Strain rate and temperature effects on mechanisms of plastic deformation and failure of high-strength Mg-Zn-Zr alloy
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The aim of this work is to study witness specimens of the MA14T1 magnesium alloy and metallographic analysis of the
deformation mechanisms of preserved MA14T1 specimens under intense pulsed (shock-wave) effects in a wide range of
loading parameters (strain rate, pressure, temperature).
Due to the low symmetry of the hexagonal crystal
MA14T1 is a deformable high-strength Mg-Zn-Zr alloy intended
lattice, plastic deformation is more complex than the
for use under high-load conditions at working temperatures to
deformation of metals and alloys with bcc and fcc
150°C at long-term service and to 200°C in short-term service.
lattices. In addition, due to the high shear anisotropy,
The low symmetry of its HCP lattice makes its plastic
magnesium and magnesium alloys exhibit a
deformation more complicated than that of BCC and FCC
pronounced dependence of the deformation behavior
metals and alloys. It may occur through dislocation slip,
on the conditions of deformation and the initial state
twinning and grain-boundary slip. Dynamic recrystallization
of the structure.
may also happen.

Quasistatic compression loading
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Metallographic analysis of structure change in MA14T1 samples as a result of intense pulsed effects
in a wide range of loading parameters (strain rate, pressure, temperature)
Fracture of this alloy under all loading conditions occurs according to a mixed brittle-ductile mechanism, with a
different ratio of the fractions of ductile and brittle fracture, depending on the loading regime.

Initial microstructure
The structure of the MA14T1 alloy in the longitudinal section is

Transverse direction

significantly different from its structure in the cross section. The
longitudinal section reveals a typical fibrous structure, elongated in the
direction of the workpiece axis.

Microstructure after dynamic loading
Tension, longitudinal direction, 20C

Compression, longitudinal direction,
20C

Compression, longitudinal direction,
300C

Dynamic loading
To determine the deformation diagrams of a material in
the dynamic range of deformation rates, the Kolsky
method and its modifications are used in the work:
compression and tension.

Longitudinal direction

Compression, transverse direction,
20C

It was found that the
deformation of the
MA14T1 alloy during
compression
occurs
both by sliding and
twinning.

An increase in the strain rate leads to a significant increase in the density of twins, an increase in the number of bands
consisting of twins, and an increase in the size of the twins inside them.
Fractography analysis after dynamic loading
Tension, longitudinal
direction, 20C

A very strong dependence of the mechanical behavior on the test
temperature is seen, and the hardening section changes
dramatically. A large difference can be noted in the properties of
the alloy in compression and tension at room temperature.

Quasistatic tension loading
200С
3000С
In the plastic section of the compression deformation
diagram for specimens cut and loaded in the direction
of rolling, a break point is observed at which the
modulus of hardening changes sharply, while for the
other direction of cutting, such a feature of the material
behavior was not revealed.

Compression, longitudinal
direction, 20C

Fractography analysis suggests that under tension at strain rate 1000 s-1,
MA14T1 fails though a combined brittle-ductile mechanism where the ratio of
brittle and ductile fractions differs depending on the loading regime. When
strain rate increases by a factor of 2.5, the number of cleavage facets increases
and fine grains undergo transcrystalline failure. The increase of deformation
temperature to 1500C causes formation of pronounced neck and transition to
more ductile failure.

Conclusions
High-rate plastic deformation of the MA14T1 alloy during
compression is carried out by sliding, twinning, and
localization of plastic flow. In contrast to tension, during
compression, the formation of bands consisting of twins
is observed. An increase in the degree of deformation to
10% leads to an increase in the number of such bands,
and a further increase in the degree of deformation to
14% leads to a change in their shape and the appearance
of more extended shear bands. Deformation at a
temperature of 3000С leads to the formation of a large
number of regions consisting of recrystallized grains and
annealing twins formed inside large fibers.

The results of a fractographic study show that the
destruction of the MA14T1 alloy during compression
occurs according to a mixed brittle-ductile mechanism. It
was found that on the surface of the facets of the cleavage,
as well as on the walls of the pits, there are areas that have
a specific appearance such as a "carpet pattern". The
presence of such a pattern is associated with the formation
of a fracture surface along bands consisting of twins.
It was found that under all loading conditions under
tension, no deformation localization bands are found in the
samples under study.
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