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Abstract

In this study three Zn-Al alloys, namely the
micro-duplex Zn-22 wt.% Al, pseudo-single a
phase Zn-95 wt.% Al and pseudo-single S
phase Zn-1wt.% Al, were used for the elevated
temperature strain  softening and  anneal
hardening studies. The microstructure, hardness
and compression S-S curves of these Zn-Al
aloys were studied by using differential
scanning calorimetry (DSC), scanning electron
microscopy (SEM), microhardness measurement
s and compression tester. The results showed the
occurrence of a strain softening phenomenon in
Zn-Al aloys containing a substantial amount of
B phase in the temperature range from -10C to
250°C and an anneal hardening behavior in the
strain softened Zn-Al alloys upon annealing. The
mechanism of the strain softening behavior was
found to be a dynamic recrystallization (DRX)
-induced softening during hot working, which
can be facilitated by the formation of ultra-fine
B grains with high-angle-boundaries; the
mechanism of the anneal hardening behavior, on
the other hand, was found to be the annihilation
of the ultra-fine S8 grains by a high temperature
retard the

grain coarsening treatment to



occurrence of the DRX-induced softening and to

restorethe “normal strength” of the aloy.

A composite stress-strain curve model was
proposed in this study to resolve the strain
softening and anneal hardening behaviors in the
dual-phase Zn-22 wt.9% Al dloy. By using this
model detailed information regarding to the
deformation, the DRX (i.e. the strain softening)
and the grain coarsening (i.e. the annea
hardening) behaviors in the S phase can be

disclosed.

Keywords. strain softening; anneal hardening;

Zn-Al aloys; dynamic recrystallization.
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Fig.1 (a) DSC curve of a cold worked (8) Zn-95
wt.% Al (a phase), (b) Zn-1 wt.% Al (5
phase), (¢) Zn-22 wt.% Al (dua phase)
aloys.
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Fig. 2
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Fig. 3 Effect of post-anneding at room
temperature on the hardness of Zn-Al
aloy specimens pre-strained at -10C to
strains of (a) 30% and (b) 609%.
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Fig. 4 Effect of post-annealing at 250°C on the
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hardness of Zn-Al

alloy specimens

pre-strained at -10°C to strains of (a) 30%

and (b) 60%.
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Fig. 5 Compressive flow curves of Zn-22 wt.%
Al dloy tested at room temperature under

initial strain rates of (a) 1x102

x10% <1,
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Fig. 6 Effect of the pre-strain on the compressive
flow curve of Zn-22 wt.9% Al dloy tested at
250°C under initial strain rates of (a) 1x107

stand (b) 1x10% s
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Fig. 7 Schematic diagram showing the
construction of composite S-S curve in
(@) 30% and (b) 60% pre-strained Zn-22
wt. % Al specimens tested at 250°C under
alow initid strain rate condition (1x1073
s?) by the overlap of (i) an oscillatory
type flow pattern due to DRX in B phase
and (ii) a deferred strain hardening flow
pattern due to grain coarsening to from
(iii) acomposite S-S curve.
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Fig. 8 Schematic diagram showing the
construction of composite S-S curve in
(a) 30% and (b) 60% pre-strained Zn-22
wt. % Al specimens tested at 250°C under
ahigh initial strain rate condition (1x107
s?) by the overlap of (i) an oscillatory
type flow pattern due to DRX in 3 phase
and (ii) a deferred strain hardening flow
pattern due to grain coarsening to from
(iif) acomposite S-S curve.
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