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Analysis on microstructure and cell biological activity of new magnesium
alloy by hot squeeze casting
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Abstract: A new magnesium alloy, Mg-Nd-Zn-Zr-Mn (equilibrium-3-0.2-0.4-0.2%) base, was fabricated by hot
squeeze casting. Its surface characteristics, mechanical properties and cell biological activity were studied.
NZ30K was selected to add Mn element to make the new magnesium alloy, and homogenization heat treatment
was carried out before extrusion to reduce both the coarse precipitated phase and the banded structure formed by
dendrites in the as-cast alloy during extrusion. Spectroscopic analysis of alloy composition was carried out. The
as-cast, transverse and longitudinal sections of the alloy were observed microscopically. The alloy was also
analyzed by scanning electron microscope (SEM) and X-ray diffraction. The alloy was made into metal rod,
screw, bone plate and other shapes to test the mechanical properties. In vitro cell culture, magnesium alloy
extract were prepared using DMEM complete medium, and stored at 4 C after filtration. Rat bone marrow
mesenchymal stem cells were extracted and cultured to 70% to 80% and then subcultured in 24-well seed plates.
The cells were cultured with extractions for 12, 24 and 36 hours. The apoptosis of the cells was detected by
mitochondrial membrane potential detection kit. Pure magnesium was used as control group to test mechanical
properties and apoptosis of cells. The microstructure of the alloy after hot extrusion was composed of fine
recrystallized grains and deformed grains. Compared with the as-cast alloy, the microstructure of the alloy after
hot extrusion was refined obviously. After extrusion, the cross section of Mg-3Nd-0.2Zn-0.4Zr-0.2Mn alloy was
fine equiaxed grain with good uniformity. Long strip structures with relatively large grain size appeared in the
longitudinal section, and the microstructure uniformity was slightly less. The SEM figure showed that the second
phase particles in Mg-3Nd-0.2Zn-0.4Zr-0.2Mn alloy were crushed into finer particles along the extrusion
direction, with only a very small amount of dispersed granular precipitates. However, there were more crushed
second phases in Mg-3Nd-0.2Zn-0.4Zr-0.2Mn alloy, and obvious dynamic recrystallization occurred. The
microstructure obtained after extrusion was not uniform. Large grains were surrounded by small grains that
underwent recrystallization. The as-cast microstructure of the alloy was mainly composed of a-Mg, Mn, Mg;,Nd
and Y phases. The comprehensive mechanical properties of the new magnesium alloy were better than those of
pure magnesium alloy. In the short-term cell culture, the new magnesium alloy had no obvious cytotoxicity, and
had positive promoting effect on cell growth. The cross section of the new magnesium alloy after hot extrusion
was fine equiaxed crystal structure with good uniformity, and the mechanical properties were greatly improved.
In the short-term cell culture process, both the new magnesium alloy and pure magnesium showed no
cytotoxicity, and the new magnesium alloy improved the cell activity better than the pure magnesium group.

Key words: hot squeeze casting process; new magnesium alloy; mechanical properties; cellular bioactivity

(AR 3 #)



