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1. Introduction

The most important challenging issue for those companies
working in the field of casting of aluminum parts using
scraps as raw materials is to control the chemical
composition of the melt and to identify the most important
impurity elements affecting the properties of the produced
ingot. The quality of manufactured products is usually
evaluated with various indicators such as chemical
composition, microstructure and mechanical properties.
Since the raw materials used by the Baloch Aluminum
Company, as a large company active in the field of aluminum
recycling, are different aluminum scraps such as bottles,
profiles, rivets, cooling fins, etc., in this research, efforts
were made to identify the most important impurity elements
in the melt resulting from this type of charging. Then, the
effect of these impurities on the microstructure and
mechanical properties of the manufactured products was
evaluated. The results of this research can be a guidance for
other companies active in this field.

2. Materials and methods

In order to identify the metallurgical characteristics of the
parts produced in Baloch Aluminum Co., various tests were
conducted to determine the chemical composition, structure,
microstructure and mechanical properties of the samples. In
order to determine the chemical composition of the cast
billets, samples were analyzed by optical emission
spectroscopy analysis with a PMI MASTER SMART
apparatus. To identify the phases in the alloy, X-ray
diffraction analysis with copper wavelength (1.5406
Angstroms) was used by BRUKER Advanced D8 device.
FESEM MIRA3 TESCAN field emission scanning electron
microscope equipped with EDS-SAMX elemental dispersive
spectrometer and KYKY field emission scanning electron
microscope equipped with an OXFORD energy dispersive

spectrometer were used to investigate the microstructural
constituents, more precisely. Finally, in order to determine
the mechanical properties of the billets, diagonal tensile test
samples were prepared.

3. Results and discussion

6063 Aluminum alloy belongs to the aluminum-magnesium-
silicon alloy series, whose standard composition contains
0.45 to 0.9 magnesium and 0.2 to 0.6 silicon. In addition, the
percentage of iron as an important impurity should be less
than 0.35wt.%, while copper and chromium concentrations
should be less than 0.1% wt.%. However, in the chemical
composition of the billet produced in Baloch Aluminum
Company, the amount of silicon varied between 0.64 and
0.65wt.%, which is higher than the standard value.
Furthermore, the Mg content changed between 0.22 and
0.26wt.%, which is significantly lower than the standard
limit of this element in the composition of 6063 alloy. In
addition, Fe content for the alloy varied between 1.0 and 1.12
wt. % which was almost three times the maximum limit of
the concentration of this element in the standard composition
of 6063 alloy.

Figure 1 shows the FESEM micrographs with different
magnifications of the ingot produced by Baloch Aluminum
Company. In addition to a very large solidification cavity,
secondary phase particles are visible with a bright color
contrast in a dark matrix. The volume fraction of secondary
phase was estimated to be around 4%.

In order to identify the nature of the secondary phase, the
EDS element distribution map analysis was employed. The
results of this analysis are shown in Fig. 2. It can be seen that
the matrix is rich in aluminum, but the secondary phase
particles with a lamellar morphology have a lower amount of
aluminum and a high percentage of iron. Finally, by
considering the experimental and thermodynamic simulation
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results, it was postulated that the bright phase was an iron
aluminide intermediate compound formed in the Al matrix
during solidification.

Fig. 1 FESEM micrographs with different magnifications of
the Al-alloy ingot produced by Balouch Aluminum Co.

25um
Fig. 2 EDS MAP analysis showing the distribution of alloying
elements in the microstructure of cast ingot produced in
Balouch Aluminum Co.

In order to compare the mechanical properties of billets
produced in Baloch Aluminum Company with that prepared
in IRALCO Company, tensile test specimens were
extracted. The stress-strain curves of these alloys are shown
in Figure 10.

From each billet, the curves corresponding to two
extracted samples are given. One of these samples was taken
from the center of the ingot and the other from the sides of
the ingot. As can be seen, the mechanical behavior of the
aluminum billet produced by Arak Aluminum Company
(IRALCO) is almost similar on the surface and center of the

ingot, and the alloy shows significant ductility. The value of
the tensile strength varied between 93 and 103 MPa. On the
other hand, the ductility of the alloy produced by Baloch
Aluminum Company was about 50% lower than the similar
sample produced by IRALCO Company. In addition, there
is a significant difference between the strength and ductility
of the billet in the central and surface areas. In other words,
the strength and ductility of the ingot in the central area were
much lower than the surface of the ingot. To investigate the
cause of the low strength of the billet, the fracture surface of
the tensile test samples was examined by a FESEM.

120

IRALCO

110
Billet surface

100 |
90
80

=

60 Billet Center

50

Strength (MPa)

40

3of

/Balouch Al Co.=|
Billet center

<=+ Balouch Al Co.

20p Billet surface

“5 10 l15 l20 ‘215 = 310 l 315 = 410 I k4!
Elongation (%)
Fig. 3 Stress-strain curves of the samples extracted from
welding and building directions at room temperature (RT)
and 700 °C.

By summarizing the tensile test results, it was concluded that
the formation of holes in the center of the casting billet was
one of the most important factors in reducing the strength
and ductility of the produced alloy. In addition, the presence
of a high percentage of iron and copper and the formation of
iron aluminide intermetallic compound in the microstructure
of billet reduced its ductility.

4. Conclusion

The aim of this research was to identify the metallurgical
characteristics of aluminum alloy ingots produced in Baloch
Aluminum Co, Zahedan, using scraps as raw materials. It
was shown that the chemical composition of the alloy
produced in Baloch Aluminum Company differs from the
standard composition of 6063 aluminum alloy. The
percentage of magnesium in the alloy was lower, while the
concentrations of iron, copper and silicon were higher than
the standard range. As a consequence, the presence of holes
in the microstructure of the ingot and the formation of brittle
iron aluminide intermetallic phase led to a sharp decrease in
the strength and especially the ductility of the cast billet.
Finally, the removal of iron was proposed as one of the most
important ways to improve the quality of manufactured
product.
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Investigation of Microstructure and Mechanical Properties of Aluminum Alloy Parts Manufactured
by Balouch Aluminum Co

Raziyeh Shahriyari Mahmood Sharifitabar Mahdi Shafiee Afarani

Abstract In the present study, metallurgical tests including quantometry, X-ray diffraction analysis, and microstructural
investigations with optical and scanning electron microscopes were emplyed to investigate the effect of composition and
microstructure on the mechanical properties of the cast ingots and extruded profiles manufactured in Balouch Aluminum
Company. Results showed that the concentrations of Fe, Si and Cu were higher than the standard composition of 6063
Al alloy. Optical micrographs sowed that pores were mainly observed at the center of ingots. According to XRD analysis,
in addition to FCC phase, an iron aluminide intermettalic phase was identified in the structure of ingots. The formation
of intermetallic phase was confirmed by energy dispersive analysis attached to the scanning electron microscope. Tensile
test results illustrated that the presence of pores and the distribution of intermetallic phases declined the strength and
formability of the alloy. The ultimate tensile strengths at the surface and center of the ingot were 103 and 71MPa,
respectively. Fractography of samples indicated that the presence of pores and the intermetallic phase led to a
combination of ductile and brittle fracture durin tensile test.

Keywords Casting, Extrusion, 6063 Aluminum Alloy, Microstructure.
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