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Fig. 1 Tensile strength of the Mg-Al bonded joints and AZ80
base metal.
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Fig. 3 Appearance of the Mg-Al bonded joint.
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Development of High-Strength Bonding of Magnesium Alloy to Aluminum Alloy
Hideki YAMAGISHI, Junji SUMIOKA, Shigeki KAKIUCHI and Shogo TOMIDA

The forge-welding process was examined to develop a high-strength bonding application of magnesium (Mg) alloy to
aluminum (Al) alloy under high-productivity conditions. The effect of the insert material on the tensile strength of the joints,
under various preheat temperatures and pressures, was investigated by analyzing the reaction layers of the bonded interface.
The tensile strengths resulting from direct bonding, using pure copper (Cu), pure nickel (Ni), and pure titanium (Ti) inserts
were 56, 100, 119, and 151 MPa, respectively. The maximum joint strength reached 93% with respect to the Mg cast billet.
During high-pressure bonding, a microscopic plastic-flow occurred that contributed to an anchor effect and the generation of a
newly formed surface at the interface, particularly prominent with the Ti insert in the form of an oxide layer. The bonded
interfaces of the maximum-strength inserts were investigated using scanning electron microscopy-energy dispersive
spectroscopy (SEM-EDS) and electron probe microanalysis. The diffusion reaction-layer at the bonded interface consisted of
brittle AI-Mg intermetallics having a thickness of approximately 30 um. In contrast, for the three inserts, the thicknesses of the
diffusion reaction-layer were infinitely thin. For the pure Ti insert, exhibiting the maximum tensile strength value among the
inserts tested, focused ion beam-transmission electron microscopy-EDS (FIB-TEM-EDS) analysis revealed a 60-nm-thick
Al-Ti reaction layer, which had formed at the bonded interface on the Mg alloy side. Thus, a high-strength Al-Mg bonding
method in air was demonstrated, suitable for mass production.
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