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Abstract
The AZ91/AlSi17 bimetallic samples were formed using the compound casting method. The AZ91 magnesium
alloy was top-poured onto an AlSi17 aluminum alloy insert placed in a steel mould. Two types of AlSi17 inserts,
differing in microstructure, were used in this study. The insert cut from an AlSi17 alloy ingot had a
microstructure with irregularly shaped and unevenly distributed, large primary Si particles. The AlSi17 alloy
was cast in a cold steel mould to refine the primary Si particles. In the other insert, cut from rapidly solidified
AlSi17 alloy, the fine primary Si particles were homogenously distributed in the matrix. The experiments
revealed that the microstructure of the AZ91/AlSi17 bonding zone was dependent on the microstructure of the
inserts used. Applying an insert with coarse primary Si crystals led to the formation of a bonding zone
composed of intermetallic phases and not fully reacted Si particles. The Si particles were too large to be
consumed in the reaction with Mg during compound casting and fully transformed to Mg2Si. The use of an
insert with a refined microstructure resulted in a bonding zone with fully reacted Si crystals. In this case, a
eutectic (Mg17Al12 + a solid solution of Al in Mg) was observed in the bonding zone on the AZ91 side. The
bonding zone close to AlSi17 alloy was composed of Mg2Si particles uniformly distributed in the Al-Mg
intermetallic phase matrix.
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1.

INTRODUCTION

In many manufacturing industries, especially the automotive and aerospace sectors, there has been an
increased interest in the use of magnesium and aluminum alloys because of their low density. Some of the
current research in materials science is concerned with the production of bimetals and clad alloys.
Magnesium and aluminum bimetals can be fabricated using various methods such as welding [1], brazing [2],
hot rolling [3, 4], friction stir welding [5], explosive cladding [6] and compound casting [7-13].
Compound casting is a very economical process of joining two dissimilar materials. It involves casting a liquid
metal onto a solid. The literature data show that compound casting can be used to produce joints between:
steel and cast iron [14-16], steel and Al [17], and Al and Cu [18]. This method is also employed to join light
metals, i.e. Al and Mg [7-10], two dissimilar magnesium alloys [11] and two dissimilar aluminum alloys [12, 13].
This study focused on the effects of the refinement of primary Si particles in AlSi17 alloy on the microstructure
and composition of the bonding zone formed between AZ91 and AlSi17 by compound casting.
2.

EXPERIMENTAL DETAILS

Two types of AlSi17 aluminum alloy inserts differing in microstructure were used in the experiments. One was
obtained from an unmodified AlSi17 ingot. The other was prepared by refinement, which involved heating the
material to 720 °C, keeping it at that temperature for 30 min and pouring it into a cold steel mould. The inserts
were 30 mm in diameter and 5 mm in thickness. The insert surfaces were prepared by grinding with up to 800
grit SiC papers and cleaning with ethanol. Then, the aluminum insert was placed at the bottom of a metal
mould to be heated to 370 °C. The AZ91 magnesium alloy was used as the cast material. The melting was
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performed in the argon atmosphere. 100 g of AZ91 heated to 650 °C was top-poured onto the AlSi17 insert
placed in the steel mould under normal atmospheric conditions. After cooling to room temperature, the
AZ91/AlSi17 bimetallic casting was removed, cross-sectioned and prepared for metallographic observations.
The final polishing was performed on a STRUERS automatic polishing machine, using colloidal silica.
The metallographic observations were carried out using a Nikon ECLIPSE MA 200 optical microscope and a
JEOL JSM-5400 scanning electron microscope. The chemical composition was examined with an energy
dispersive x-ray spectrometer (EDS).
3.

RESULTS AND DISCUSSION

Figure 1a presents the microstructure of the AlSi17 insert cut from the unrefined AlSi17 ingot. The coarse,
primary Si crystals were non-uniformly distributed in the matrix. The AlSi17 alloy poured to a cold steel mould
exhibited a refined structure (Figure 1b) with primary Si crystals finer and more uniformly distributed in the
matrix.

Figure 1 Microstructures of the AlSi17 inserts: (a) cut from the AlSi17 ingot, (b) cut from the rapidly solidified
AlSi17 alloy

Figure 2 Microstructures of the bonding zone between the AZ91 and the unrefinedAlSi17: (a) lower
magnification, (b) higher magnification
A micrograph of the bonding zone between the AZ91 and the unrefined AlSi17 is shown in Figure 2a. The
results indicate that during the compound casting process, a continuous, defect-free bonding zone was formed
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at the AZ91/AlSi17 interface. Figure 2b shows the microstructure of the bonding zone in the AZ91/AlSi17
bimetallic sample, observed at a higher magnification. The primary Si particles are visible in the AlSi17 alloy
and in the bonding zone. The Si particles present in the bonding zone are surrounded by a dark rim. The
results of the EDS quantitative analysis of this bonding zone were provided in the earlier publications of the
authors [7, 8].
The analysis of the bonding zone on the AZ91 side (Figure 3a) indicated a eutectic composed of the Mg17Al12
intermetallic phase (light phase) and a solid solution of Al in Mg (dark phase). Light Mg17Al12 dendrites were
observed below the eutectic. The bonding zone close to the AlSi17 alloy (Figure 3b) had a different
microstructure. The primary Si grains present in the bonding zone were surrounded by a dark rim of the Mg2Si
phase. The fine, dark particles of the Mg2Si phase were also observed in the light matrix of the bonding zone.
The chemical composition of the light matrix was close to the Al3Mg2 intermetallic phase. The casting of the
AZ91 alloy onto the AlSi17 insert led to the occurrence of the diffusion processes at the interface. The primary
Si crystals and the eutectic Si particles in the AlSi17 alloy reacted with Mg, which led to the decomposition of
the Si grains and the formation of the Mg2Si phase. The primary Si particles in the unrefined AlSi17 alloy were
too large to be fully consumed in the reaction with Mg and transformed to the Mg2Si phase during compound
casting. Thus, large not fully reacted Si particles observed in the bonding zone were surrounded by an Mg2Si
phase rim.

Figure 3 Details of the microstructure of the bonding zone between the AZ91 and the unrefined AlSi17
observed by SEM: (a) AZ91 side, (b) AlSi17 side
The microstructure of the bonding zone formed between the AZ91 alloy and the AlSi17 insert with a refined
microstructure is shown in Figure 4. As can be seen, this microstructure of this bonding zone is more
homogenous than that discussed above. The primary Si crystals in the thermally modified AlSi17 alloy are fine.
During the compound casting process, the reaction at the AZ91/AlSi17 interface led to complete transformation
of the fine primary Si particles into the Mg2Si phase. Only locally were agglomerates of Mg2Si particles
observed.
The AZ91/AlSi17 bonding zone with a homogenous microstructure on the AlSi17 side (the fine Mg2Si particles
uniformly distributed in the Al-Mg intermetallic phase matrix) is likely to have mechanical properties better than
the bonding zone with unreacted, large primary Si crystals. Further research is required to study the impact of
the refinement of the primary Si particles in the AlSi17 alloy on the mechanical properties of the bonding zone
formed between AZ91 and AlSi17 during the compound casting process.
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Figure 4 Microstructure of the bonding zone formed between the AZ91 and the insert cut from rapidly
solidified AlSi17 alloy, (a) lower magnification, (b) higher magnification
4.

CONCLUSION

The microstructure of the AlSi17 alloy used as the insert material in the compound casting process was
modified by rapid solidification. The refinement of the primary Si particles in the AlSi17 alloy led to the formation
of a more homogenous bonding zone at the AZ91/AlSi17 interface. The bonding zone formed between the
unmodified AlSi17 alloy and the AZ91 alloy was characterized by not fully reacted, large primary Si crystals.
These particles were surrounded by a rim of the Mg2Si phase, synthesized by the reaction of Mg with the Si
particles. The use of the thermally modified AlSi17 alloy as the insert material resulted in the formation of a
bonding zone with uniformly distributed Mg2Si particles and without unreacted Si particles.
REFERENCES
[1]

ZHANG, H. T., SONG, J. Q. Microstructural evolution of aluminum/magnesium lap joints welded using MIG
process with zinc foil as an interlayer. Materials Letters, 2011, vol. 65, pp. 3292-3294.

[2]

LIU, L., TAN, J., LIU, X. Reactive brazing of Al alloy to Mg alloy using zinc-based brazing alloy. Materials Letters,
2007, vol. 61, pp. 2373-2377.

[3]

ZHANG, X. P., YANG, T. H., CASTAGNE, S., WANG, J. T. Microstructure, bonding strength and thickness ratio
of Al/Mg/Al alloy laminated composites prepared by hot rolling. Materials Science and Engineering, 2011, vol.
528, no. 4, pp. 1954-1960.

[4]

WIERZBA, A., MRÓZ, S., SZOTA, P., STEFANIK, A., MOLA, R. The influence of the asymetric ARB process on
the properties of Al-Mg-Al multi-layer sheets. Archives of Metallurgy and Materials, 2015, vol. 60, no. 4, pp. 28212825.

[5]

SATO, Y. S., PARK, S. H. C., MICHIUCHI, M., KOKAWA, H. Constitutional liquation during dissimilar friction stir
welding of Al and Mg alloys. Scripta Materialia, 2004, vol. 50, pp. 1233-1236.

[6]

MRÓZ, S., STRADOMSKI, G., DYJA, H., GALKA, A. Using the explosive cladding method for production of Mg-Al
bimetallic bars. Archives of Civil and Mechanical Engineering, 2015, vol. 15, no. 2, pp. 317-323.

[7]

PAPIS, K. J. M., HALLSTEDT, B., LÖFFLER, J. F., UGGOWITZER, P. J. Interface formation in aluminum aluminum compound casting. Acta Materialia, 2008, vol. 56, no. 13, pp. 3036-3043.

[8]

PAPIS, K. J. M., LÖFFLER, J. F., UGGOWITZER, P. J. Interface formation between liquid and solid Mg alloys an approach to continuously metallurgic joining of magnesium parts. Materials Science and Engineering, 2010,
vol. 527, no. 9, pp. 2274-2279.

1667

May 24th - 26th 2017, Brno, Czech Republic, EU

[9]

HAJJARI, E., DIVANDARI, M., RAZAVI, S. H., EMAMI, S. M., HOMMA, T., KAMADO, S. Dissimilar joining of
Al/Mg light metals by compound casting process. Journal of Materials Science, 2011, vol. 46, no. 20, pp. 64916499.

[10]

SUN, J., SONG, X., WANG, T., YU, Y., SUN, M., CAO, Z., LI, T. The microstructure and property of Al-Si alloy
and Al-Mn alloy bimetal prepared by continuous casting. Materials Letters, 2012, vol. 67, pp. 21-23.

[11]

MOLA, R., BUCKI, T., DZIADOŃ, A. Formation of Al - alloyed Layer on Magnesium by Casting. Archives of
Foundry Engineering, 2016, vol. 16, no. 1, pp. 112-116.

[12]

MOLA, R., BUCKI, T., DZIADOŃ, A. Effects of the pouring temperature on the formation of the bonding zone
between AZ91 and AlSi17 in the compound casting process. IOP Conference Series: Materials Science and
Engineering, 2017, vol. 179, pp. 1-6.

[13]

MOLA, R., BUCKI, T., DZIADOŃ, A. Microstructure of the Bonding Zone Between AZ91 and AlSi17 Formed by
Compound Casting. Archives of Foundry Engineering, 2017, vol. 17, no. 1, pp. 202-206.

[14]

AVCI, A., ILKAYA, N., SIMSIR, M. M., AKDEMIR A. Mechanical and microstructural properties of low-carbon
steel-plate-reinforced gray cast iron. Journal of Materials Processing Technology, 2009, vol. 209, no. 3, pp. 14101416.

[15]

TENEROWICZ, S., SUCHOŃ, J., CHOLEWA, M. Studies of the transition zone in steel - chromium cast iron
bimetallic casting. Archives of Foundry Engineering, 2010, vol. 10, no. 1, pp. 199-204.

[16]

WRÓBEL, T., SZAJNAR, J. Bimetallic casting: ferritic stainless steel - grey cast iron. Archives of Metallurgy and
Materials, 2015, vol. 60, no. 3, pp. 2361-2365.

[17]

CHOE, K. H., PARK, K. S., KANG, B. H., CHO, G. S., KIM, K. Y., LEE, K. W., KIM, M. H., IKENAGA, A.,
KOROYASU, S. Study of the Interface between Steel Insert and Aluminum Casting in EPC. Journal of Materials
Science & Technology, 2008, vol. 24, no. 1, pp. 60-64.

[18]

ZARE, G. R., DIVANDARI, M., ARABI, H. Investigation on interface of Al/Cu couples in compound casting.
Materials Science and Technology, 2013, vol. 29, no. 2, pp. 190-196.

1668

