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ABSTRAK

Graphene ialah alotrop karbon yang terdiri daripada satu lapisan (monolayer) atom
yang terikat bersama dalam corak berulang heksagon. la digunakan sebagai pengisi nano
dalam komposit bahan untuk meningkatkan sifat fizikal dan mekanikalnya. Aloi
magnesium tidak mempunyai sifat mekanikal yang mengehadkannya untuk digunakan
untuk aplikasi tertentu. Kelemahan ini dianggap sebagai kerugian yang ketara kerana sifat
aloi magnesium menjanjikan untuk pelbagai kegunaan kerana sifat fizikal dan
mekanikalnya yang sangat baik, termasuk ketumpatan rendah, nisbah kekuatan kepada
berat yang tinggi, nisbah kekakuan kepada berat yang tinggi. Projek ini memfokuskan
kepada kesan kandungan graphene nanoplatelets (GNPs) pada aloi magnesium AMS50
menggunakan salah satu pemprosesan separa pepejal, penyinaran. Parameter yang
ditetapkan untuk projek ini menggunakan Kaedah Taguchi dengan memanipulasi masa dan
kuantiti kacau kandungan graphene. Kualiti tuangan yang terhasil akan ditentukan oleh
ujian mekanikal (ujian kekerasan dan tegangan). Daripada penyelidikan ini, taburan
mikrostruktur dijangka mempunyai saiz butiran yang lebih kecil yang akan mempengaruhi

sifat peningkatan kekuatan dan kekerasan bahan.



ABSTRACT

Graphene is an allotrope of carbon consisting of a single layer (monolayer) of
atoms bonded together in the repeating pattern of the hexagon. It is used as a nanofiller in
the material composite to enhance its physical and mechanical properties. Magnesium
alloy lacks mechanical properties that limit them to being used for specific applications.
These drawbacks are considered as significant loss as the magnesium alloy properties are
promising for various usages due to their excellent physical and mechanical properties,
including low density, high strength to weight ratio, high stiffness to weight ratio. This
project focuses on the effect of graphene nanoplatelets (GNPS) contents on magnesium
alloy AM50 using one of semi-solid processing, rheocasting. The parameters set for this
project using the Taguchi Method by manipulating graphene content's stirring time and
quantity. The resulting quality of the cast will be determined by mechanical testing
(hardness and tensile test). From this research, the microstructural distributions are
expected to have a smaller grain size which will influence the increasing property of the
strength and the hardness of the material.
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CHAPTER 1
INTRODUCTION

This chapter describes the overview of the study for the research. This chapter
contains research background, problem statement, objectives, scopes of research, rational
of research, research methodology, and project report organization.

1.1  Research Background

In recent years, the material known as graphene has emerged in advanced
nanomaterial technology and is being explored deeply by scientists and engineers to utilize
its advantages fully. It has contributed a lot to several applications like aerospace, building
materials, mobile devices, and many others. Graphene is an allotrope of carbon consisting
of a single layer (monolayer) of atoms bonded together in the repeating pattern of the
hexagon. It had been arranged in a two-dimensional (2D) honeycomb lattice nanostructure.
According to (Ameen et al., 2020) graphene happens to be the basic building block of other
carbon allotropes such as graphite, single-walled/multi-walled carbon nanotubes, and

fullerenes. The stack of monolayers on top of each other will form graphite.

The demand for innovative advanced materials has constantly been increasing due
to the rapid growth of the current technologies and uses in many sectors. Graphene has
attracted much attention to advance material technologies due to its unique properties. It
has a remarkable combination of mechanical, thermal, chemical, and electrical properties.
The study on graphene nanoplatelets (GNPs) by (Rashad et al., 2015a) states that GNPs
have the potential reinforcement for strengthening metals such as Al, Cu, and Mg. It
consists of several graphene layers with a thickness less than 100nm. By using graphene
nanoplatelets (GNPs), various types of material can be reinforced by graphene to better

1



enhance the material for a specific purpose. Graphene reinforced material will have higher

stiffness, strength, thermal conductivity, and inert gas.

On the other hand, the usages of magnesium alloy AM50 are popular due to its
lightweight property, excellent elasticity, superior energy absorbing properties, high
strength, and castability. However, research has consistently shown that magnesium alloy
AMBS50 has highly susceptible to corrosion and wear resistance. (Hussein and Northwood,
2014a) bold that magnesium alloy has low elastic modulus, limited cold workability and
toughness, limited strength, and creep resistance at elevated temperature. To encounter its
weaknesses, the idea of coating magnesium alloy with graphene can produce a much better

new lightweight metal with high resistance corrosion.

1.2 Problem Statement

Much research on the rheocasting had been done and published to the education site.
But the uncontrol parameters of the research resulted the variance size of grain in
microstructural evaluations. Of cause individual decision on their research cannot be
questioned, but the surface may not indicate a significant variance in grain size. The
required grain size is determined by the material's intended use. (Baltzer and Copponnex,
2014) bold that the thinnest object dimension is at least 10 times larger than the grain size
to achieve good mechanical stress of the material. The statement later had been supported
by (Weng et al., 2015), with decreasing of grain size, the hardness value and corrosion

resistance will be increased.

Magnesium alloy has lack of mechanical properties that limited them to be used for
specific applications. These drawbacks are considered as big loss as the magnesium alloy
properties are very promising for various usages in term of weight strength ratio (Trang et
al., 2018). In the recent decade, several R&D efforts have resulted in the development of
various types of magnesium alloys with an excellent balance of strength and ductility.
Magnesium alloys have poor formability due to numerous causes, including the
development of a strong basal roughness during rolling (thermomechanical treatment) and
a restricted number of possible deformation modes due to the hexagonal close packed (hcp)

structure of magnesium. Even though Mg alloys may be easily formed at warm or high
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temperatures despite their poor formability at room temperature, forming at these

temperatures is energy costly and inefficient.

Various of parameter had been applied to achieve the best result for graphene
reinforced magnesium alloy in term of mechanical strength. All these casting techniques
rely on precise control of all input parameters as well as correct metal solidification control
to be successful. Because complex technologies are used in the casting process, even little
changes in any of the input parameters might alter the process output and result in
defective castings (Rao et al., 2014). It is very crucial to decide the parameters so that

potential the defects and failure could be avoid during early stages.



1.3

14

Objectives

The objectives are as follows:

@ To evaluate the microstructural evaluation during semisolid metal

processing.

(b) To investigate the effect of the GNPs content on the mechanical properties

of AM50 magnesium alloy.

(© To study the optimum parameter for stirring time and the value of graphene
content by rheocasting process.

Scopes of the Research

The scopes of research are as follows:

This study is focusing on the effect of graphene nanoplatelets (GNPs)
content on magnesium alloy specified to AM50 using rheocasting process. The
parameter used for the study are stirring time and quantity of graphene used for the
reinforcement. The experiment will be conducting cylindrical samples with two
different diameters of 6mm and 12mm to analyse the stirring time effect, and the
stirring time will be executed in four separate units. The microstructure of the
casting result will be analysed through optical microscope (OM) and scanning
electron microscopy (SEM). The mechanical properties of the graphene reinforced
magnesium alloy will be analyse using mechanical testing which are tensile test and
hardness test to determine the material’s properties. All the processes will be

conducted in faculty of manufacturing’s laboratory in UTeM.



1.5

1.6

Rational of Research

The rational of research as follows:

(a)

(b)

(©

(d)

(€)

Generate knowledge of the present of graphene as experiment constant to
test the effect and characteristics of magnesium alloy that affected with and

without it using casting process.

Graphene reinforced magnesium alloy will archive the highest strength
when the composition of graphene nanoplatelets (GNPs) and magnesium

alloy AM50 are in the perfect ratio and using the proper mechanical stirring

Generate scientific information and deep understanding of the study about
the microstructure and its behaviour when responding to several aspects

likes mechanical, thermal, chemical, and electrical.
Reduce the dependency of finding and exploring the new material that are
unknowingly present that fit all the characteristic that graphene reinforced

magnesium alloy probably should had.

Magnesium alloy AM50 is widely and commonly used in industry.

Project report Organization

This research is organized into several sub-topic and chapters. The introduction had

begun as Chapter 1 that provides the background of the research, problem statement,

objectives, scope of research, rational of research and thesis organization.



CHAPTER 2
LITERATURE REVIEW

In this chapter is mainly explains about the past research regarding the theory of
experiment such as importance of tools and materials discussion, influence of parameters
of casting, and microstructural characterization of the composite and mechanical testing
such as hardness and tensile test.

2.1  Graphene nanoplatelets

Graphene nanoplatelets (GNPs) are a novel carbon species generated when graphite
is exposed to circumstances. GNPs are two-dimensional carbon structure materials with a
single or multilayer graphite plane that have several desirable properties such as high
electrical conductivity, high modulus, high strength, high thermal conductivity, and high
specific surface area. According to (Tiwari et al., 2020), these nanoparticles typically have
a thickness of 1e15 mm and a lateral dimension of up to 100 mm. The synthesis of GNPs
was carried out with the help of micromechanical graphite breaking, and it only allows for
the formation of graphene nanocomposites with improved barrier properties. The
conductivity percolation threshold for GNPs is 1.9 weight percent in the context of a
thermoplastic matrix. Conductivity at densities of 2e5 weight percent is insufficient to
provide electromagnetic shielding. After being mixed with glass fibers, polymers, or
another matrix, GNPs can offer sufficient conductivity. GNPs can also improve the
mechanical properties of various composites, such as stiffness and tensile strength, due to

the solid interfacial interaction of nanoplates with the matrix.
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Figure 2.1: SEM micrographs of GNPs at (a) low magnification; (b) high magnification; (c) XRD
graph of as received GNPs (Rashad et al., 2015)



2.1.1 Properties of Graphene Nanoplatelets

Lightweight, wide aspect ratio, electric and thermal conductivity, mechanical
strength, cheap cost composition, and so on are all appealing characteristics of graphene
nanoplatelets. They are viable physics and engineering possibilities for replacing a variety
of nano-structured preservatives, such as other carbon allotropes, steel microparticles, or
clay. GNPs have a nanometer-thickness and are hence less susceptible to faults. Although
GNPs have a lower surface area than single-layer graphene, they have a large interfacial
area, making them ideal for creating hybrid structures with other nanoparticles (Fatima et
al.,, 2017). These are attractive to nanocomposites because of solvent and melt
counteracting. It has the melting point of 3652-3697 °C. They could be quickly and

effectively included within the polymer matrices.

Graphene nanoplatelets are safer than carbon nanofibers and nano-tubes and
equivalent to tube-like nano-fillers in altering polymers’ chemical properties. In contrast,
the chemical reactivity for Graphene nanoplatelets is lower than that of graphene oxide. As
a result, graphene nanoplatelets are already being used in various technical fields. In
practice, items made with graphene nanoplatelets have better tribology, mechanical,
biological, gas barrier, flame retardant, and heat convection capabilities. Graphene
nanoplatelets can convert plastic into an electrical capacitor, making it an ideal electronic
material. Graphene nanoplatelets can improve the heat capacity of polymer matrixes,

making them suitable as thermal interface materials

2.1.2. Importance of Graphene

Graphene nanoplatelets are frequently used as nanofillers in various matrices,
including polymers, concretes, and metals (Jiménez-Suarez and Prolongo, 2020). GNPs are
often used to improve the mechanical properties of polymer matrices and their chemical
resistance and hence their longevity (Arribas et al., 2019). GNPs in polymers lower the
ability of the polymers to absorb water, making them more resistant to harsh humid

environments. A precise amount of graphene nanoplatelets delivers the best behaviour due



to this chronic propensity. It can also enhance the material's thermal conductivity, making

these nanocomposites promising materials for solar energy conversion and storage.

Research from (Moosa et al., 2016) had proved that the success and remarkable
synergetic effect between the GNPs and CNTs in improving the mechanical properties and
electrical conductivity of epoxy composites.When squeezed into a polymer film or solid
component, graphene nano-platelets drastically reduce a composite material's permeability
and scattering coefficients. The particle size of the additive has a considerable impact on
permeability, and large diameter particles often have smaller absorption reductions.
According to test results from (Du and Pang, 2015), adding 2.5 wt% GNPs can reduce
water penetration depth, chloride diffusion coefficient, and chloride migration coefficients
by 64%, 70%, and 31%, respectively.

2.1.3 Applications of Graphene Nanoplatelets

Graphene nanoplatelets-based adaptable devices have been intensively investigated
and appear to have already had a substantial impact. The free-standing of GPNs films and
their usage in polymers are two outliers to the numerous various ways offered. Nonetheless,
the most promising results have been produced by applying flexible plastic substrates with
pure nano-flakes and conductive inks with polymer-Graphene nanoplatelets. Scientists
gathered durable and high-performance equipment like antennas, compatible electrical
electrodes for power applications, and lightweight electromagnetic resistance coatings with
such approaches. Furthermore, the widespread usage of cellulose thin films, which are
frequently mixed with biopolymers, has aided in the development of long-lasting,
adaptable Graphene Nanoplatelets-based technologies and ecologically responsible
electronic waste management. Intelligent sensors focused on Graphene nanoplatelets, on
the other hand, have made promising progress. They preserve stretching ability and
flexible electrical features that have made a significant impact as portable sensing
technology of the future generation. Tactile apps and digital robotic skins might benefit
from the growth of graphene nanoplatelets-based intelligent detectors. Strain sensing

systems have evolved for various applications, ranging from structural and human health
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monitoring to automotive and sports applications, as graphene-based materials have one of

the most significant gauge factors ever reported.

2.2 Synthesis of Graphene

Graphene synthesis is referred as any procedure for generating or extracting
graphene, depending on the required size, purity, and efflorescence of the individual result.
Previously, numerous strategies for creating thin graphitic films had been discovered.
Graphene has been synthesized using a variety of processes in recent years. According to
(Bhuyan et al., 2016), the most often utilized methods today are mechanical cleaving
(exfoliation), chemical exfoliation, chemical synthesis, and thermal chemical vapor
deposition (CVD) synthesis. Unzipping nanotubes and microwave synthesis are two other
techniques mentioned. Although mechanical exfoliation with an AFM cantilever was
discovered to generate few-layer graphene, the procedure was limited by the graphene
thickness varying between 10 nm and 30-layer graphene.

Solution dispersed graphite is exfoliated using the chemical exfoliation method by
injecting large alkali ions between the graphite layers. Chemical synthesis is a procedure
that involves synthesizing graphite oxide, dispersing it in a solution, and then reducing it
using hydrazine. For large-scale graphene creation, catalytic thermal CVD has shown to be
the essential method, just as it did for carbon nanotube synthesis. Thermal CVD is when
the process is carried out in a resistive heating furnace, while plasma-enhanced CVD or
PECVD is when the process is carried out with plasma-assisted growth. Because nothing is
perfect in this world, all synthesis processes have some limitations depending on the final
application of graphene. The mechanical exfoliation approach can produce monolayer to
few-layer graphene, although the likelihood of creating a comparable structure using this
method is low. Besides, thermal CVD technologies are better for large-area device
production by substituting Si, and it is a promising method for future complementary
metal-oxide-semiconductor technology. Chemical synthesis procedures are also low-
temperature processes that make it easier to synthesize graphene at room temperature on
various substrates, notably polymeric substrates. Figure 2.2 shows all known types of
graphene synthesis techniques.

10
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Figure 2.2 A process flow chart of Graphene synthesis (Adeniji Adetayo and Damilola Runsewe,
2019)
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2.2.1 Top-Down Graphene

Separation/exfoliation of graphite or graphite derivatives (such as graphite oxide (GO) and

graphite fluoride) produces graphene or modified graphene sheets in a top-down process.

Table 2.1 Top-down graphene process (Bhuyan et al., 2016)

Method Typical dimension

Thickness Lateral
Micromechanical exfoliation Few layers pm tocm
Direct sonication of graphite Single and multiple layers pm or sub-pm
Electrochemical Single and few layers 500-700 nm

exfoliation/functionalization
of graphene

Super acid dissolution of Mostly single layer 300-900 nm
graphite

2.2.2 Bottom-Up Graphene

The nature, average size, and thickness of the graphene sheets produced by
different bottom-up methods are being summarized in the Table 2.2.

Table 2.2 Concise history of bottom-up graphene (Bhuyan et al., 2016)

Method Typical dimension
Thickness Lateral
Confined self-assembly Single layer I00's nm
CVvD Few layer Very large (cm)
Arc discharge Single, bi and few layers Few 100 nm to a few p m
Epitaxial growth on SiC Few layers Up to cm size
Unzipping of carbon nanotubes Multiple layers few p m long nano ribbons
Reduction of CO Multiple layers Sub-pm

12



2.3  Magnesium Alloy

According to (Cizek et al., n.d.), magnesium alloys have been used in a wide range
of applications because of their low density and excellent strength-to-weight ratio. Low
inertia, which is a result of its low density, is advantageous in fast-moving parts, such as
automotive wheels and other components. Manganese, aluminum, zinc, zirconium, and
rare-earth metals are used in primary magnesium alloys to get the desired characteristics.
Although manganese has little effect on tensile strength, it does increase the yield point
marginally. It also causes a rise in resistance to the impact of seawater Manganese's
solubility in magnesium limits the amount of manganese used in alloys. Die casting is a
quick production method with a high degree of automation suited to certain magnesium
alloys (Park and Kang, 2013)

Even though magnesium alloys meet the standards for low specific weight
materials with outstanding machining and casting capabilities, they are rarely used in the
die casting process to the same extent as aluminum. One of the reasons for this is that the
effects of various forming factors on the die casting process are not well investigated from
the standpoint of die design (Hussein and Northwood, 2014b). Most magnesium alloys
have poor corrosion resistance because of magnesium's high chemical reactivity. Corrosion
resistance is further weakened by impurities and any intermetallic compounds, including
those that increase high-temperature mechanical qualities. Coatings have been the primary

method for making more corrosion-resistant magnesium alloys.

Figure 2.3 Hot chamber die casting machine (Park and Kang, 2013).
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2.3.1 Mechanical Properties of AM50

AMS50 Mg alloy was often manufactured using high-pressure die casting (HPDC) for high
flexibility applications. However, because of its extensive freezing range and low final
solidification temperature, this alloy is prone to hot ripping and is challenging to cast. But by rheo
diecasting (RDC) technique can successfully eliminate big gas pores and significantly reduce the
number of hot cracks in AM50 alloy, resulting in a total porosity level well below 0.5% vol -
percent (Ji et al., 2005a). Furthermore, the RDC process produces a unique microstructure. A
controllable volume fraction of fine and spherical primary particles is uniformly distributed
throughout the cast sample, eliminating unstandardized microstructural and common chemical
segregation in traditional die casting. As a result, the RDC AMS50 alloy has significantly better
mechanical properties, particularly flexibility, when compared to the same alloy processed using
HPDC and other semi-solid processing technologies.

Table 2.3: Physical properties of magnesium alloy

S.No. Material Property Numerical Value
1 | Density (at 20 °C) 1.738 g/lcm?
2 | Melting Point (650 + 1) °C
3 | Boiling Point 1090 °C
4 | Thermal Conductivity (at 27 °C) 156 Wm-tK™ 1!
5 | Specific heat capacity (at 20 °C) 1.025kikg 'K 1
6 | Latent heat of fusion 360 to 377 ki kg™
7 | Latent heat of vaporization 5150 to 5400 ki kg !
8 | Latent heat of sublimation (at 25 °C) 6113 to 6238 kJ kg
9 | Heat of combustion 24.9t025.2 MJ kg™
10 | Linear coefficient of thermal expansion 29.9x10°°C !
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Table 2.4 Comparison mechanical properties of AM series (Ji et al., 2005b)

Process Alloy Elongation, % UTS, MPa Yield stress,
MPa
RDC AMS50 20.5%1.5 24945 122+7
Thixocasting AMS50 20.51.5 200+3 108+6
Thixomolding AMS50 20 268. 7 140
HPDC AMS50 12.9+2.1 241+7 128+9
HPDC AMS50 6.7 194.8 128.7
HPDC AMS50 6.9 204 120
HPDC AMG0A 13 237.0 124.7
HPDC AMG60 T 230 142
Thixomolding AM60B 4-11 188.9-268. 7 112.0-146. 2
Thixomolding AMG60 18. 8 278.2 150

Table 2.5 Chemical composition of magnesium alloy AM50

2.3.2 AMS50A Chemical Composition:

Element Content (%)
Mg remainder
Al 4.7%-5.3%
Zn 0.20% Max
Mn 0.28%-0.50%
Si 0.05% Max
Fe 0.004% Max
Cu 0.008% Max
Ni 0.001% Max
Be 5-15ppm
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2.3.3 Microstructure Characteristic of Magnesium Alloy

A metal's or single-phase alloy's grain size is a measurement of the average grain
diameter, commonly stated in millimetres. The metal grows stronger (more resistant to
plastic flow) as the average grain size drops, while the converse occurs as the grain size
increases. In general, ductility rises with grain size whereas strength decreases for a given

alloy and thickness. This happens because dislocations can only move a short distance

when grains are tiny.

Table 2.6 Annealed Tempers Mechanical Properties, Alloy C26000

Temper Grain Size | Tensile Strength ksi Yield Strength Elongation in 2.0 inches, %
(0.5% Ext.) ksi
0.070 mm 46.0 14.0 65
0.050 mm 47.0 15.0 62
0.035 mm 49.0 17.0 57
0.025 mm 51.0 19.0 54
0.015 mm 53.0 22.0 50
Eight Hard 50.0 35.0 43
Quarter Hard 54.0 40.0 23

The typical microstructure of AM50 alloy produced by the HPDC method is shown
in Figure 2.4 below. The a-Mg phase could be seen in the shape of massive dendritic
segments. The microstructures of the die-cast samples were substantially separated from
the edge to the center. Dendrite segments were abundant in the sample's center and

depleted as they approached its surface. In the HPDC samples, there were several gas pores

induced by gas entrapment and hot fractures caused by solidification shrinkage.
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Figure 2.4 Typical microstructure of AM50 alloy produced by the HPDC process

2.3.4 Chemical Composition

Optical mass spectroscopy was used to determine the chemical composition of cast
samples produced by the High-Pressure Die Casting (HPDC) and Rheo-die Casting (RDC)
procedures. The chemical compositions of the RDC samples differed little from those of
the alloy ingots, with the difference being well within the experimental error. Table 2.6
shows that harmful impurity elements including Fe, Cu, and Ni remained unchanged
following the RDC process, indicating that the RDC procedure does not introduce any

quantifiable contamination into the alloys during processing.

Table 2.7: Chemical compositions of AM50 alloy ingots

Mg Be Al Mn Fe Ni Cu Zn

Ingot Balance 0.0008 4.749 0.411 <0.002 <0.005 0.047 0.047

HPDC Balance 0.0008 4.603 0.377 <0.002 <0.005 0.051 0.051

RDC Balance 0.0007 4.587 0.381 <0.002 <0.005 0.049 0.049

17



2.4  Rheocasting

The rheocasting (RDC) is a one-step SSM processing technique for producing near
net form, high-integrity components directly from liquid magnesium alloys. According to
(Ji, Zhen and Fan, 2005) these approaches adopts the twin-screw mechanism's well-known
high shear dispersive mixing action to the task of creating SSM slurry (with fine, spherical
solid particles) in situ, followed by direct shaping of the SSM slurry into a near-net-shape
component utilizing the existing cold chamber HPDC process. A pair of screws rotate
within a barrel in the twin-screw slurry producer. Co-rotating, fully intermeshing, and self-
wiping profiles had been designed into the screws. The slurry maker's fluid flow was
characterized by a high shear rate and turbulence intensity. Casting is a cost-effective
liquid state processing method. On the other hand, solid-state techniques like forging or
extrusion produce wrought components which are superior to castings, but manufacturing

costs are significantly higher .

2.5  Stirring Speed and Time

Stirring speed and duration can influence the cast results' microstructure and
mechanical strength. It is very crucial to control the stirring time and rate for getting the
stability and mixability of the rheocasting. In the study of the effect of stirring current and
stirring time on microstructure and mechanical properties in rheo die casting process by
(Seo et al., 2006), hey investigated the impact of die filling velocity on semisolid die-
casting of the A356 aluminium alloy. Because the laminar flow is significantly more stable
at a low flow velocity, it had been discovered that a lower die filling velocity has an
exemplary die filling character. Low filling velocity also reduced porosity shrinkage. They
conclude that a non-dendritic structure can be created by combining quick heat extraction
from the melt with a short stirring duration below liquidus temperature. Increasing the
stirring time through the earliest solidification phases has little effect on the primary
particle shape. As the stirring time is increased, the average size of the primary particles
grows larger. However, it appears that the most significant effect on particle development
occurs during the early phases of solidification when a higher concentration gradient in

front of the solid-liquid interface creates more driving force for particle growth. Although
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substantial differences in stirring speed have little effect on the average shape factor of
primary particles, higher stirring speeds make primary particle shape and size more
uniform. As the stirring speed increases, the agglomerates of primary particles become

smaller and more rounded.

According to (Prabu et al., 2006) the higher stirring speeds resulted in smaller and
more spherical primary particle agglomerates. The results of the two stability models imply
that primary particles formed during the early stages of solidification can achieve growth
stability before pouring and maintaining it during the second cooling stage. It was
discovered that particle clustering occurred in some regions when the stir speed and time
were reduced. And that some areas were detected without the presence of SiC. The
homogenous distribution of SiC in the Al matrix was improved by increasing the stirring
speed and stirring time. At 600 rpm and a 10-minute stirring duration, SiC distributions
were better. The hardness of the composite is influenced by speed and time, according to
the hardness test results. Compared to the as-cast condition, a higher stirring speed and
time results in a higher hardness composite of MMC. The processing conditions of 600

rpm and 10 min stirring time resulted in a more rigid composite.

Table 2.8 Results of distribution of hardness achieved in the cast MMC at different processing
condition (Prabu et al., 2006)

Stiring time (mm) ~ Brinell hardness value (BHN) ~ Percentage of hardness distribution at different stiring speed on cast specimen
500rpm 600rpm 700 rpm

5 Upto§0.6 4 10 %
80.7-100 Kl 50 %
101-107 A 4 2
10 Upto 90 40 5 15
91-100 A 2 l
101-107 % 10 A
15 Upto %0 10 5 Rl
91-100 60 40 %
101-107 Kl % 15
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2.6 Cooling Rate Effect

A study from (Luo et al., 2018), the impact of cooling rate and Al-5Ti—1B on semi-
solid slurry microstructure and temperature field resulted in slow cooling rates being
effective in lowering the slurry temperature gradient. When the cooling rate was reduced
from 1.63 to 0.69 °C/min, the temperature difference between slurry center and edge
decreased from 8.3 to 4.1 °C. However, a slower cooling rate resulted in coarser grain.
Grain refiner changed the morphology and size of the grains. A trace amount of AlI-5Ti—
1B significantly altered grain shape and size, and the uniformity of the slurry
microstructure was found. The grain size was reduced from around 800 to 115 and 75 um

when the Ti concentration was increased from 0.01 to 0.12 percent.

2.7  Mechanical Testing

Mechanical testing is the most essential step to determine the mechanical properties
of any objects or designs. The information regarding the properties of the object or design
would determine if they were suitable to be a final product in specific used without causing
any defections or failure until specific times. Through mechanical testing, engineers can
build a cost effective and optimum potential efficiency of designs. Typical mechanical
testing that available are tensile testing, hardness testing, fatigue testing, hardness testing,

fatigue testing, wear testing etc.
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Figure 2.5 Tensile test setup (Farhat, 2021)

One of the most crucial is surface hardness, which indicates a material's resistance
to penetration and has lately been connected to the film's useful life, particularly in regard
to delamination(Liborio et al., 2017). There are generally multiple types of mechanical
tests that can be used to assess a mechanical feature. The methods for determining hardness
are an example of this. To determine the hardness of a material, Vickers, Brinell, and
Rockwell hardness tests can all be employed. A Charpy V-notch test or an 1zod test can be
performed to determine the toughness of a material. Because mechanical testing methods
used to evaluate the same material quality varied slightly, study should be conducted to
discover which form of mechanical testing is optimal for the application under

consideration.
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Figure 2.6 Schematic of Vickers Hardness Test(Mahmoud and Hegazy, 2017)
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CHAPTER 3
METHODOLOGY

This chapter will focus on the flow of the experiment and the steps of procedures
that show essential steps to attain the specified research goals. To fulfil and complete the
research objective, the principle of the method was included in the methodology. The
methods chapter will also include raw materials, characterization, experimental procedures
for sample preparation, and sample analysis as a primary topic. Standard Operation
Procedure (SOP) had been used to study the testing and analysis that were linked to the
title of the research, whereas American Society for Testing and Materials (ASTM)
standards were used to learn about the testing and analysis that were relevant to the title of

research.

3.1  Overview of Methodology

There were two different critical stages that would be emphasized in the
methodological procedures to comply with all objectives as stated in Chapter 1. The
overall experimental flow of this research was summarized as in the following Figure 3.1.
Several tests were being conducted for characterization analysis, including morphological
analysis and mechanical testing analysis. The morphological analysis has been performed
under the Optical Microscope (SEM) and Scanning Electron Microscopy (SEM). For
mechanical tests analysis, there were consisted tensile test and hardness test using
Universal Testing Machine (UTM) and Vickers Hardness Test (VHS). The research will be
done according to the parameters set before. Finally, the results and observations collected

from all experimental tests would be assessed before making a final decision.
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3.2 Methodology Flow Chart
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Figure 3.1 Methodology flow chart
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3.3  Design of Experiment

The Taguchi method of quality control is an approach to engineering that
emphasizes the roles of research and development (R & R&D) in lowering the occurrence
of faults and failures in manufactured goods and product design and development. It is
used to determine the stirring speed and stirring time parameters. The Taguchi is designed
with two factorials with four levels. There will be a total of 16 runs of the experiment.
After conducting the mechanical testing and microstructure analysis, the optimization of

the experiment parameters can be determined.

Table 3.1 The conditions of parameters

Input Parameter Level 1 Level 2 Level 3 Level 4
Graphene Content
(Wt%) 0.10 0.25 0.50 0.6
Stirring Time (min) 1 2 4 8
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Table 3.2 Lis Orthogonal array

No. Graphene
Run Content Stirring Time
1 0.10 1
2 0.10 2
3 0.10 4
4 0.10 8
5 0.25 1
6 0.25 2
7 0.25 4
8 0.25 8
9 0.50 1
10 0.50 2
11 0.50 4
12 0.50 8
13 0.60 1
14 0.60 2
15 0.60 4
16 0.60 8

Table 3.1 Design summary of Taguchi Method

Design Summary

Taguchi Array L16(4"2)
Factors: 2
Runs: 16

Columns of L16(4"5) array: 1 2

3.4  Material and Equipment Preparation

Magnesium alloy AM50 and graphene nanoplatelets will be prepared before the
rheocasting process. The chosen magnesium alloy AM50 and graphene nanoplatelets
GNPs are based on the project's scope. Furthermore, the availability of these materials is

broad, and they are easy to get in Malaysia.
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3.4.1 Magnesium Alloy AM50

Raw magnesium alloy AM50 ingot had been cut to smaller pieces using a band saw
machine, wearing proper PPE and following the SOP. Later, they were packed in sealed

plastics for precisely 200 grams for 16 batches using digital scaling.

Figure 3.2 Magnesium alloy AM50 ingots

3.5  Preparation of graphene nanoplatelets (GNPS)

Graphene nanoplatelets had been weighting accurately using analytical balances for
four varieties of contents. They were 0.1wt%, 0.25wt%,0.5wt% and 0.6wt%. Each of the
content had four packets according to the given parameters. The substance had been
handled with proper PPE and safely stored when not used. Proper labelling of each content

was essential to avoid being careless during the rheocasting process.
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Figure 3.3 Graphene nanoplatelets particles

During the casting process, graphene nanoplatelets were taken out from the plastic
and then wrapped into aluminium foil to be mixed with the molten slurry without difficulty.
The wrap of aluminium foil will quickly melt in the magnesium molten and would not give
any effect as the quantity of the foil are just too tiny, and any effect from it can be
neglected. For better casting experiences, the wrapped graphene nanoplatelets were going
through preheating on the top of the crucible. The preheat was done to ensure that it would
not attach to the mould wall because of the vast difference in temperature between the

aluminium wall and inside the crucible.
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Figure 3.4 Graphene nanoplatelets particles

3.6 Fabrication of AM50/GNPs composite

Rheocasting will be used to make the AM50/GNPs composites. First, 200g of
AMB50 alloy and calcium granular will be melted in a VT Portable Melting Furnace 1100°C
type. The magnesium alloy will be cooled to 660°C in the semi-solid state. The GNPs were
then quickly incorporated into the molten matrix alloy. A mechanical stirrer WiseStir
HT120AX will be used to stir the molten slurry at a constant speed (VS) of 450 rpm during
the temperature drop to 650 °C. After specific minutes of a semi-solid stirring base on the
different duration parameters, the casting mould was prepared to pour the molten. The
experiment was repeated numerous times with varying amounts of graphene contents and
stirring duration to study the impact of GNPs on the microstructure characterization and

mechanical properties of AM50 alloy.
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Figure 3.5 VT Portable Melting Furnace 1100° C

Figure 3.6 Wisestir HT120AX
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Figure 3.8 Result of Casting

3.7 Microstructure characterization.

The optical microscopy (OM model: Olympus-GX51) and scanning electron
microscopy (SEM model: Zeiss EVO LS15 SEM) are used to evaluate the microstructural
characterization. The microstructural characterization of graphene reinforced magnesium
alloy was supported by X-Ray Diffraction analysis to show the chemical composition of
the casting. Microstructure characterizations were investigated in both the transverse and
longitudinal directions for cast and extruded samples. In the transverse direction, phase

analysis of extruded samples was done. Microstructural Image Processing (MIP)
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determined the average grain size and volume fraction of the Peutectic phase, and
precipitates were determined using Microstructural Image Processing (MIP). The
fundamental strong particles' volume, size, and sphericity will be estimated multiple times
on a similar space of 2x2mm? for every sample using an optical and scanning electron

magnifying lens.

3.8  Material Testing Preparation

The feedstocks were cut into three sections based on the different testing used. The
testing involved is microstructural analysis, hardness testing, and tensile testing. For
hardness and microstructure analysis, the feedstocks were cut 6 mm on both sides of the
feedstock using a band saw machine. Then, the sample had to undergo a grinding process
of different sizes, which are 200,400,600,800 and 1200 grit. The sample for the hardness
test had been ready to be tested. For microstructural analysis, extra steps are required to
finish the testing conditions. It will be polished using DIAMANT PC Polycrystalline
Suspension from 6 microns to 1 micron. The surface will become apparent as a mirror and
should not be touched to avoid fingerprints on the feedstock. After that, the etching process
was applied to the samples using etchant (Keller’s reagent) for 10 seconds to eliminate the
impurities and clear the surface’s contamination. Lastly, the samples need to be bathed
using an ultrasonic bath to be shaken up the dirt on the surfaces. The samples are now

ready for microstructural analysis.

—

Figure 3.9 Etched samples before testing

32



3.9 Hardness Test

The hardness test was measured by a Vickers hardness tester provided in the
Faculty of Mechanical Engineering on polished samples. It is one of the methods used to
study the mechanical properties of the rheocast graphene reinforced AM50 magnesium
compounds according to the ASTM: E92 standard. A pyramid-shaped indenter with an
applied load of 2kg will be pressed for 10 seconds. A pyramid-shaped indentation will be
displayed using the microscope. The depth of indentation caused by the indenter is
measured in the depth measurement methods. For each sample, an average of five

measurements at different locations are reported.

Figure 3.10 Hardness Testing on the Samples

3.10 Tensile Test

Tensile testing is destructive and provides information on a material's strength and
flexibility when subjected to uniaxial pliable stresses. The tensile specimens will be
machined to ASTM ES8 specifications using EDM wire cut and CNC turning to get the dog
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bone shapes, as shown in Figure 3.11. The specimen will be measured and recorded to
determine the minor point's cross-sectional region. Place gauge flaws at the correct gauge
length on the test tests. The percent extension at the limit is determined by the gap between
the gauge marks after the example is broken. The gauge lengths should be around the same.
The 6mm specimen will be inserted first into the grips. The test will be carried out until the
specimen breaks or fails. The specimen will be removed, and the operation will be repeated

with the 12mm, with all different processing properties.

]
__mi I‘__é_jTl , [\

Figure 3.11 (ASTM E8M-04)

Table 3.4 Small-Size Specimen Proportional to Standard

ASTM E8M 09 06 04 25
G - Gage 450+0.1 30.0+0.1 200+0.1 125 +0.1
length
D - Diameter 9.0+0.1 6.0+0.1 40+0.1 25+0.1
(Note 1)
R — Radius 8 6 4 2
Fillet, min
A — Length of 54 36 24 20
reduced
section, min
(Note 2)
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Figure 3.13 Dog bone Shape

35



CHAPTER 4
RESULTS AND DISCUSSIONS

This chapter includes the results and discussions based on the microstructure and
mechanical testing obtained on the graphene-reinforced magnesium alloy through the
rheocasting process. Optical Microscope and Scanning Electron Microscopy were used for
the microstructure analysis. Then, it was supported by X-ray Diffraction Analysis to
identify the compound present in the microstructures. Lastly, mechanical testing used were
tensile and hardness testing using Vickers Hardness Test and Universal Testing Machine.
This chapter exposed the result of 16 samples of graphene reinforced magnesium alloy that

had been gone through the material characterization and mechanical properties.
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4.1  Microstructure Analysis

4.1.1 Optical Microscopy Analysis

Optical Microscopy Analysis

R e

100pm

Sample 4 (0.1 wt% graphene, 8 minutes | Sample 8 (0.25 wt% graphene, 8 minutes
casting duration) casting duration)

Sample 12 (0.5 wt% graphene, 8 minutes | Sample 16 (0.6 wt% graphene, 8 minutes

casting duration) casting duration)

Figure 4.1 Optical Micrograph of sample 4, 8, and 12 and 16 of Magnesium AM50 after
Rheocasting under x100um magnification

The microstructure of Mg AM50-GNPs composites with different parameters is
shown in Figure 13 above. The most prolonged stirring duration (8 minutes) was chosen

for each variety of the graphene contents because, according to Raei et al., 2016). The
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microstructures revealed that a longer stirring time would result in higher reinforcement
content in the as-cast microstructure. To prove the statement, each sample with various
graphene content was analysed with 0.1wt%, 0.25%, 0.5wt% and 0.6wt% with the same
stirring speed and duration. All the samples show that while the dispersion of alloy
elements near the eutectic phase is segregated, it is almost uniform in the matrix grains. As
seen in Figure 4.1, the grains of the as-cast Mg AMS50 alloy typically consist of semi-
coarse dendrites surrounded by finer ones. The microstructures of the as-cast composites
exhibit large, semi-globular grains encircled by smaller ones. The particulars of semi-solid
casting influence the presence of coarse grains close to fine ones. In the crucible, coarse a-
Mg grains are created at the beginning of the solidification process, where they have time
to grow. More refined a-Mg grains are produced in the cavity of the mould. Adding GNPs
significantly changes how the a-Mg grains look. The larger a-Mag becomes, it indicates
that the dendritic type of microstructure had been turned into the rosette type
microstructure. The microstructure becomes closely packed, less gaps between boundaries,
and the presence of porosity will be reduced. This will enhance the mechanical properties
of magnesium alloy. From Figure 4.1, we can see that sample 8 had the biggest a-Mg
compared to the others, while the graphene had been distributed uniformly all over the

microstructure in the red circles.

4.1.3 Scanning Electron Microscopy Analysis
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Figure 4.2 SEM Results
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Figure 4.5 SEM results

Three samples of AM50 with various GNP contents had been characterized using
high magnification FE-SEM. Five intermetallic phase had been identified using FE-SEM.
They are a-Mg, B (Mgi7Al12), B (Mgi7Al12) + aMg, Al-Mn, and AlgMns. The images seem
the presence of some element in Mg-matrix which are Mg, Si, Cu, Al and Fe, they can be
distinguished from one another by the morphology of the Mgi7Al12 (B-eutectic) phase in
micrographs shown in Figure 4.2, 4.3, 4.4, and 4.5. Both composites show both fully and
partially divorced morphologies, and the MgizAl12 phase in the AMS50 alloy exhibits
divorced eutectic morphology. The well blend of B-(Mgi7Al12) + a-Mg into aMg increase
the mechanical properties of the casting and the presence of some agglomerated GNPs in
the AM50 were circled in the red. It happened due to lower deformation heat as more
content of GNPs with high thermal penetration leads to the further decrease of temperature.
The amount of Mg:7Al12 phase is reduced after GNPs addition according to (Torabi Parizi
etal., 2019).
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4.2  X-Ray Diffraction (XRD)
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Figure 4.6 Intermetallic phased found in XRD

The Figure 4.6 shows the XRD pattern of Mg-GNPs from one of the rheocasting
samples. XRD is used to support and confirming the presence of intermetallic phase at the
Scanning Electron Microscopy by observing the intensity and degree of crystallinity of the
phases. The results indicate that a-Mg is major compound found in the casting due to
dissolution of Mgi7Al1 in a-Mg. Besides, no diffraction peaks for GNPs were detected in
the final composite due to the low content of GNPs. Furthermore, absence of peaks of the
interfacial product proved that AM50 would not react with GNPs. The intensity of MgO
peaks after casting process is high because of the high temperature used during melting
process.

41



4.3  Mechanical Testing

4.3.1 Hardness Testing

The result data of the Vickers Hardness Test for all 16 samples of the composites
Mg-GNPs had been tabled below. The hardness measurement had been taken and the

average of the data had been calculated to get the most accurate results.

Table 4.1 Vickers Hardness Testing Results

Hardness, HV
Run no

1 2 3 4 5 Average
1 84.32 83.82 82.23 83.96 82.33 83.33
2 83.78 84.54 83.10 83.99 82.97 83.68
3 86.60 86.23 86.43 85.91 85.70 86.17
4 86.57 85.49 86.90 86.69 87.11 86.55
5 98.34 98.30 97.89 97.40 97.83 97.95
6 104.40 104.60 103.91 104.52 103.82 104.25
7 115.00 114.86 114.79 115.16 114.82 114.93
8 116.30 115.86 116.30 115.79 116.22 116.09
9 78.30 77.65 78.35 78.27 78.30 78.17
10 77.95 78.12 78.19 78.64 77.98 78.18
11 79.12 79.19 79.21 78.93 79.03 79.10
12 81.20 80.98 80.61 80.80 80.90 80.90
13 80.71 80.76 80.71 80.68 80.72 80.72
14 87.70 87.72 86.79 86.81 87.59 87.32
15 89.40 89.42 89.41 89.27 88.98 89.30
16 90.43 89.92 91.20 91.18 89.85 90.52
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Figure 4.7 Mean of hardness testing results

The average of the hardness testing value had been plotted in the bar graph in
Figure 4.7 to visualize the data outcome. The lowest value of hardness obtained from
sample 9. In meanwhile, the highest value of hardness obtained among of the 16
composites is 116.09 HV which is sample 8 with the parameter of 0.25wt GNPs and
stirring time of 8 minutes. Then, followed by sample 7 and 6 with the hardness value of
114.93 HV and 104.25 HV. These results show an enormous change in mechanical
properties in term of hardness as the hardness of raw Mg AMS50 is just 60 HV which means
that it increases 93.5% of hardness. The huge difference of the hardness value is caused by
the difference parameter used during rheocast. The microstructure characterizations from
SEM and OM had explained the main reasons that influent the hardness of the composites.
In OM, the fragmentation of the dendrites arms in the microstructure evolved to rosette
type after being perfectly distribute during stirring process under the optimum parameter.
The growing of globular microstructure makes them become closely pack between
boundaries and prevent porosity from occurring. In SEM well blend of B-(Mgi17Al12) + a-

Mg into aMg increase the mechanical properties of the casting.
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4.3.2 Tensile Testing Analysis

The result from Ultimate Testing Machine (UTM) for the dog-bone shape of Mg-
GNPs composite had been recorded in the table below. Each of the results used different
parameter during casting process and were taken twice for three categories which are yield
strength, ultimate tensile strength and strain. Then, the average had been calculated as

shown in Table 4.2.

Table 4.2 Ultimate Testing Machine results.

Tensile
Run no YS UTS Strain

1 2 Avg 1 2 Avg 1 2 Avg
1 99.81 |101.38 | 100.60 | 236.11 | 238.57 | 237.34 | 5.97 6.36 6.17
2 102.32 | 103.20 | 102.76 | 237.45 | 238.10 | 237.78 | 6.97 7.35 7.16
3 114.36 | 113.50 | 113.93 | 240.11 | 240.51 | 240.31 | 9.54 9.10 9.32
4 117.33 | 118.01 | 117.67 | 240.56 | 240.63 | 240.60 | 11.36 | 10.78 | 11.07
5 12591 125.36 | 125.64 | 256.36 | 256.87 | 256.62 | 18.36 | 18.97 | 18.67
6 138.27 | 140.30 | 139.29 | 260.75 | 260.88 | 260.82 | 21.36 | 20.90 | 21.13
7 142.84 | 141.08 | 141.96 | 264.81 | 263.70 | 264.26 | 23.00 | 22.14 | 22.57
8 145.12 | 145.31 | 145.22 | 265.23 | 266.38 | 265.81 | 23.45 | 22.65 | 23.05
9 75.63 | 76.00 | 75.82 | 230.59 |230.49 | 230.54 | 3.03 3.52 3.28
10 76.89 | 77.31 | 77.10 | 230.99 | 231.17 | 231.08 | 3.65 3.85 3.75
11 77.36 | 77.84 | 77.60 |231.78|232.45|232.12 | 3.79 3.95 3.87
12 112.39 | 112.72 | 112.56 | 239.28 | 239.77 | 239.53 | 8.44 8.31 8.38
13 98.30 | 97.36 | 97.83 |235.78 | 235.14 | 235.46 | 4.85 | 4.72 | 4.79
14 97.94 | 98.81 | 98.38 | 236.78 | 236.84 | 236.81 | 5.54 5.61 5.58
15 120.33 | 121.40 | 120.87 | 241.50 | 242.16 | 241.83 | 13.54 | 12.95 | 13.25
16 123.67 | 123.74 | 123.71 | 243.68 | 242.59 | 243.14 | 16.57 | 17.10 | 16.84
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Figure 4.8 Average of Yield Strength
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Figure 4.9 Average of Ultimate Tensile Strength
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Figure 4.10 Elongation to Break

Figure 4.8, Figure 4.9, and Figure 4.10 visualize bar chart of Ultimate Testing
Machines for all the 16 samples that had been done. According to research paper by (Peng
et al., 2007), raw magnesium alloy AM50 has the value of 228 MPa in Ultimate Tensile
strength, 124 MPa in Yield Strength and 15% of elongation. The journal had been set as
benchmark for this study. According to the Figure 20, the highest Yield Strength (YS)
achieved among the samples is sample 8 with the value of 145.22 MPa. Then followed by
sample 7 and sample 6 with the value of 141.08 and 140.30. Yield strength can be defined
as an indication of maximum stress that can be developed in a material without causing
plastic deformation according to (Bancroft et al., n.d.). It had shown that the optimum
parameters to get the highest results is by using graphene content of 0.25wt% with stirring
duration of 8 minutes. It had been known that the Yield Strength, Ultimate Tensile
Strength and the Elongation toward fracture should be corresponding to each other
according to (Marsavina et al., 2019). So, the UTS and elongation toward fracture for
sample 8 had been proven to have the highest value among the others. The UTS value
shown is 265.81 MPa and the longest elongation is 23.05%. The YS increased from 124
MPa to 145.22 MPa. Then, UTS increased from 228 MPa to 265.81 MPa. Lastly, the
elongation to fracture increased from 15% to 23.05%.
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4.4  Design of Experiment (DOE) Analysis

The Design of Experiment (DOE) used for this experiment was Taguchi Method to
investigate the most influent parameters toward the mechanical properties of the Mg-GNPs
composites in order to achieved. Two parameters had been set which were the graphene
contents and the stirring time. The experiments had been tested for all 16 samples to get the

optimum graph results.

4.4.1 Hardness Testing Analysis

Implying Taguchi method to analyse the data will summarize the effectiveness of
the given parameters on the hardness of the composite Mg-GNPs by using line graphs. The

details of on the main parameter influent the hardness indicates the highest point of the

graph.
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Figure 4.11 Main Effect Plot for Means of Hardness Versus Graphene wt% and Stirring Time

Figure 4.11 shows that the quantity of graphene content influent the most parameter
to get highest hardness value for the composites. But the graph plot was start fluctuated at

0.5 wt% till 0.6 wt%. This may happen because of to much graphene content affect the
47



standardization of the whole process. For examples, the molten slurry become saturated
with graphene and then the stirring process give bad influence on the microstructure
distribution. Based on the experiment that had been done, the temperature of the molten
slurry during stirring are hard to control when more and more GNPs were put into it.
According to the journal by (Senapati et al., 2020), the different casting temperature would
influent the microstructure distribution. For stirring time, the result illustrates that

increasing stirring time give corresponding slightly increasing hardness of the composites.

Taguchi Analysis: Hardness versus Graphene wt%, Stirring Time

Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/sA2))

Stirring
Level Graphene wt% Time
1 * *
2 * *
4 * -~
Delta * *
Rank 1.5 5

Response Table for Means

Stirring

Level Graphene wt% Time
84.53 85.04

2 108378836
3 0S 92.38
4 96 93,571
Delta 29.22 8.47
Rank 1 2

Figure 4.12 Hardness Versus Graphene wt%, Stirring time

Regression Analysis: Hardness versus Graphene wt%, Stirring Time

Regression Equation

Hardness = 92.46-18.8 Graphene wt% + 1.11 Stirring Time

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constan: 02.46 7.57 12.22 0.000

Graphene wt% -18.8 15.2 -1.24 0.238 1.00
Stirring Time 1" 112 0.99 0.340 1.00

Model Summary

S R-sq R-sq(adj) R-sq(pred)
12.0560 16.18% 3.29% 0.00%

Figure 4.13 Regression Analysis of Hardness
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4.4.2 Tensile Analysis

Taguchi analysis had been implemented to identify the most influence factor that
bring up the mechanical properties of Mg-GNPs using line graphs. The details of the main

parameter influent the tensile strength.

Main Effects Plot for Means
Data Means
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Figure 4.14 Effect Plot of Tensile Versus Stirring Speed and Stirring Time

Figure 4.14 shows that the quantity of graphene content influent the most parameter
to get highest hardness value for the composites. But the graph plot was start fluctuated at
0.5 wt% till 0.6 wt%. The reasons are still same with the problem faced in the hardness
plot graph in which the unstandardized casting temperature would affect the mechanical
properties of the composites. For stirring duration, the higher the duration, the tensile

properties increased steadily.
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Taguchi Analysis: Tensile Strength versus Graphene wt%, Stirring Time

Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(Ybar/2/sA2))

Stirring
Level  Graphene wt% Time

*

*

*

RS VI N

Delta
Rank 1

w o+ + & *

[V

Response Table for Means

Stirring
Level  Graphene wt% Time
1 238.0 240.0
2 261.9 2416
3 2333 2446
4 2383 2473
Delta 286 7.3
Rank 1 2

Figure 4.15 Taguchi Analysis for Tensile Strength versus Graphene wt%, Stirring Time

Regression Analysis: Tensile Strength versus Graphene wt%, Stirring Time

Regression Equation

Tensile Strength' 1= ~247.15-20.9' Graphene wt% + 1.02 Stirring Time

Coefficients

Term Coef * SE Coef T-Value P-Value VIF
Constant 24715 713 3467 0.000

Graphene wi% -20.2 143 -1.46 0.168 '1.00
Stirring Time 1.02 1.06 0.96 0354 1.00

Model Summary

S R-sq R-sq(adj) R-sq(pred)
11.3537 19.03% 6.57% 0.00%

Figure 4.16 Regression Analysis of Tensile Strength Versus Graphene wt%, stirring time

Figure 4.15 and Figure 4.16 show the raw data of regression analysis to plot the line
graph of tensile strength for the Mg-GNPs composites corresponding to the processing
parameters of graphene content and stirring time. By using these methods, the most impact
factor between graphene content and stirring time can be known theoretically using

regression formula as above.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

This chapter will conclude all the results obtained from this experiment work
within the objectives and scopes. It also includes other elements like recommendations,

sustainability development and lifelong learning for future works.

51 Conclusion

To summarize this project, all the objectives have been achieved, which are to
evaluate the microstructural evaluation during semisolid metal processing, to investigate
the effect of the GNPs content on the mechanical properties of AM50 magnesium alloy,
and to study the suitable parameter for mechanical stirring duration of the rheocasting
process.

1. The microstructure discovered on the Mg AM50 sample combined with graphene
was a rosette particle type, which is closely packed, has a smaller gap between
boundaries, and results in less porosity.

2. Uniform distribution of Mg-GNPs composites during stirring can enhance the
mechanical properties of the samples. It has been proven based on the result of
tensile and hardness testing.

3. The Ultimate Tensile Strength of sample 8 indicates the highest value of 265.81
MPa, highest Yield Strength 145MPa, elongation to fracture, which is 23.05% and
hardness of 116.09 HV
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5.2

4.

Therefore, the optimum parameter is sample 8, which got the highest hardness and
mechanical properties by using 0.25 wt% graphene with a stirring duration of 8
minutes.

All objectives of the study above were achieved based on the results above. From
the microstructure study, had been proved that content wt% of Graphene Nano
Platelets and stirring duration have a huge impact on the mechanical properties of

the casting.

Recommendation

After experiencing the research, some suggestions can be made for promising

future research in approaching works regarding graphene reinforcement on magnesium

alloy. The suggestions are:

5.3

1.

Increasing stirring duration will resulting better microstructure distribution and
increased mechanical properties of the graphene reinforced magnesium alloy.
Higher GNPs content must use a longer stirring time for better microstructural
distribution.

Study the effect of using high wt% of graphene nanoplatelets on magnesium alloy

AMS50 with the variable of stirring speed and duration.

Sustainability Development

For sustainability development regarding magnesium alloy, the scrap can be sold

and downgraded for recycling in other sectors, such as steel desulphurization, to reduce the

usage demand for the magnesium alloy. A remelting process on the magnesium chips from

machining of die castings, considering that, due to high magnesium susceptibility to

oxidize and fine forms of chips, chips remelting could produce further dross quantity.

Lastly, internal or external recycling of the scraps is made possible by a closed-loop

recycling system, which can cut the need for primary raw materials by up to 50% when

casting automotive parts and up to 85% when making electronic die-cast products. The
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number of recycled scraps and optimization of the recycling ratio should take into account
several factors, including the amount of material lost during the melting cycle, the variety
of components that are cast, the percentage of cast parts that have been rejected during

production, the final quality of process scrap, and the efficiency of the recycling operation.

54  Complexity

In this research, some problems have been faced regarding the rheocasting process.
Firstly, the research of this thesis was implemented during the MCO due to the pandemic
Covid-19. So, the laboratory had to close for several days after receiving an infected user
for sanitization procedures. Then, GNPs are identified as a highly dangerous substance that
can cause cancer if exposed to skin or breath. It needs to be handled carefully for the whole
casting process. Personal Protective Equipment plays a vital role in ensuring the safety of
the users. Lastly, the stirring temperatures were hard to maintain at 650 degrees Celsius
because the stirring process can only be done in the open air, where the temperatures will
drop rapidly once exposed to the atmosphere.

55  Life-Long Learning

By conducting this research, a student can learn some value of humanity. Firstly, do
not be afraid to ask or give opinions regarding knowledge. Some people have so many
experiences that can be shared with others, making the whole process go smoothly. Then,
material and apparatus must always be clean after use. For example, graphene is a highly
dangerous substance that the air can easily lift because of the nanosized particles. The
effects of graphene on living things can cause fatality when it touches or enters the
respiratory system. So always be aware of its presence by wearing personal protective
equipment like a particles filter mask, gloves and lab coat. Besides, always ensure nobody
without PPE comes closer to the experimental place until the cleaning process has been
done. Lastly, a student should always have a natural drive to explore the utilities and
machines that have been provided at UTeM. For example, programming, hand skills,
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material testing, and even soft skills. These are very important to growth in education for

future demand.
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