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Abstract

The AZ31/6060 bimetallic material was fabricated through compound casting, which involved pouring AZ31
magnesium alloy heated up to 660 °C onto a 6060 aluminum alloy insert placed in a steel mould, both
preheated to 300 °C. The microstructural analysis was performed with an optical microscope (OM) and a
scanning electron microscope equipped with an energy-dispersive X-ray spectrometer (SEM-EDS). Three
characteristic areas could be distinguished in the 400-500 um thick continuous bonding zone, which formed
between the alloys. The EDS quantitative analysis revealed that the area close to the AZ31 was a eutectic (an
Mg17Al12 phase and a solid solution of Al in Mg); then, there were dendrites of an Mg17Al12 phase; and finally,
in the area adjacent to the 6060 alloy, an AlsMg2 phase was detected. Fine particles of an Mg2Si phase and
phases rich in Al, Mn and Fe were distributed over the entire bonding zone. Small porosity was observed only
locally.
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1. INTRODUCTION

Compound casting is a technique of joining two dissimilar alloys. It involves pouring a liquid alloy directly onto
a solid one placed in the cavity of a mould. This method enables efficient and cheap fabrication of bimetallic
parts, especially elements complex in shape.

The literature data shows that compound casting has been used for years to join various dissimilar alloys, e.g.
steel-cast iron [1-3], steel-Al [4], AlI-Cu [5], dissimilar Al alloys [6,7] or dissimilar Mg alloys [8]. In recent years,
extensive research has been conducted to join Mg alloys to Al alloys using various methods [9]. This trend is
particularly evident in the automotive and aerospace industries, where the application of Mg/Al bimetallic parts
is desirable, due to their low density and favorable properties. A review of the literature shows that there have
been very few studies on the application of compound casting to produce bimetallic parts based on Mg and
Al. Most researchers, however, focus on joining pure Mg to pure Al [10-14]. In such a case, the structure of
the bonding zone is composed of a solid solution of Al in Mg, a solid solution of Mg in Al, and Mg17Al12 and
AlsMg2 phases. Some studies reveal that when pure Mg or an Mg alloy is joined to an Al alloy (Mg-AlMg1 [15],
AZ91-A356 [16] and AZ91-AISi17 [17-19]), the microstructure and properties of the bonding zone undergo
significant modification.

The aim of this study was to fabricate a light bimetallic material, composed of AZ31 magnesium alloy and 6060
aluminum alloy, using the compound casting method. The microstructure and composition of the bonding zone
formed between the alloys were analyzed.

2. EXPERIMENTAL DETAILS

AZ31 magnesium alloy, containing 3.07 wt.% Al, 1.05 wt.% Zn and 0.31 wt.% Mn, was used as the cast
material. The solid insert, 10 mm in thickness and 30 mm in diameter, was cut from 6060 wrought aluminum
alloy (0.50 wt.% Si, 0.47 wt.% Mg and 0.19 wt.% Fe). The surface of the insert was ground using SiC papers
up to 800 grit and cleaned in ethanol. The insert was then placed in a steel mould, both heated to 300 °C. The
AZ31 (100 g) was melted in a furnace under argon atmosphere at a temperature of 660 °C and poured into
the mould with the aluminum alloy insert under normal atmospheric conditions.
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The samples for structural observations were cut from the AZ31/6060 joints. The samples were polished using
aluminum oxide slurry and colloidal silica. The microstructural analysis was performed with a Nikon ECLIPSE
MAZ200 optical microscope and a JEOL JSM-5400 scanning electron microscope equipped with an energy-
dispersive X-ray spectrometer (EDS).

3. RESULTS AND DISCUSSION

Figure 1 shows the microstructure of the bonding zone of the AZ31/6060 specimen observed with the optical
microscope. The low magnification image in Figure 1(a) indicates that the compound casting process resulted
in a continuous, 400-500 um thick bonding zone. Three characteristic areas, marked A, B and C, can be
distinguished in the bonding zone. The high magnification image in Figure 1(b) reveals that the area on the
AZ31 side (area A) has a two-phase structure with fine, dark particles. In the transition area (area B) light
dendrites are visible (upper part of Figure 1(c)). Below the dendrites, there is a single-phase white matrix with
fine needle-like particles and coarser dark particles regular in shape. Figure 1(d) illustrates area C, adjacent
to the 6060 alloy, where dark particles are distributed over the light matrix.

Figure 1 OM images of the microstructure of the bonding zone in the AZ31/6060 joint fabricated by
compound casting: (a) low magnification image, (b) high magnification image of area A, (c) high
magnification image of area B, (d) high magnification image of area C

Figure 2 shows the microstructure of the bonding zone close to the AZ31 alloy observed through scanning
electron microscopy, The EDS linear analysis along the marked line reveals that the bonding zone is composed
mainly of Mg and Al. Si and Mn occur locally.
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Figure 2 SEM image of the microstructure of the bonding zone close to the AZ31 alloy and the linear
distributions of the elements (Zn, Mg, Al, Si, Mn and Fe)

Figure 3 presents details of the microstructure at the interface between areas A and B. The EDS quantitative
analysis was carried out at different points (marked in this figure) and the results are given in Table 1. From
the Al-Mg equilibrium diagram it is clear that the light dendrites (points 1a and 1b) are an Mg+7Al1zintermetallic
phase. The EDS results for the dark phase (points 2a and 2b) indicate a solid solution of Al in Mg. From the
concentration of Si along the marked line (Figure 3(a)) it is evident that the particles regular in shape are rich
in this element. The result of the quantitative analysis suggests that these particles are an Mg2Si phase. The
chemical composition of the two-phase matrix (points 3a and 3b) suggests a eutectic composed of an Mg17Al12
phase and a solid solution of Al in Mg. The linear distribution of the elements in these regions (Figures 3(a)
and 3(b)) reveals that the fine, needle-like particles are rich in Al, Mn and Fe.

Figure 4 presents details of the microstructure of the bonding zone on the 6060 alloy side. The results of the
EDS quantitative analysis for the points marked in this figure are provided in Table 2. The chemical
composition of the area located about 60 um from the 6060 alloy (analysis at point 1) is similar to that of the
AlsMg: intermetallic phase. The result obtained for the area near the 6060 substrate (point 2) also indicates
the AlsMg2 phase. The composition of the dark particles (point 3) suggests the Mg2Si phase. The linear analysis
results along the line marked in Figure 4 reveals the occurrence of light particles rich in Al, Mn and Fe. The
quantitative analysis for the light particles (point 4) confirms the Al-Mn-Fe multicomponent phase.
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Figure 3 Details of the microstructure of the interface between areas A and B and the linear distributions
of the elements (Zn, Mg, Al, Si, Mn and Fe)

Figure 4 Details of the microstructure of
the bonding zone on the 6060 alloy side
and the linear distributions of the
elements

Table 1 Chemical composition (at.%) of the areas marked
in Figures 3(a) and 3(b)

Point Mg Al Zn Si
1a 66.83 32.96 0.21 -
1b 65.06 34.78 0.16 -
2a 80.03 19.97 - -
2b 80.21 19.79 - -
3a 73.44 26.56 - -
3b 72.48 27.52 - -

4 69.45 0.87 - 29.68

Table 2 Chemical composition (at.%) of the areas marked

in Figure 4
Point Mg Al Si Fe Mn
1 44.02 55.98 - - -
2 41.77 58.23 - - -
3 67.36 - 32.64 - -
4 26.95 65.92 0.40 5.02 1.71
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The microstructural analysis of the bonding zone along the entire length of the sample shows that the bonding
zone is continuous and uniform in thickness. As can be seen from Figure 5, porosity occurs locally, mainly in
the eutectic area.

‘ .. R 45 e e BT ‘_1 .;'=50Er.n Ii
Figure 5 OM image of the microstructure of the AZ31/6060 joint with some porosity locally distributed over
the bonding zone

4. CONCLUSION

The analyzed AZ31/6060 bimetallic material was fabricated through compound casting, which involved pouring
AZ31 magnesium alloy heated to 660 °C onto a 6060 aluminum alloy insert placed in a steel mould, both
preheated to 300 °C. The process resulted in the formation of a continuous, 400-500 um thick bonding zone.
Three characteristic areas were distinguished. The area close to the AZ31 was composed of a eutectic (an
Mg17Al12 phase and a solid solution of Al in Mg), below, there were dendrites of an Mg+7Al12 phase and finally,
in the area adjacent to the 6060 alloy, an AlsMgz phase was detected. In whole bonding zone, fine particles of
an Mg2Si phase and phases rich in Al, Mn and Fe were detected. Small porosity occurred locally, mainly in the
eutectic area.
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