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Abstract 
 

Bimetallic AZ91/AlSi17 samples were produced by compound casting. The casting process involved pouring the AZ91 magnesium alloy 

heated to 650oC onto a solid AlSi17 aluminum alloy insert placed in a steel mould. Prior to casting, the mould with the insert inside was 

heated to about 370oC. The bonding zone formed between AZ91 and AlSi17 had a thickness of about 200 μm; it was characterized by a 

non-homogeneous microstructure. Two different areas were distinguished in this zone: the area adjacent to the AZ91 and the area close to 

the AlSi17. In the area closest to the AZ91 alloy, a eutectic composed of an Mg17Al12 intermetallic phase and a solid solution of Al in Mg 

was observed. In bonding zone at a certain distance from the AZ91 alloy an Mg2Si phase co-occurred with the eutectic. In the area 

adjacent to the AlSi17 alloy, the structure consisted of Al3Mg2, Mg17Al12 and Mg2Si. The fine Mg2Si phase particles were distributed over 

the entire Mg-Al intermetallic phase matrix. The microhardness of the bonding zone was much higher than those of the materials joined; 

the microhardness values were in the range 203-298 HV. The shear strength of the AZ91/AlSi17 joint varied from 32.5 to 36 MPa. 
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1. Introduction 
 

As magnesium alloys are known to exhibit many attractive 

properties, including low density, high specific strength, good 

workability and good castability, their applications are numerous. 

They are increasingly used for structural elements in the 

automotive, aerospace and electronics industries. The main 

drawback of Mg alloys is that they have poor surface properties, 

especially low hardness and low resistance to wear and corrosion. 

Surface modification is therefore essential. Many surface 

treatment methods can be used [1]. Surface alloying with Al is a 

common technique employed to improve the surface properties of 

Mg-based materials [2-7]. Fabrication of bimetallic Al/Mg parts 

with an Al surface layer is another solution to this problem. Al 

and Al alloys are characterized by good corrosion resistance. 

When Al is used as the surface layer of an Mg-based component, 

its corrosion resistance is improved while the density is kept low. 

This is of importance in the transport sector. Different methods 

can be used to join these two types of materials, for instance, hot 

pressing [8], hot rolling [9,10], extrusion [11,12], explosive 

cladding [13] and twin-roll casting [14]. Compound casting is 

another method employed to join different metals or alloys [15-

17]; it has been applied to produce lightweight Mg-Al 

components. In this process, one metal or alloy is directly cast 

onto a solid insert made of the other metal placed in a mould. The 
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literature dealing with this method discusses the joining of Mg to 

AlMg1 aluminum alloy [18], Mg to Al [19-21] and AZ91 

magnesium alloy to AlSi17 aluminum alloy [22,23]. An 

interesting aspect of bimetal fabrication is the mechanical 

behavior of the bonding zone. 

This article analyses the microstructure and properties of the 

bimetallic joint between AZ91 and AlSi17 produced by 

compound casting. The microhardness and shear strength of the 

joint were examined to determine its mechanical behavior. 

 

 

2. Experiment 
 

The AZ91 magnesium alloy and the AlSi17 aluminum alloy 

were used as the cast material and the solid insert, respectively. 

The composition of the AZ91 alloy was as follows: 9.14% Al, 

0.64% Zn, 0.23% Mn (wt%). AlSi17 alloy was composed of 

17.18% Si, 1.22% Mg, 0.82% Ni, 0.72% Cu, 0.25% Fe and 0.02% 

Zn with a balance of Al. To fabricate the AZ91/AlSi17 bimetallic 

samples, cylindrical inserts, 30 mm in diameter and 10 mm in 

thickness, were cut from rapidly solidified AlSi17 alloy. The 

surface of the insert was ground with silicon carbide papers up to 

800 grit; then, the insert was placed at the bottom of a steel 

mould. The mould with an insert inside was heated up to about 

370oC. The AZ91 alloy was melted under pure argon atmosphere. 

The casting process was performed under normal atmospheric 

conditions. It involved top-pouring 100 grams of molten AZ91 at 

650oC onto the AlSi17 insert placed in the mould. A schematic 

diagram of the compound casting process is shown in Fig. 1. 
 

 
Fig. 1. Schematic illustration of the compound casting process 

 

After casting, the AZ91/AlSi17 samples were cut in the 

longitudinal direction. Five bimetallic specimens were fabricated 

and analyzed. In four of the five cases, the results were repeatable. 

In one of the specimens, discontinuities of the bonding zone were 

reported locally. The microstructure of the bonding zone was 

examined in all the bimetallic specimens over the entire cross-

section. The microstructural investigations were conducted with a 

Nikon ECLIPSE MA 200 optical microscope and a JEOL JSM-

5400 scanning electron microscope. The chemical composition of 

the bonding zone was analyzed using an X-ray energy dispersive 

spectrometer (EDS) attached to the SEM. The structural 

constituents of the bonding zone were identified through 

quantitative SEM-EDS analysis on the basis of the binary Al-Mg 

[24] and ternary Al-Mg-Si [25] phase diagrams. 

The microhardness of both alloys and the bonding zone 

between them was measured with a MATSUZAWA MMT 

Vickers hardness tester under a load of 100 g. The shear strength 

of the AZ91/AlSi joint was determined using a LabTest5.20SP1 

universal testing machine at a displacement of 10 mm/min. Shear 

tests were performed for six specimens. The lowest and highest 

values of shear strength are provided. As pure shear is a stress 

state that is difficult to achieve, simple shear tests were carried 

out. In a simple shear test, large tangential stresses occur together 

with small normal stresses due to bending or tension. Simple 

shear is assumed to be a case of shear when a uniform shear stress 

state is observed in a cross-section, with bending stresses being 

negligible. A schematic diagram of the simple shear test setup is 

illustrated in Fig. 2. 

 
 

Fig. 2 Schematic diagram of the simple shear test 

 

 

3. Results and discussion 
 

Figure 3 shows an optical microscopic image of the 

microstructure of the bonding zone between the AZ91 magnesium 

alloy and the AlSi17 aluminum alloy produced by compound 

casting. The bonding zone, about 200 μm in thickness, was 

characterized by a nonhomogeneous microstructure. Two 

different areas can be distinguished in this zone: one adjacent to 

AZ91 and the other adjacent to AlSi17 (marked A and B, 

respectively).  
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Fig. 3. Microstructure of the bonding zone formed by compound 

casting between AZ91 and AlSi17 

 

Figures 4 and 5 show the microstructures of the bonding zone 

near the AZ91 alloy and the AlSi17 alloy, respectively; the 

corresponding EDS line scan results showing the concentration 

profiles of the elements present (Mg, Al and Si) are also included.  

As shown in Fig. 4, there is a two-phase structure in the 
bonding zone near the AZ91 alloy. The results of the EDS 

quantitative analysis conducted at four selected points (Fig. 4) are 
provided in Table 1. The EDS line scan results indicate a high 

concentration of Al in the light areas (point 1) of the two-phase 
structure. The chemical composition of these areas indicates an 

Mg17Al12 intermetallic phase. The results of the quantitative 

analysis conducted for the dark phase (point 2) suggest a solid 
solution of Al in Mg. From the phase equilibrium diagram for 

Mg-Al [24] it is clear that this two-phase structure is a eutectic 
composed of an Mg17Al12

 phase and a solid solution of Al in Mg. 

The light dendrites (point 3) observed close to the eutectic are 
also the Mg17Al12 intermetallic phase. Near the dendrites, there 

are agglomerates of dark, fine particles (point 4). A high 
concentration of Si was detected in this area. The quantitative 

analysis for a dark particle (point 4) suggests the Mg2Si phase. 
The EDS profile of the Si distribution along the index line 

indicates that the agglomerates of these particles are also present 
in the eutectic area near dendrites. The results are in agreement 

with the literature data [25]; the analysis of the Mg-Al-Si ternary 
system revealed that the structural constituents of magnesium-rich 

alloys are: a solid solution of Al in Mg, an Mg17Al12 intermetallic 
phase and an Mg2Si phase. 

 

 
Fig. 4. Microstructure of the bonding zone close to the AZ91 

alloy ( area marked A in Fig. 3) with a distribution of elements 

(Mg, Al and Si) along the marked line 

 

Table 1. 

Results of the EDS quantitative analysis at points marked in Fig. 4 

Point Mg Al Si 

at. % 

1 62.47 37.53 - 

2 91.58 8.42 - 

3 61.89 38.11 - 

4 66.89 3.73 29.38 

 

The distribution of elements along the line marked in Fig. 5 

confirms the presence of Si primary crystals and eutectic Si in the 

AlSi17 aluminum alloy near the bonding zone. These structural 

constituents were not detected in the bonding zone close to the 

AlSi17. In the bonding zone there are dark particles over the light 

matrix. Figure 6 shows details of the microstructure of this zone. 

The results of the EDS quantitative analysis at points 1-3 (Fig. 6) 

are given in Table 2. As can be seen, the light matrix is non-

homogeneous; lighter and darker areas (marked 1 and 2, 

respectively) can be distinguished. The chemical composition of 

the lighter areas is similar to that of the Al3Mg2 intermetallic 

phase, whereas the composition of the darker regions resembles 

that of the Mg17Al12 intermetallic phase. The dark particles 

present in the bonding zone are distributed irregularly. Locally, 

they occur as agglomerates. The chemical composition of these 

agglomerates (marked 3) is close to that of the Mg2Si phase. 

Previous studies by the authors [22,23] indicated that the use of an 

AlSi17 insert cut from an ingot with coarse primary Si crystals 



74  A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 8 ,  I s s u e  1 / 2 0 1 8 ,  7 1 - 7 6  

resulted in the occurrence of Si particles in the bonding zone, 

which had not fully reacted during the casting process. In this 

study, the insert material was the AlSi17 alloy after thermal 

modification. As can be seen from Fig. 3, there are no Si particles 

in the bimetallic joint. This suggests that the Si particles in the 

insert material were fine; during compound casting, they reacted 

with Mg and were fully transformed into the Mg2Si phase. 

 

 
Fig. 5. Microstructure of the bonding zone close to the AlSi17 

alloy (area marked B in Fig. 3) with a distribution of elements 
(Mg, Al and Si) along the marked line 

 

 
Fig. 6. Microstructure of the bonding zone close to the AlSi17 

with points of the EDS quantitative analysis 

Table 2. 

Results of the EDS quantitative analysis at points marked in Fig. 6 

Point Mg Al Si 

at. % 

1 39.50 60.50 - 

2 60.25 39.75 - 

3 68.90 1.4 29.7 

 

The formation of the bonding zone between AZ91 and AlSi17 
during compound casting is assumed to have proceeded as 

follows. The casting involved pouring liquid AZ91 heated to 650 
oC onto a solid AlSi17 insert heated to 370 oC. The higher 

temperature of the molten material resulted in partial melting of 
the insert surface. The thin layer of the melt formed between the 

solid AlSi17 insert and the solidifying AZ91 alloy was enriched 
with the elements present in both alloys. The interdiffusion of the 

elements at the interface led to the formation of new phases with 
melting points lower than those of the two alloys. After casting, 

the temperature at the AZ91/AlSi17 reactive interface lowered 
and the liquid solidified. A continuous transition zone formed 

between the two materials. The microstructure of the zone was 

not homogeneous because of the concentration gradient along the 
reactive interface. In the area adjacent to the AZ91, a eutectic 

microstructure (an Mg17Al12 intermetallic phase + a solid solution 
of Al and in Mg) was observed. At a certain distance from the 

AZ91 alloy, the Mg2Si phase co-occurred with the eutectic. In the 
area close to the AlSi17, Mg2Si particles were found in the Mg-Al 

intermetallic phase matrix. 

Figure 7 shows indentations left by the Vickers penetrator in 

the AZ91 alloy, the bonding zone and the AlSi17 alloy and the 

corresponding microhardness values. The results show that the 

microhardness of the bonding zone is much higher than those of 

the alloys joined. The highest microhardness values were reported 

in the area close to the AlSi17 alloy. In this case, the bonding 

zone was composed of fine Mg2Si particles distributed over the 

matrix consisting of the Mg-Al intermetallic phases. As shown in 

[21], the microhardness values obtained for the Mg17Al12 and 

Al3Mg2 phases were 220-228 HV and 250-256 HV, respectively. 

The hardness of the Mg2Si phase (450 HV [26]) is higher than 

those of the Mg-Al intermetallic phases. In the eutectic close to 

the AZ91 alloy, the microhardness values were lower. The 

constituents of this two-phase structure were: a hard Mg17Al12 

phase and a soft solid solution of Al in Mg. 
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Fig. 7. Microhardness indentations in the bonding zone and the 

materials joined 

 

The average shear strength of the joint in the AZ91/AlSi17 

bimetallic samples ranged from 32.5 to 36 MPa. The damage 

mechanism for all the shear specimens was similar. Figure 8 

shows a fractured sample with a crack in the bonding zone close 

to the AlSi17 alloy propagating parallel to the interface. The 

fracture occurred in the zone composed of fine Mg2Si phase 

particles distributed over the Mg-Al intermetallic phase matrix. 

The fracture seems to be due to the brittleness of the hard Mg-Al 

intermetallic phases [27] constituting the matrix of the bonding 

zone close to the AlSi17 alloy.  

 

 
Fig. 8. Shear fractured specimen 

 

The results of the shear tests presented here are in agreement 

with the results available in the literature concerning the 

properties of this type of bonding zone containing Mg-Al 

intermetallic phases. In [20], the authors determined the shear 

strength of the bonding zone between Mg and Al formed by 

compound casting using push-out tests. The shear strength of the 

bonding zone ranged from 8.3 MPa to 27 MPa, depending on its 

thickness. It was found that a decrease in the shear strength of the 

bonding zone was due to an increase in its thickness and, 

consequently, an increase in the amount of brittle and very hard 

Al3Mg2 and Mg17Al12 intermetallic phases. 
 

 

4. Conclusions 
 

The bimetallic AZ91/AlSi17 samples were fabricated by 

compound casting. The bonding zone between the alloys with a 

thickness of about 200 μm was characterized by a 

nonhomogeneous microstructure. In the area close to the AZ91 

magnesium alloy, a eutectic (an Mg17Al12 intermetallic phase + a 

solid solution of Al and in Mg) was observed. At a certain 

distance from the AZ91 alloy an Mg2Si phase co-occurred with 

the eutectic. In the area adjacent to the AlSi17 aluminum alloy, 

fine Mg2Si particles over the Mg-Al intermetallic matrix were 

reported. The microhardness of the bonding zone was several 

times higher than those of the materials bonded; the 

microhardness values ranged from 203 to 298 HV. The shear 

strength of the joint varied between 32.5 and 36 MPa. 
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