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ABSTRACT

Magnesium has recently gained more advances used in industrial application,
especially in automotive and aerospace component because of its properties that
provides light weight structural with high strength and better performance compares
with other metal alloy. A new technique of casting magnesium alloys has been
explored known as in-situ melting investment casting. Currently, this casting only
satisfies to suppress the mould-metal reaction alloys in which air or moisture must be
avoided in order to prevent the potential issues such as catastrophic burning and
rapid oxidation throughout melting process, but not at the expenses of fluidity within
the geometry thin section shell mould. Therefore, the objective of this study is to
investigate the effect of temperature and mould thickness on geometry shape of shell
mould using the in-situ melting technique. The heating temperature of the granule
magnesium alloy involved 650, 700 and 750°C whereas the mould thickness was
made in the form of 3 and 5 layers. Based on observation, the result shows that
increasing the heating temperature from 650 to 750°C will significantly cause the
oxide layer become thicker especially between granules, even though the two
condition of flux and argon gas was applied during heating. Meanwhile, decreasing
the thickness of the mould could increase melting rate of the granules which causes
in small partial fusion between granules at heating temperature of 650 and 700°C
with relatively suppressed mould-metal reaction especially at large diameter of
geometry ceramic shell mould. This is because before heating process conducted,
most of granules already have the oxide gray film. It can be concluded that, the
geometric shape of mould gives significant influence to the fluidity of molten metal
to flow through the entire shell mould especially the part that having an intricate thin

section.



ABSTRAK

Magnesium baru-baru ini lebih banyak digunakan dalam aplikasi industri,
terutamanya dalam menghasilkan komponen bagi automotif dan aeroangkasa kerana
sifat strukturnya yang ringan serta kuat dan mempunyai prestasi yang lebih baik
berbanding logam aloi yang lain. Satu teknik baru dalam menuang aloi magnesium
telah dieksplorasi dikenali sebagai peleburan in-situ invesmen. Buat seketika ini,
tuangan logam hanya mampu menghentikan tindakbalas acuan-logam di mana udara
atau kelembapan mesti dielakkan untuk mengelakkan isu-isu yang berpotensi seperti
pembakaran dan pengoksidaan pesat sepanjang proses lebur, tetapi tidak pada
kecairan didalam geometri cengkerang seramik yang sempit. Oleh itu, objektif untuk
kajian ini merupakan menyelidikan pada kesan suhu dan ketebalan acuan pada
bentuk geometri acuan cengkerang menggunakan teknik peleburan in-situ. Suhu
pemanasan aloi magnesium granul melibatkan 650, 700 dan 750°C manakala
ketebalan acuan dibuat dalam bentuk lapisan 3 dan 5. Berdasarkan pemerhatian,
hasilnya menunjukkan peningkatan suhu pemanasan dari 650 hingga 750°C akan
menyebabkan lapisan oksida menjadi lebih tebal terutama di antara granul, walaupun
kedua-dua keadaan fluks dan gas argon digunakan semasa pemanasan. Sementara itu,
penurunan ketebalan acuan dapat meningkatkan kadar lebur granul yang
menyebabkan terbentuk gabungan separa diantara granul pada suhu pemanasan 650
dan 700°C dengan menhentikan tindakbalas acuan-logam terutama pada diameter
besar acuan cengkerang seramik geometri. ni kerana sebelum proses pemanasan
dijalankan, kebanyakan granul sudah mempunyai permukaan kelabu oksida. Dapat
disimpulkan bahawa, bentuk acuan geometri memberikan pengaruh yang signifikan
terhadap kecairan logam lebur untuk mengalir melalui keseluruhan acuan cengkerang

terutama bahagian yang mempunyai yang tempat nipis yang rumit.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

In comparison with any other alloys and steel such as aluminum and copper,
magnesium alloys have recently gained more popular in industrial application
especially in automotive component due to their light weight structural with an
advanced high strength and better functional material performance (Buldum, et al.,
2013). On the other hand, some magnesium alloy is typically used as a light weight
material with relatively low density in structural body part of vehicles in order to
improve the fuel efficiency in term of reduction in fuel consumption. As the demand
for lightweight vehicle is preferable day by day, the automotive manufacturers
nowadays are start looking forward into lighter material than aluminum. In year 2014,
Volkswagen XL1is a car model that classify to be the most excellent production car
in the world which improve the fuel efficiency as it used magnesium alloy in frame
body part which causes the car accelerated dramatically for about 313 miles per
gallon (Muja, 2015).

Magnesium is the lightest metal among others, especially for structural
application due to its atomic number is 12. Therefore, these types of metal are the
lightest of all the engineering metals that has a density of 1783 kg/m® which is
approximately two third of aluminum and about one sixth of steel (Wulandari, et al.,
2010). Magnesium is eventually can be found in large quantities in the Earth’s crust
and can be extracted from inside seawater abundantly. Due to excellent physical and

mechanical properties, magnesium have higher strength-to-weight ratios (tensile



strength/ density) of precipitation hardened alloy compare to those other structural
metals. Hence, magnesium and magnesium alloys exhibit several superior attributes
such as high vibration damping capacity, good machinability, high specific stiffness,
better heat conductivity and excellent castability (Li, 2004).

Magnesium alloy is consisting of additional small quantities of other
commercial alloy elements such as aluminum, zinc, cerium, thorium, silver,
zirconium and yttrium that contribute into different name of magnesium alloy. In
order to determine the name of magnesium alloys, American Society for Testing
Materials is used as reference for designated alloy. By additional significant amount
of aluminum, zinc and manganese into magnesium, the mechanical properties can be
improved which result in the increasing of strength, castability and ductility
(Aravindan, et al., 2015). Currently, magnesium alloy production is used mainly in
high pressure die casting (HPDC) especially in automotive industry. Unfortunately,
the problem could be rise as the formation of porosity is frequently occurred which
have tendency of air entrapment during die filling and solidification within the
cavities of cast magnesium alloy (Wang, et al., 2006). In high pressure die casting,
the formation of pore cannot be avoided in cast product as the presence of porosity
defect can be appeared due to shrinkage result from solidification and by entrapped
gas (Hangai & Kitahara, 2008).

In modern industrial casting, wide variety of processes has been developed
and broadly defined in term the type of mould material used whether sand, metal or
other material and the pouring method of molten metal into cavity either through
gravity, vacuum, low pressure or high pressure. Investment casting process is
regarded as the most precision castings due to its ability of providing a good surface
finish for thin wall castings component with complex geometry and high degree of
dimensional accuracy. In addition, this casting method also prefers as one of
practical solutions for magnesium alloy to improve the consequence of the hexagonal
lattice structure which causes the alloys go through some difficulties during the solid
state formation (Kim, et al., 2000). Hence, recently most of the investments casting

for magnesium produces value added components which normally used for the



production in the aerospace engineering sector as it manufacture light density

component and low cost in machining.

With increasing demand for the thin wall design (light weight engineering
components) and net shape processes (reduce cost of production), have led to the
complexity of manufacturing process mainly in precision casting technique. In order
to design the minimum wall thickness, there are three important facts that need to
take consideration such as the fluidity of the alloy and its ability to flow in the mould
as well as a solidification range of alloy for proper feeding inside thin wall sections
(Gwyn, 2009). In addition, the influences of geometry shape design also play an
important role to identify the success of investment casting process. Due to the
significant influence of geometrical shape and dimension of turbine blades, close
dimension of tolerance is required to manufacture through investment casting as it
can enhance the high quality of net-shaped complex part. The size of the blade
produces from investment casting are usually smaller than die cavity because of

some issues regarding to the shrinkage of wax and solidifying alloy material.

Necessary action need be taken while manufacturing the cast product by
considering casting parameter, so that the material can be solidified in a manner that
could maximize the mechanical properties as well as preventing potential defects,
such as gas porosity, shrinkage and inclusion. Hence, it is important for designer or
manufacture to understand the relationship between the process parameters and
microstructure of magnesium alloys in order to achieve excellent mechanical
properties and complex geometry in casting. Thus, in this work, further study will be
conducted in order to determine the effect of temperature on the correlation between
the geometric shapes with different thickness of mould for magnesium in-situ melted

investment casting.



1.2 Problem Statement

Recent developments in the automotive and aerospace industries have
captivated a broader interest in study of magnesium alloys. Magnesium alloys are
well known as the most excellent metal that has better properties in term of low
density, high vibration damping capacity, good machinability, high specific stiffness,
better heat conductivity and excellent castability. However, the mould - metal
reaction is the most crucial part of cast magnesium alloys in which air or moisture
must be avoided in order to prevent the potential issues such as catastrophic burning
and rapid oxidation throughout melting process. For overcome this problem,
researcher come up with the new solution by using the application of flux and argon
to reduce the mould-metal reaction especially in in-situ investment casting process

but not at expenses of fluidity within the geometry shape.

When the liquid metal enters the mould, the first requirement is, it should
satisfactorily fill the mould cavity and develops a smooth skin through intimate
contact with the mould surface especially on the geometrical thin wall section as the
investment casting process takes place. With this condition, misrun and cold shuts
defect are most likely occur in thin wall section due to the insufficient fluidity and
low melting temperature in which causes the molten metal unable to fill the mould
cavity completely. The jet engine turbine consists of complicated profile designs
such as an airfoil component as it requires a very thin casting wall thickness of 0.5
mm with the mould thickness for about 6.25mm. Based on this condition, large ratio
of thermal mass between the molten metal and ceramic mould could be obtain and
give effect on small increment in temperature loss of molten metal and form no-fill
defect (Banerjee & Yu, 2002). No-fill defect is unique problems that may present
when manufacture the thin-wall castings, mainly due to freezing of molten metal as it
does not flow within the thin section with intricate geometric. Therefore, in-situ
investment casting technique is used in this research to investigate the influence of
different mould thickness in geometry shape and heating temperature in order to

eliminate the mentioned problem.



1.3 Research Objectives

Based on the background and problem statement stated above, the objectives

of this study are stated below:

1. To determine the effect of heating temperature and mould thickness on the

geometric shape for magnesium in-situ melted investment casting.

1.4 Scope of Study

In order to achieve the objective of the research study, several scopes have

been identified:

1. Heating temperature for magnesium granule is ranges between 650, 700 and
750°C

2. Mould thickness will be investigated for about 3 & 5 layers with slurry
viscosity approximately for about 20-22 second
Material used for casting will be AZ91D magnesium alloy.

4. The effect of heating temperature and mould thickness on the geometric
shape for magnesium in-situ melted investment casting will be investigate
through analysis

5. The analysis will be conducted to investigate the characterization of cast
sample by using Variable-Pressure Scanning Electron Microscope (VP SEM)
with energy dispersive X-ray Spectroscopy (EDS) as well as through visual

observation.
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