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ABSTRAK 

Keputusan penyiasatan eksperimen yang dilakukan dengan aloi aluminium LM 

2 l/A308 dibentangkan. Struktur mikro bahan semasa pencairan separa dalam keadaan separa 

pepejal disiasat daripada proses berbeza yang dialami oleh bah an dan sifatnya dibandingkan. 

Pembo lehubah yang dikaji ialah proses tuangan kacau, proses pembentukan thixo dan 

pembentukan thixo dengan proses rawatan haba. Bersama-sama dengan analisis mikrostruktur 

Scanning Electron Microscope (SEM) dan ujian mekanikal telah dilakukan termasuk ujian 

tegangan dan ujian kekerasan (Vickers). Berdasarkan dapatan eksperimen, didapati bahawa 

pencairan semula separajuga boleh mengaburkan struktur. Mikroskop Elektron Pengimbasan 

membenarkan pencirian mikrostruktur untuk menentukan proses tuangan menghasilkan 

struktur mikro bukan dendritik dengan kelajuan kacau 500 rpm, mikrostruktur pembentukan 

thixo ada lah hampirsfero id dan pembentukan thixo T6 dirawathaba adalah globul sepenuhnya 

manakala uj ian tegangan membolehkan spesimen pembentukan thixo T6 dirawat haba 

mempunyai nilai Kekuatan Tegangan Muktamad (MPa), Kekuatan Hasil (MPa) dan 

Pemanjangan hingga Patah (%)yang tertinggi masing-masing sebanyak 258.77 MPa, 134.36 

MPa dan 8.93%. Ujian kekerasan menunjukkan bahawa spesimen yang dirawat haba T6 

meningkatkan sifat morfo logi dengan 128.4 HV disebabkan oleh penghalusan dan 

pengglobalisasian juzuk mikro struktur dengan struktur bukan dendritik . Kesan positifstruktur 

mikro struktur mengaburkan kesan ke liangan negatif terhadap peningkatan harta benda. 

Adalah dicadangkan bahawa bahan tetulang akan dilepaskan dalam matriks untuk 

meningkatkan kekerasan, dan kemuluran dengan peratusan tetulang kepada berat yang lebih 

tinggi. Selain itu, dengan meningkatkan masa kacauan dan kelajuan kacauan juga mampu 

menambah baik kekuatan bahan. 
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ABSTRACT 

The results of experimental investigations perfo rmed with LM 2 l/A308 a lu minium 

a lloy are presented. The microstructure of the materia l during partia l remelting in the semi­

so lid state is investigated f rom diffe rent processes experienced by the material and the 

properties a re compared. T)le variables examined were stirred casting process, thixo-forming 

process and thixo-formingwith heat treatment process. Along with microstructural analysis 

Scanning Electron Microscope (SEM) and the mechanical tests were perfo rmed includ ing 

tensile test and hardness test (Vickers). Based on the experimental findings, it was obtained 

that partia l re-melting can also obscure the structure. Scanning Electron M icroscope a llows 

microstructure characterization to determine as-cast process produced a non-dendritic 

microstructure with 500 rpm stirring speed , th ixoformed near- spheroidal microstructure and 

th ixof ormed T6 heat treated was fu lly globu le while tensile test allows thixoformed T6 heat 

treated specimen to have the h ighest va lue of Uitimate Tensile Strength (MPa), Y ield Strength 

(MPa) and Elongation to Fracture(%) of 258 .77 MPa, 134.36 MPa and 8.93% respectively. 

The hardness test showed thatT6 heattreated spec imen improved the morphological properties 

with 128 .4 HV due to the refinement and globula rization of structura l micro-constituents witl1 

non-dend ritic struc tures. The positive effect of structural microstructure obscu res the negative 

po rosity effect on property enhancement. It is suggested that re info rcement materia ls are to be 

discharged in the matrix to improve the hardn ess, and ductility w ith higher re in force ment to 

weight percentage. In addition, by increasing the stirring time an d stirring speed is also ab le to 

improve the strength of the materia l. 
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1.1 Background of Study 

CHAPTER 1.0 

INTRODUCTION 

Semi-solid metal processing (S.S.M.P.) is the processing of alloys at temperatures between 

solidus and liquidus . When thixotropic behaviour was discovered in the early years of 1970 

Spencer was superv ised by Flemings. They relied on the thixotropic behaviour of meta llic 

a lloys at the time (Spencer etal., 1972). They discovered that implementing shear to alloys 

as they were solidifying lowered stress. As an outcome, the tension was signi f icantly lower 

at a temperature just below liquidus than w hen the alloy was chilled to the same temperature 

without shearing. (Fan, 2002). The creation of globular microstructures in so lid phases is 

re lated to the distinctive features of these alloys, surrounded by the homogenously 

distributed liquid fractions (Riek et al., 1975). Metallic alloy suspensions' qua lities were 

promptly putto use in industries (Mehrabian and Flemings, 1972). The technology consisted 

of two main operational activities: preparing the globular microstructure and fo rmingasemi­

so lid slurry. The th ixotropic structure was referred to as "rhea-forming" or "thixoforming" 

depending on how it was produced from the liqu id phase directly or from the so lid state. 

1.2 Problem Statement 

Today's industries, after oxygen and si licon, a lum inium is the most prevalent mineral 

on Earth, making it the most w idely avai lab le metal naturally found on the globe and the 

second-most consumed meta l in the world,just behind iron. Even if the a luminium content 

is as high as 99 percent, it is primarily employed as an alloy. (Flagel, 2020). However, there 

are some limitations when using aluminium alloys to perform in sem i-so lid manufacturing 

process (S.S.M.P). This is due to the high sensitivity of temperature which impacts the 

formation of the nucleation and growth of the a lloy and reduces bonding between grain 
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structure during solidification, which decreases formability efficiency during the secondary 

form ing process (Zhu etal. , 2004). Through partial reme ltingofsemi -solid metal processing, 

the desired condition of a luminium alloy slurry can be achieved. The partia l remelting 

process, however, has a state of phase that needs to be analysed. Simi lar to the cooling slope 

casting process, there is also a morpho logical situation to achieve the semi-solid slurry 

mechanism. In addition, less research are allocated forLM21/ A308 aluminium alloy in semi­

solid metal processing. 

1.3 Objectives 

I) To produce a luminium a lloy for thixoforming using partial reme lting. 

2) To investigate the microstructural evo lution of a luminium alloy after partial remelting. 

3) To determine the mechanical properties of th ixoformed a lurnin ium alloy . 

1.4 Scope of Project 

This study showed microstructure evolution and properties ofLM21 aluminium a lloy 

when it underwent the stir casting process before thixoforming and then treated with T6 heat 

treatment after thixoforming. The outcome measurement of aluminium alloy will be 

identified by the morphological ana lysis of which of the process will give non-dendritic 

structure by scanning electron microscopy while the hardness and tensile tests are for the 

mechanical properties . 

1.5 Significant I Important of Study 

There are some potentia l advantages that can be obtained after the partia I re-melting process 

fo r industry . The application of structura l components for common engineering reasons, 

LM2 1 is suited for many of the app lications that LM4 can be uti li sed fo r. It's typ ically 

employed in applications where a la rge proof stress and rigidity a re necessary without the 

use ofheat treatment. Its casting qualities enable it to be employed for the creation of slender 

form s as we ll as pressure-tight castings. LM2 1 can be used for both sand and permanent 

mou ld castin gs. It's uti lised in diese l engine crankcases, c lutch cases, gea r boxes, too l 
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handles, domestic fittings, e lectrical equ ipment, and office equipment, among other thing;. 

With the add ition of this study, limitations of aluminium alloy use can be decreased. 

1.6 Organization of the Report 

The f irst chapter gives the overall introduction of my project. Based on the background of 

the study , the problem statement, objectives, scope of the project, sign ifica nce of the study, 

organ ization of the report and summary of the project. 

The second chapter gives the review of Aluminium and Alumin ium Alloy, Machinability of 

Alumin iu m, Semi Solid Metal Process ing (SSMP), Stir Casting, Thixoforming Process and 

T6 Heat Treatment. 

The third chapter gives the flow of methodology used for the whole project starting with the 

experimental design, preparation of material used, processing, microstructura l ana lysis and 

mechanical testing. 

The fourth chapter discusses the results of the experiment from the microstructural ana lysis 

and the mechanical properties analysis. 

The last chapter concludes the whole project based on the findings gathered. 

ELAKA 

1.7 Summary 

The a im of this study is to provide the funda mentals of semi-solid meta l processing for 

aluminium a lloys. This research focuse s on how the microstructure of alumin ium alloy 

varies with d iffe rent processes to make the semi-solid s lurry. Analysis from the process that 

affects the condition of the microstructure and mechanical properties will be obtained. 
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CHAPTER 2.0 

LITERATURE REVIEW 

This chapter discusses literature of aluminium alloy and its properties along with the 

different processes that will be underwent accord ing to the previous chapter that is under 

semi-solid metal process. The literature review part is divided into three parts which are 

Aluminium and Aluminium Alloy, Machinability Aluminium Alloys and Semi-solid Metal 

Process ing. 

2.1 Aluminium and Aluminium AUoy 

2.1.1 Aluminium 
•• 

Alumin ium is a ductile, malleable, corrosion-resistant metal with a high electrical 

conductivity. It's commonly used for foil and conductor cables, but it needs to be alloyed 

with other elements to achieve the greater strengths required for other uses. Aluminium is 

one of the lightest engineering metals, with a strength -to-weight ratio that is higher than 

stee l. 

Aluminium is being used in an ever-increasing variety of appl ications by combining its 

beneficia l features such as strength, lightweight, corrosion resistance, recyclability, and 

machinab ility. This collection ofitems includes anything from building components to tiny 

packaging foi ls. Below in the Table 2.1 is shown the properties of aluminium . 

1 

2 

Table 2. I: Properties of Aluminium (AZOM Materials) 

Atomic Number 

Atomic Weight (g/mol) 
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3 Valency 3 

4 Crystal Structure FCC 

5 Melting Point (0 C) 660.2 

6 Boiling Point (0 C) 2480 

7 Mean Specific Heat (0- 1 00°C) (cal/ g. 0 C) 0.219 

8 Thermal Conductivity (0- 1 00°C) (callcms. 0 C) 0.57 

9 Co-Efficient of Linear Expansion (0- 1 00°C) (xlQ-6/oC) - 23.5 

10 Electrical Resistivity at 20°C (n.cm) 2.69 

11 Density (g/cm3) 2.6898 
- --12 Modulus of Elasticity (GPa) 68.3 

13 Poissons Ratio 0.34 

2.1.2 Aluminium Alloys 
.q 

Aluminum alloys have a unique combination oflow density, formability, excellent thermal 

and electrical conductivity, high strength-to-weight ratio and corrosion resistance 

Aluminium alloys are a very relevant material in modern industries due to their 

characteristics and low production costs. They were used in a variety of industries, such as 

the automotive, aeronautics, maritime, and electronic industries, as well as food packaging 

and cans, culinary utensils, construction, and chemical equipment (Wallerste in et al., 2021). 

ALAYS A ELAKA 

2. 1.3 ASTM I SAE Alloy Designation 

Aluminium alloys are given a designation according to the ASTM/SAE system which is 

universally accepted. According to this order, the first two letters point LM to the principles 

alloying elements, then the next two numbers 21 specify nom ina l percentage of these 

alloying elements in the equivalent order and the next capita l letter indicates chronological 

sequence of development. Table 2.2 below shows alloying elements. 
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Table 2. 2: Designations for E lemen ts Alloying (Sameehan, 20 16). 

Code Element 

A Aluminium 

E Rare Ea rth 

H Thorium 

K Zirconium 

M Manganese 

Q Silver 

s Silicon 

T Tin 

z Zinc 

2.1.4 LM21 Aluminium Alloys 

LM21 alu minium alloy (Al-Si6Cu4Mn0.4Mg0.2) or A308 is chosen as the matrix material 

due to their properties such as excellent casting characteristics, better machinab ility and 

higher proof strength. The elemental composition of AI LM 21 alloy is shown in Table 2.3. 

This alloy is particularly well suited to castings that needs advanced proof stress and 

hardness in the as-cast condition, as well as good machinability and formability. 

The chemical composition of aluminium LM21 cast alloy is shown in the following table. 

Table 2. 3: Chemical Composition of LM21 alloy (Institute Of Technology Tallaght, 

2007). 

Element Content(%) 

Aluminum, AI Remainder 

Titanium 0.2 

Manganese, Mn 0.5 

Zinc,Zn 0.2 

Silicon,Si 10-13 

Copper,Cu 0.4 

Lead 0.1 

Nickei,Ni 0. 1 

Others, each max 0.02 

Magnesium, Mg 0.2 

Tin 0.1 
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2.1 .4.2 Ph ysical Properties 

The physical properties ofthe alum inium LM21 cast alloy are shown below in Table 2.4. 

Table 2. 4: Physical Properties of LM21 alloy (Institute Of Technology Tallaght, 2007). 

Properties 

Density 

Freezing Range 

2 . 1.4.3 Mechanica l Properties 

Metrics 

2.8 l g/cm3 

6 15-520°C 

Table 2 .5 be low tabulated mechanical properties of magnesium LM21 cast a lloy. 

Table 2. 5: Mechanical Properties of LM21 alloy (Institute Of Technol ogy Tallaght, 2007). 

Tensile strength 

Yield strength 

Elastic modulus 

Elongation 

Hardness 

2. 1.4.4 Thermal Properties 

Metrics 

150-200MPa 

~ l iOMPa 

::::1:t,.. • - 7 3 GPa .. 
t.AK 

A luminium LM21 cast a lloy with the given thermal properties as in Table 2.6. 

Table 2. 6: Thermal Properties of LM21 alloy ( Institute Of Technology Tal laght, 2007). 

Properties 

Coefficients of Thermal Expansion (per°C at20-

1000q 

Metrics 

0.000021 

Thermal Conductivity(cal/crn2/cmf'C at25°q 0.29 
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2.1.5 Advantages of Aluminium Alloys 

I) The lightest metal structure material for engineering application 

2) Great specific strength and stiffness 

3 ) Good damping properties 

4) Excellentcastabi lity 

5) Very good machinability and processability 

6) Good damping behavior 

7) Integrated recycling possible 

However, there are some limitations to using aluminium alloys, despite their excellent 

properties. Aluminium alloys have numbers of drawbacks for machining and processing 

ap plications, includingpoorcold working behavior and low corrosion resistance . Apart from 

that, when it comes to the application of casting aluminium alloys, they easily solidify and 

shrink by about 4% to 5% when cooled. This is due to its high reactivity (Kainer, 2003). 

2.2 Machinability in Aluminium AUoys .. 
In th is segment, we will be reviewing the aluminium alloys machinability rating group. The 

majority of a lloys may be machined easily and quickly than most materials ifthe machining 

cond itions are chosen to match the features of the numerous alloys. Although machinability 

is a combination of several qualities, it is feasible to c lassify alloys based on how effortlessly 

small, regular chips may be generated on machining with minimal too l wear. An attempt at 

such c lass ification is given in Table 2. 7. The inclusion of copper increases the alloys' 

machinability. From the table, LM21 is in Group 3 as the second easiest to machine group. 

LM21 has excellent machinability and outperforms LM4-M in this regard. Tungsten carbide 

too ls are suggested for the best results. It is recommended that the use a lot of cutting 

lubrication and coolant (Institute Of Techno logy Tallaght, 2007). 
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Table 2. 7: Machinabi lity ratings of aluminium casting alloys 

Gro up4 

Group3 

Group 2 

Gro up 1 

LM5, LM12 

LM4, LM 16, LM21, LM22, LM24, LM25, LM26, 

LM27, LM3 1 

LMO, LM2, LM9, LMI3 

LM6, LM20, LM28, LM29,LM30 

NOTE: Alloys in group 4 are easiestto machine, the machinability decr easing thro ugh to gr oup 1. 

2.2.3 Applications of LM2 1 aluminium alloys 

Many of the app lications for which LM4 can be utilised for basic industrial applications are 

app licable fo r LM21 . It's typica lly employed in applications where a high proof stress and 

rigidity are demanded without the use of heat treatment. Its casting properties a llow it to be 

utilised to make somewhat thin shapes as well as castings that must be pressure tight. LM21 

can be used for both sand and permanent mould castings. 

2.3 Semi-solid Metal Processing 
/ . . 

==~~-""-.. ·..:c=:=>=tw ~ /" Y' J .. .. ,_;,... v ... .. 
2.3.1 Origin ofS.S.M.P 

Semi-so lid metal processing (S.S.M.P.) began with the encounter of its discovery in 

the early 1970s, shear thinning and thixo tropic types of behaviour of partially solidified 

alloys were studied under v igorous agitation (Flemings, 199 1 ). Spencer was a postdoctoral 

fe llow at M.I.T. in Cambridge, Massachusetts, under Prof. M. C. Fleming's gu idance in 

1970s, and was conducting hot tearing tests on a Sn -15 percent Pb alloy. The shea ring begm 

above the liquidus temperature during an experiment involving a semiso lid a lloy viscosity 

measurement and continued as the slurry slowly cooled through the soppy zone until the 

so lid ification process was near comp letion. The viscos ity of the slurry was dec reased by 

shear thinning to the point where it acted like a fluid, preven ting dend rite formation and 

so lute segregation (Chang et al. , & Kumar et. al). Dendritic material was discovered when it 

was chilled to a semi-solid cond ition without stirring as in Figu re 2. 1 (a), whi le the 

microstructure of the continuously stirred materials was sphero idal (consisted of spheroids 
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of solid in the liquid matrix) as in Figure 2.1 (b). As a result, it was discovered that a semi­

solid alloy with a solid fraction of 0.4 and no dendritic structure acts like a fluid with a 

viscosity lower than olive oil. The viscosity of sem isolid alloys subjected to constant 

agitation during cooling was likewise found to be substantially lower than that discovered 

when cooling was done without agitation (Flemings, 1991; Fan, 2005 & Atkinson, 20 10). 

Figure 2. I: (a) Dendritic microstructure (b) Globular microstructure (Atkinson, 20 I 0) . 

.!1 \A ~ .. vL \\.!:c::::=l;;;;;;;)_~ .. ·..=c~~ ~ /"' ~ J 
.. .. v .. .. ft..;'.- "' .. .. 

ELAKA 

10 



2.3.2 Classification of Semi-so lid Process ing routes 

A lot of research and deve lopment has gone into investigating the feasibi lity of 

S.S.M. process ing over the last four decades, and there are a lot of rev iews on S.S.M.P. 

(Kirkwood etal., 1994). Sem i-solid processing can be separated into two types : rhea -casting 

and thixo-casting. Rhea-casting is the method of shearing non-dendritic semi-solid slurty 

while so lidif ication to produce non-dendri tic semi-so lid slurry. Rheo-castingwas envisioned 

as a techn ique incorporating the contro l of the semiso lid a lloy's rheo logica l behaviour. 

(Flem ings, 1991 ). The semiso lid alloy is agitated during rhea-casting, wh ich causes 

dendrites to break up. The method ofproduc inga nea r net shape from a partia lly melted non­

dendritic a lloy slug inside a meta I die is known as thixoforming. Thixo-casting refers to the 

processofmouldinga component in a c losed die, w hereas thixo -forgingrefers to the process 

of shap ing a component m an open die. 

2.3.3 Sem i-Solid Slurries and Its Rheo logical Behaviour 

In order to achieve an excellent processing of semi-solid metal, a good understanding 

of semi-solid slurry is important. The rheological characteristics of semi-solid alloy is the 

liquidus and solidus range of the flow behaviour. It is stated the behaviour is dependent on 

temperature and shear rate (Kirkwood, 1994; Fan, 2002). The rheological properties of semi­

solid slurry are very important as it will give prediction of flow into die cavities and f or that 

the processing control. There are two categories for the S.S.M. slurries, which are the liquid­

like and so lid-like phases. Th us, the mechanism of defo rmation of both slu rries is different 

The mechan isms are th ixotropy and the pseudo-plastic ity . Thixotropy occurs when the 

trans ient viscosity at a particular shea r rate is time dependent, but pseudo-plasticity occurs 

when the shear rate is dependent on the steady state v iscos ity (Fan, 2002). 

2.3.4 Evolution Practices for Producing Non dendritic Feedstock 

As prev io us ly stated, a vital step in attaining successful S.S.M processing is 

providing feedstock with thixotropic characteristics. Fu rthermore, based on the current state 

of the beginning material, S.S.M technologies a re split into two types : ( I ) f rom a liquid 

a lloy via contro lled so lidification (by activating crysta l multiplication of a growing so lid or 

increasing the nucleation rate) under specific cond itions, or (2) from a so lid state v ia heavy 
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plastic deformation and recrystallization (Hirt & Kopp, 2009). Over the last 40 years, a 

va riety of feedstock production pathways have been created, each of which is based on the 

activation of well-known meta llurgica l occurrences that define the end structure's 

deve lopment (Atkinson, 2007). The most effective, as we ll as the most widely employed in 

commercia l practise, approaches are briefly outlined here. 

2.3.5 Partial Re-melting 

Partial re-melting is considered one of the mosteffectivesolid -state routes to p roduce 

a nondendritic microstructu re, espec ially fo r high melting point metals when the meta l is 

d irectly heated to a temperature between so lidus and liqu idus (Sugiyama eta!. , 2008Usinga 

vertical, high-temperature carbolite furnace with an argon gas protective env ironment, a 

direct partial re-melting experimen t was carried out, as shown in Figure 2.2 . The specimen 

(base and insert) was lowered into the highest temperature region (1320°C) of the f urnace 

using chrome! wire once the furnace had achieved the predetermined temperature and It was 

kept aro und fo r 30 minutes before being coo led to room temperature with air. This method 

guarantees a quick heating of the sample, which usually takes around 3 minutes to achieve 

th e desired te mperature, as shown in Figure 2.3. ~ ... . 
.. ~./>-:!J .. 

ELAKA 

25 mm ---.------.. 
Furnace casing 

Figure 2. 2: Schematic of the furnace setup for re-melting experiment 
(Sugiyama et al. , 2008). 
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Figure 2. 3: Temperature profile of sample inside vertical tube furnace 
(S ugiyama et al. , 2008). 

Direct Partia l Re-melting is a method of joining two metals m a th ixotropic 

property (Mo hammed, M.N., 20 13). Th is procedu re is capable of producing homogenous 

qualities w ith a high-quality s urface while preventing the formation of a dendritic 

microstructure in the join zone. In other meanings, because of its high fluidity, a 

microstructure comprising global so lid particles in a liqu id matrix has been taken into 

account the most appropriate microstructure for semi-solid forming (Sugiyama et al. , 2008). 

If the gra in boundaries a re suf fi c iently wetted , the in itia l shear during the forming process 

may affect the grains to slide past one other~ causing the semi-so lid slurry to f low 

th ixotrop ica lly. 

2.3 .6 Cooling Slope Casting (C. S) 

The high costs related to producing the specia lised ingots required forth ixoforming 

that have non-dendritic or globular microstructures are one ofthe major factors contributing 

to the increased premiums of the thixoforming process. As a result, research on the growth 

of feedstock methods has been pu rsued in recent years, permitting the production of 

feedstock materials in a more cost-effective manner. The casting process is one of the 

techno logies created to generate feedstock materia l, and it reduces a significant portion of 

the prices ofthixoformed goods (Haga et a l. , 2002). 
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2.3 .6.1 C. S Process 

Cooling slope casting is a straightforward and concise process that entails pouring 

molten metal with a suitable superheat through a cooling slope plate and then solidifying in 

a mould (Haga and Suzuki, 2001 ). This is a relatively new process for producing raw 

material for subsequent thixoforming processes. As shown in Figure 2.4, the cooling slope 

casting process is made up of the following major process sections. A melting pouring 

section ( I), which consists of a crucible which melts the alloy and pours it down through 

the cooling slope plate. A nucleation section (2), which generates crystal nuclei in the melt 

as it is f lowing through the cooling slope plate. A crystal generating section (3) in which 

metal obta ined from the nucleation section is cooled down in the metal mould. 

Crucible 

0 
0 
0 
0 

Th~rmocouple 

0 
0 
0 

"I h~rmometer 
Induction 

\\'ater cuolin~ 

Covling 'lop<' 
~ . . 

.;::J • ~ .... • - _,.. ~.~/'~J 
.• •• ft..;'.. "' .. .. 

Figure 2. 4: Schematic Process of Cooling Slope Casting with 
Divided Process Sections; ( I), (2) and (3) (Liu eta!., 2003). 

2.3.6.2 Mechanisms involved in C.S casting process 

Few mechanisms have been suggested to describe the formation of non-dendritic 

microstructures during the flow of the C.S casting process. According to past researchers 

(Haga and Kapranos, 2002), during the microstructural evolution of C.S. casting, the 

dendritic fragmentation mechanism played a major role. Fragmentation of weak dendritic 

arms might occur on the contact surface of cooling slope samples because dendritic crystals 

in the partially solidified melt meet under gravitational pressures on the inclined slope. These 

crysta ls grow in the mould after being formed by the separation of weak dendrite arms along 
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the cooling slope plate using a dendritic fragmentation mechanism. As per Motegi et al. 

(2007), crystal separation theory is important for the activation of non-dendritic morphology 

in as-cast C.S microstructures. 

Figure 2.5(a) depicts the separation theory mechanism of crystal necking and 

detachment from mould walls. Granular crystals grow and build on the cooling slope wall 

before being carried away by fluid velocity, according to this theory. They suspect that metal 

crystals formed on the cooling plate and were migrated with molten alloy into a heating 

mould, where they became granular, resulting in a fine globular microstructure (Hirt and 

Kopp, 2009). As shown in Figure 2.5, Temperature profiles in the liquid containing distinct 

gradients of solute concentration ahead of the solidification front produce varied growth 

trends in various locations of the solid surface (b). At higher gradients (roots of the crystal 

in contact with the cold surface), the deterioration in change temperature is greater, resulting 

in less boundary undercooling and as a result smaller growth rate. 

Figure 2. 5: (a) Schematic illustration of crystal separation mechanism of 
detachment of nuclei from the surface of the cooling .slope (b) 
temperature profiles in the liquid in the solidification front, for an alloy 
with partition coefficient (K) < I (Robert et al. , 2007). 

2.3.6.3 Microstructural evolution during flow along the cooling slope 

The most important step in semi-solid metal forming innovation is the cost-effective 

production of semisolid slurry with a non-dendritic microstructure. After remaining in the 

semisolid state, the primary crystal of the semisolid slurry analysed through the cooling slope 
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becomes spherical. Solid nuclei are shaped during the process as a result of contact between 

the melt and the cooling s lope, which causes rapid heat transfer. These nuclei separate from 

the surface and are eventually distributed throughout the melt (Haga et al. , 2002; Birol, 

2007). Matthias et al. (20 I 0) compared the microstructures of A356 alloy cast 

conventionally and by coo ling slope casting process and found that the latter looks 

significantly different than the former, even when cooling rates were the same. The 

morphologies of the A356 alloy produced by this group via conventional casting have a 

dendritic structure, as shown in Figure 2. 6 (a), however those processed v ia C.S typically 

have globular grains, as shown in Figure 2.6 (b). 

2.3.7 New MIT 

Figure 2. 6: Morphology of A356 Alloy (a) 
Conventionally cast (b) Cooling Slope Casting 
(Matthias et al., 201 0). 

The New MIT agitation method is a cross between stirring and near-liquid casting. 

The procedure, known as the Semisolid Rheo-casting(SSR) process, was established at MIT 

in 2000. This method of preparing the slurry can be divided into three steps. The f irst ever 

step is to hold molten metal a little above its liquidus temperature in order to achieve a 

uniform temperature slope. Step two is to insert a cool rod (typically made of graphite) into 
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the melt to stir and rapidly chill the metal up until it reaches a temperature that is sign ificantly 

lower than its liquidous temperature (i.e., to initiate so lidification). The fina l step is to 

remove the stirrer and either immediately insert the metal into the casting dev ice or slowly 

cool it to reach the required so lid fraction. 

As illustrated in Figure 2.8, it can produce globular microstructures (Wan eta I., 1 994; 

Figueredo et a l., 200 1). For such approach, the process of dendritic f ragmentation is as 

described in the following. The cold graphite stirrer is inserted into the liquid metal, and the 

resulting low superheattemperaturetriggers the nucleation of numerous f ine dendritic grains 

on the stirrer's surface. These particles are swiftly removed and distributed as very fine grains 

throughout the melt. These grains are then re-melted due to the surrounding bulk liquid that 

still has small areas of superheated liquid within it. Upon cooling the melt for a 

predetermined time, f ine gra ined particles form, resulting in nondendritic microstructures 

(Motegi et al. , 1997). Figure 2.7 depicts a schematic diagram of the microstructure of the 

356 alloy achieved by the New MIT process. 

Figure 2. 7: Diagram of the steps of the SSR(F igueredo and 
Apelian, 200 I) 
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Figure 2. 8: Microstructure of356 alloy produced by the 
SSR process (Yurko et al. , 2003). 

2.3.8 Direct The rmal Method 

In 2002, University College Dublin established the Direct Therma l Method (DTM) 

of rheo-casting as an alternate materia l in tended for producing thixotrop ic feedstock (M. J. 

Hussey, 2002). Pouring LSH matrix into such a thin -walled mould w ith great conduction 

properties and low thermal mass is the method used in this process. The heat is rapid ly 

absorbed by the melt at the initia l con tact of th e liqu id metal with the mould wall, resu lting 

in different nucleation. As an outcome of these scenarios, the molten alloy cools extremely 

slowly and at a very low rate , starting to lose heat to the atmosphere in order to achieve an 

eq uilibrium temperature below the a lloy's liqu idus (so lidification range). The heat match 

between the mould and the a lloy causes a pseudo isothermal holding state, resulting in low 

heat convection trans ition and a low heat grad ient (D. J. Browne et al., 2003). The mould 

and its contents are quickly quenched in water accordin g to the preferred microstructure and 

the pre determined temperature. Essentia lly , the mechanism of dendrite disintegration for th is 

procedure is one that generates several locations of nucleation at the start of the process, 

resulting in a slower cooling to s low the possib ility of dendritic arms without the use of any 

specia l heating equ ipment or specific insulation (M. J. Hussey, 2002), as shown in 

Figure 2 .9 . The microstructure of A356 a luminium achieved by the DTM is shown in 

Figure 2. 1 0. This method is regarded as the most cost-effective, and it is suitable for 

laboratory activ ities that need only a limited number of billet sizes (M. J. Hussey, 2002). 
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Ladle~ 

Figure 2. 9: Illustration of experimental procedure of the 
DTM (Browne et al., 2003). 

250 J-lffi 

Figure 2. I 0: Microstructure of al loy A356 obtained by the 
DTM (Browne et al., 2003) 
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2.3.9 Gas-Induced Semisolid Process 

A novel approach to microstructure refinement that uses small gas bubbles inserted 

during solidification to stir up the me lt as it cools to a semi-so lid range to achieve a non­

dendritic appearance. In the gas-induced semi-solid (GISS) process, fine gas bubbles can be 

incorporated into molten metal in various configurations (J. Wannasin et al., 2006; J. 

Wannasin and S. Thanabumrungkul, 2008). After the diffuser is removed, the semi-solid 

metal slurry is either injected directly into the casting device or slowly cooled until the 

desired microstructure and so lid fraction are accomplished, as shown in Figure 2.11 and 

Figure 2.12. This technique's mechanism of dendrite fragmentation can be expressed as 

fo llows: The low superheat temperature al lows a large number of small dendritic grains to 

precipitate and form on the top surface of the cold graphite diffuser when it is immersed in 

the melt. The movement of gas bubbles allows these particles to be quickly extracted into 

the melt. The fine grains were re-melted as a result of the surrounding bulk liquid, which 

still contained small areas of superheated liquid. Only a small number of particles remain in 

the molten metal. These particles are also developed by removing heat from the melt for a 

predetermined amount oftime, resulting in fine , non-dendritic microstructures (J. Wannasin 

et al., 20 I 0). The GISS method is appropriate fo r processing various alloys such as zinc 

alloys, cast aluminium alloys, wrought aluminium alloys, and die casting aluminium alloys 

(J. Wannasin eta!. , 2010). 
l \c .c · .. . · 
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Figure 2. 11: Schematic diagram of the steps of the GISS method 
(Wannasin et al., 20 I 0) 
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Figure 2. 12: Morphology structure of 356 alum inium al loy 
gained by the GTSS Method (Wannasin et a l. , 20 I 0) . 
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2.3.1 0 Ultrason ic Vibrations 

Ultrasonic vibrations, which were patented in the mid-1970s, are another option 

method fo r preparing feedstock for semi-sol id formingprocesses. It works by injecting high­

power ultrasonic vibrations (high frequency mechanical waves) into a cooling melt in order 

to maximize the amount of so lidification nuclei. The practice of pulsed ultrasonic vibrations 

in the melt throughout so lidification promotes cavitation, which causes huge immediate 

fluctuations in the pressure and temperature of the melt, resulting in homogenous, globular 

microstructures (V. Abramov et al., 1998) (Figure 2.13). Figure 2.14 depicts the 

microstructure of A390aluminiumgenerated by implementingthis method. This technique's 

mechanism of dendrite fragmentation is characterized by two bas ic physical phenomena: 

cavitation and acoustic streaming. Cavitation is the formation, growth, pu lsation, and 

collapse of tiny bubbles in molten metal. The compression rate of these unstable states can 

be so high that their destruction generates hydraulic shock waves, which disintegrate the 

primary particles and generate artif icial sources of nuclei. The propagation ofhigh-intensity 

ultrasonic waves in the melt also includes the commencement of steady-state acoustic 

streaming. The combined impact of these various streams is to actively mix and thus 

homogenise the melt (V. Abramov et al. , 1998). 

\c q_,.· c . . 
v .. ~~~):J 
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7 

Figure 2. 13: Schematic diagrams of the ultrasonic 
vibration device: ( I) ul trasonic transducer; (2) 
thermocouple; (3) ultrasonic radiator; ( 4) resistance 
heater; (5) iron crucible; (6) Mg-9.0AI%; (7) ceramic 
tube; (8)water; (9) tank (Zhang et al. , 2008). 
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Figure 2. 14: Morphology structure of 390 aluminium alloy 
obtained by Ultrasonic Vibration (Luo et al., 20 I 0). 

2.3. 11 Shearing-Cooling Roll 

The Shearing-Cooling Roll (SCR} process is a liquid-state process that has been 

developed as an alternative technique for the production of thixotropic feedstock with 

commercial potential. Figure 2.15 depicts the working principles of the SCR process for 

preparing semi-so lid alloy. In su mmary, this method involvesapplying superheatto the alloy 

melt at a constant temperature near or just above liquidus. The molten metal is poured into 

the inlet of a rotating roll and a stationary coo ling shoe cavity, which creates frictional forces 

due to the rotating roll. The molten alloy is stead ily cooled by the shoe and the roll in the 

roll-shoe cavity, resulting in globu lar, semi-sol id slurries due to the shear forces produced 

(M. Kiuchi and S. Sugiyama, 1995). Tn the SCR process, the formation andevolutionofnon­

dendritic microstructures can be explained as fo llows. The nucleation of granular dendritic 

crystals occurs when the molten alloy cools at the contact surface of the roll-shoe. These are 

crushed and dispersed into the melt by the shearing fo rce and stirring of the roll during 

solidification of the liquid alloy with high so lid fraction to form equiaxed or spheroidal 

grains. The use of high solidification rates combined with high shearing rates in the SCR 

process can result in fine and well-spheroid particles in the liquid matrix (S. Wang eta!., 
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2006). The microstructure of A20 17 alum inium produced by the SCR method is shown in 

Figure 2. 16. 

Cooling water 

Low fraction 
solid slu rry -f7<74-'~i-'i0 

Shoe --f..<;.L,.l~~ 

Roll 

Cooling 
water 

Figw·e 2. 15: Schematic diagram of SCR process (Wang et 
al., 2006). 

Figure 2. 16: Microstructure of A20 17 alum in ium alloy 
obtained by SCR Process (Wang et al. , 2006). 
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2.3.12 Stress-Induced and Melt-Activated Process 

One of the most successful and commerc ia lly accessible solid-state processes is the 

Stress-Induced and Melt-Activated (SIMA) process. In a nutshell, this technique invo lves 

reheating distorted material into a semi-solid state. The initial deformation appears above 

the temperature of recrystallization (hot working). Afterward there's cold wo rking at room 

te mpera ture, which is a crucial phase in load ing energy flow as a resu lt of partial re-melting, 

in which the material reaches a semi-so lid state and uniform, non-dendritic, globular solid 

particles are obtained within a liquid al loy, as shown in Figure 2.1 8. During partial re­

melting of the distorted material to recrysta llize as we ll as create f ine, non -dendritic 

microstructures by a mechanism of liquid absorption of high-angle grain boundaries, the 

morphology structure evolves into a spheroidal morphology structure. When 

recrystallization occurs, liquid metal w ith high-energy infiltration f lows through high -angle 

grain boundaries, evolving globu lar solid particles in a liquid matrix. The rate of heating and 

the degree of cold work are directly proportional to the size of the glo bular so lid particles. 

The resulting particles can be as sma ll as 30 pm. (Young e t al., 1982; Kam ran 2009). The 

microstructure of A 7075 a1umin ium genera ted by applying the SIMA p rocess is shown in 

Figure 2.1 8. '(p,.s.. ~~~~§ 
~,.,,. ;;-:;_ 

T room · · ··· ·· ·· ·· · · 
Cold work 

Time 

Figure 2. 17: Schematic iII ustration of the stages of the SIMA process 
(Young et a l. , 1982). 
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Figure 2. 18: SIMA deformed microstructure of AI 7075 
alloy achieved in the case of isothermal holding at 620C fo r 
5min (Mohammed et al. , 2012) . 

2.4 Stir Casting p..lA'r 1-1 

Figure 2. 19: Schematic Diagram of Stir Casting 
(Prabu et al., 2006) 
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At a constant stirring temperature, the interaction between stirring time and speed 

stir cast relied on. The strength of the mixture developed as the stirring time and speed were 

elevated at the same time Figure 2.19 above shows the schematic diagram of stir casting 

process. 

Based on Jameel et al. , (2013) the electric mixer is placed in the crucible furnace, 

which is spun at a high speed of900 rpm for 3- 5 minutes to promote homogenization of the 

molten material, and then the molten material is poured into a pre-heated metallic mould. 

The authors concluded that increasing the amount of reinforcement in composites up to 20% 

increased the hardness, ultimate tensile strength, and yield strength of the material. With the 

addition of reinforcement, the impact energy was reduced. The microstructural analysis 

revealed a consistent distribution of particles. The insertion of reinforcement wrapped in 

aluminium foils, as well as the injection of magnesium to the molten metal, were the specific 

causes of this (Jam eel et al. , 20 13). 

To stir molten metal and produce the vortex, S. Balasivanandha Prabu et al. 

employed a mild stee l impeller spinning at 500-700 rpm (Because of the centrifugal forces 

generated by the vortex, the secondary phase is thrown against the crucible walls, 

guaranteeing uniform distribution of particles in the matrix). To achieve particle mixing, the 

impeller blades were intended to create vortex. To prevent blade dissolving in molten meta~ 

a zirconium-based coating was put to the impe ller (additionally to avoid metal pick-up also 

to avoid molten metal reacting with the stirrer). A mechanical stirrer was used to agitate the 

molten metal and induce turbulehce during the operation . Immersed impeller was at a depth 

of approximately 2/3 of the height of the molten metal from the bottom of the crucible and 

the speed of the stirrer was set at 500/600/700 rpm. By adjusting the stirring speed and 

stirring time, the molten metal- Silicon carbide slurry was stirred continuously for the various 

combinations of processing parameters. After adding Silicon carbide to the solution, the 

stirring time was recorded at 5, 10, and 15 minutes. The molten aluminium was put into a 

mild steel die that had been preheated to around 300 degrees Celsius . They discovered that 

when stirring speed and time were reduced, clustering occurred, and some areas were 

identified without particle entrapment, but that when stirring time and speed were increased, 

the dispersion became more homogenous. The composite's hardness increased as the stirring 

speed and time increased (Prabu et al. , 2006). 
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2.5 Thixoforming Process 

The globular morphology, rather than the dendritic microstructure, is the important 

ingredient in the SSMP, and it is the thixotropic nature of the semi-solid slurry that lowers 

segregation and porosity inside the castings. SSMP has various benefits over previous 

procedures, including improved product quality, reduced forming temperature, greater 

production rate, and improved mechanical qualities through microstructural refinement 

Other than the rheocasting technique SSMP techniques based on the thixotropic 

characteristic of alloys with non-dendritic composition in the semi-so lid state include 

thixoforming. Thixoforming and associated SSMP processes, require thixotropic feedstock 

materials as a compound. The figure 2.20 below shows Schematic illustration of (a) 

Rheocasting process (b) Thixoforming process (Song et al. , 2020). 

pounng S I coohng adJustment mvorsten cast1ng product 

'q= (a) 

Thlxocastlng ~ 

finiShed iJ!J 
casting t 

Figure 2. 20: The figure shows Schematic illustration of 
(a) Rheocasting process (b) Thixoforming processes 
(Song et at., 2020) 

2.5.1 Shear Mechanism in Alloy 

An alloy where, in this case, when the material state is 50% so lid and is sheared, the 

coalescence of the material will break up, its v iscosity will fall, and it w ill flow like a liquid, 

but if it is allowed to stand for a certain time, g lobular coalescence w ill increase the viscosity 

of the material, which leads to it being able to support its own we ight and be handled in the 

same way as if it was so lid. As described above, a globular microstructure with an 

appropriate amount of liquid fraction is required in order for the SSM fo rming to be 
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successful. When shear fo rces are applied, the near-globular particles move easily past one 

another, causing a decrease in viscos ity and making the material behave like a liquid . In 

contrast, when shear forces are applied on dendrite microstructures, typical of conventional 

castings, the liquid is trapped between dendrite arms and prevents them from moving freely, 

thus increasing the viscos ity of the material (Mohammed et a l. , 20 13). 

2.5.2 Thixoforming towards Mechanical Strength AI-Matrix 

In comparison to the non-thixoformed composite samp les, the Yield Strength (YS), 

Ultimate Tensile Strength (UTS), and elongation to fracture of the samples after 

thixoforming increased by 33.3% (180.0 MPa), 43.3% (255.8 MPa), and 83.9 % (5.7%) 

respectively. Thixoforming is a well-established method for reducing or e liminating 

porosity. Hence, the strength and ductility ofthixoformed samples should be improved if the 

porosity is kept to a minimum (Atkinson & Liu, 201 0; Peng et al., 20 11) . Furthermore, it is 

widely assumed that during partial thixoforming, the homogenous dis tribution of MWCNT 

in the matrix remains unaltered wh ile concurrently fill ing the pores, im proving the 

microstructure's compactness (Li etal., 20 16) . Mechanical stirring, thixoforming, and a brief 

T6 of A356-MWCNT resulted in an jncrease in mechanical characteristics of up to 87.0 %, 

108.4%, and 322.2%, respectively, forYS, UTS, and elongation to fracture . These results 

showed a good agreement with Elsha lakany et a l. (Bakr et al., 2014 ), who also found that 

the maximum YS, UTS and e longation to fracture of 1.5 wt% of MWCNT A356 composite 

fabricated using rheocasting or squeeze casting were improved by 60%, 50% and 320%, 

respectively. The composite strength produced in these investigations was within the 

required range of250-300 MPa for automotive parts according to Tavitas- Medrano et a l. 

(Tavitas-Medrano et al. , 2008). 

2.6 T6 Heat Treatment 

2.6.1 T6 Heat Treatment Towards Microstructure AI-Matrix and Mechanical Strength 

Ana lysis 

Heat treatment involves a numberofsimple steps in producing desired mechanical properties 

in a contro lled way to exp loit the outstanding behaviours of metal, such as making them 

stronger, increasing malleability, increasing ductility and increasing resistance to abrasion. 
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Heat treatment he lps modify a lloys' microstructures withou t compromising their ab ility and 

their structure of the entity that invo lves so lution treatment, quenching and artificial aging, 

as many past studies have proved that right after f ive minutes of the so lution of heat 

treatment, silicon particles in aluminium A I 319 start to develop and change into more 

globular microstructures (Rahman et al., 2020). However, in 2001 and 20 16, researchers 

such as Jerry et al. , and Costa et a l. , proposed a methodology that involved four steps to 

perform T6 heat treatment with expected time and controlled temperature (Table 2. 8). This 

research is then continued by Magno et al. , 2017 stated that the a imed of so lution treatment 

is to dissolve A 'P.C uwh ich is in intermetallic states in AI- rich matrix (a-AI)and get the 

equilibrium state, while in quenching step the formation of A l2C uintermetallic metastable 

phase can eventually spread in a-AI solution by the help of warm water to produce 

superheated so lid so lu tion that will precipitated lastly in aging step (Figure2.9) (Magno et 

a l. , 20 17). Conventional T6 heat treatment will take a longer time to complete the whole 

processes (three main processes), according to Hash im eta!., 2021, as the minimum duration 

of 9 hours needed to complete the processes, so lution treatment at 50°C req uired 6 - 12 

hours and for artificial aging another 3 to 5 hours will be spend to complete the process at 

155°C (Hashim et al., 202 1). 

Solution Heat Treatment 
Quenching in wann water 
Immediate 1_ging &KN1.K1 
Air Cooling 

Table 2. 8: Methodology Proposed by Jerry et al. ,200 I and Costa et al., 2016 
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Figure 2. 21: Stages ofT6 heat treatment applied represented 
schematically (Magno et al., 20 17) 

. ..... 

2.6.2 Short Heat Treatment 

A new T6 heat treatment with solution times less than 30 minutes showed better 

properties in mechanical properties compared to old and standard conditions of heat 

treatment that needed a minimum of 9 hours to complete 3 stages involved in producing 

SSM composites. f..ccordingto previous research, researchers stated that the time of 50 mins 

with 540°C in solution treatment is sufficient enough to produce a - aluminium dendritic 

microstructure with homogeneous distributed silicon and Mg while only 30 minutes is 

needed for solution treatmentwhencastingA356 alloy at540°C for low pressure d ie casting 

Thixoformed samples will be treated with shorter solution treatment at 540°C for 1 hour, 

fo llowed by quenching in water at 26°C and 27°C, room temperature before being aging 

artificially for 2 hours at l 80°C using Nabertherm 30°C to 30000 oc f urnace (as shown in 

Figure 2. 10) in short T6 heat treatme nts (Han izam et al. , 20 19). Significantly, reducing 

solution treatment time when app lied in SSM has big impacts on productivity because the 

cooling rate is faster compared to HPDC, High Pressure Die Casting generating in ter­

metallic compounds with more small in size and more homogeneous structured components 

that are near to eutectic microconstituent in a - phase globu les as well as the economic issues 

(Menarguesr eta!. , 20 15). 

Whereas, Chinese researchers showed in graph ical approaches that UTS and 

elongation percentage of AI - composite alloy were improved 3 1% and 23 % respectively 
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compared to as-cast a lloy and nearly same mechanical properties to conventiona l T6 heat 

treatments (Lu et a l. , 20 18). Chen et a l. , 2018 said that their results revealed a new heat 

treatment method , or that thi s short heat treatment process is ab le to minimize the growth 

rate of eutectic silicon and a llow the formation of fu lly spheroidization of eutectic s ilicon. 

II 
(a) 

5 
(b) 

5 l 4 I e 
34 
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~ 

Figure 2. 22: Comparison of average values of (a) mean diameters and (b) roughness for As-cast 
and T6 Treatments (Lu et al., 20 18) . 
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Figure 2. 23:Hardness values of each stage (Choi et al., 20 11) 

The hardness of the studied samples is shown in Figure 2.23 . Compared to the as-cast A356 

alloy (59.5 HV), the hardness of A356-MWCNT compos ite (73.9 HV) increased by 24%, 

demonstrating the direct influence of MWCNT in the matrix. After being treated to 

thixoforming and brief T6 heat treatment operations, the hardness of the composites 

increased to 91.8 and 106.4 HV, respectively. The uniform distribution ofMWCNT in the 

matrix is responsible for the jncrease in hardness, porosity decrease and reduction of 

microstructure grain size. In the previous section, the impacts of dispersion and porosity 

filling were discussed. Thus, grain refinement could be predicted based on Haii-Petch 

strengthening mechanism (Choi et a!., 2011 ). The grain size, on the other hand, only 

accounted for roughly 70% to 80% of the reinforcing strengthening process (Bradbury et al., 

2014 ). The hardness of crystallites decreases as the crystallite size decreases, according to 

the Hall-Petch strengthening principle (Bradbury eta!., 20 14 ). As a resu It, it is proposed in 

this study that the composite's high hardness was caused by two actions: first, mechanical 

stirring, which contributed in smaller and more uniform dendritic structure fragmentation; 

and second, the addition ofMWCNT, which acts as heterogeneous nucleation , encouraging 

even more grain refinement to the grain sizes (Bakr et al. , 2014 ). 
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CHAPTER 3.0 

METHODOLOGY 

This project is to determine and describe the analysis of different processes of semi­

solid metal processing that wi ll be affecting the a luminium alloy LM21 /A308 feedstock. 

This project established quantitative data of ana lytical mechanical properties and qualitative 

data of microstructural aluminium alloy when experienced mechanical stirring casting for 

the preparation of th ixoforming process. The data that is to be collected is solely from my 

experiment. From this experiment, the experimental data that will be gathered are 

observations without intervening by controlling any parameters. However, manipu lating 

variables were the processes that were chosen as to stir casting, thixoforming and T6 heat 

treatment process. 

../ .. 
The relationship between the objective and methodology is aS' shown below in Table 3.1. 

Table 3. 1 :Relation between Obj ectives with Methodology of Project 
p.. 

1) To produce aluminium alloy for 
thixoforming using partial remelting. 

2) To investigate the microstructural 
evolution of aluminium alloy after 
partial remelting. 

3) To determine the mechanical 
properties of thixoformed 

OD . : 
Preparing LM2 1/A3 08 for biUet feedstocks 

• Stir casting 
Partia I Remelting Process/ Secondary process 

• Th ixoformingprocess 
Heat treatment 

• T6 Heat treatment 

Characterization ofM orpho logy and M icrostmcture M ateria I 
• SEM 

Mechanical test 
• Tensile test 
• Vickers Hardness Test aluminium a lloy 

------~~~~--
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Below is the Flowchart presented to follow the methodology in Figure 3 .1 . 

Objedive1 

Stir Casting 

Thixoforming 

TENSILE 
TESTING 

Objedive3 

HARDNESS 
VICKERS 

Figure 3. I :Flowchart of Methodology Process 
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3.1 Experimental Design 

My experimental design included the hypothesis, experimenta l material, 

experimental methods that will be explaining details of the tools, techniques and procedures 

used to conductthe experiment, and the preparations for the analytical testingformechanical 

properties and microstructural of aluminium alloy LM21/A308. 

3.1.1 Hypothesis 

Depending on my discipline and approach, this methodology begins with the 

discussion of the rationale of my methodology underpinning to semi -so lid metal processing 

of aluminium alloy. By using stir casting, it can produce a globular, sphero idal and non­

dendritic microstructure for aluminium alloy feedstock. Otherwise, the end result alloy will 

have a high porosity that will lead to an easily broken product. Moreover, the partial 

remelting process will avoid the creation of a dendritic microstructure in the join zone and 

increase the ductility of the material. llo increase the strength of the material, it is treated 

with T6 heat treatment. 

~ _ \;•~ \C ?..r.,C ~ _ ~ ~~.J 
.. .. ......, .. .. ~-· v ... .. 

u 
3.1.2 Experimental Material Used 

The alloy that was applied during the process was commercial LM21 aluminium 

alloy (Al-Si6Cu4Mn0.4Mg0.2) or A308. 

3.2 Preparation of Material Used 

3 .2.1 Stir Casting Process 

All meta l used in this experiment was weighed accurately for 400g. No recycled aluminium 

was used for any of the tests. Materials were charged into a steel crucible, and the crucible 
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was loaded into a resistance pit furnace in a lift coil type induction melting furnace. A 

proprietary gas cover of SF6 +C02 was provided on the melted surface continuously to 

prevent oxidation and burning of the material. The temperature of the melt was monitored 

from time to time with the digital temperature detector. In the case of this aluminium aUoy, 

the furnace temperature was set at 700°C and the furnace was loaded with a crucible 

conta ining the required amount of AI. The required amount of AI (400g) was added to it 

after melting of AI and charge was held for about 45 minutes to an hour. After it reached the 

desired temperature, the mechanical stirrer was used by using the impeller for 5 minutes at 

500rpm. The metal is awaited to a temperature of700°C then directly poured into the mould. 

The entire procedure was carried out in a moisture-free environment with safety guarded 

with masks, gloves, safety shoes and protective goggles . 

3.3 Processing 

3.3.1 ThixoformingProcess 

Figure 3. 2 :Stir Casting Process (Kumar 
et al., 20 14). 

After the stir casting process, 8 billets were taken to be used for the th ixoform ing process. 

The T30-80 KHz thixoforming machine was used for the thixoforming process (Fig. 3 .3). 
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For the thixoforming process, the measurement needed for the billet was II em to fit the 

place in the co il induction and the temperature of compress was 502 °C. The thixotropic billet 

was reheated to a semi-so lid temperature of 510 oc using a pneumatically operated ram 

inside an induction coi l, yielding a liqu id fraction of 50 percent. The reheating operation was 

managed by gradually increasing the heating frequency at a rate of I 0 A per minute until the 

temperature was reached. The billet was then rammed into a preheated (l 00°C) hot work 

tool stee l mould on top of the co il with a forging we ight of 5 tonnes at a speed of 1 m/s. 

After that, the billet was removed from the mould and allowed to cool to ambienttemperature 

(Hanizam et a l. , 20 19). The specimen was removed from the compressed mould and cooled 

at room temperature after holding. During this process, the situation of elephant foot 

happening to the specimen must be avo ided. When finished, by reach ing 8 billets of 

thixoformed process, the samples are divided into two so there will be 4 samp les for 

thixoformed and 4 more samples for the upcoming T6 HT process. 

Figure 3. 3: Thixoforming T30 Machine 
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n 

Figure 3. 4: Induction coil in Thixoforming 
Machine 
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3.3 .4 Heat treatment 

The heat treatment was only for the thixoformed parts of sample. For the aluminium 

alloys, the T6 heat treatment cyc le was designed by first plotting the age ing curve to 

determine the peak ageing time. For this, the samples were so lutionized for 8 hours at 5400C 

and quenched in ambient water at room temperature then aged for 4 hours at 180°C. 

Temperature ("C) 

1ao"c 1 

ao"c ~ 
40°C i 

lOOmin 

SOLUTION TREATMENT 
8 HOURS 

WATER QUENCHING 

c_ 
20min •• 

Figure 3. 5: Schematic Diagram of Solution Treatment and Ageing Graph 

F igure 3. 6: Samples for Microstructural and Mechanical Testings in 
Furnace 

40 



Figure 3. 7: Furnace for T6 Heat Treatment 

3.4 Microstructure Analysis -

The as-cast, thixoformed and thixoformed T6 samples were verified using CARL 

ZEISS EVO 50 scanning electron microscope (SEM). This mach ine will aid in the 

investigation of the m orphology and composition of the LM211 A3 08, which was used for 

microstructure observations. 

Before undergoing the Scanning Electron Microscope (SEM), samples of the as-cast, 

thixoformed and thixoformed T6 were first being grinded with NAN02000T Grinder. The 

rough grinding with PACE SIC grinding paper that were used are 240, 320, 400, 600 grit at 

150-200 rpm. The fine grinding with PACE SIC grinding paper that was used was 800 and 

1200 grits at 150-200 rpm. The samples were then polished using the NAN0200T polisher. 

The rough polishing that was used was 1 micron at 150 rpm w ith PACE TEXPAN polishing 

cloth and PACE DIAMAT polycrystalline diamond suspension. Lastly, use the fine 

polishing with the PACE NANOPOLISH alumina suspension 0.05 micron. Once done with 

the polishing, the samples were then etched in Keller' s Reagent for 5 seconds. 
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Figure 3. 8: As-cast sample after grinded and polished before etching. 

3.5 MechanicaJ Testing 

3.5. 1 Tensile Test 

All tensile tests were carried out in accordance with ASTM E8M, with dimensions 

comparab le to standard in the small-size specimens. The small-size specimens were used 

because in many cases the area to be tested was just too small to cut a fu ll-size tensile 

specimen. The CNC Turning machine was used to prepare the sample and ensure that the 

tensile test samples were perfectly measured. 

Figure 3. 9: ATSM E8 Tensile bar schematic (Zhu et al. , 20 13). 
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Table 3. 2: ASTM E8 Tensile bar dimensions (Zhu et al., 2013). 

Dimensions, mm ~n.] 
For Test Specimens with Gauge Length Five times the Diameter [E8M] 

standard Specimen Smaii·Size Specimens Proportional to standard 
Specimen 1 Specimen 2 Specimen 3 ::>pec1men 4 Specimen 5 

G--<lauge length 62.5 ± 0.1 45.0 ± 0.1 30.0 ± 0.1 20.0 ± 0.1 12.5 ± 0.1 
[2.500 ± 0.005] [1.750 ± 0.005] [ 1.250 ± 0.005] [0.800 ± 0.005] [0.565 ± 0.005] 

D-Diameter (Note 1) 12.5 ± 0.2 9.0 ± 0.1 6.0± 0.1 4.0 ±0.1 2.5 ± 0.1 
[0.500 ± 0.01 OJ [0.35o ± o.oon [0.250 ± 0.005] [0. 160 ± 0.003] [0.113 ± 0.002] 

R-Radius of fillet, min 10 [0.375] 8 [0.25] 6 [0.188] 4 [0.156] 2 [0.094] 
A-length of redoced section, min (Note 2) 75 [3.0] 54 [2.0] 36 [1.4] 24110l 20 [0.75] 

3.5.2 Hardness Test 

In heat-related cases, hardness tests were carried out using Vickers hardness testers 

and they will be measured in terms of HV. Average 9 measurement of HV value wi ll be 

converted into Vickers hardness value. The load of 1 kgf and load time duration of I 0 seconds 

wi ll be applied. 

Figure 3. I 0 :Vickers Hardness Tester (FKP Lab) 
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CHAPTER 4.0 

RESULTS AND DISCUSSION 

4.1 Microstructural Analysis 

Before undergoing the Scanning Electron Microscope (SEM), the samples were first 

being grinded with NAN02000T Grinder. The rough grinding with PACE SIC grinding 

paper that were sed are 240, 320, 400, 600 grit at 150-200 rpm. The fine grind ing with 

PACE SIC grinding paper that was used was 800 and 1200 grits at 150-200 rpm. The samples 

were then polished using the NAN0200T polisher. The rough polishing that was used was 

I micron at 150 rpm with_ PACE TEXPAN polish ing cloth and PACE DIAMAT 

polycrysta lline diamond suspension. Lastly, use the fine polishing with the PACE 

NANOPOLISH aluminasuspension0.05 micron. Oncedonewith the polishing, the samples 

were then etched in Keller's Reagent for 5 seconds. 
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Figure 4. 1: SEM Images on SOX and 150X magnification 
on as-cast A308 aluminium alloy. 

The figure above showed thatthe microstructure of A308 consists ofmajorly a-AI 

dendritic arms (as marked above) as we ll as other intermetallic compounds. This primarily 

dendritic morphology, a characteristic tree-like structure in A308 containing different 

intermetallic phases in the inter-dendritic regions, showed homogeneous structure. As can 

be seen the dendritic size in A308 is fine. Stirring also helped to refine the grain structure of 

the microstructures (Hanizam et al., 20 19). The speed of 500 rpm used contributed the 

formation in homogenous matrix as Prabu eta!., (2006) stated that higher stirring speed gave 

a higher hardness of the composite. In figure 4.1 , the as-cast sample produced superior non­

dendritic feedstock for thixoforming, so it must be ab le to produce homogeneity in the 
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microstructure. Dendritics are the effect of stirring time during casting as it takes a longer 

time than five minutes to produce more globular, as from previous research (Adediran et al., 

123 C. E.). After 5 minutes of stirring, particles are combined in higher numbers as time 

progresses. As previously observed, churning helped spread the particles in the molten 

matrix and avo ided density segregation, which could exp lain th is outcome (Hanizam et al., 

20 19). 

Figure 4. 2 :SEM Images on 80X and I SOX magnification 
on thixoformed A308 aluminium alloy 

Negative impacts of stirring included voids and porosities, which resulted in a drop 

in the composite's hardness and UTS. As a resu lt, thixoforming and heat treatment as 

subsequent operations were required to mitigate such effects with an agreement of Song et 

al. , that microstructural refin ing of the material is used to improve mechanica l qua lities. 
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Figu re 4.2 above shows the microstructures and describes the infl uence of the secondary 

process where near spheroidal a -aluminium phase appeared that leads th ixoformingprocess 

is better than conventional formi ng process. Figure 4.2 dep icts rosette -likeand semi-globular 

microstructures encircled by eutectic microconstituent generated fo llowing mechanical 

stirring, which is appropriate for thixoforming. The grain boundaries grew large r as the 

temperature rose, forming continuous -phase microstructures. Eutectic silicon (Si) regions 

were detected after thixoform ing in Figure 4 .2 in agreement w ith previo us research 

(Han izam et a l. , 20 19). 

The difference in grain size between the as-cast and thixoforming in favo ur of the 

increased heating rates used in th ixofo rming tests are thought to be the cause for the 

thixoformed part. In addition, according to Moham med et a l. , (20 13) in thixoforming, when 

shear is applied the globular coalescence w ill increase the viscosity of the materia l, which 

leads to it being able to support its own we ight and be handled in the same way as if it was 

solid . That affects the grain size to be bigge r since the coalescence break-up. The rounding 

of the grain counters must have been aided by the flow of the liquid phase under fo rming 

pressures. ..... 

SEM images of as thixoformed T6 heat treated LM2l/A308 material be low were 

so lutionized for 8 hou rs at 540°C and quenched in water for 5 minutes at room temperature 

then aged for 4 hours at 180°C. The e utectic phase is derived from the so lidification of the 

" liqu id" in the semi-sol id slug. The eutectic silicon particles spheroidized acq uiring a more 

rounded shape and increasing significantly their s ize of the a -AI grains with the agreement 

of Chen et al. , 201 8 that short heat treatment process are able to minimize the growth rate of 

eutectic silicon and allow formation of f ully spheroidization of eutectic silicon . The sho rt 

T6 heat treatment affected eutectic morphology in the Figure 4 .3 be low. 
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F igure 4. 3: SEM Images on 80X and !SOX magnification on 
thixoformed T6 Heat Treated A308 aluminium alloy 
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4.2 Mechanical Properties Analysis 

The mechanical properties that were investigated were the hardness test by using 

Vickers machine with ASTM-E384 Standard and tensile test by using the Universal Tensile 

Machine with ASTM-E8M Standard. 

4.2. I Hardness Test 

To calculate the hardness test results, a sample from each process were tested using 

the Vickers Hardness Test machine. The data was repeated to 9 times measurement for each 

sample before the standard deviation value was converted into an HV unit. Table below 

showed hardness values for as - cast, thixoformingand th ixoformed short T6 heat treatment 

A sample ofLM21/A308 aluminium alloy was selected for each process and the results were 

then presen ted and tabulated in a graph manner. 

w ... 
Table 4. I: Hardness Test Result for as-cast, thixoformed and thixoformed T6 heat treated. 

As- Cas 

Thixoforming 

Thixoformed Short T6 

Heat Treatment 

97.5 

123.4 

128.4 

Different SSM processing types will give different hardness values, the highest hardness 

value of these types of A308 aluminium alloy is 128.4 HV given by thixoformed Short T6 

HT according to the given values. Short T6 HT attained the highest value ofHV when a 

sample from stir-cast with thixoformed process was treated with heat treatment for 8 hours 

holding time at 540°C, quenched for 5 minutes in a room temperature water and aged for4 

hours holding time at 180°C plays important role to produce homogeneous sample with 
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globular microstructure. While the lowest hardness value is from as-cast which is only 97.5 

HV compared to 123.4 HV and 128.4 HV forthixoformingand thixoformed Short T6 HT 

respectively. From the graph below (Figure 4.4), we could see the increasementof26.56% 

for thixoforming sample compared with as- cast sample and about 31.69% increasement in 

HV forShortT6 HT compared to the as - cast, while the hardness comparison between Short 

T6 HT and Thixoformingsamples shows only 4.05% increasement. In thixoformingsample, 

we could see the microstructure shows evolution from dendritic to spheroidal structure, the 

dendritic of the as-cast sample evolved into globular shape when thixoforming take places. 

The evolution showed the decreasing porosity that increase the hardness. This explained by 

the microstructure of each sample, Short T6 HT consists of coarser microstructure as the 

present of A ~Cu particles at the end ofT6 HT can dissolve eventua lly and diffused perfectly 

into the matrix region. With an agreement to Choi et al., (20 11) that after being treated to 

thixoforming and briefT6 heat treatment operations, the composites' hardness increased to 

91.8 HV and 106.4 HV, respectively. This proves that Haii-Petch theory on strengthening 

mechanism ofthe decrease of crystallite size affects the increase in hardness value (Choi et 

al., 2011 ). As a result, it is recommended that the composite's high hardness was dependent 

on two actions: first, mechanical stirring, which caused in smaller and more uniform 

fragmentation of dendritic structures~ and second, the heat treatment process, wh ich involves 

solution treatment, quenching, and artificial ageing and helps alter alloys' microstructures 

without jeopardizing their potential and structure of the entity. V .. Jl 
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Figure 4. 4: Bar graph of Hardness Test among as-cast, thixoforming and thixoformed 
T6 heat treated. 
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4.2.2 Tensile Test 

Tens ile tests covered some tests to determine mechanical behaviour such as U ltimate Tensile 

Strength (MPa), the Yield Strength (MPa) and elongation of f racture in percentage. 

As- Cast 

Thixoforming 

Short T6 Heat 

Treatment 

Table 4. 2: Tensile Test Results 

2 11.88 MPa 

258.77 MPa 

104.94 MPa 

134.36MPa 

El~ngatiori to .- · 
•• -. • • •• ..._ f ~ 

•• ''.; ·~ • .vi ' 

r: cture : 
> . r: . - • 

4.24% 

6.56% 

8.93% 

Positive improvement in Ultimate Tensile Strength showed UTS graph (Figure 4 .5) below 

from as - cast to th ixoforming and thixoformed short T6 HT for A308 aluminium alloy. 

Same as above, each sample from eacb SSM process will be tested. Sample from stirred 

casting A308 aluminium alloy with 5 min utes stirring time at 500 rpm stir rate undergone 

th ixoforming process then T6 heat treatment. Thixoformed Short T6 Heat Treatment sample 

shows outstanding tensile test results as compared to As-cast and Thixoforming. The 

composite alloy shows the highest UTS which is 258.77 MPa due to the interchange of 

mo lecules and packed intermetallic status. The favourable condition in Short T6 HT 

improved the ultimate tensi le strength with 43.8% MPa and 75.62% MPa percentage 

increment as compared to thixoforming (211 .88 MPa) and as - cast (147 .34 MPa) w ith 

respectively as shown in Table 4.2. 

Graph YS (Figure 4 .6) below showed lowest yie ld strength for as- cast w ith 82.07 MPa but 

improved sign if icantly to thixoformed composite a lloy to Short T6 heat treatmen t, I 04.94 

MPa to 134.36 MPa respective ly. The steady increas ing trend MPa in as - cast to 

th ixoformed, 27.87%, and thixoformed to short T6 heat treatment with 28.04% proved that 

the evo lution of microstructure as well as therma l stress between the a ]-. matrix affect the 

formation of globular microstructure of sil icon particles in short T6 HT that on ly need 

approximately of 5 minutes of quenchi ng time, as the sample must unde rgo thixof orming 

process prior to T6 HT. Based on Lu et al. , 20 18 the resu lts also showed that UTS and 

elongation percentage of AI - composite alloy were improved. The sample uses shorter 

overa ll so lution treatment and reaches max imum hardness for the formation ofe - phase. 
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The tensi le characteristics and ductility of an Al -A3 08 alloy as a function oftemperatureand 

heattreatmentwere studied in this study. Tensile testing was performed on the alloy as-cast, 

after th ixoformed, and after sol id solution at 540°C, accompanied by quench ing and ageing 

at l80°C (T6). Heat treatment increased the alloy tens ile strength from 147.34 MPa in the 

as-cast condition to 258 .77 MPa in the thixoformed T6 condition, according to the study. 

Moreover, the alloy elongation was relatively increasing from 4.24% to 8.93% as shown in 

Figure 4.7 above. According to Salleh eta!. , in 2017, fractures in as-cast samples can be 

classified as brittle fractures and as - thixoformed sample showed ductile fracture. The 

difference between the thixoformed samples is that they are fine and well d istributed dimple 

fractures as compared to as - cast sample with fractures on long Si particles. 
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The mechanical testing results for elongation of fracture, yie ld strength and ultimate tensile 

strength showed that outstanding mechanical properties were fulfilled with the short T6 heat 

treatment in SSM processing. This study shows that th ixoformed LM211 A3 08 AI a lloy with 
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T6 heat treatment parameters of short treatment at 540 oc for 8 hours of holding time, 4 

hours of age ing at 180 oc attain better tensile strength, surface hardness than the as ­

thixoformed and as-cast a lloys. Stir casting at 500rpm (700°C) for 5 minutes produce the 

best billet feedstock fo rth ixofo rming as primarily the irregular dendritics are broken and 

homogenously nucleated. A we ll-defined and near globular a -A! microstructure as 

secondary dendritic are broken is exhibited after thixoforming. T6 heat treatment adds 

enhancement to the already improved properties ofLM21 alloy due to thixofo rmingp rocess. 
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CHAPTER 5.0 
CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The microstructure of A308 as -cast consists of majorly dendritic arms as well as 

intermeta ll ic compounds. Dendritics were the effect of stirring time during casting with the 

factor of stirring speed. After 5 minutes of stirring, particles were combined in higher 

numbers as time progressed. Mechanical stirring led to voids and poros ities, wh ich impacted 

to decreases in the hardness and UTS of the composite. Secondary procedures which were 

the thixoform ing and T6 heat treatment were compulsory to reduce such effects. 

Thixoformed microstructures showed rosette-like and semi-globular mic rostructures 

surrounded by eutectic microconstituents attained after mechanical stirring. The th ixoformed 

finger presents a uniform distribution of nearly globu lar a -AI grains . The development of 

the phase has apparently occurred in a semi-solid state with no evidence of deformation in 

the gra ins. The flow of the liquid phase under thixoforming pressure ought to help with the 

shaping of the structure to be more globule or round. Globular coalescence will increase the 

viscosity of the material, which leads to it being able to support its own weight and be 

handled in the same way as if it was solid giving the increase of the grain size due to shear. 

The aim of the solution treatment is to dissolve (in interm etallic states in AI- rich matrix (a­

Al) and get the equilibrium state) while in quenching step , the formation of Al2C u 

intermetallic metastable phase is reached with the spread in a-A! solution by the help of 

warm water to produce superheated solid solution that will precipitated lastly in the aging 

step. The microstructure was globular after T6 heat treated and both the thixoforming 

process and T6 heat treatment had e limin ated the dendritic microstructure and T6 heat 

treatment fo rm a globular microstructure. In overall, the morphology properties of 

Thixoformed signif icantly improves after T6 heat treatment. 
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For mechanical testing, the highest hard ness obtained was from the T6 heat treated 

sample which was 128.4HV. While the lowest hardness value is from as-cast which is only 

97.5 HV compared to 123.4 HV to thixoformed. The increased hardness ofthe thixofmmed 

after T6 heat treatment sample was due to the extremely low porosity and size of alpha 

aluminium grains throughout the sample has increased. It is concluded that the rise in the 

measurement can be attributed through the precipitation of an intermetallic phase among the 

alpha aluminium globules in the a lloys. Since the measurement shows increasing off 4.05% 

in hardness after the T6 heat treatment process. On top of that, the highest UTS, YS and 

EL% obta ined are also from the thixoformed T6 heat treated sample with 258.77 MPa in 

Ultimate Tensile Strength, 134.36 MPa in Yield Strength and 8.93% in Elongation to 

Fracture. The percentage of 43.8 %, 28.04%, 36.13% were the increase percentage of T6 

heat treated process from the thixoformed process respectively. T6 heat treatment leads to 

the best results in morphologica l properties as well as the mechanica l analysis in genera l. 

5.2 Recommendations ~~~E 
To increase the mechanical properties and morphologica l structure, it is 

recommended to add reinforcement elements. Re inforcement elements such as Carbon 

Nanotube (CNT). Stirring's effects have been studied extensively, not only fo r CNTs but 

also fo r other reinfo rcement materials. Load transmission, dislocations caused by thermal 

mismatch, and the Orowan looping system are the main strengthening mechanisms of 

CNT/AI compos ites . In order to achieve efficient interfacial bonding and effective load 

transfer in the areas, a good wettability between the reinforcement and matrix is required, in 

addition to the homogeneous distribution of the CNT. Wettability refers to the CNT's 

potential to wet and break down the matrix's surface tension. Furthermore, the amount of 

reinforcement in the matrix has a sign ificant impact on the composites' mechanical 

properties. Bakr et al., for example, foun d a rising pattern in the hardness of CNT/A356 

composite liquid state fabrication from 0.5, 1.0, and 2.5 wt percentCNT. Similarly, with 6.0 

wt percent CNT, Bradbury et a l. achieved the bes t hardness of I 40 HV, and hardness be!?flll 

to decline beyond this proportion. The contact between the MWCNT and the m atrix is 

widely acknowledged to play a sign ificant impact in the composite's strength. According to 

Rikhtegar et a l. and Chen et al. , a strong interfac ial connection allows for effective load 

distribution from the matrix to the reinforced particle. 
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A possible futu re work that is reco mmended is to apply Design of Experiment 

Taguchi for the experiment as to make it systematic by hav ing an efficient method that 

engineers to study the relationship between mu ltip le in put variab les or factors and key output 

variab les or response. It is a structured approach for co llecting data and making discoveries. 

5.3 Sustainable Design and Development 

Stir casting is among the most cost-effective methods for making metal matrix 

composites because of its simple structure, flexibility, and low processing costs. Reduced 

stirring time is necessary for a more ecologically friendly manufacturing process in stir 

casting, which can be accomplished by optimising various stirring elements, particularly the 

stirrer design and position. Increased stirring time in the AAMC stir casting manufacturing 

process may result in better distribution of micro-ceramics powder in the aluminium alloy 

matrix, but it comes at the expense of ;resources and energy. Much effort and money has 

gone into improving the mechanical properties ofMMCs in recent years, butthe flow pattern 

during stirring cannot be viewed since it takes place in closed, opaque furnaces; direct 

measurements are therefore risky , time-consuming, and ineffective. In addition to 

experimentation, statistical analysis and numerical simulation are utilised to overcome these 

problems. It is preferable to reduce the stirring time since the higher the stirring time, the 

higher the cost. IVERSITI TEKNIKAL MAlAYSIA ELAKA 

5.4 Complexity 

While making this project a success, there were complexity that must be faced. 

Mainly, when undergoing the thixoforming process, the T308 Machine shut down many 

times during working. It is said that the machine had not received enough power from the 

source as it requires a high current to supply to the machine. With that being said, the 

situation made it delayed the progress of my project. Furthermore, it happened frequently 

when the process is almost finished . The consequence was which I sometimes had to remove 

the material in used to a new one because it was broken or became irregular shape. So, I had 

to remake the billet again by using stir casting. 
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For the complexity above, my solution was to start the thixofo rming process when the 

temperature of water chiller is as low as possible. 

5.5 Life-Long Learning 

The knowledge ga ined through this study is to develop an understanding of 

thixoforming machine, CNC turn ing machine in casting formability for future technology in 

machining. 

J, ,, . r ~ \ c .. c .. .. . · \ :.J ,;~........ I.; • t.V. :::::::)__., =t.,..,) . ~. /"' .Y':' .J 
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