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The demand of lightweight structural materials for weight reduction of transportation vehicles has
attracted significant interest in the development of high strength wrought magnesium alloys. Presently
magnesium alloys are mainly used in their cast form. However there is huge potential for them to be used
in their wrought form and thus expand the magnesium industry. Therefore alloys with high strength, good
ductility, and good formability need to be developed. Although rare-earth containing magnesium alloys
show high strength after aging, their high materials cost prohibits wide usage as structural material. This
work focused on the development of heat-treatable high strength Mg-Zn based wrought alloys.
Age-hardening responses have been known to be substantially enhanced by microalloying Ag and Ca in
Mg-Zn alloy. In this work, the author clarified the role of these microalloying elements on the precipitation
hardening of the Mg-Zn system, and then attempted to develop a low-cost high-strength formable
magnesium alloys.

The thesis is comprised of 6 chapters. Chapter 1 gives a general introduction and literature review
of the microalloying effect of Mg-Zn based alloys. In Chapter 2, the author clarified the roles of Ag and Ca
additions on the enhancement of age hardening responses through detailed microstructure characterizations
using transmission electron microscopy and three-dimensional atom probe. Chapter 3 presents the effect of
Zr on the precipitation of cast Mg-Zn alloy. The author compares the microstructures of solution treated
and aged Mg-Zn and Mg-Zn-Zr alloys and found that Zr stabilizes the B.' precipitate even at 400°C.
Although Zr has been understood as a grain size refiner for cast Mg-Zn alloys, this work has shown that
these Mg(Zn,Zr) precipitates play a critical role in refining the .’ precipitates in the peak aged condition.
Chapter 4 presents the effect of Ca, Ag and Zr on the microstructure and mechanical properties of an



extruded Mg-Zn alloy. The addition of Zr to Mg-6.2Zn alloy was found to refine recrystallized
microstructure, thereby attaining tensile yield strength of 250 MPa in the extruded condition. On peak
aging Mg-6Zn-0.1Zn (ZK®60) alloy at 160°C for 72 h, the tensile yield strength was enhanced to 275 MPa.
Chapter 5 presents the effect of Zr, Ca and Ag on the mechanical properties and microstructure of twin roll
cast and hot-rolled (TRC-HR) Mg-Zn alloys. The addition of Zr to the TRC-HR Mg-6Zn (Z6) alloy
stabilizes the fine Mg(Zn,Zr) particles, which play a critical role in the recrystallization behavior. This is
similar to that seen in the extruded Mg-6Zn-0.1Zr (ZK60) alloy. The addition of Ca to the ZK60 alloy is
sufficient for weakening the basal texture and increasing the formability even without the addition of
expensive Ag. Thus this work showed that the low-cost Mg-6Zn-0.1Ca (ZKX600) TRC-HR alloy is
industrially promising as it showed equivalent mechanical properties to that of the Ag-containing
ZKQX6000 TRC-HR alloy. Chapter 6 summarizes this thesis.
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