28.01 37.64
65%PA6 + 30%PP + 5%GF 2.04 19.42 31.59 29.92 13.72
60%PA6 + 30%PP + 10%GF 2.51 19.55 34.04 32.58 9.76
55%PA6 + 30%PP + 15%GF 2.90 20.59 36.33 35.47 5.10
50%PA6 + 30%PP + 20%GF 3.78 26.18 42.67 40.50 4.80

Table 4.3 Average Results of Tensile Test (Strain rate of 10 mm/min)

Strain Rate of 10 mm/min

Specimen Composition Tensile Yield Tensile  Fracture Elongation
Modulus Strength  Strength  Strength at Break

(GPa) (MPa) (MPa) (MPa) (%)

70%PA6 + 30%PP 1.52 13.38 26.62 23.81 32.57
65%PA6 + 30%PP + 5%GF 2.02 16.08 29.56 28.04 15.49
60%PA6 + 30%PP + 10%GF 2.38 18.76 32.20 30.92 8.53
55%PA6 + 30%PP + 15%GF 3.65 19.19 38.57 37.59 6.12
50%PA6 + 30%PP + 20%GF 443 24.15 42.48 41.03 447
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70%PA6 M 65%PA6+ M 60%PAG+ [ 55%PA6+ [l 50%PA6 +
+ 30% PP + 30% PP + 30% PP + 30% PP +
30%PP 5%GF 10%GF 15%GF 20%GF

Figure 4.4 Fracture dog-bone-shaped specimens of tensile test under 2 mm/min
strain rate

70%PA6 W 65%PA6+ [l 60%PA6+ [ 55%PA6+ [l 50%PAG +
+ 30% PP + 30% PP + 30% PP + 30% PP +
30%PP 506GF 10%GF 15%GF 20%GF

Figure 4.5 Fracture dog-bone-shaped specimens of tensile test under 6 mm/min
strain rate
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70%PA6 [l 65%PA6+ W 60%PA6+ [l 55%PA6+ M 50%PA6 +

+ 30% PP + 30% PP + 30% PP + 30% PP +
30%PP 506GF 10%GF 15%GF 20%GF

Figure 4.6 Fracture dog-bone-shaped specimens of tensile test under 10 mm/min
strain rate

The 60%PA6+30%PP+10%GF composite shows an increased tensile modulus
of 2.39 GPa under 2 mm/min strain rate. PA6-PP-GF composite under 6 mm/min strain
rate shows an improved tensile modulus of 2.51 GPa and the PA6-PP-GF composite
under 10 mm/min strain rate shows an increased modulus of 2.38 GPa. The tensile
modulus of PA6-PP-GF composite with 10%GF under strain rate of 10 mm/min shows
the lowest tensile modulus compared at 2 and 6 mm/min strain rates because of the
reinforcement material cannot support the stress transmitted from the polymer matrix
and maybe of micro-spaces between the bonding of glass fiber and polymer matrix,
which is hindering the propagation. of stresses when the tensile stress is applied and
leads to increased brittleness (Yang et al., 2004). The tensile. modulus of PA6-PP
polymer blend and composites of PA6-PP-GF with 5%GF and 10%GF under strain rate
of 10 mm/min showed a lower modulus compared at 6 mm/min strain rate because of
10 mm/min strain rate is the highest strain rate applied which make the PA6-PP-GF
composites have been broken faster than at 2 and 6 mm/min strain rates and tensile
modulus tends to increase with fiber loading at low load ratios, but decrease when the

optimum value is reached (Goh et al., 2019). It concluded that the strain rate of 6
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mm/min is the optimum loading rate that PA6-PP-GF composites can endure. For
55%PA6+30%PP+15%GF composite shows a further improved modulus of 2.72 GPa,
2.90 GPa, and 3.65 GPa at 2, 6, and 10 mm/min strain rates respectively. Finally, the
tensile modulus for 50%PA6+30%PP+20%GF composite shows higher modulus of
3.34 GPa at 2 mm/min, 3.78 GPa at 6 mm/min, and 4.43 GPa at 10 mm/min. This
reveals that as the glass fiber content increased, the tensile modulus of the polymer

composites also improved (Yang et al., 2004).
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Figure 4.7 Tensile modulus (GPa) of glass fiber reinforced PAG6-PP composites
under 3 different strain rates

The average yield strength of glass fiber reinforced polyamide 6-polypropylene
composites under 3 different strain rates of 2, 6, and 10 mm/min is shown in Figure 4.8.
Yield strength is stress in which the material exhibits a certain permanent deformation
and practical approximation of the elastic limit which means that the material begins to
change plastically. The yield strength trend shows an incremented result from
70%PA6+30%PP polymer blend to 50%PA6+30%PP+20%GF composite for all strain
rates. The strain rate of 2 mm/min shows the lowest yield strength of 13.08 MPa for
70%PA6+30%PP  polymer Dblend but increased gradually up  until
50%PA6+30%PP+20%GF composite with a yield strength of 22.12 MPa which is
69.11% higher than the neat polymer blend. The 70%PA6+30%PP polymer blend at a

strain rate of 6 mm/min shows the highest yield strength of 16.82 MPa compared to
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other strain rates of 2 mm/min and 10 mm/min. The 50%PA6+30%PP+20%GF
composite at a strain rate of 6 mm/min also shows the highest increment yield strength
of 26.18 MPa which is 55.65% higher than the neat polymer blend. A 70%PA6+30%PP
polymer blend at 10 mm/min strain rate shows a low yield strength of 13.38 MPa but
reveals a further increase of 24.14 MPa for 50%PA6+30%PP+20%GF composite which
is 80.42% higher than the neat polymer blend. The inconsistent yield strength of glass
fiber reinforced polyamide 6-polypropylene composite that caused by a high strain rate
of 10 mm/min caused the plastic deformation of PA6-PP-GF composites to occur faster
than at 6 mm/min strain rate. Also, a higher glass fiber content at a higher strain rate
leads to loss of the ductility of the PA6-PP-GF composites (Reynaud et al., 2001).

30.0

Yield Strength (MPa)
B2

70%PA6+30%PP 65%PA6+30%PP+5%GFE  60%PA6+30%PP+10%GF  55%PAG6+30%PP+15%GF  50%PAG+30%PP+20%GF
Specimen Composition

® 2 mm/min 6 mm/min ™ 10 mm/min

Figure 4.8 Yield strength (MPa) of glass fiber reinforced PA6-PP composites under
3 different strain rates

Figure 4.9 shows average tensile strength of glass fiber reinforced PAG6-PP
composites under 3 different strain rates. The tensile strength of the material is the
maximum amount of stress that it can take before the failure, such as rupture or
permanent deformation. The tensile strength trend shows an incremented result from
70%PA6+30%PP polymer blend to 50%PA6+30%PP+20%GF composite for all strain
rates. The tensile strength of 70%PA6+30%PP polymer blend at 2 mm/min strain rate is
25.85 MPa and when the glass fiber content increased to 20%, the PA6-PP-GF
composite strength increased to 39.26 MPa which is 51.88% higher than that of a neat
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polymer blend. The tensile strength of PA6-PP-GF composite under a strain rate of 6
mm/min also shows a further increase results. The obtained result of 70%PA6+30%PP
polymer blend strength is 29.06 MPa. For PA6-PP-GF composite with 20% glass fiber
content reveals further increased strength of 42.67 MPa which is 46.83% higher than

the neat polymer blend.

Furthermore, the tensile strength of glass fiber reinforced PA6-PP composites at
a 10 mm/min strain rate showed gradual increase results from 70%PA6+30%PP
polymer blend until the PA6-PP-GF composite with a glass fiber content of 20%. The
tensile strength of neat polymer blend shows at low strength of 26.62 MPa. Finally,
50%PA6+30%PP+20%GF composite attained 42.48 MPa which is 59.58% higher than
the neat polymer blend. Despite the tensile strength of PA6-PP-GF composite with
20%GF under 10 mm/min strain rate is lower than the 6 mm/min strain rate due to the
brittleness of 50%PA6+30%PP+20%GF composite, but it has higher tensile modulus

compared at 2 mm/min and 6 mm/min (Figure 4.7).
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Figure 4.9 Tensile strength (MPa) of glass fiber reinforced PA6-PP composites
under 3 different strain rates

PAG6-PP-GF composite with 20%GF also shows a little ability to deform
plastically before fracturing at a strain rate of 10 mm/min because of the high strain rate
applied and the high stiffness of composite. As per the overall observation, the tensile
strength of PA6-PP-GF composites increases and elongation at break (Figure 4.11)
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decreases as the glass fiber content increases according to expected trends (Yoo et al.,
2011). This is because the addition of glass fibers into the polymer blend is in a good
bond between the aggregate of the composite polymer mixture of PA6-PP-GF
composite with 20%GF in Figure 4.15 (e).

Figure 4.10 reveals the average fracture strength of glass fiber reinforced PAG6-
PP composites under strain rates of 2, 6, and 10 mm/min. The trend of the result
obtained was steadily increased from 70%PA6+30%PP polymer blend until
50%PA6+30%PP+20%GF composite for all three different strain rates. The fracture
strength of neat polymer blend under a strain rate of 2 mm/min is 25.85 MPa. The
obtained results of glass fiber reinforced PA6-PP composites under a strain rate of 2
mm/min shows the fracture strength of 26.48 MPa, 29.43 MPa, 33.13 MPa, and 37.29
MPa for the glass fiber content 5%, 10%, 15%, and 20%. For glass fiber reinforced
PA6-PP composites under a strain rate of 6 mm/min shows fracture strength of 28.01
MPa, 29.92 MPa, 32.58 MPa, 35.47 MPa, and 40.50 MPa for the glass fiber content
0%, 5%, 10%, 15%, and 20% respectively. From the obtained result, 70%PA6+30%PP
polymer blend at 10 mm/min strain rate shows the lowest fracture strength of 23.81
MPa but the 50%PA6+30%PP+20%GF composite reveals the highest fracture strength
for of 41.03 MPa which is 72.32% higher than the neat polymer blend.

The fracture strength of PAG6-PP-GF composites with 5%GF, 10%GF, and
15%GF under strain rate of 10 mm/min are 28.04 MPa, 30.92 MPa, and 37.59 MPa
respectively. The fracture strength of neat polymer blend under 10 mm/min strain rate
was lower than 2 mm/min and 6 mm/min as the high strain rate applied resulted in a
fast fracture and reduced the fracture strength result. The fracture strength of the PAG6-
PP-GF composites with 5%GF and 10%GF under a strain rate of 10 mm/min also
showed lower-results than the 6 mm/min strain rate due to the change of PA6-PP-GF
composites from ductile to brittle at high strain rates and results in less elongation of
PAG6-PP-GF composite before fracture. This brittle fracture behavior can be seen in
Figure 4.15 (b) and (c). These fracture strength results when compared to the results of
tensile strength, it is clear that breaking or fracture strength of the composite is

somewhat lower than the tensile strength.
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Figure 4.10  Fracture strength (MPa) of glass fiber reinforced PA6-PP composites
under 3 different strain rates

Figure 4.11 shows the average elongation at break of glass fiber reinforced PAG6-
PP composites under 3 different strain rates of 2, 6, and 10 mm/min. The obtained
results for 70%PA6+30%PP polymer blend shows the highest elongation at break for
all three different strain rates and drastically decreased as the glass fiber content of
PAG6-PP-GF composites increased. The obtained result for PA6-PP polymer blend under
a strain rate of 2 mm/min experiences a elongation at break of 24.24%. The other glass
fiber reinforced PA6-PP composites also experiences the elongation of 15.37%, 7.90%,
6.41%, and 4.77% before failure for the glass fiber content of 5%, 10%, 15%, and 20%
respectively. The elongation at break for 70%PA6+30%PP polymer blend at 6 mm/min
strain rate are 37.64% and as the glass fiber content increased to 5%, 10%, 15%, and
20%, the elongation at break is decreased to 13.72%, 9.76%, 5.10%, and 4.80%
respectively. For a strain rate of 10 mm/min, the elongation at break shows higher
elongation of 32.57% at 70%PA6+30%PP polymer blend and shows further decreased
to 15.49% at 65%PA6+30%PP+5%GF composite. For the 60%PA6+30%PP+10%GF
composite, elongation at break continues decreased to 8.53% and
55%PA6+30%PP+15%GF composite attained result of 6.12%. Finally, as the glass
fiber content increased to 20%, the elongation at break results decreased to 4.47%
because as the plastic strain of the composite decreases gradually as the glass fiber
content increases. This is due to increasing glass fiber content, which will act as a local
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stress concentration area, then the percentage of elongation at fracture will be reduced
(Hanna et al., 2011).
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Figure 4.11  Elongation at break (%) of glass fiber reinforced PA6-PP composites
under 3 different strain rates

As a conclusion, tensile modulus (GPa), yield strength (MPa), tensile strength
(MPa), and fracture strength (MPa) of glass fiber reinforced PA6-PP composites under
different strain rates gave a significantly increased results from PA6-PP polymer blend
until PA6-PP-GF composites because of their stronger fiber-matrix adhesion
(Feldmann, 2016). Besides, the material behavior can be influenced by the strain rates
of glass fiber content itself (Elanchezhian et al., 2014). The reported results also show
increasing results of tensile modulus and strength as the strain rates increased. While,
the elongation at break show decreasing results as the strain rates increased (Brown et
al., 2010). The glass fiber content also has a significant effect on the elongation at
break. It is generally seen that the elongation at break of composite decreases with the

increase in glass fiber content (Fu et al., 2000).
4.2.1 Characterization of Tensile Fracture Specimens

The microstructural observation or microstructure of glass fiber reinforced
polyamide 6-polypropylene composites is defined as a structure of fracture specimen of
material revealed by optical microscope and Scanning Electron Microscope (SEM).
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Figure 4.12 shows an optical microstructure of glass fiber reinforced PAG6-PP
composites under 10x magnification for different glass fiber content; (a) 5%GF; (b)
10%GF; (c) 15%GF; and (d) 20%GF.

Figure 4.12  Optical microstructure of glass fiber reinforced PA6-PP composites with
different glass fiber content: (a) 5%GF; (b) 10%GF; (c) 15%GF; and (d) 20%GF

The differences in glass fiber content in each PA6-PP-GF composites are shown
under optical microscope observation and prove that the glass fibers dispersion is
increased as the glass fiber content is increased. The overall aspect of the microstructure
of glass fiber reinforced PA6-PP composites shows a regular fiber spacing which looks
like the glass fiber content is almost uniformly distributed or randomly oriented
throughout polyamide 6-polypropylene matrix in the respective compositions. This is
happened because of some influencing factors such as the flow of melt materials and
pressure inside the barrel zone was not flow uniformly throughout the length of the
barrel during the injection molding process. The micrographs in Figure 4.13 shows a
tensile fracture surface of a PA6-PP-GF composites with different glass fiber content
under a strain rate of 2 mm/min; (a) 0%GF; (b) 5%GF; (c) 10%GF; (d) 15%GF and (e)
20%GF that were observed under Scanning Electron Microscope (SEM). The SEM
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micrographs of 70%PA6+30%PP polymer blend in Figure 4.13 (a) shows a ductile
fracture behavior as polymer matrices of polyamide 6 and polypropylene undergoes
matrix tearing under slow strain rate of 2 mm/min. Throughout the range of glass fiber
content in PAG6-PP-GF composites, glass fibers are almost uniformly distributed in a
polyamide 6-polypropylene matrix, and all microscopic images of PA6-PP-GF
composites show the existence of fiber pull-out on the fracture surfaces. The SEM
micrograph of the fracture surface of glass fiber reinforced PA6-PP composite also
shows that glass fibers were dispersed in many directions and embedded well with the
polymeric matrix because of good interfacial adhesion between the fiber and polyamide

6 and polypropylene blend.

The PA6-PP-GF composites with 5%GF and 10%GF in Figure 4.13 (b) and (c)
respectively shows a ductile fracture behavior with the existence of some matrix tearing
on the fracture surface and consistent with the ductile nature of the tensile stress-strain
curves in Figure 4.1 and the fracture dog-bone-shaped specimen shown in Figure 4.4.
PAG6-PP-GF composites with 5%GF, 10%GF, and 15%GF also shows long protruding
fiber on the fracture surface. 50%PA6+30%PP+20%GF composite shows a rough
fracture surface with short fiber pull-out and the glass fiber is still embedded with the
PA6-PP matrix which shows a good bonding between glass fiber and matrices. The
decrease in elongation at break is explained due to the increase in glass fiber content.
The tensile fracture specimen of PA6-PP-GF composites with 5%GF, 10%GF, and
15%GF under strain rate of 2 mm/min shows that some of the matrices is tearing and
leads to the formation of polymer filaments on the fracture surface (Belmonte et al.,
2017). Moreover, long fiber pull-out in all different percentage of composites can be
seen clearly from the micrograph because of ductile fracture behavior under slow strain
rate of 2 mm/min. The fiber pull-out observed depends on the bond strength and the
load transfer mechanism from matrix and fiber (Okoli, 2001). It was observed also that
are more fiber pull-out than broken fiber on the fracture surface of PA6-PP-GF

composites tensile fracture specimens (Bajracharya et al., 2016).
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Matrix tearing
(ductile fracture)

RN

Figure 4.13  SEM micrograph of tensile fracture surface of an PA6-PP composites
with different glass fiber contained under strain rate of 2 mm/min: (a) 0%GF; (b)
5%GF; (¢) 10%GF; (d) 15%GF and (e) 20%GF

The SEM micrograph of tensile fracture surface of PA6-PP-GF composites with
different glass fiber content under a strain rate of 6 mm/min: (a) 0%GF; (b) 5%GF; (c)
10%GF; (d) 15%GF and (e) 20%GF are shown in Figure 4.14. 70%PA6+30%PP
polymer blend with 0%GF in Figure 4.14 (a) which shows a matrix tearing of PA6-PP
matrices when a medium strain rate of 6 mm/min is applied to the specimen. The
differences of matrix formation in the specimen are affected by the strain rate applied as
the matrix formation that shown in Figure 4.13 (a) under strain rate of 2 mm/min is
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different if compared to the matrix formation that showed in Figure 4.14 (a). The
microstructure of neat polymer blend under a strain rate of 6 mm/min indicates that the
matrix tearing is shorter than at a strain rate of 2 mm/min. For the fracture surface
microstructure PA6-PP-GF composite with 5%GF (Figure 4.14 (b)) shows a ductile
fracture behavior surface with a fiber pull-out as the 6 mm/min strain rate is applied and
the long fiber pull-out is shown but it is slightly shorter than at a strain rate of 2
mm/min. PA6-PP-GF composite with 10%GF shows a ductile fracture behavior with
some fiber pull-out in between the matrix under a medium strain rate of 6 mm/min. The
55%PA6+30%PP+15%GF composite shows a ductile to brittle fracture behavior
because some of the matrices are followed the protruding fiber and some of the matrices
have brittle fracture behavior where the glass fiber is still embedded with the matrix.
SEM micrograph of PAG6-PP-GF composite with 20%GF shows a brittle fracture
behavior and good bonding between the glass fiber and polymer matrix. There is no
matrix tearing at both specimens’ fracture surface of 55%PA6+30%PP+15%GF
composite and 50%PA6+30%PP+20%GF composite because the PA6-PP-GF

composites were brittle fracture specimens.

Figure 4.15 shows SEM micrograph of tensile fracture surface of PA6-PP-GF
composites with different glass fiber content under strain rate of 10 mm/min: (a) 0%GF;
(b) 5%GF; (c) 10%GF; (d) 15%GF and (e) 20%GF. The neat polymer blend
microstructure (Figure 4.15 (a)) shows more matrix tearing towards each other which is
shows good interaction between polyamide 6 and polypropylene. Next, the PA6-PP-GF
composites microscopic images showed the presence of protruding fibers on the
fractured surface. SEM micrograph of PA6-PP-GF composites with 5%GF, 10%GF,
and 15%GF shows several voids that is due to the fiber pull-out from the matrix during
the testing that happened because of the high stress carried by the glass fiber itself and
this voids occurs because of fiber-matrix interaction between the fiber and the polymer
matrix (Braga and Magalhaes, 2015). The PA6-PP polymer blend structure showed the
waviness of polyamide 6 and polypropylene matrix under all strain rates and
demonstrated good mixing of both PA6-PP matrix (Lingesh et al., 2014). The fiber pull-
out showed at all PA6-PP-GF composites under strain rate of 10 mm/min is shorter if

compared to strain rates of 2 and 6 mm/min.
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Figure 4.14  SEM micrograph of tensile fracture surface of an PA6-PP composites
with different glass fiber contained under strain rate of 6 mm/min: (a) 0%GF; (b)
5%GF; (c) 10%GF; (d) 15%GF and (e) 20%GF

The fracture surface of PA6-PP-GF composite with 5%GF observed is ductile
fracture behavior while the fracture surface of PA6-PP-GF composite with 10%GF
showed a ductile to brittle fracture behavior and the PA6-PP-GF composites with
15%GF and 20%GF were observed as brittle fracture behavior. As the glass fiber
content is increased and crosshead speed increased, the composite became more brittle

behavior (Premalal et al., 2002). The fracture surface of PA6-PP-GF composites with
15%GF and 20%GF also indicates an unstable crack propagation (Figure 4.6) that
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prove a brittle fracture behavior has occurred (Belmonte et al., 2017). Moreover, the
tensile properties of PA6-PP-GF composites under a strain rate of 10 mm/min showed
were higher than under a strain rate of 2 mm/min in Figure 4.9. This proved that the
applied stresses can be transferred to the micro particles of glass fiber from the matrix
effectively and the strength properties are clearly improved with the well-bonded
between fiber and matrix (Fu et al., 2008).

otruding fibers

Matrix tearing
(ductile fracture)

: L
Brittle fracture surface ‘

4
9 K1

s

Figure 4.15 SEM micrograph of tensile fracture surface of an PA6-PP composite
with different glass fiber contained under strain rate of 10 mm/min: (a) 0%GF; (b)
5%GF; (¢) 10%GF; (d) 15%GF and (e) 20%GF
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4.3  Flexural Test (3-point Bend) Results Analyses

Flexural test is used to determine the flexural modulus or flexural strength of a
material. Flexural test was followed ASTM D790. Flexural modulus is calculated from
the slope of the stress vs. strain deflection curve. The maximum stress of the fiber that
is exposed to the tension part of the specimen is defined as the flexural strength. These
two values can be used to evaluate the ability of specimens to withstand flexural or
bending forces. The flexural test results for each composition of glass fiber reinforced
PAG-PP composites under strain rate of 2 mm/min are shown in Figure 4.16 and the
flexural specimens after the test are shown in Figure 4.18. Whiles, the flexural test
results for each composition of glass fiber reinforced PA6-PP composites under strain
rate of 4 mm/min are shown in Figure 4.17 and the flexural specimens after the test are
shown in Figure 4.19. The flexural specimens after test showed a partial fracture on the
tension side of the outermost area of specimens. This is because the bending load used
in the bending test causes compression or maximum stress at the outermost side (i.e.,
upper or bottom) within the specimen cross-section (Tanimoto et al., 2002). The
flexural properties of glass fiber reinforced polyamide 6-polypropylene composites
such as flexural modulus, flexural yield strength, flexural strength and flexural strain

were tabulated in Table 4.4 and 4.5 for strain rates 2 and 4 mm/min respectively.
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Figure 4.16  Flexural stress-strain curve of glass fiber reinforced PA6-PP composites
under strain rate of 2 mm/min

56



50

a0k / 1
- P, m——— Specimen Name
- / 70%PA6+30%PP

65%PA6+30%PP+5%GF
60%PA6+30%PP+10%GF
55%PA6+30%PP+15%GF

50%PA6+30%PP+20%GF

\
111

Flexure stress (MPa)

0 1 2 3 4 5 6 7
Flexure strain (%)

Figure 4.17  Flexural stress-strain curve of glass fiber reinforced PA6-PP composites
under strain rate of 4 mm/min

Table 4.4 Average Results of Flexural Test (Strain rate of 2 mm/min)
Strain Rate of 2 mm/min
Specimen Composition Flexural  Flexural Yield Flexural Flexural
Modulus Strength Strength Strain

(GPa) (MPa) (MPa) (%)

70%PA6 + 30%PP 0.75 25.49 25.97 6.16
65%PA6 + 30%PP + 5%GF 1.13 31.73 31.98 5.18
60%PA6 + 30%PP + 10%GF 1.49 35.72 36.14 411
55%PA6 + 30%PP + 15%GF 1.74 35.94 36.26 3.57
50%PA6 + 30%PP + 20%GF 2.01 40.11 40.60 3.11

Table 4.5 Average Results of Flexural Test (Strain rate of 4 mm/min)

Strain Rate of 4 mm/min

Specimen Composition Flexural  Flexural Yield Flexural Flexural
Modulus Strength Strength Strain

(GPa) (MPa) (MPa) (%)

70%PA6 + 30%PP 0.81 27.61 28.19 5.81
65%PA6 + 30%PP + 5%GF 1.12 33.14 33.66 5.39
60%PAG6 + 30%PP + 10%GF 1.48 37.97 38.52 411
55%PA6 + 30%PP + 15%GF 1.80 38.57 38.87 3.64
50%PA6 + 30%PP + 20%GF 2.02 42.54 42.82 3.44

As mentioned in Chapter 3, the results reported were averages of at least three
measurements. The flexural modulus or of different composition of glass fiber
reinforced PA6-PP composites under 2 different strain rates of 2 and 4 mm/min is

shown in Figure 4.20.
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Figure 4.18  Flexural specimens after test under strain rate of 2 mm/min
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Figure 4.19 Flexural specimens after test under strain rate of 4 mm/min

Flexural _modulus result of 70%PA6+30%PP polymer blend shows a low
flexural.modulus of 0.75 GPa at 2 mm/min strain rate and 0.81 GPa flexural modulus at
4 mm/min strain rate. The trend of the graph shown gradually increased results from
PAG6-PP polymer blend until 50%PA6+30%PP+20%GF composite for both different
strain rates. The flexural modulus of 65%PA6+30%PP+5%GF composite is increased
at 1.13 GPa under 2 mm/min strain rate and also increased the modulus of 1.12 GPa
under 4 mm/min strain rate. When the glass fiber content increase to 10%,
60%PA6+30%PP+10%GF composite reveals an increased modulus of 1.49 GPa under
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strain rates of 2 mm/min while at 4 mm/min also reveals increased modulus of 1.48
GPa. The flexural modulus of PA6-PP-GF composite with 15% glass fiber content
gained 1.74 GPa under a 2 mm/min strain rate and at a strain rate of 4 mm/min revealed
an increase of 1.80 GPa modulus. Finally, 50%PA6+30%PP+20%GF composite shows
a further increased modulus of 2.01 GPa under strain rates of 2 and 4 mm/min is 2.02
GPa. Therefore, the strength of the composite material under bending load increases as
the content of the glass fiber reinforced PA6-PP composite increases and causes more
resistance to deformation (Nuruzzaman et al., 2018).
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Specimen Composition
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Figure 4.20  Flexural modulus (GPa) of glass fiber reinforced PA6-PP composites
under 2 different strain rates

The flexural vyield strength of each composition of glass fiber reinforced
polyamide 6-polypropylene composites under strain rates of 2 and 4 mm/min is shown
in Figure 4.21. PAG6-PP polymer blend plastic deformation under a strain rate of 2
mm/min initiated at a low-stress level of 25.49 MPa. The obtained result of
65%PA6+30%PP+5%GF composite is 31.73 MPa and for 60%PA6+30%PP+10%GF
composite increased to 35.72 MPa. For the further increase of glass fiber content to
15%, the flexural yield strength of 55%PA6+30%PP+15%GF composite slightly
increases of 35.94 MPa. For 50%PA6+30%PP+20%GF composites, the flexural yield
strength value increased to 40.11 MPa. The obtained flexural yield strength of
70%PA6+30%PP polymer blend under a strain rate of 4 mm/min is 27.61 MPa while as
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the glass fiber content is increased, the flexural yield strength results are increased. For
65%PA6+30%PP+5%GF composite show increased flexural yield strength of 33.14
MPa. The 60%PA6+30%PP+10%GF composite reveals a further increase of 37.97
MPa. As the glass fiber content up to 15%, the flexural yield strength shows slightly an
increased result of 38.57 MPa. Finally, when the glass fiber content up to 20%,
50%PA6+30%PP+20%GF composite shows an increased result of 42.54 MPa.
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Figure 4.21  Flexural yield strength (MPa) of glass fiber reinforced PAG6-PP
composites under 2 different strain rates

The flexure strength of glass fiber reinforced PA6-PP composites under 2
different strain rates is shown in Figure 4.22. The flexure strength of 70%PA6+30%PP
polymer blend under strain rate of 2 mm/min is 25.97 MPa and
65%PA6+30%PP+5%GF composite is 31.98 MPa. The PA6-PP-GF composite with
10%GF obtained 36.14 MPa flexural strength and for 55%PA6+30%PP+15%GF
composite, the flexure strength is slightly  increased to 36.26 MPa from
60%PA6+30%PP+10%GF composite but it is higher than PA6-PP polymer blend.
Lastly, the 50%PA6+30%PP+20%GF composite show a further increased strength of
40.60 MPa. The flexural strength of 70%PA6+30%PP polymer blend under 4 mm/min
shows a low strength of 28.19 MPa. The flexural strength of 65%PA6+30%PP+5%GF
composite shows an increased result of 33.66 MPa. As the glass fiber content increased
to 10%, the flexural strength of PA6-PP-GF composite increased to 38.52 MPa. For
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PAG6-PP-GF composite with 15% glass fiber content also shows an increased flexural
strength of 38.87 MPa. For 50%PA6+30%PP+20%GF composite reveals an increased
flexural strength of 42.82 MPa. From the obtained results, the flexure strength of the
composite gradually increases as the glass fiber content is increased (Kusaseh et al.,
2018). Uniform distribution of glass fiber and strong adhesion of polyamide 6 and
polypropylene matrix affect improvement or increasing of flexural strength (Hemanth et
al., 2014).
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Figure 4.22  Flexural strength (MPa) of glass fiber reinforced PA6-PP composites
under 2 different strain rates

Figure 4.23 shows the result of flexural strain for different compositions of glass
fiber reinforced polyamide 6-polypropylene composites under 2 different strain rates.
The flexural strain is the point at which the material gives up, the force does not
continue to increase and begins to decrease or break under strain rates of 2 and 4
mm/min. The obtained result under a strain rate of 2 mm/min shows that the elongation
of a neat polymer blend, 70%PA6+30%PP is 6.16%. Whiles, the elongation of PA6-PP-
GF composites with 5%GF is 5.18%, 10%GF is 4.11%, 15%GF is 3.57% and 20%GF
is 3.11%. This shows that the strain at break is continually decreased as the glass fiber
content of the composite is increased and causes a decrease in ductility of the
composite.
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Figure 4.23  Flexural strain (%) of glass fiber reinforced PA6-PP composites under 2
different strain rates

The flexural strain result under a strain rate of 4 mm/min of 70%PA6+30%PP
polymer blend shows elongation of 5.81%. While the elongation of PAG6-PP-GF
composites with 5%GF is 5.39%, 10%GF is 4.11%, 15%GF is 3.64% and 20%GF is
3.44%. The obtained result shows a decreased trend as the glass fiber content of
composites is increased due to the decrease in ductility of the PA6-PP-GF composites.
For overall discussions on flexural properties result of glass fiber reinforced PA6-PP
composites under strain rates of 2 mm/min and 4 mm/min has been shown that the
flexural properties were increased when the force applied on the specimens were
increased. Other factors associated with the strength of fiber composites are the quantity
of fiber in the polymer matrix, fiber orientation, and fiber adhesion on the polymer
matrix (Bino et al., 2017). When the glass fiber content is increased, the fiber and the
matrix interaction could be unlimited and the load can be transferred from the matrix to
the fiber, resulted in only micro-fracture of the specimen and led to high flexural
strength value (Mathew et al., 2017). From these mechanical testing shows that the
flexural strength of PA6-PP-GF composites gave higher results than tensile strength at a
strain rate of 2 mm/min. Besides, increasing flexural strength may also be due to the
high elastic modulus of the glass fiber compared to the matrix materials (Hanna et al.,
2011).
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4.4 Impact Test (Unnotched) Results Analyses

ASTM D4812 is a standard test method for unnotched cantilever beam impact
resistance of plastic as it shows the energy extracted from a standard pendulum hammer
that works in breaking down a specimen with one pendulum swing. The results of this
test method are reported as absorbed energy per unit width of the specimen. Impact
strength is described as the ability of a substance to continuously absorb energy or
impact. Impact energy is computed as the ratio of absorbed energy to the cross-sectional
area of the specimen and Izod impact test is used to calculate the impact energy of the
PA6-PP-GF composites. The fracture specimens of 70%PA6+30%PP polymer blend
and glass fiber reinforced PA6-PP composites with 5%GF, 10%GF, 15%GF, and
20%GF are shown in Figure 4.24 (4 N.m) and 4.25 (5 N.m).

The neat polymer blend shows a stress-whitening line around the impact zone
after being hit by the 11 J of hammer and found as ductile fracture behavior. While, the
PA6-PP-GF composites with reinforced by glass fiber of 5%, 10%, 15%, and 20%
shows a jagged edge around the impact zone or completely fracture specimens. Table
4.6 shows the impact strength result with a torque of 4 N.m and table 4.7 shows impact
test result with a torque of 5 N.m. The tabulated results were the average of at least
three sets of PA6-PP-GF composites specimens. The impact strength of glass fiber
reinforced PA6-PP composites with torque 4 N.m and 5 N.m is shown in Figure 4.26.
The result obtained with the torque of 4 N.m indicates that 70%PA6+30%PP polymer
blend has high impact strength of 79.83 kJ/m?. In contrast, all PA6-PP-GF composites
showed a decrease in impact strength. The impact strength of 65%PA6+30%PP+5%GF
composite is 43.93 kJ/m” which is much lower than that of a neat polymer blend. The
impact strength of PA6-PP-GF composite is improved to 44.70 kJ/m? when the glass
fiber content is increased to 10%, and the PA6-PP-GF composites with 15% glass fiber
content are improved to 45.21 kJ/m? The increase in impact strength due to the good
distribution of glass fiber in the matrix helps to enhance the interaction or adhesion of
the interface between the matrix and glass fiber (Alomayri et al., 2014). The PA6-PP-
GF composite with 20% glass fiber content shows a decreased result of impact strength
to 43.56 kJ/m?,
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Figure 4.24  Fracture impact test specimen with torque 4 N.m
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Figure 4.25  Fracture impact test specimen with torque 5 N.m

Table 4.6 Average Results of Impact Test (Torque of 4 N.m)

Specimen Composition Impact Strength, Re (kJ/m?)
70%PA6 + 30%PP 79.83
65%PA6 + 30%PP + 5%GF 43.93
60%PA6 + 30%PP + 10%GF 44.70
55%PA6 + 30%PP + 15%GF 45.21
50%PA6 + 30%PP + 20%GF 43.56
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Table 4.7 Average Results of Impact Test (Torque of 5 N.m)

Specimen Composition Impact Strength, Re (kJ/m?)
70%PA6 + 30%PP 79.64
65%PA6 + 30%PP + 5%GF 4151
60%PA6 + 30%PP + 10%GF 42.90
55%PA6 + 30%PP + 15%GF 44.47
50%PA6 + 30%PP + 20%GF 41.94

The PAG6-PP-GF composites are behaved as ductile to brittle transition and
reducing the impact strength as the glass fiber content increases from 15% to 20%
(Nuruzzaman et al., 2016). The impact result for a torque of 5 N.m also shows that
70%PA6+30%PP polymer blend have significantly high impact strength of 79.64
kJ/m?. In contrast, PA6-PP-GF composites show a decrease in impact strength. The
results have revealed that impact strength decreases by increasing the glass fiber
contents in PA6-PP-GF composites. This is happened because of the reinforced
material, which may represent the point for the local stress concentration where the

failure will commence (Hanna et al., 2011).

The impact strength of 65%PA6+30%PP+5%GF composite is 41.51 kJ/m?
which is much lower than that of a neat polymer blend. The impact strength of the
60%PA6+30%PP+10%GF composite is increased to 42.90 kJ/m? and when the glass
fiber content increased to 15%, the impact strength also is increased to 44.47 kJ/m?.
Meanwhile, the impact strength of the 50%PA6+30%PP+20%GF composite has
decreased by 41.94 kJ/m?due to an increase in glass fiber content of 15% to 20%, and
the transition from ductile to brittle behavior leading to reduced impact strength
composite. The decreases of impact strength of 50%PA6+30%PP+20%GF composite is
because the inability to absorb deformation energy that affected by the reduction of

elasticity of material due to the increase of glass fiber content (Hemanth et al., 2014).

The impact strength of PA6-PP-GF composites for both 4 N.m and 5 N.m
applied torque shows that 70%PA6+30%PP polymer blend resulted in higher impact
strength but decreased at 65%PA6+30%PP+5%GF composite. While at PA6-PP-GF
composites with 10%GF and 15%GF shows slightly increased impact strength. But as
the glass fiber content up to 20%, the impact strength of 50%PA6+30%PP+20%GF

composite is decreased. When glass fiber content increases, the impact strength tends to
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decrease gradually. On the contrary, if the fiber-matrix adhesion is very strong, fibers
limit the movement of matrix molecules and also resulted in reduced impact strength
(Premalal et al., 2002). As a comparison from the torque of 4 and 5 N.m, the impact
strength of glass fiber reinforced polyamide 6-polypropylene composites with a torque
of 4 N.m generate higher strength than the torque of 5 N.m. This happens because the
PA6-PP-GF composites specimens at 5 N.m absorb less energy compared to PA6-PP-
GF composites specimens at 4 N.m and the when more clamping pressure is applied on
the specimen it gives an effect of impact strength results.
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Figure 426  Impact strength (kJ/m?) of glass fiber reinforced PA6-PP composites
with torque of 4 N.m and 5 N.m

4.4.1 Characterization of Impact Fracture Specimens

The micrographs of an impact fracture surface of PA6-PP-GF composites with
different glass fiber content under 11J of hammer with a torque of 4 N.m are shown in
Figure 4.27; (a) 5%GF; (b) 10%GF; (c) 15%GF; and (d) 20%GF. When the composite
is subjected to sudden force, impact energy is dissipated by a combination of fiber pull-
out, fiber break, and matrix deformation (Wambua et al., 2003). It was observed that the
fracture impact surface of 65%PA6+30%PP+5%GF composite shows a matrix ends and
fiber ends with indicates a ductile failure mode because the matrix and fiber observed
were slightly pulled on the fracture surface. The fibers are still embedded in the matrix
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after failure which means that the adhesion between fiber and matrix are good. A
similar impact fracture microstructure shown for PA6-PP-GF composites with 10%GF,
15%GF, and 20%GF. The glass fiber was dispersed in many directions and embedded
well with the polymeric matrix because of good interfacial adhesion between the fiber
and polyamide 6-polypropylene blend (Kuram et al., 2013). Figure 4.28 shows SEM
micrograph of impact fracture surface of PA6-PP-GF composites with different glass
fiber content under torque of 5 N.m; (a) 5%GF; (b) 10%GF; (c) 15%GF; and (d)
20%GF.
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Figure 4.27 SEM micrograph of impact fracture surface of an PA6-PP composite
with different glass fiber contained with torque 4 N.m: (a) 5%GF; (b) 10%GF; (c)
15%GF; and (d) 209%GF

The 65%PA6+30%PP+5%GF composite shows many holes caused by the fiber
pull-out from the other side of the fracture specimen and left some of the fiber that still
embedded to the matrix. For PA6-PP-GF composite with 10%GF shows, a small range
of brittle fracture behavior of matrix ends caused by the impact of the pendulum. The
sudden cut of matrix and glass fiber also can be seen in PA6-PP-GF composites with
15%GF and 20%GF that does prove a brittle fracture behavior. Besides, the fiber is still
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embedded well with the matrix of the composite that proved a good interfacial adhesion
between fiber and matrix (Kuram et al., 2013).
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Figure 4.28 SEM micrograph of impact fracture surface of an PA6-PP composite
with different glass fiber contained with torque 5 N.m: (a) 5%GF; (b) 10%GF; (c)
15%GF; and (d) 20%GF

45  EDX Analyses

Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used to
identify the elemental composition or chemical characterization of materials. The data
produced by the EDX analysis comprises a spectrum with a peak equal to all elements
contained in the sample. In addition, the EDX system can-identify automatically the
percentage for each element detected to show a qualitative analysis (elemental type) and
quantitative analysis (percentages of individual elemental concentrations).There are
three broad categories of elements concentration that are major components which are
more than 10 wt%, minor components which are 1-10 wt%, and trace elements which

are 1 wt% (Hafner, 2006). The chemical composition for polypropylene (PP),
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polyamide 6 (PAG6), and glass fiber (GF) are shown in Figure 4.29, 4.30, and 4.31
respectively.
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Figure 4.29  Polypropylene (PP) EDX result
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Figure 430  Polyamide 6 (PA6) EDX result
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Figure 4.31  Glass fiber (GF) EDX result

The peak position at the graph leads to the identification of the element and the
peak height serves to quantify the concentration of each element in the sample. The
chemical formula for polypropylene is (C3H6)n and the element shown in the EDX
spectra (Figure 4.29) is carbon (C) 100.00 wt.%. The EDX spectra for Figure 4.29

proved that it was polypropylene. The chemical formula of polyamide 6 is
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(C6H1INO)n and the EDX spectra for PA6 (Figure 4.30) shown two chemical
elements; oxygen (O) 24.91 wt.% and carbon (C) 75.09 wt.%. The basic chemical
formula of glass fiber is SiO2 and with addition others oxide of Ca, Al, Mg, etc. The
main composition of glass fiber in EDX analysis as shown in Figure 4.31 consisted of
magnesium (Mg) 0.84 wt.%, aluminum (Al) 5.25wt.%, calcium (Ca) 6.98 wt.%, carbon
(C) 14.33 wt.%, silica (Si) 19.54 wt.%, and oxygen (O) 53.06 wt.%. The EDX analysis
proved that test specimen contains polypropylene (PP), polyamide 6 (PA6), and glass
fiber (GF).
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CHAPTER 5

CONCLUSION

5.1 Conclusion

The objective of this research is to study the influence of different glass fiber
content with reinforced polyamide 6-polypropylene composites and resulted in
improvement strength as the glass fiber content is increased. The dog-bone-shaped
specimens of glass fiber reinforced polymer composites were successfully prepared
with the injection molding process. Then, the mechanical tests were performed on five
different polymer composites; 70%PA6+30%PP polymer blend,
65%PA6+30%PP+5%GF composite, 60%PA6+30%PP+10%GF composite,
55%PA6+30%PP+15%GF composite, and 50%PA6+30%PP+20%GF composite under
different loading conditions. The mechanical properties of glass fiber reinforced PAG-
PP composite under different operating conditions such as tensile, flexural, and impact
properties are concluded as follows. For the first time, three variables were considered
which are a composition of glass fiber reinforced polyamide 6-polypropylene

composites, strain rates of tensile and flexural test, and torque value for the impact test.

I. Tensile properties of the PA6-PP-GF composites were investigated under strain
rates of 2 mm/min, 6 mm/min, and 10mm/min. The tensile properties were
found to increase with strain rate. However, in this research study, the tensile
properties did not increase continuously as the strain rate applied was increased.
This behavior had been shown at yield strength and tensile strength of PA6-PP-
GF composites under 6 mm/min strain rate which results in a higher than 10
mm/min strain rate. The tensile strength of the PAG6-PP-GF composites is
slightly decreased while the tensile modulus improved as the glass fiber content
is increased to 20% where the strain rate is also increased to 10 mm/min. The
acceptable tensile properties of PA6-PP-GF composites are up to 15%GF

because of the improvements in strength while PA6-PP-GF composites with
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20%GF is impending to brittle nature. Consistent with the overall observation,
glass fiber content also has a major impact on elongation at break where it is
understood that generally, the elongation at break of the composite decreases
with increasing glass fiber content.

The flexural properties of glass fiber reinforced PA6-PP composite under strain
rates of 2 mm/min and 4 mm/min showed gradually increased results as the
glass fiber content is increased. The flexural properties of composite showed
better flexural properties under strain rates of 4 mm/min as compared to that of
2 mm/min. 70%PA6+30%PP polymer blend had the lowest flexural properties
and tensile properties. Whiles 50%PA6+30%PP+20%GF composite had the
highest flexural and tensile properties. The amount of fiber content has a
significant and direct effect on mechanical properties especially the composite
strength; the higher the fiber content, the higher the flexural and tensile strength.
The influence of the different loading conditions and the fiber content on the
mechanical properties resulted significant effects on the corresponding final
strength of the composite itself. The results demonstrated that both tensile and
flexural strength improved with the percentage of reinforcement fibers and
showed improvements compared to the 70%PA6+30%PP polymer blend.
Furthermore, the flexural strength of PA6-PP-GF composites resulted in higher

strength than tensile strength at a strain rate of 2 mm/min.

The impact strength of glass fiber reinforced polyamide 6-polypropylene
composites under torque of 4 N.m shows a higher result than torque of 5 N.m.
70%PA6+30%PP polymer blend resulted higher impact strength but decreased
at 65%PA6+30%PP+5%GF composite for both torque applied, while at
60%PA6+30%PP+10%GF composite and 55%PA6+30%PP+15%GF composite
shows slightly increased impact strength. But as the glass fiber content up to
20%, the impact strength of 50%PA6+30%PP+20%GF composite is decreased
because of when the glass fiber content increases, the impact strength tends to

decrease gradually (Premalal et al., 2002).
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5.2

All of the microstructure analysis have been analysed using SEM and it’s
revealing a fracture specimens’ behavior either ductile or brittle fracture
behavior which correspond to the mechanical properties of PAG6-PP-GF
composites. Tensile fracture surface of 65%PA6+30%PP+5%GF composite
shows a ductile fracture behavior and 60%PA6+30%PP+10%GF composite
shows a ductile to brittle fracture behavior. While tensile fracture surface of
PAG6-PP composites with 15%GF and 20%GF shows a brittle fracture behavior.
Moreover, the microstructure analysis of PA6-PP-GF composites showed
different fiber pull-out and matrix tearing depends on their different mechanical
operating conditions in different mechanical testing. A PA6-PP-GF composites
microstructure of fracture specimen from tensile test at 2 mm/min strain rates
shows longer fiber pull-out than at 6 and 10 mm/min strain rates. The fiber pull-

out shows shorter as the strain rates applied is increased.

The impact fracture surface of PA6-PP-GF composites under the torque of 4
N.m and 5 N.m shows quite a similar fracture behavior which are most of the
glass fiber is still embedded in the matrix and shows a good interfacial adhesion

between fibers and matrices.

Recommendations

For further studies of glass fiber reinforced polyamide 6-polypropylene

composites, several recommendations are as follows:

Further research studies should be carried out considering different
compositions of polymer composites, containing 25% and 30% glass fibers. The
addition of a percentage of glass fibers to the polymer composites may give
different results either increase or decrease in its mechanical properties as well

as changes in brittleness on the polymer composites.

Further research studies should be carried out at a higher strain rate of 20
mm/min and 30 mm/min for tensile tests. Flexural tests should also be carried
out at higher strain rate of 5 mm/min and 6 mm/min in order to verify the

flexural strengths under higher strain rates.
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Further recommendation is, experiments should be carried out for higher impact
energy using 50J hammer and also for notched specimens in order to verify the

energy absorbing performance under higher impact load.

Further research can be carried out using ABS-PA6-GF or PC-ABS-GF
composites under the same operating conditions. The different of polymer
composites use may give a different operating condition for injection molding
process and give different results in mechanical properties even the percentages
of suggested polymer composites and the mechanical testing use are same with
PAG6-PP-GF composites.
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Appendix A:  Sample Calculations

a) 70%PA6+30%PP

70%PA6+30%PP = 400gm

70
Pure PA6: 100 X 400gm = 280gm

30
Pure PP: 100 X 400gm = 120gm

b) 65%PA6+30%PP+5%GF

65%PA6+30%PP+5%GF = 400gm

30
Pure PP: 100 X 400gm = 120gm

65¢%PA6+30%PP+5%GF (x4)
260gm 120gm = 20gm

Premix materials (70%PA6+30%GF)

30—100 66.67gm — 20gm = 46.67gm (PA6 in premix)
100
1- 30 260gm — 46.67gm = 213.33gm (Pure
F 100 x 20 6667
- = .
30 i .

Total Weight = 213.33gm (PAG6) + 120gm (PP) + 66.67gm (GF) = 400gm

) 60%PA6+30%PP+10%GF

60%PA6+30%PP+10%GF = 520gm

Pure PP: 50 x 520gm = 156
ure PP: =0 gm = gm

=~ 60%PA6+30%PP+10%GF (x5.2)

31¢ng 15¢6gm 5$gm
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Premix materials (70%PA6+30%GF)

30100

1 100
—_ —
30

—_

100 x 52

30

= 173.33gm

173.33gm — 52gm = 121.33gm (PAG6 in Premix)

312gm - 121.33gm = 190.67gm (Pure

Total Weight = 190.67gm (PA6) + 156gm (PP) + 173.33gm (GF) = 520gm

d) 55%PA6+30%PP+15%GF

55%PA6+30%PP+15%GF = 540gm

30
P — X =
Pure PP 100 540gm = 162gm

=~ 55%PA6+30%PP+15%GF

297gm

162gm 81gm

(x5.4)

Premix materials (70%PA6+30%GF)

30100

i 100
ﬁ —
30

-_

100 x 81

30

= 270gm

270gm — 81gm = 189gm (PAG in Premix)

297gm — 189gm = 108gm (Pure

Total Weight = 108gm (PAG6) + 162gm (PP) + 270gm (GF) = 540gm

e) 50%PA6+30%PP+20%GF

50%PA6+30%PP+20%GF = 580gm

30
Pure PP: —— x 580gm = 174gm

100

=~ 50%PA6+30%PP+20%GF

290gm

174gm

116gm

(%5.8)
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Premix materials (70%PA6+30%GF)

30—-100 386.67gm — 116gm = 270.67gm (PAG in Premix)
100
1- 30 290gm - 270.67gm = 19.33gm (Pure
100 x 116
F - —30 " 386.67gm

Total Weight = 19.33gm (PA6) + 174gm (PP) + 386.67gm (GF) = 580gm
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Appendix B: Injection Molding Process

1. Injection molding parameter of 70%PA6+30%PP pure polymer blend.

2. Injection molding parameter of 65%PA6+30%PP+5%GF composite.
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3. Injection molding parameter of 60%PA6+30%PP+10%GF composite.

4. Injection molding parameter of 55%PA6+30%PP+15%GF composite.
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5. Injection molding parameter of 50%PA6+30%PP+20%GF composite.

ol <00 S00] l"{!

91

BIESE] 0§
W



Appendix C : List of Publications

1. N M Kusaseh, D M Nuruzzaman, N M Ismail, Z Hamedon, A Azhari and A K M A
Igbal, “Flexure and impact properties of glass fiber reinforced nylon 6-polypropylene
composites”. |IOP Conf. Series: Materials Science and Engineering 319, 1-14. (2018)
(SCOPUS).

2. D M Nuruzzaman, N M Kusaseh, M A Chowdhury, N AN A Rahman, A N Oumer, N
Fatchurrohman, A K M A Igbal and N M Ismail, “Experimental investigation on
flexure and impact properties of injection molded polypropylene-nylon 6-glass fiber
polymer composites”. |IOP Conf. Series: Materials Science and Engineering 342, 1-7.
(2018) (SCOPUS).

3. D M Nuruzzaman, N Kusaseh, S Basri, A N Oumer and Z Hamedon, “Modeling and
flow analysis of pure nylon polymer for injection molding process”. IOP Conf. Series:
Materials Science and Engineering 114, 1-7. (2016) (SCOPUS).

4. N M Kusaseh, D M Nuruzzaman, M A Chowdhury, A K M A Igbal, N M Ismail, N
Fatchurrohman and C S Yi, “Infuence of Glass Fiber Content on the Flexural Properties
of Polyamide 6-Polypropylene Blend Composites”. Lecture Notes in Mechanical
Engineering (LNME), (In Press) (2020).

5. Nuruzzaman, D.M., Kusaseh, N.M., Ismail, N.M., Igbal, A.K.M.A., Rahman, M.M.,
Azhari, A., Hamedon, Z. and Yi, C.S. “Influence of glass fiber content on tensile
properties of polyamide-polypropylene based polymer blend composites” Materials
Today: Proceedings (In Press) (SCOPUS).

92



1. N M Kusaseh, D M Nuruzzaman, N M Ismail, Z Hamedon, A Azhari and A K M A
Igbal, “Flexure and impact properties of glass fiber reinforced nylon 6-polypropylene

composites”.
(SCOPUS).

IOP Conf. Series:

Materials Science and Engineering 319, 1-14. (2018)

APCOMSIMECMT $OF Publivhizg
I0P Cond. Senev Materuahs Scence snd Enginoanng 39 (2015) 012085 dou: 1010801 7S7-800X/ 3 1WIAN 4S5

Flexure and impact properties of glass fiber reinforced nylon
6-polypropylene composites

N M Kusaseh', D M Noveczaman ', N M Tomail, Z Hamedon', A Ashari’ and

“Faculty of Manulacoerng Engiscenng, Univessiny Malaysa Pahang, 26600 Pels,
Pahang Durul Madmur, Madaysis

"E-mail: lzean 9200 grrail com

Abstract. In recent vears Mmmﬂ-ﬂ,&“nﬂmnm mctab
or alkys m These polymer comp ot arc the wpes of
mikcrews in indudng apphotans m&uﬁnﬂ*nﬂ-nﬁ In the presest
rescarch wtady, ghio fber (GF) sewforced mylim 6 (PAS)pulypropy besc (FF) composc
q—mw e fully WW Tost wpecimaces of five
different BEONPAS PP SNGF
SUP. JRGE, SSPAGS S0AHIPISHOE md SURBAS )P+ S were
prepesad. In the capenments, fleviee asd lv-—ﬁuﬂ The obtamed rowbs
cevealed that flenire and smpact proportes of e ey wee o ficantly
milsenced by e ghos Eber comert Revalts m lﬂlulmvl'up-r
polymer blend and (lexieal srangth of GF reskie dussllly with the
$her comiemt. Tent ra*h-aﬁﬁrmm wength of

1. Intreduction

Polymers and their composiies we popalanty In sumernow. cngaccnng spplicatsons such s
bearing material, gears, CamR, wheety rollers cac. for wewoved mechanical propermics in selaton w
edutsial sequeements. TR Bpplicatias o high perfhamanee polymer Mesd composites & 4 suitable
aliermatne 1 conventions] Mitenals duc 15 des high spesific sveng® and suffness. Palymer hends
of differcat thermoplastas mhm-d these poly mer Blends can be rainforced b\ differest
fitwous materials o cahance (he wechanlen] propertics. During the past decade. o numiber of fescand
works were camed oot o evestgaie the mechaniel and bological peopertics of duffereat types of
polymer composites [1-8] The oblalbed ressls Soucd det the propermes wese signifcanly

mfucaced by sevenal opentisg coadinags S the type of seinforeed matenial
lmpact Bedaviowr of E-gliss Gites ranforced cpoxy and polypropylens manie componiies wis
and the obtamed resales show' hat the type of resin s an Guportant pasametes for the
smpact  behaviow of the composites [9) Flewural stresgih of polvinetind methacrylate (PMMA) resa
seinforced with gless, Masid and syloa fberss were evaluaed g Ipoimt beading l:a wih
rsal testing msaching [10] The exg | datas wese comgeeed with B¢ Sexural serengd of
pure PMMA rsin and e compantsos revealod B remSoeced specimens showod bemer flexunl
streng® than the comvestional aceyvin resm Moreoves, the speciiers seinforced with gl fibers
exhibited highest Octual suresgth, Tollowod by the specimerns remfdrced with snamid and fpocencas
seinforced Wil svka dowe! @e loucst fleual streagth Flexunsd propesties of gliss fiber
senforced polyamade 66 composiles were svestigiied |11} The chimned results showad that

N Cotent N un ok Sy be il wier B bonmn of D Crnst ive Commnonn Aot 10 Sosne Ay lunker Secchosss
R N T l‘l‘nlhl“-u‘\ il ke wd DOL
M.u..—lu;...umqu

93



2. D M Nuruzzaman, N M Kusaseh, M A Chowdhury, N AN A Rahman, A N Oumer, N
Fatchurrohman, A K M A Igbal and N M Ismail, “Experimental investigation on flexure and
impact properties of injection molded polypropylene-nylon 6-glass fiber polymer composites”.
I0P Conf. Series: Materials Science and Engineering 342, 1-7. (2018) (SCOPUS).

#CITES N8 0P Publuduzg
JOF Con. Sence M Scence and Eng 2 M2 2015 01202 doi: 1O 108K/ 1 IST-SWIN/34 2104 2102

Experimental investigation on flexure and impact properties
of injection molded polypropyienc-nylon 6-glass fiber polymer
composites

D M Nuruzzsmeans ', N M Kussseh', MA ChowdBury'. N A N A Rahmss’, A N
Oumer’, N Fatehurrobmas’, A K 3 A Jgbal sad N M Lusail

*# Faculty of Man ulacosring Engocerag, Usiversity Malaysia Pahung 26600 Pk,
Pahang Danul Meiie, Malivsia

‘Depanment of Mochasical Engssccnng, Diaka Usiversity of Eaginccrag and
Techsology, Gazipuw . Garpur 1700, Bangladesh.

*Faculty of Mechan ical Exgincermg, Urivessity Malysia Paliaee 26600 Pelan
Pahang Danud Med e Malivsia

-l dewanlS 2005 0y shoo com

Abstract. In tha soecarch wady, glao fiber m*m-‘ﬂ“ (FF)aylon & (PAS)

blend compoanes were nqmoe w jection meldng procon. Specimenn of fosr

compoabom wch B L S8 AL 2GF

SIPSPPEIONPASHI (I and S0P+ mum e prguecd In the mjecton
maoldew procem, waishle procon fiem: on the type of compostc
q-a--puhy defocts froe dog _u_‘ﬂmulndxmontn- were
cxnied ;s ® o ASTM dard The & fexure propatios wack an Scuanal
wodulm, flesizal y-ﬂ streagely (lowasal .#-l flexwal strais were imevipsted The
obtaired rexslts sevealod e floussl modules of MPSPF-DNPAS polymer blend o the
bwet and the palymer biod composie shows sicadily improvad modslin = the dao hba
woierk x moreased. Rovdts 2l sbowed that flexural wrongtt of pore pohyer blend is
lowet baat il impeoves gnadsally when the gl fiber cormort = monced. Impact L‘rmb
revealod that st weocmpth of MPGPP <200 PAS polymmer blond 1 the highont whereas =l the
mmpncics ahen  sadiced oc toughaos. B = soticed  that
SIRLFP - | 0 PASTNGE m.'v:hh::';m‘-.x argract stremgh

1. latreduction

The applicaticas of polymer hlend composites Tor ddferesl engmocing components are gaining

pn{ul-m scconding 0 sduarial roquitesess. These polymer blend composies are suitable
R o Gonal malerisls dad 1o high sweng® md stffocss 1o orde W enbance the

mﬂmul popatics, different demoplsue polymer biends can be remforead by diffesemt 1ypes

fiteous materials. In pBcessing of fber reinforced polymer composiies, different senufbcuring

wechriques are suitable depending on tie type of polymer compieiss (1] In the past decade, rescanch

works were camed out on differens types of Gbder forcad palyvmer comy W svestigale
different echanicsl and rdolgienl propermes [2-8]. Froms Siese Mvestgatas, the obigingd results
cevesad ifud properines of the comgnccs were fnll d by & sudes ol op 1, 1ypes

of sty s remfcd malerals
@lm L L T e L R

o s ok Bt Sk A % Ve s 1) s e e o e ek il Chsten sd DOL
Puddadod wnin Lawins by 08 Pl duig Lo 1

94



3. D M Nuruzzaman, N Kusaseh, S Basri, A N Oumer and Z Hamedon, “Modeling and
flow analysis of pure nylon polymer for injection molding process”. IOP Conf. Series:
Materials Science and Engineering 114, 1-7. (2016) (SCOPUS).

QEAK:(‘ISE!S JOF Publidsng

Modeling and flow analysis of pure nylon polymer for
injection molding process

D M Nurszsmsn', N Kusasch”. “ui',.\so-m‘.uznm-‘

'* Facelty of Masufoctiing E-@mccmgm 8 Pidasg, Maleysia
" Faculty of Mechanical Ergncesien 1 u-;i-lu-g Maaysia

E-mail: dewan0S20055 yiloo cose

Ab In the prod of lex plastic “*ﬁunmo[mm

popslar = proceees lhumm*ﬂmhndi&mv

p—‘hl‘hlml\anufl polymer M%m— To determine the beat

condition. 3 scres of semelatons are camed oot  Aseodok Moldflow lnegdnt

fiware and the p- arc adjuded Tha fillizz commercul sotware

wernbstes the cavity filkns paticm shomg with tevperstere and proverc divrdutom @ the

mold cavity. b the nnkhn dunrg the plastics Bow mede the meli oty dffereat fow

wach 3y £1 teme tersrcrature, shear rafe aad warp = iz ort lecabiom 0

the cavity aee el Al l’mnl fin u«t&-h&.,—ﬁ-.m\m vophnticaied
analysix of the Saw procoa of pere nylos M#“ﬁlh‘«nmﬂmn

very ampoctant and 1t bocome wcfal befoe: s sylon p 7

L Intredection

In recest years, Mh*#‘plﬂ“."“ | L ft the
madomanical analysis ‘hﬂ-m of the polymer Is zaming populansy. Computational
polymes poocessing s »«yw oo, ¢ infonmation of differeat fow paresscsers. The demilad
and imgone wp-a-dese SO Shott B¢ eology sed polyser procesiss computatons have
Been discusied by seversl Mh[l-q.mﬂkpmun\l by differest methods such as Bow

molding, film blowing, fiber Spinaing, extrasion, thenmaf ldag, injecson
nuhhng cle. Among Sese methods, extrasion and injectice nuldu@ are lt: mosl smgonsst polymes

[6}. & ‘molding ssvolves the siops: heating aad melting of polyeser, igect
n-c mdln! pulw-u 0 mold cavary, the meliod polymes st @e required dimensions shape,
packiag, cooling and solidificaton nd , Bhe cpecnon of the molded prodect [ 1] Under the same
processng conditions, Be effeces of u-u” and peessuee oa Be mell fio advancements of HDPE
and PP were gated by hodk exp ily and using sa injec id alysis peogram [ 7]

In S smalyses, s differont injection velodines aad five duffereat injection pcswcs were wsed.
was Sound that cxperamentidly obtained meX front peofiies e slesost similar o the theceencal resalis,
but the filling sescs soe differeat

' | Cormapnding author

m('.—a o s Wk aty b il e T S o O Cimis A b0 laime Ay (et s Bendiiamien
o . S i A ki W T el ) s i B o B widl ol Clatn sl TR
bt d e bavins ¥y JOF Pdbtang Lid [

95



4, N M Kusaseh, D M Nuruzzaman, M A Chowdhury, A K M A Igbal, N M Ismail, N
Fatchurrohman and C S Yi, “Infuence of Glass Fiber Content on the Flexural Properties of
Polyamide 6-Polypropylene Blend Composites”. Lecture Notes in Mechanical Engineering
(LNME), (In Press) (2020).

®

Tk e
el

Influence of Glass Fiber Content
on the Flexural Properties of Polyamide
6-Polypropylene Blend Composites

Author Proot

Mumizzzthans Mohamad Kiszch',
Dewan Muharomsd Hl.ru.r.."m‘mn":n'.
Mohemmal Assduwramen Chawdhury”,
A K. M. Asil Ighal’, Noor Mami [smail!, Nanang Fachwmolman',
and Chan Shin ¥i'

! Facubty of Mechamicdl a7 Marmixerring Engineesing, Universey Malavsiz
Pahang, 200 Pelan, Pahong Danal Makmer, Malavos
damuruzzamandump. sdn. my
* Deparement of Machanical Engireering, Dhaka University of Enginesmg
and Technalagy, Crampar, Camper 1700, Bang lade <

Ahstract. Recenily, polvmer hlend oomposites ae eceiving sigraficant asen
tiam i fulfill §e greing dsmand from sslomotive indesines bacaose of Ser
impraved pm pantes as compazd o tha o fpare polymer blends. In Sas meeach E3
work, comsidaring (MR, 3%, 6% md %k gla fiber content, four differen:
compesitons of polyvanide & (PAS)- pohpnopylene (FPaglees fiber composes
smch as, AFEP AGHAREFE, 77 5P A b 2HEPPIRGE, TP AG JFEFF R GF
ard TIHEPASAMEPPY H0GF wer jprpaed wming s mjecton mobdng
mnachine. [ ferend process paramedas were faken Il corcadenton m o onde (o
poduce dog bome shaped speamens free of defects ALl flooaral sess were
perfomead according o0 ASTM standard. Resmls showed dha fleoaral yasdd
smenpth swadily mproves o fiber content inceases. Test datn showed tha
flexom] soffess or mod uhes os ket for pere blend and ® gradwall y improves
with addition in glass fiber el sengh i lowes for pare blend and @
gadully develops wath inomse in fiber condent. On e oiber hand, ® was
absarved that flevan] srain & haedly impaaiad by fiber content.

Keaywords: Flomr] prpentes « Polyamide « Polhypropylens « Glss fiher

1 Infroduction

Thermopl adic polimers materials are reinfonced by different types materiali n onder o
strengihen mechanical properties and these polymer compesiles can be prepaned by
different manufsctunng echnigues. During pest decade, nesearch efTons wene applied on
i <irmvil s cowmporsl e mterials o examine mecharicsl or tribologics]l properties | 1-10].
Drifferenttypes of reinforcing and ot « msderisls, & Ferent processing methods 2 well
2 dilTerent openting parameters are responsble for properiies of these compo=iies.
Fiher rein fircsd polyamide-§ compasile was prepared by application of mjection pm

cess amed Nexum] properties were examined in detdl [11). Experimenta] dats revesled

0 Spepe Nawe Sgapan: Pie Lad 200
B M e Pabodd o ol (Ecd e dMECAPCOME SN, INME, poc 1-6, 1060
BempeMcion oy 10 1 ER TSR0 A CRLE T

96



5. Nuruzzaman, D.M., Kusaseh, N.M., Ismail, N.M., Igbal, A.K.M.A., Rahman, M.M.,
Azhari, A., Hamedon, Z. and Yi, C.S. “Influence of glass fiber content on tensile properties of
polyamide-polypropylene based polymer blend composites” Materials Today: Proceedings (In
Press) (SCOPUS).

& crdine ol www. com

9 ScienceDirect ek ivivead
BELSEVIER Masviahs Todss Pracecdage 890 OO e-0o) R et T
AMC 2018

Influence of glass fiber content on tensiie properties of polyamide-
polypropylene based polymer blend composites
D M Nuruzzaman™*, N M Kusasch’, N M Esmail®, AKM Asif Iqbal®. M M Rahman",
A Azbari’, Z Hamedon®, C Shin Yi*

Fader of B (e Mt i Pk, J5600 Pk Py s
Facalty of Mochamtia! Kingoees vy ! vt s Al P, 20080 Pobi, Pl Moo

Abatract

13 recent veas, (het raged developenes of pohoer cospocten w replacag the o of metale xu! dloye @ hegh perfoemsece
areairg ppboatin, passcululy i subartrs 33d scagoce ndamee I Gl each ey sifiesce of gao a ((3T)
cmtem 03 xesbs roperiaes of polyasade-polypoagy kee (PAPTY _u*- ovetipated Conmadeniag, (MG
T 0%, N aad 1% OF content, PAEFRUE compostes of (e compestionm wene pripurcd decagh mcson awlding
retdod N e cupenramts, tenale s wWere periorracd wada wramn sae of 3 mEvnn Ko all npes of Sempeak GecTiEs
Toxt roudts dure (32 el propermes of compaaics of five Moot compousons ¢ isfhucrced ¥y glis fher contars 1a
sl lemulke erergth of CRERpaNS ICHENCE by will e ncrems tn ghaes fiber coreent. O (e oy haed el
moddes creaes uszdcws!y with SxTese b coaxry. The cxpermmental data shw soveaked dat weld anmgh, arcngek 2
Eractans aad aras 3 beeak o f the Compentes 3¢ flueacd By e content of ghue ther Tew du3 sl dow fat tema ko e o
T load almoa conapoeads 0 e lomile aome st brcat fec all conponts pecereac

€ 2000 Bwver Lad AR rghes sounved

Sebictin wd post-tonwn wtden reapein BANYIS A0 AR NS Ll Coalemman 2018 48 AN 2018 208 & 23 Sunember 2018 Hben
Bty fhad Ratug Saman Mo

Rvmmd Tomeds pogmitan (udyacs do-pd peogo Vs, ghies Bhac comapead.

* Commupondiag subec Tl 000404500 Ba +000-L24508
Kl addvons mmancsssuil sty vl B0y Srwads Y50 wha cwe

034THS0 B 000 tviar Lt AJE gt s el
et -l powe Bellay of 48 Ae> oo Ny | om Bomnce 0UR A ANIC 2008 008 & 28 Newes bod 2010 Llina
Ay bl Kates savnan Midua

97



