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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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