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Advances in materials such as Metal Matrix Composite (MMC) are rapidly 
developed due to demands and applications.  Reinforced particles of silicon 
carbide with Al-matrix composites are expected to have many applications 
in automotive, aircraft, aerospace, and electronics industries due to their 
enhancement of mechanical properties. Improvement of strength to weight 
ratio and corrosion resistance still need to be explored in material research 
activities.  Therefore, in this project, the effect of different wt % of Sr on 
mechanical and microstructure properties of Al-SiC composite + LM6 and 
the use of copper as corrosion resistance were investigated. For 
microstructure analysis, the effect strontium was observed, and all samples 
were characterized on surface morphology by means of SEM equipped with 
EDS. In addition, the fabrication and identifying the characterizations of 
aluminium alloy with copper also have been carried out. The amount of 
copper additions was varied from 0%wt with the intervals of 3%wt for every 
alloying process. In the process of casting, there were two common types of 
moulding process; static moulding and vibrating moulding have been carried 
out.  The results showed that the more Sr added, the greater number of alpha 
dendrites was present and it can clearly be seen. Same as EDS analysis 
where it also showed that addition of Sr increased the value of Si and Al 
chemical composition. Next, to fabricate Al-SiC composite, 10 wt % silicon 
carbide and different percentages (0.02, 0.5) wt % of Al-10Sr was added to 
LM6 and the particles were mixed by using sand casting vortex method. The 
addition of different values of Al-10Sr (0.01, 0.02, 0.5) wt % of mechanical 
properties of Al was also examined. Meanwhile, the analysis results found 
that UTS for Al increased by adding wt % of Sr and the highest value was 
110.23 MPa for Al-0.5 wt % Sr. It was observed that the tensile for the 
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composite did not dramatically increase for each sample. It can be concluded 
that the weak interface between particles and matrix leads to decreasing 
UTS value. Strong interface between particles in the matrix showed high 
strength and stiffness but typically a low resistance to fracture. Moreover, 
from the analysis of the hardness test on every sample obtained the highest 
value of Rockwell number was for Al-SiC + 0.5 wt % Sr which was 73.52. 
This showed that by adding particulate reinforcement of SiC and Sr addition 
improved the LM6 microstructure and boosted the mechanical properties for 
better industrial applications especially in automotive and aircraft 
applications.   The fabrication of LM6 alloy with various amounts of copper 
and using the mechanical vibrations moulding and without vibration moulding 
was successfully accomplished and the characterizations and mechanical 
properties of the Al-Si-Cu composite was determined. It was found that the 
optimum and the best percentage of copper composition in casted LM6 was 
found to be the 9%wt of copper. 
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MOHAMMAD SH I A M I ALHAJJI 

Februari 2021 

 

Pengerusi     : Professor Shamsuddin Sulaiman, PhD. 
Fakulti          : Kejuruteraan 
 

Kemajuan dalam bahan seperti komposit matrik logam (MMC) dibangunkan 
dengan pesat disebabkan oleh permintaan dan penggunaannya.  Zarah 
tetulang dari silikon karbida dengan Al-matriks boleh digunakan dalam 
pelbagai aplikasi seperti dalam automotif, pesawat, aeroangkasa, dan 
industri elektronik kerana peningkatan ciri mekanikal. Penambahbaikan 
dalam nisbah berat kepada kekuatan dan ketahanan karat masih perlu 
dipelopori adalam aktiviti penyelidikan bahan.    Oleh itu dalam projek ini, 
kesan wt% Sr yang digunakan terhadap sifat mekanik dan mikrostruktur Al-
SiC komposit + LM6 dan penggunakan tembaga sebagai ketahanan karat 
telah disiasat. Bagi analisis mikrostruktur, kesan ubah suai bijirin pada 
struktur mikro diperhatikan dan sampel dicirikan pada permukaan dengan 
cara SEM dilengkapi dengan EDS.  Sebagai tambahan, pembikinan dan 
pencirian aloi aluminium dengan tembaga juga telah dilakukan. Jumlah 
tambahan tembaga berbeza dari 0%wt dengan jurang 3%wt untuk setiap 
proses pengaloian.  Dalam proses peniuangan dua jenis acuan iaitu acuan 
statik dan acuan bergetar telah dilakukan.  Keputusan menunjukkan lebih 
banyak Sr, lebih banyak nombor alpha hadir dan ia boleh dilihat dengan jelas. 
Sama seperti analisis EDS di mana ia juga menunjukkan bahawa 
penambahan Sr menambah nilai komposisi si dan Al. Seterusnya, untuk 
bahan Al-SiC Komposit, 10 wt% silikon karide dan peratusan yang berbeza 
(0.02, 0.5) wt% dari Al-10Sr ditambah pada LM6 dan zarah bercampur 
dengan menggunakan kaedah vortex. Peratusan ciri mekanik logam yang 
berbeza iaitu Al-10Sr (0.01, 0.02, 0.5) juga diperiksa. Sementara itu, 
keputusan analisis mendapati bahawa UTS untuk Al meningkat dengan 
menambah wt% Sr dan nilai tertinggi adalah 110.23 MPa untuk Al-0.5 wt% 
Sr dan tegangan untuk komposit itu tidak meningkat secara mendadak untuk 
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setiap sampel. Ini menyimpulkan bahawa ikatan permukaan yang lemah 
antara zarah dan matrik membawa pada penurunan nilai UTS. Permukaan 
kuat antara zarah matriks menunjukkan kekuatan yang tinggi tetapi biasanya 
rintangan yang rendah untuk patah. Tambahan pula, berdasarkan analisis 
ujian kekerasan ke atas setiap sampel diperolehi, bilangan tertinggi Rockwell 
adalah untuk Al-SiC + 0.5 wt% Sr iaitu 73.52. Ini menunjukkan tambahan 
partikel pengukuhan kepada SiC + Sr akan memperbaiki mikrostruktur dan 
peningkatan sifat mekanik LM6 untuk aplikasi industri yang lebih baik 
terutama dalam aplikasi automotif dan pesawat.  Pembikinan aloi LM6 
dengan jumlah tembaga berbeza dan menggunaan acuan bergetar dan tidak 
bergetar telah berjaya dihasilkan.  Pencirian dan sifat mekanikal komposit 
Al-Si-Cu telah dapat dikenalpasti.  Adalah didapati, peratus terbaik dan 
optima kandungan tembaga dalam tuangan LM6 adalah 9%wt tembaga. 
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CHAPTER 1 

 
 

INTRODUCTION 

 
 

1.1 Background of Study  
 
Industrial technology is growing at a very rapid rate and consequently there 
is an increasing demand for new materials. The metal/non-metal composites 
represent a class of materials which can withstand high temperature and 
pressure besides its resistance to radiation effects and chemical reactivity. 
Metal matrix composites can be produced by many different techniques. One 
of the simplest technique is the casting process. Melting metallurgy for the 
production of metal matrix composite is at present of greater technical 
importance than powder metallurgy. It is more economical and has the 
advantage of being able to use well proven casting processes for the 
production of metal matrix composites.  
 
 
Metal matrix composites (MMC) are composed of an element of alloy matrix 
in which a second phase is embedded and distributed to achieve some 
improvement in its properties. Based on the size, shape and amount of the 
second phase, the property of the composite varies. Particulate reinforced 
composites, often called as discontinuously reinforced metal matrix 
composites, constitute 5 – 20 % of these new advanced materials. The 
microstructure of the processed composites influences and has a great effect 
on the mechanical properties. Generally, increasing the volume or weight 
fraction of the second phase (reinforcement phase) in the matrix leads to an 
increased stiffness, yield strength, ultimate tensile strength and other 
mechanical and physical properties. But the low ductility of particulate 
reinforced MMCs is the major drawback that prevents their usage as 
structural components in some applications (Hamouda et al., 1996; Rizkalla 
and Abdulwahed, 1996). Miller and Humphreys (1991) have carried out a 
detailed investigation on the strengthening mechanism of composites. They 
have found that the particle size and its volume fraction in metal matrix 
composites influence the generation of dislocations due to thermal mismatch 
as well as the effect influenced by the developed residual and internal 
stresses. The researchers have predicted that the dislocation density is 
directly proportional to the volume fraction and also due to the amount of 
mismatch. The resulting strengthening effect (quench strength) is 
proportional to the square root of the dislocation density. Consequently, this 
effect would be significant for fine particles and for higher volume fractions. 
Recent studies have shown that the matrix microstructure has a clear effect 
on the fracture details of the tested specimen.  
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Aluminium is one of the most common and widely used metals for number 
of applications in the industry or even in daily life but due to the rapid 
evolution of metals, the production of Al alloys is created by adding chemical 
elements like silicon, manganese, copper, zinc or magnesium to power up 
their mechanical properties in order to make sure the materials is capable of 
operating under harsh environmental condition as mentioned by Huynh et al., 
(2019). They stated that in comparison, pure Al is one of the most commonly 
used metals with low strength yet Al alloy creation by incorporating elements 
such as Mg, rubber, Cu, Zn or Mg to strengthen its mechanical properties.  
 
 
In addition, since they were first developed in the 1920s, there have been 
dramatic improvements of Al alloys. The appeal of Al alloy is that it is a fairly 
low cost, lightweight metal that can be heat treated to reasonably high 
standards of strength, and it is amongst the most efficiently produced high-
performance products that usually correlates directly with cheaper rates 
(Rambabu et al., 2017).  
 
 
Furthermore, most Al alloy has a better weight strength ratio than high steel 
strength. Al alloy also has excellent formability characteristics which is 
important features for industry requirement, high resistance to corrosion, 
high electrical and thermal conductivity. In this case, with the all advanced 
characteristics on the Al alloy, nowadays, there are more than several 
hundred Al alloys used in various production and development markets, such 
as the automotive, marine/shipping, oil and gas, pipes (water industry)  and 
aircraft industries (Kalpakjian and Schmid, 2008). 
 
 
Regarding to this study, LM6 act as a matrix and particulate SiC were chosen 
as reinforcements for further investigation. Thus, Al-Si alloys can also be 
used in the electronics, aerospace due to their strong casting ability, robust, 
excellent corrosion resistance and lower thermal expansion coefficient (Ojha 
et al., 2008). Al base alloys are commonly used as regards their noble 
corrosive resistivity and strong strength to weight ratio as well as adjusted in 
specific industries. Si is the main alloying element, leading to noble casting 
capacity, toughness and strong tensile strength (Zhang et al., 2006). 
 
 
Moreover, consumers are constantly subject to limits on fuel efficiency 
standards by the automobile industry, which seek better comfort and health. 
Automotive producers are moving to a light weight and developing reliable 
goods to satisfy these requirements (Mavhungu et al., 2017). In that effect, 
a major necessity is the reduction of vehicle weight and usage of Al 
contributes to modern production as one of the car industry's key 
components. 
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The main goal of this project is to explore the mechanical properties 
enhancement, and material characterization.  This includes determinations 
of the effect by adding the grain refiner or modifier, improvement of casting 
process and reinforcement of SiC in Al casting alloy LM6. Thus, exploring 
and studying this LM6 Al cast alloy will improve the properties while at the 
same time creating more useful advances materials in a variety of 
applications by using the simplest method to minimize the manufacturing 
cost of this material. 
 
 

1.2 Problem Statement  
 
Alloying aluminium or field of metal matrix composites are a subject which 
needs to be studied thoroughly and continuously concurrent with the 
improvement of its materials properties to compatible in certain applications. 
In reality, Al casting alloy (LM6) is a great choice of Al alloy with good 
potential for use in industrial applications especially in the aerospace and 
automotive sectors. In order to overcome these problems, the Al is 
supplemented with SiC as a reinforcement particle and LM6 casting alloy is 
widely used for casting sand as well. During casting process, coarse Si 
phase is formed which can contribute to weak mechanical properties 
(Mavhungu e.al. 2017). 
 
 
Production of aluminium alloys are crucial these days due to great 
advantages provided towards variety of industries. To reduce the material 
cost such that spending extra money towards material that has slightly higher 
properties than aluminium alloys. This can be done by investigating the effect 
of mechanical vibration towards the mechanical properties and 
microstructure (Onur et.al 2018). Copper itself have unique properties that 
can provided lots of benefits towards aluminium alloys, with the presence of 
copper does it improve its mechanical properties compare to the pure LM6. 
By combining these two variables such as mechanical vibration and copper 
composition during casting, will there be any improvement towards the 
mechanical properties and microstructure of LM6 (Singh et.al 2019). 

 
 

Despite these properties to enhance the mechanical properties of Al, the 
introduction of SiC was proposed for the manufacture of composite metal 
matrix. Weak interface microstructure and porosity are two of the major 
concerns with conventional casting methods during manufacturing of 
composite. Porosity impacts on microstructure with pressure and tensile 
tension influence the ductility and the performances of the composites. 
 
 
However, the modification of the Sr may improve the properties of ductility, 
fracture, and impact. Modification alloys by Sr has an important role in the 
presence of porosity in casting (Gautam and Somasekharan , 2013). Sr, as 
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an alloy additive that can be beneficial for improving the grain size 
microstructure and rising porosity in LM6 as well (Iyer, 2011). Zulfia and 
Putriana (2019) discovered in their research that Sr also significantly 
contributed to reducing size of coarse primary Mg2Si and transformed Mg2Si 
binary Chinese script into polyhedral or finer fibrous type. So, the optimal 
amount of alloy addition applied to the Al matrix compound would be 
analysed based on the previous description. Moreover, Al cast alloy also still 
needs a continuous improvement as it can be used in wider applications in 
the industry sector for the future.  
 
 
During the last decade, because of their improved properties, MMCs have 
been extensively studied for high performance applications. One of the 
obstacles of its emergence as a major product on the market is the added 
cost of fabrication. Traditional trial-and-error techniques has been used to 
run the possible combination of variation of MMCs but definitely the process 
is difficult and complicated to complete with which the manufacturer is 
deemed to be unable to compete resulting a high manufacturing cost, which 
do not yet outweigh the improvement obtained in properties over the already 
proven materials (Jung et al., 2008).  
 
 
Basically the MMCs can be produced using various manufacturing methods 
including casting, powder metallurgy and foil-and-fibre (Lynch & Kershaw, 
2018). Hence, in these days, massive high-quality products are consistently 
available in the market at a low price. The characteristics of MMCs itself allow 
it to be designed into material, custom-made, reliant on the application; 
hence it is considered as innovative materials which are able to unlock 
unlimited possibilities for modern material science and technology. The 
MMCs deemed flexible to suit and match any conceptual plan of the 
materials designer. In the case of vibration during solidification, it is reported 
mechanical vibration  Ultrasonic vibration   and Electromagnetic  applied may 
increase the mechanical properties of aluminium alloy in comparison with the 
unapplied vibration. Aluminium-11.8% silicon alloys or called LM6 are the 
major material used in casting and used in automotive and aerospace 
applications. In the past years, limited study has been reported on the 
research of the effect of mould vibration during solidification on 
aluminium/silicon (11.8%) with titanium carbide as particulates. The 
mechanical mould vibration was seen to be an interesting alternative to other 
particulates, considering its significantly lower density, grain refinement, 
increase density, degassing, shrinkage, distribution of the second phase and 
uniform distribution of particle in the matrix than without vibration. 
Furthermore, the research work tries to obtain the correlation of grain refiner 
and vibration mould and accuracy. 
 
 
Therefore, this research explores the mechanical properties and 
microstructure analysis for aluminium alloy LM6, with silicon carbide and 
copper particulates using mechanical mould vibration casting process.  The 

© C
OPYRIG

HT U
PM



 

5 
 

data and outcome information from this research would be useful for material 
advances in manufacturing industry. 
 
 

1.3 Objectives 
 
 The objectives of the project are:  
 

i. To find the behaviour of Al-SiC metal matrix composite (MMC) by 
using sand casting (vortex) method. 

ii. To determine the characteristic of Al-SiC and Al-Si-Cu alloy 
composite through mechanical testing and microstructure analysis 

iii. To find the effect of addition Sr and copper on LM6 alloy 
for both microstructure and mechanical properties. 

iv. To analyse the effect of Sr and SiC addition on microstructure and 
mechanical properties of Al LM6. 
 
 

1.4 Scope of Study 
 
In order to focus the research and outcome effectively, the scope of work 
has to be determined.  In this research, LM6 alloy is used as a matrix material 
due to its better fluidity and castability. It contains 11.8% Silicon as a major 
alloying element in the aluminium metal matrix. It is a eutectic alloy having 
the lowest melting point as per the aluminium-silicon equilibrium phase 
diagram and available at reduced cost in the market. This research is focus 
on the materials, the fabrication process, mechanical properties, phySiCal 
properties, and microstructure of the aluminium- 11.8% silicon alloy is used 
as a matrix material and titanium carbide is added as reinforced particles. 
CO2 process in employed to produce sand moulds for casting TiC-particulate 
reinforced LM6 alloy composites. The advantages of CO2 sand cast products 
possess good dampening properties, uniform strength in all directions and 
cheaper when compared to other manufacturing processes such as forging, 
welding, and rolling. 
 

Some other scope criteria are listed below: 

i. Work and analysis into the impact of Sr on LM6. 
ii. Analysis and comparison of mechanical properties and 

microstructure of LM6 between unmodified LM6 with LM6 and 
addition of Sr as well as LM6 with reinforcement of SiC and Sr. 

iii. Determine the mechanical properties of the components, several 
test methods were developed to find the hardness of the sample and 
microstructure of the Al-MMC reinforced by SiC particles. The 
composite's hardness number was specified using Rockwell 
Hardness test while EDX attached SEM and optical microscopy © C
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detects its microstructure properties and tensile measured by 
INSTRON 3382, a tensile tester machine. 

 
 

1.5 Thesis Outline 
 
The thesis consists of five chapter which including chapter 1 until chapter 5.  
The first chapter covers the background of cast Al alloys (LM6), addition Sr 
in the process of the sand casting to enhance the mechanical properties, 
reinforcement particles of SiC, the objectives of study, problem statements, 
scope of study and the structure of the study. 
 
 
Chapter 2 covers the details literature review related to the investigation on 
the properties or behaviour of LM6 and also mechanical properties of cast 
aluminium alloys with addition of strontium and reinforcement of silicon 
carbide. 
 
 
Chapter 3 covers the methodology and process flow for the whole project.  
This also will show the processes of experiment conducted and data 
obtained from mechanical testing and SEM micrograph upon the specimens. 
 
 
In addition, for Chapter 4, the outcomes from the studies performed in 
conjunction with Chapter 3 are presented in this chapter including all the 
discussion, analysis, and comparison of the effects on addition Sr and 
reinforcement of SiC towards LM6. 
 
 
Lastly, the Chapter 5 is about conclusion and recommendation of the project. 
In fact, this chapter also includes a few guidelines for potential research on 
the developments of Al use in the industry of engineering and also 
assessment on implication of the improvement of the LM6 to the society and 
environment. 
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