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This research study has focused on the development of magnesium alloys which have a potential for
increased structural applications through the use of the rapid solidification powder metallurgy processing.
Specifically, alloys including AMX602, ZAXE1711 and ZAXE1713 have been fabricated by hot extrusion of
atomized powders, which is obtained by the spinning water atomization process (SWAP). Improved performances
could be obtained for these alloys when produced via rapid solidification powder metallurgy compared to their
cast form. They were even proven superior to other Mg alloys and to the same Mg alloys fabricated by using the
conventional ingot metallurgy route.

The hot extruded magnesium alloys have shown the evolution of favorable microstructures which
contributed to their strength improvement. Another important fruit of the extrusion of Mg-alloys rapidly
atomized powders was the evolution of more randomized texture compared to that of extruded cast billets. The
grain refi t and the homc us dispersion of fine compound particles have supported the evolution of
such randomized textures. The aforementioned microstructure and texture evolutions have resulted in obtaining
excellent tensile, compression and hardness properties of Mg alloys fabricated by hot extrusion of the atomized
powders. The Mg alloys have shown high tensile strength, which reached the level of 450 MPa for the ZAXE1711
alloy SWAP powder extruded at 573 K, while maintaining an elongation level of 17 %. Such properties are

superior to other Mg alloys and conventional Al alloys. They are even comparable to the tensile properties of
some steel alloys, the engineering parts of which are more than four times heavier than those of magnesium
alloys, due to the difference in densities. Moreover, the randomized texture evolution of hot extruded SWAP
powders of Mg alloys have resulted in a remarkable decrease in their anisotropy, especially compared to those of
extruded cast billets. The yield strengths of both tensile and compression loadings of extruded SWAP powders
have shown closer values to each other at various specimen orientations. ZAXE1711 alloy has shown a further
decrease of the anisotropy compared to that of AMX602 alloy, which was revealed to be due to the
encouragement of the texture randomization through the presence of the rare earth La element.

To provide more information on the mechanical performance of Mg alloys, the plane strain fracture
toughness (K1) of extruded AMX602 alloy has been studied. It has been shown that no valid Ki. value could be
obtained using the available specimen sizes, as the ductility levels of the alloy require much bigger specimens.
However, the crack tip opening displacement (CTOD) values have been evaluated for the extruded alloy.
Comparison of such fracture toughness parameter to those of other alloys has revealed that it showed
comparable values, and also has shown its superiority in some cases.

The dynamic performances of Mg alloys have also been investigated by performing ballistic impact tests
on extruded AMX602 alloy SWAP powders. The results have shown a good performance of the alloy under that
severe loading condition. The prediction of the alloy behavior under such test has also been performed through
its simulation by FEM method using LS-DYNA software. To accurately imitate the mechanical characteristics of
the alloy, a newly developed anisotropic material model has been used. The parameters of such a model have
been optimized using a procedure based on preliminary tensile, compression and bending test simulation results.
The results of the above mentioned analyses have shown a good agreement between both the experimental and
FEM results. This suggested the availability of the proposed material model for the accurate representation of
the alloy static and dynamic characteristics.

A general view of the aforementioned results of the microstructure, texture, and mechanical properties
of the Mg alloys fabricated via the hot extrusion of SWAP powders shows the remarkable improvement of these
alloys. That improvement has been obtained due to the combined effects of chemical alloying, powder metallurgy
processing, and the appropriate selection of the processing conditions, including consolidation and extrusion
stages. It also shows how wide a field of applications Mg alloys can get.
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