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Abstract Al-Si—Cu alloy (A319) castings are used in
vehicle industry due to its better castability, high specific
strength, corrosion resistance and low cost. Using this
alloy, most of the automotive components are manufac-
tured by gravity die casting or high-pressure die casting
technique, but these castings contain higher porosity
leading to rejections. Squeeze casting is an emerging
casting technique in which solidification is done under high
pressure which overcomes the drawbacks of the gravity and
pressure die casting. It offers higher metal yield, minimum
porosity and near-net-shaped products with enhanced
mechanical properties. Typical Al-Si—Cu cast alloys are
heat-treated for T6 condition for attaining tensile strength
in the range of 250-300 MPa and elongation up to 3%. The
mechanical properties of this alloy can be further improved
by the addition of Mg and Sr modification and by sub-
jecting to squeeze casting. The present study deals with the
optimization of the heat treatment cycle of squeeze-cast
alloy billets and compares squeeze-cast alloy with the
gravity-cast alloy in terms of mechanical properties and
wear behaviour.
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1 Introduction

Al-Si—Cu (A319) alloy is widely used in the automotive
industries due to their good castability, low thermal
expansion coefficient and excellent mechanical properties
due to the formation of Al,Cu precipitate during heat
treatment [1]. The automotive components like suspension
arms, engine blocks, etc., operate over a wide range of
stress conditions which demands enhanced mechanical
properties than the existing alloy. The literature indicates
that the mechanical strength and wear properties of this
alloy can be further enhanced by minor additions of Mg
and Sr modification.

Squeeze casting (SC) is an advanced casting technique
in which high pressure is employed during solidification of
molten metal in the die cavity. Solidification under higher
pressure eliminates gas and shrinkage porosities in the
casting. Higher cooling rate caused by the improved ther-
mal contact between the casting and the die results in the
formation of fine grained microstructure. The squeeze
casting technique is the most effective method of manu-
facturing complex near-net-shaped automobile components
with high strength and desired elongation [2].

Mg addition to the existing A319 alloy improves the
mechanical properties such as tensile strength and wear
resistance due to the combined precipitation of CuAl, and
Mg,Si precipitates during heat treatment [3]. The mor-
phology of eutectic silicon in A319 alloy also has a con-
siderable influence on the mechanical properties of the
casting. The eutectic silicon morphology can be controlled
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by the addition of strontium to the melt which results in a
fine and fibrous silicon structure during solidification
thereby improving the ductility, fracture toughness and
wear resistance [4, 5].

2 Experimental

Commercial A319 alloy ingots were used in this study. The
ingots were cleaned, preheated and melted in the electrical
resistance pit furnace and allowed to attain temperature up
to 750 °C. The temperature of the melt was measured and
monitored using Cr—Al thermocouple. The melt was
degassed for 1 h using dry nitrogen, which was bubbled
through concentrated sulphuric acid and anhydrous cal-
cium chloride. About 0.5 weight percentage of Mg was
added to the melt in the form of Al-20 Mg master alloy.
For modification, 0.02 weight percentage of Sr (Al-10Sr
master alloy) was then added to the melt during degassing.
The molten metal was then poured at a temperature of
710-720 °C into the preheated metallic mould (in the case
of gravity die casting) and into the preheated mould cavity
of the die attached to the fixed base of the squeeze casting
machine. A squeezing pressure of 100-120 kg/cm® was
applied and the melt was allowed to solidify under pressure
for 5-10 min. Table 1 shows the chemical composition of
the standard A319 alloy ingot and the Mg- and Sr-added
alloy used in the present study.

After solidification, the castings were removed from the
die and cut into the required dimensions and machined for
the microstructural analysis and heat treatment studies (for
the evaluation of hardness, wear and tensile behaviour).
Hardness measurements were taken using Tinius Olsen
hardness testing machine. Wear rate of the alloys was
measured using dry sliding—pin-on-disc wear testing
machine according to ASTM G99-05 [ASM, 1992] stan-
dard. Tensile specimens were prepared as per ASTM
standards E8M-04. The tensile specimens were tested in a
universal testing machine (Instron 5500R) at a constant
cross head speed of 1 mm/min. For each condition, a total
of at least three samples were tested and the average value
was reported.

Table 1 The chemical composition of Al-Si—Cu (Mg) alloy castings

3 Heat Treatment

In the present study, T6 heat treatment was carried out and
the samples were subjected to solution treatment at a
temperature of 500 °C for varying time followed by
quenching in water. Solution heat treatment was performed
for a definite duration to obtain a homogeneous structure,
followed by quenching to attain supersaturated solid solu-
tion at ambient temperature. During solution treatment, the
eutectic Si underwent necking and separated into segments.
There was a decrease in the average particle size due to this
fragmentation, and the fragmented segments were spher-
oidized. The ageing temperature of 170 °C was adopted in
all the cases, and the duration of ageing was varied from 1
to 16 h to find the time required for peak hardening.

4 Chemical Composition

The analysis of chemical composition using optical emis-
sion spectrometer confirms that the alloying elements are
within the specified limits.

5 Results and Discussion

The microstructure of the gravity- and squeeze-cast sam-
ples of the A319-0.5 Mg—0.02Sr alloy is shown in Fig. 1.
From the microstructural observation, it is evident that the
squeeze-cast sample is much finer compared to gravity-cast
samples. The porosity is absent in the squeeze-cast sam-
ples. The unmodified gravity-cast 319 alloy consists of
alternate layers of eutectic aluminium and acicular eutectic
silicon in the inter-dendritic regions of a-aluminium. The
acicular eutectic silicon is believed to act as stress raisers in
the microstructure making the material fail in a brittle
mode [6, 7]. However, in the squeeze-cast alloy, finer
microstructure is obtained with smaller and well-dis-
tributed eutectic silicon. On heat treatment, the morphol-
ogy of eutectic silicon is changed from acicular to rounded
ones and is significantly very fine in the case of squeeze-
cast alloy.

The combined precipitation of Al,Cu and Mg,Si pre-
cipitates during ageing of 319-0.5 Mg alloy improves the
strength properties. Finer microstructure caused by squeeze

Alloy code Si Fe Cu Mg Sr Ti Al
Al (Wt%) 5.345 0.107 3.634 < 0.0001 0.017 0.053 90.65
A2 (wt%) 5.395 0.201 3.589 0.457 0.018 0.049 89.43
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Fig. 1 Microstructure of
A319-0.5 Mg—0.04Sr, a gravity
as-cast, b squeeze as-cast,

¢ gravity heat-treated, d squeeze
heat-treated

casting process and ageing treatment together contributes
to the improved hardness and mechanical properties of the
alloy. The addition of strontium results in a fine and fibrous
eutectic silicon structure which contributes to the improved
ductility of the alloy [8-10].

6 Hardness and Wear Behaviour

Figure 2 shows the variation in hardness values of gravity-
cast and squeeze-cast alloys under different ageing times.
The maximum hardness value for squeeze-cast alloy under
peak-aged condition is 110 BHN, whereas that for gravity-
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Fig. 2 Variation of hardness with ageing time
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cast alloy is 100 BHN. The peak values for hardness are
obtained at 7 h and 12 h of ageing, respectively.

The wear rate is determined using pin-on-disc tester and
calculated from the weight loss of wear samples of peak-
aged gravity- and squeeze-cast alloy under different load-
ing conditions. Figure 3 shows the correlation between
weight loss and load of heat-treated gravity- and squeeze-
cast alloy samples. From the wear test analysis, it is
observed that the heat-treated squeeze-cast alloys exhibit
lower wear rate compared to the heat-treated gravity-cast
alloy samples.

0.18
016 —m— Squeeze casting I
’ —A— Gravity casting

0.14 Aging : 170°C 1
—~ 0.124
g
3 0.104
2
2 0.084
=
: f
= 0064

4
0.04 /;
_/
0.024 ‘%:
[ ]
0.00 ; .

2
Load (Kg)

Fig. 3 Wear behaviour of gravity- and squeeze-cast alloys
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Fig. 4 a Ultimate tensile strength and b % elongation of alloy A2 under gravity- and squeeze-cast conditions

7 Tensile Properties

Figure 4 shows the tensile results of gravity- and squeeze-
cast alloy samples (alloy A2) which indicates higher
mechanical properties of the squeeze-cast samples both in
the as-cast condition and in the T6 condition. For each
casting condition, four specimens have been tested and
error values are reported.

8 Conclusion

The mechanical properties of the A319 alloy were
enhanced by the addition of Mg, Sr modification and
squeeze casting. A finer microstructure was observed for
the squeeze-cast samples which contributed to a significant
improvement in the hardness, tensile and elongation under
peak-aged condition. The peak hardness of 110 BHN was
attained for ageing for 7 h at 170 °C for squeeze-cast alloy
samples compared to 12 h for the gravity-cast samples. A
lower wear rate was observed for the peak-aged squeeze-
cast alloy samples. The higher mechanical properties of the
squeeze-cast alloy fulfiled the strength requirements of
automotive components.
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