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ABSTRACT : Nowadays various kinds of aluminium alloys are utilized widely in different types of manufacturing
industries, like automobile, aerospace etc. It is very difficult to find any other metallic element that can be used
in so many ways.  Aluminium can be used in its pure form or in the form of an alloy by combining it with a
variety of other elements like Copper, Magnesium, Manganese, Silicon, and Zinc etc. Each element imparts
different characteristics to the alloy and their composition has a varying effect on the mechanical properties of
the alloy [1].

This project is aimed at studying the effect of varying the composition of Magnesium on the mechanical properties
like strength and hardness in an Aluminium-Zinc-Magnesium alloy. Sand casting was used for the purpose of the
project and testing was done on the samples for determining the resultant mechanical properties.
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I. INTRODUCTION

Aluminium alloys are used in advanced applications
because of their combination of high strength, low density,
durability, machinability, availability and relatively lower cost
as compared to other competing materials.

However, the properties of  commercial  aluminium
alloys  depend  on  the  amount  of elements like magnesium,
copper,  silicon,  zinc  and  other  alloying  elements  present
in them. A variation in the composition of these elements
has a significant impact on the mechanical properties of the
resultant alloy. The properties are also influenced by the
manufacturing techniques and heat treatment procedures
employed [2].

In this project, an effort is made to study the effect of
variation of composition of Magnesium in an Aluminium-
Zinc-Magnesium alloy. The process used for preparing the
specimens was casting which is a widely used manufacturing
process due to its ability to produce complex shapes and
relative economics as compared to other manufacturing
processes.

The specimens were prepared using Sand Casting for
different composition of magnesium in the Al-Zn-Mg alloy
in order to study the effect of Magnesium on the mechanical
properties like hardness and tensile strength of the resultant
alloy having about 4% Zinc by weight.

II. MATERIAL AND METHODOLOGY

Commercially available Aluminium, Zinc and Magnesium
were taken for the present study. Alloy having 4% Zinc by

weight was prepared and composition of Magnesium by
weight was varied.

A coal fired induction furnace with graphite crucible
was used for melting the metals. Cylindrical specimens were
prepared using Sand Casting for different compositions of
alloying elements. The specimens were having cylindrical
shape with a diameter of about 25 mm, length of about
180 mm and about 250 grams in weight.

Each melt was held at above 700°C for about 10 minutes
so as to attain a homogeneous composition. After pouring,
the resultant samples were allowed to solidify and cooled in
normal room temperature.

The cast samples were machined to tensile configuration
having the following dimensions:

Fig. 1. Specimen.

Tensile testing was done on a Universal Testing
Machine. Brinell Hardness was measured using Brinell
Hardness tester.
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III. RESULTS AND DISCUSSION

A. Compositional Analysis

The following table shows the weight percentage of
different elements present in the prepared specimens.

Table 1: Weight percentage of different elements present
in the Al-Zn-Mg specimens.

Element Sample Sample Sample Sample Sample Sample
1 2 3 4 5 6

Al 99.19% 95.88% 95.56% 92.73% 94.60% 93.59%

Zn 0.00% 3.64% 3.27% 3.63% 3.32% 3.63%

Mg 0.00% 0.00% 0.78% 1.06% 1.66% 1.81%

Si 0.010% 0.011% 0.013% 0.012% 0.012% 0.010%

Cu 0.021% 0.027% 0.023% 0.031% 0.026% 0.031%

Mn 0.14% 0.16% 0.13% 1.76% 0.26% 0.56%

Fe 0.61% 0.26% 0.21% 0.75% 0.11% 0.34%

Ni 0.01% 0.01% 0.00% 0.01% 0.00% 0.01%

The target weight percentage of Zinc in Sample 2,
sample 3, sample 4, sample 5 and sample 6 was 4%. The
actual percentage was 3.64%, 3.27%, 3.63%, 3.32% and 3.63%
respectively which can also be considered as acceptable as
it will not have a significant impact on the nature of the
current study.

The target weight percentage of Magnesium in sample
3, sample 4, sample 5 and sample 6 was 0.5%, 1.0%, 1.5%
and 2.0% respectively. However, as can be seen from the
above table, the actual weight percentage was 0.78%, 1.06%,
1.66% and 1.81% respectively. As the purpose of this project
is to study the effect of increasing percentage of Magnesium
in Al-Zn-Mg alloy, these values can also be taken as
acceptable.

It can be seen that the percentage of Manganese is
also varying a lot across the samples, especially in the
samples which were cast later. This is a significant variation
given the fact that no Manganese was added during casting.
However, this may be due to the Manganese already present
in the Aluminium taken for the study and separation of the
same during melting in the furnace.

As Manganese being a heavier element than Aluminium,
it might be possible that while melting the Aluminium alloy
in the furnace, Manganese particles move to the lower end
of the crucible rather than being homogeneously mixed with
Aluminium. Hence, in the early castings, i.e. Sample 1, Sample
2 and Sample 3, a relatively lower concentration of
Manganese was present whereas in the later castings, i.e.
Sample 4, Sample 5 and Sample 6, a higher percentage of
Manganese was there. Pouring temperature, height, stirring
and other factors also contributed to the resultant amount
of Manganese present in the Aluminium alloy.

A smaller variation in other materials was also observed
in the samples which can also be attributed to separation of
particles while melting and difference in densities of different
metals.

B. Tensile Testing

Elongation and tensile testing was carried out using
the Universal Testing Machine. Results of tensile and
elongation testing is as under:

Table 2 : Elongation and Tensile Testing Results.

Specimen Mg Zn Mn UTS El
No. ( % ) ( % ) ( % ) (MP) ( % )

1. 0.00% 0.00% 0.14% 198 1.95%

2. 0.00% 3.64% 0.16% 202 1.80%

3. 0.78% 3.27% 0.13% 205 2.20%

4. 1.06% 3.63% 1.76% 204 1.60%

5. 1.66% 3.32% 0.26% 207 2.05%

6. 1.81% 3.63% 0.56% 209 1.70%
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Fig. 2. Curve showing variation of UTS with percentage of

Magnesium.

From the above table, it can be seen that addition of
both Zinc and Magnesium in the Aluminium alloy increases
the UTS of the resultant alloy. The UTS of sample 1 was
198 MPa which was pure Aluminium alloy.

As about 4% Zinc was added in sample 2, UTS
increases to 202 MPa. With the addition of Magnesium in
sample 3, the UTS further increases to 205 MPa.

As Magnesium was further increased in sample 4, the
expected UTS would have been higher than that of sample
3. However, the actual UTS number was found to be 204
MPa. This could be due to separation of metals during
melting and Manganese being heavier than Aluminium, the
particles of Manganese moved to the bottom of the crucible.



Agarwal, Yadav and Saxena 139

As a result, Magnesium content was lower in the earlier
cast samples whereas there was an increase in Manganese
content in samples which were case later. As we see in
sample 4, the UTS number is lower at 204 MPa.

The higher content of Manganese along with the
presence of Zinc, Magnesium and other alloying elements
might have had a negative impact on the tensile strength of
the resultant alloy.

In sample 5, as Magnesium was further increased along-
with a decrease in the Manganese content, UTS increases.
In sample 6, the addition of Magnesium further increased
the UTS.
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Fig. 3. Curve showing variation of Elongation with percentage of

Magnesium.

As evident from above, Magnesium generally doesn't
have much impact on the elongation of Aluminium Alloys.
However, the presence of Manganese does have a significant
impact on the elongation properties of the alloy. A higher
Manganese content generally decreases the elongation
characteristics of Aluminium alloys. This is also evident from
the above results, as sample 4 which is having a higher
Manganese content, is showing lower elongation as
compared to previously cast samples.

The macro-hardness testing was carried out using Brinell
Hardness testing machine. Results of hardness testing are
as under:

Table 3 : Hardness Test Results.

Specimen Mg % Zn % Mn % Hardness (HB)
No.

1. 0.00% 0.00% 0.14% 38

2. 0.00% 3.64% 0.16% 39

3. 0.78% 3.27% 0.13% 35

4. 1.06% 3.63% 1.76% 37

5. 1.66% 3.32% 0.26% 30

6. 1.81% 3.63% 0.56% 35

The below figure shows the variation of hardness
(brinell) with variation of Magnesium in the Aluminium -
Zinc alloys.
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Fig. 4. Hardness vs Magnesium %.

As can be seen from the above, hardness of the alloy
increases when Zinc was added to the alloy. With addition
of Magnesium in the Al-Zn alloy, there was a slight decrease
in the hardness, though the difference was not significant.
However, in the fourth sample, hardness of the resultant
alloy increases with further addition of Magnesium. This
may be due to the increased amount of Manganese present
in the alloy. There was a decrease in Hardness as more
Magnesium was added along-with decrease in Manganese
content. However, in sample 6 wherein Magnesium content
was highest, hardness increases from the previous sample.
This could again be due to the increased content of
Manganese as compared to the previous sample.

IV. CONCLUSION

(i) The compositions of the resultant alloys were
varying across different samples especially with
respect to Manganese content. This was due to the
fact that during melting, the elements got separated
and heavier metals move to the lower end of the
crucible. As a result, the content of these metals
was lower in castings done earlier.

(ii) The tensile strength of the resultant alloys increased
with the addition of Zinc.

(iii) Magnesium also has a positive impact on the tensile
strength of the alloy.

(iv) The presence of higher amount of Manganese in
the Aluminium-Magnesium alloy had a negative
impact on the tensile strength.

(v) Magnesium doesn't have much impact on the total
elongation of the aluminium alloy. However, a higher
content of Manganese decreases the total elongation
of the alloy.
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(vi) Hardness increased with addition of Zinc.

(vii) With an increase in Magnesium content, there was
a slight decrease in hardness.

(viii) A higher content of Manganese resulted in increased
hardness of the alloy.

(ix) Mechanical properties of Aluminium alloys depend
not only on the content of alloying elements, but
also on their relative chemistries with each other.
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