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Abstract:
Aluminium silicon alloy is one of the most widely used alloys due to its unique properties. This paper reports
advancement in property improvement of aluminium silicon alloys. It helps in further improvement in fundamental
properties of Al-Si alloy, controlling the quality of material while developing new material for use in design and
construction. In this work, the influence of grain size of Al-Si alloy on mechanical properties such as hardness, different
strengths and ductility of aluminium alloy has been studied. The classification of aluminium silicon alloy and its use in
different areas is also studied.
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1. Introduction
Aluminium and its alloys are most versatile, attractive and economical material due to their unique
characteristics. Therefore, they have a very wide range of applications considering from very soft and highly
ductile wrapping foil to the most demanding engineering application [1]. Now a days in manufacturing
industries and automotive industries, Aluminium alloy or other light weight alloys have large application as
they augments the engine efficiency by reducing weight along with it retains the strength that is required to
resist the same strength as that of cast iron [2]. Also, these light weight alloys reduce the utilization of fuel and
shields the surroundings, therefore these can be replaced by cast iron and steel parts successfully [3].

These alloys have wide range of applications in construction works, marine and aerospace engineering and
electrical industries due to their unique properties like corrosion resistance in most of the environments, light
weight and excellent combination of strength [4].

Aluminium is non ferromagnetic and it displays excellent electrical and thermal conductivity. Which is very
important for electrical and electronics industries. Due to no pyrophoric properties, aluminium alloys have
importance in handling of inflammable or explosive material [5]. The basic properties of aluminium as shown
in Table 1.1.

Table 1.1: Usual properties of Aluminium [1]
Property Value
Atomic weight (g/mol) 26.98
Valence 3
Density (g/cm3) 2.6898
Atomic Number 13
Melting point (ºC) 660.2
Boiling Point (ºC) 2480
Thermal conductivity (0-100ºC) (cal/cm.ºC) 0.57
Mean Specific Heat (0-100ºC) (cal/g. ºC) 0.219
Electrical resistivity at 20ºC (Ω.cm) 2.69
Co-efficient of linear expansion (0-100ºC) (x10-6/ºC) 23.5
Modulus of elasticity (GPa) 68.3
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Aluminium can be easily fabricated into any form with a great workability and can be cast by any method
which is known to foundry men, for aluminium there is no such profiles that cannot be produced [1].

Aluminium alloys are classified according to their alloying element [6]. Mostly aluminium alloys are divided
into two main categories i.e. cast composition and wrought compositions and accordingly, nomenclature have
been developed. Alloy identification system employs different nomenclatures for cast and wrought alloys [7].

To identify wrought aluminium alloys a four digit numerical designation system is used. Aluminium alloy
containing more than 99.00% of aluminium designated as 1XXX. Similarly other aluminium alloys are
grouped as per the chief alloying elements present in it, as shown in Table 1.2 [7].

Table 1.2: Classification of wrought aluminium alloys according to their major alloying element

Alloying element Series

Aluminium ≥ 99.00% 1XXX

Copper 2XXX

Manganese 3XXX

Silicon 4XXX

Magnesium 5XXX

Magnesium and Silicon 6XXX

Zinc 7XXX

Unused series 9XXX

Other elements 8XXX

To identify aluminium and aluminium alloys in case of casting and foundry a four digit numerical designation
along with a decimal point is used as shown in Table 1.3.

Table 1.3: Classification of cast aluminium alloys according to their major alloying element [7]

Major alloying element Series

Aluminium ≥ 90.00% 1XX.X

Copper 2XX.X

Silicon with copper/magnesium 3XX.X

Silicon 4XX.X

Magnesium 5XX.X

Zinc 7XX.X

Tin 8XX.X

Unused series 6XX.X

Other elements 9XX.X

Silicon is the most widely used alloying element as 90% of aluminium casting are based on aluminium
silicon, which provides excellent cast ability at lower cost [8]. Silicon can be added up to 12% to produce
aluminium silicon alloy, which lowers the melting range without producing brittleness in alloys. When silicon
added to aluminium it substantially increase the fluidity, decrease the melting temperature and decrease
contraction during solidification. Silicon helps to reduce the weight of the cast component as it has low
density of 2.34 gm/cm3. Silicon improves the abrasion resistance and increase the hardness [9]. When 0.5 to
4% of silicon is added to pure aluminium, it reduces the cracking tendency of aluminium alloys. In wrought
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alloys up to 12% of Silicon can be used as cladding for brazing sheet. More than 12% of silicon in Al-Si alloy
known as hypereutectic alloys which are used for wears application [10]. Al-Si alloy containing about 5% of
Silicon is mostly used for ornament making purposes. Hypereutectic alloys are used for engine blocks,
because Si particle increase the wear resistance [10].

Table 1.4 The Mechanical properties of chosen cast aluminium silicon alloys

Ultimate tensile

strength (UTS), Density ( ), Specific strength

Alloy MPa kg/m3 (UTS/ ), m2/s2

Pure Al (99.9999% 78 2699 0.03

Al-20%Si, T6 200 2650 0.08

Al-9%Si, T6 240 2650 0.10

Al-7%Si, T6 210 2685 0.09

Al-5%Si-2%Cu, T6 310 2690 0.12

2. Effect of grain size of aluminium on mechanical properties
Most of the engineering materials have polycrystalline and multi phase structures. Grain microstructure of the
material influences all the mechanical properties and distribution of stress inside a material. Material
containing a large number of grains having random crystal lattice orientation will show isotropic
characteristics [11].

The characteristics of strength (Ultimate strength, Tensile strength), plasticity, nominal stress intensity factors
and impact toughness are independent of grain size distribution of Aluminium alloy [11].

The ultra fine grain structure will decrease the endurance of Al-Si alloy in low cycle fatigue region and it will
increases in the section of multi cycle fatigue. When the grain size is reduced, resistance to fatigue crack
nucleation is increased in aluminium alloy. Ultra fine grain structure is isotropic where as coarse grain
structure is anisotropic in alloy. For coarse grain structure fatigue crack growth rate is highest [11].

The grain size will influence the elastic modulus and ultimate tensile strength of Aluminium only when the
size of grain is smaller than 13 nm, above which elastic properties are not significantly influenced by change
of grain size. Elastic modulus will decrease with decrease in grain size below 13 nm. The ultimate tensile
strength of nanocrystalline Aluminium decreases with decrease of grain size up to 9 nm but increases with
further decrease in grain size; it is due to extended elasticity in the ultrafine grain size nanocrystalline
aluminium [12].

3. Effect of size of silicon particles on mechanical property
Silicon is the most commonly used alloying element. It is responsible for better fluidity, low shrinkage, low
density which leads to low weight of casting component and has very low solubility in Aluminium and
improves the abrasion resistance. Thermal expansion coefficient of Al-Si alloys is also reduces [13]. Figs. 1a,
1b, 1c and 1d show the detail microstructure of Al-Si alloy.
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The shape and size of silicon particles are highly influenced by the mechanical properties of Al-Si alloy.
Mostly spherical, small and evenly distributed particles of silicon improve the diverse strength properties of
Al-Si alloys [13].

Generally tensile test is used to access all the information about different strength of the materials and
deformation properties in single test. From this tensile test some of the results are derived. From Figs. 2, 3 and
4, it is clearly observed that with increase in silicon content the tensile strength is also increases to a maximum
limit 175 MPa at 14% silicon, but the percent elongation decreases continuously.

Fig. 1 (a) Equilibrium diagram for Al-Si (b) Hypoeutectic alloy microstructure (c)
Eutectic alloy microstructure (d) hypereutectic alloy microstructure [1]

Fig 2: Influence of Si content on Ultimate Tensile Strength of Al-Si Alloy
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A Study on Mechanical Properties of Aluminium Alloy with variation of  Silicon  element,

A Study on Mechanical Properties of Aluminium Alloy with variation of  Silicon  element,

Fig. 5 shows that with increase in Si content, the hardness of Al–Si alloy increases. It happened owing to rise
in silicon content in the alloy, which is very hard [14].

When the Si content increases in aluminium alloy, then the melting point of aluminium alloy is decreases
whereas fluidity increases [1]. The morphology of Si in Al-Si alloy is shown in Fig. 6.

Fig. 3: Influence of Si Content on the Tensile Stress of Al– Based Alloy [14]

Fig. 4: Influence of Si Content on the Percent Elongation of Al–Based Alloy [14]

Fig. 5: Influence of Silicon content on hardness of Al-Si Alloys [14]
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4. CONCLUSION
Based on the present review, the following conclusions can be drawn:

 Ultimate strength and yield strength increases with rise in Si content.

 Total elongation decreases with rise in Si content.

 Hardness of Al-Si alloy also increases with rise in Si content.

 When Al grain size is smaller than 13 nm, it influences the elastic modulus and ultimate tensile strength of
aluminium, but above 13 nm the properties are not significantly influenced by change of grain size.

 It is expected that the quantification of grain size dependence on mechanical properties will have
implications in the development of Aluminium based nanostructure alloys for high performance structural
applications.
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