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Grain refining and property improvement of AZ31 Mg alloy by hot rolling
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Abstract: Hot rolling of AZ31 Mg alloy was performed by using as-cast alloy ingot as the starting material. The microstructures and
mechanical properties of the as-rolled alloy subjected to various rolling passes were investigated. The results show that the grain size
of the alloy can be refined steadily with increasing rolling passes by dynamic recrystallization. With the steady refining of the grain
size, both the mechanical strength and the plasticity of the alloy are improved correspondingly. In particular, when the grain size is
reduced to about 5 um after 5 rolling passes, the yield strength, ultimate tensile strength and tensile fracture strain of the alloy are 211

MPa, 280 MPa and 0.28 in the transverse direction, they are 200 MPa, 268 MPa and 0.32 in the rolling direction, respectively.
Key words: AZ31 Mg alloy; hot rolling; grain refining; mechanical properties

1 Introduction

Because of their low density and high specific
strength, Mg alloys are becoming more and more
important in structural applications[1-2]. Indeed, Mg
alloys are nowadays widely used in aerospace,
automobile, 3C areas and medicine[3—5]. Due to their
hexagonal close-packed crystal structure, however, Mg
alloys present limited workability at room temperature.
In addition, the mechanical strength of most Mg alloys is
not good enough for high performance structural
applications.  Therefore, improvement of their
mechanical strength and ductility is urgently demanded.

It is well accepted that grain refining is an effective
way to improve the mechanical strength of metallic
materials[6—9]. In most cases, the yield stress, o, can be
related to the grain size, d, by the Hall-Petch expression
o,=oytkd 12 where , and k are positive constants for a
specific material. For Mg alloys, the strengthening by
grain refining can be very tempting because of their high
k values[10—11]. Indeed, recent reports[12—15] on equal
channel angular pressing (ECAP), differential speed
rolling (DSR) and large-strain hot rolling (LSHR) have
shown that when the grains of Mg alloys are refined,

both the mechanical strength and the plasticity at

room-temperature can be improved significantly. By
effect
recrystallization, a hot rolling process was established to

using the grain refining of  dynamic
produce fine grained Mg alloy sheets recently. In this
work, the grain refining and property improvement of

AZ31 Mg alloy by this rolling process were studied.
2 Experimental

As-cast AZ31 Mg alloy plate ingot with 16 mm in
thickness was used as the starting material for hot rolling.
Before rolling, the ingot was homogenized by an
annealing treatment at 400 for 10 h. The rolling was
performed on a roll mill equipped with an induction
heating system to heat the rolls during rolling. For each
pass of rolling, the thickness reduction was 30%—35%,
the rolling speed was 5 m/min, and the roll and billet
temperatures were controlled to be in the range of
350-400  and 250-300

The microstructures and mechanical properties of

, respectively.

the alloy subjected to various rolling passes were
investigated. The microstructure was observed by optical
microscope. The grain size was measured by the straight
line intercept method. In order to evaluate the mechanical
properties of tensile specimen, the geometry and
dimensions of this tensile specimen are shown in Fig.1.
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Fig.1 Geometry and dimensions of tensile specimen (Unit:
mm)

The tensile specimen were prepared from the as-rolled
alloy along both the transverse and the rolling directions.
The tensile tests were performed at room temperature
using an INSTRON-5569 standard testing machine. For
all tensile tests, the gauge span was 15 mm, and the
strain rate was 1.0><107%s ™.

3 Results and discussion

3.1 Microstructure

Fig.2 shows the microstructures of the as-rolled
alloy subjected to various rolling passes. From Fig.2, it
can be seen that the as-rolled AZ31 Mg alloy is featured
by a dynamic recrystallization microstructure, and the
grain refining is steady with the increase of the number
of the rolling passes. In particular, the average grain size
of the alloy reduces rolling passes in the starting
as-homogenized state, as shown in Fig.3.

In general, for hot working with dynamic
recrystallization, the grain size of the deformed metal is
dependent on the deforming temperature, the
deformation amount and the strain rate. In earlier studies
[16—18], it has been shown that the microstructures of
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Fig.2 Microstructures of as-rolled AZ31 Mg alloy after different rolling passes: (a) As-homogenized; (b) 1 pass; (c) 2 passes; (d) 3
passes; (e) 4 passes; (f) 5 passes
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Fig.3 Average grain size of as-rolled AZ31 Mg alloy after
different rolling passes

hot-deformed Mg alloys are closely related to the
deforming temperature and deformation amount. In order
steady grain refining effect by
recrystallization, the real temperature of the alloy during
each rolling pass should not be too higher than the
dynamic recrystallization temperature, so that the grain
growth rate is kept at a lower level. In the present study,
under the processing parameters chosen, the grain size of
the as-rolled alloy reduces steadily with the increase of
the number of the rolling passes.

to achieve a

3.2 Mechanical properties

Fig.4 shows the tensile mechanical properties of the
as-rolled AZ31 Mg alloy at room temperature after
different rolling passes. It is seen from Fig.4 that the
yield strength, ultimate tensile strength and tensile
fracture strain of the alloy increase significantly with the
increase of the number of the rolling passes. Indeed, both
the mechanical strength and the plasticity of the as-cast
alloy are very low, and the yield strength, ultimate tensile
strength and tensile fracture strain are only about 50 MPa,
190 MPa and 0.13, respectively. In comparison, after 5
rolling passes, the yield strength, ultimate tensile strength
and tensile fracture strain of the alloy are enhanced to
211 MPa, 280 MPa and 0.28, respectively, in the
transverse direction; they are 200 MPa, 268 MPa and
0.32 in the rolling direction, respectively. It is obvious
that the steady grain refining results from the dynamic
recrystallization during hot rolling. In addition, the
difference in the mechanical properties between the
transverse and the rolling direction is quite small. This
suggests that, due to the dynamic recrystallization during
hot rolling, the development of microstructure anisotropy
or texture is not serious in the sheet plane of as-rolled
alloy.
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Fig.4 Tensile stress—strain curves of as-rolled AZ31 alloy after
various rolling passes: (a) Transverse direction; (b) Rolling

direction

3.3 Fracture morphologies

Fig.5 shows the morphologies of the fracture
surface of the tensile specimens. From Fig.5(a), it is seen
that the fracture of the as-cast alloy is featured by a
typical river-like cleavage pattern, which is consistent
with its poor plasticity. In comparison, though some
small local cleavages exist in those specimens with fewer
rolling passes, no river-like cleavage, which is over the
whole fracture surface, can be observed in all the
as-rolled alloy (Figs.5(b)—(f)). This is
attributed to the steady grain refining and also the
elimination of casting defects with the increase of the
rolling passes. Indeed, for the alloy which has been
subjected to 3 or more rolling passes, the local cleavage
can be hardly seen and the fracture is featured by the
ductile dimple-pattern (Figs.5(d)—(f)). Therefore, both
the mechanical strength and fracture strain increase with
increasing rolling passes.

specimens
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passes; (d) 3 passes; (e) 4 passes; (f) 5 passes

4 Conclusions

1) Under the rolling conditions chosen, the grain
size of AZ31 Mg alloy can be refined steadily with
increasing rolling passes by dynamic recrystallization. In
particular, the grain size of the alloy is reduced to about

5 pm by 5 rolling passes.

2) Due to the grain refining effect, the mechanical
properties of the AZ31 Mg alloy can be significantly
improved by hot rolling. With the steady refining of the
grain size by increasing rolling passes, both the
mechanical strength and plasticity of the alloy
correspondingly increase. When the grain size is reduced
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to about 5 pum after 5 rolling passes, the yield strength,
ultimate tensile strength and tensile fracture strain of the
alloy achieve 211 MPa, 280 MPa and 0.28 respectively,
in the transverse direction; they are 200 MPa, 268 MPa
and 0.32, respectively, in the rolling direction.
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