e s Science
ELSEVIER Press

Trans. Nonferrous Met. Soc. China 19(2009) s349-s354

Transactions of
Nonferrous Metals
Society of China

wWww.inmsc.cn

Mechanical properties and texture evolution during
hot rolling of AZ31 magnesium alloy

SUN Hong-fei(

), LIANG Shu-jin(

), WANG Er-de( )

School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

Received 10 June 2009; accepted 15 August 2009

Abstract: Mechanical properties and texture evolutions of the as-rolled AZ31 Mg sheets were investigated. The results show that the
grains of the sheets are significantly refined after hot rolling. The mechanical properties of the as-rolled samples are enhanced due to
the grain size refinement. The intensity of basal texture decreases with the increase of deformation ratio, and double-peak type basal
texture is discovered in the intermediate and large strain hot rolling processes. The formation of the texture is ascribed to the
activities of prismatic and non-basal <c+a> slips, which is the same as the 30% rolled and 50% rolled samples. The incline of basal
planes exerts an effect on the mechanical anisotropy during tension along rolling direction (RD) and transverse direction (TD) at

room temperature.
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1 Introduction

Magnesium alloys are very attractive materials due
to their good properties, such as low density (1.74 g/cm®),
high specific strength and stiffness, good castability and
weldability[1]. In order to resolve the global energy and
environmental problems, Mg alloys are used in
automobiles to reduce mass and minimize the emission
of harmful gases. However, Mg has inferior cold
workability because of its HCP crystal structure and only
basal slip system can be activated at room temperature.
So plasticity improvement is very important for the
wider application of Mg alloys. Refs.[2-3] reported
extrusion, rolling and forging processes on magnesium
alloys, which indicates that grain size refinement can
effectively enhance the mechanical properties. And
Refs.[4—5] demonstrate that texture can influence the
ductility of Mg alloys at room temperature. Therefore,
both grain refinement and texture distribution should be
considered in mechanical properties research.

In this work, cast AZ31 Mg alloys were subjected to
hot rolling. Then the effect of deformation ratio on grain
size refinement and texture evolutions was examined.
Subsequently, the as-rolled samples were tensioned to
get their mechanical properties. The correlation between
tensile properties and texture was discussed.

2 Experimental

The cast AZ31 Mg alloy sheets with thickness of 20
mm were used in this experiment. The alloy composition
is given in Table 1. The fundamentality of billet
homogenization was introduced in Ref.[6]. It can affect
microstructures and mechanical properties of the rolled
AZ31 Mg alloy. Homogenization conditions were set as
follows: sheets were heated to 673 K for 10 h and then
cooled to room temperature in the furnace. The original
sheets were then machined to small slices with
dimensions of 80 mmx50 mmx20 mm for use in rolling.

Table 1 Chemical composition of AZ31 used for present study
(mass fraction, %)

Al Zn Mn Fe Si
2.9339 0.9014 0.0021 0.0063 0.0103
Cu Ni Ca Mg

0.0006 0.0001 0.0445 Bal.

Before rolling, the sheets were firstly heat treated
for 15 min at 673 K. The rolling experiments consisted
of one rolling pass to different final thicknesses. The
thickness reduction was 20%, 30% and 50%, respectively.
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The rolling speed was 5 m/min. It was worthy noting that
the sheets were capable of accommodating very large
reduction.

The microstructural examinations of the as-received
and as-rolled sheets were performed on OLYMPUS
GX71 optical microscope. Surface preparation consisted
of grinding with progressively finer SiC papers and
mechanical polishing. The grain structure was achieved
by subsequent etching at room temperature in 1 min in a
solution of picric acid (5.5 g), acetic acid (2 mL), water
(10 mL) and ethanol (90 mL). Tensile specimens were
machined along RD and TD of the sheets. Tensile tests
were carried out on INSTRONS5569 at room temperature
with a strain rate of 1x107 s™'. Macrotexture analysis of
the as-received sample was examined on a Siemens
D5000 diffractometer. Electron backscattered diffraction
(EBSD) measurements were performed on the as-rolled
samples in JEOL 733 electron probe equipped with HKL
Channel 5 system. The observation plane was
perpendicular to RD. Sample preparations for EBSD
were difficult. It consisted of grinding with progressively
SiC papers of grit size 600, 800, 1 000, followed by
electropolishing. The electropolishing process was
carried out with a solution of 37.5% orthophosphoric
acid and 62.5% ethanol at room temperature and voltage
of 2.5-5.0 V. Finally, samples were cleaned with
methanol and dried with filter paper.

3 Results

3.1 Microstructure of as-received and as-rolled

samples

Fig.1(a) shows microstructure of the as-received
sheet and it is full of coarse grains. Average grain size
was 350 um measured by the linear intercept method
(d =1.74L, L is the liner intercept size). The
microstructures of the as-rolled sheets are shown in
Figs.1(b), (c) and (d). Twins are obvious in the as-rolled
samples.

3.2 Texture distributions of as-rolled samples
Figs.2(a), (b) and (c) show orientation imaging
maps (OIM) of the as-rolled sheets with rolling reduction
of 20%, 30% and 50%, respectively. The different colors
represent different orientations of the grains. The nearly
identical colored grains mean that the misorientations
between these grains are not large. Compared with the
original microstructure, the grains of the as-rolled sheets
are significantly refined by hot rolling. With the increase
of rolling reduction, the grains become finer and finer
and the microstructures are more and more homogeneous.
A lot of fine and equiaxed grains are found in the as-
rolled microstructures. This demonstrates that dynamic
recrystallization (DRX) has taken place during the hot
rolling. And with the increase of thickness reduction, the

Fig.1 Microstructures of as-received and as-rolled samples: (a) Original microstructure; (b) 20% thickness reduction; (c¢) 30%

thickness reduction; (d) 50% thickness reduction
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Fig.2 Orientation imaging maps of as-rolled samples((a), (b), (c)) and basal planes distributions of grains((a’), (b'), (¢'): (a), (a")
Rolling reduction 20%; (b), (b") Rolling reduction 30%; (c), (c’) Rolling reduction 50%

volume fraction of recrystallized grains increases
progressively. Figs.2(a'), (b') and (c’) illustrate basal
plane distributions of the grains which are observed in
the OIMs. The different color points mean the different
color grains in OIMs. Fig.2(a") demonstrates that basal
planes of most deformed grains are parallel to rolling
plane (RP), and the basal planes of most recrystallized
grains are tilted away from normal direction (ND) of RP
to RD in the 20% rolled sample. When the thickness
reduction is above 30%, there are only a few of deformed

grains. The c-axis of most recrystallized grains tilts away
from ND.

Fig.3 shows the X-ray diffraction patterns of the
as-received sheet and the standard card of Mg powder.
Compared with the standard diffraction pattern, the
intensity ratio of diffraction peaks (Fig.3(a)) is nearly the
same as the standard ones. This demonstrates that there is
no obvious preferred orientation in the original sheet.
Fig.4 shows pole figures of the as-rolled sheets by EBSD
method. Fig.4(a) demonstrates that a strong {0002}
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<1010 >-type texture is formed in the 20% rolled sample. pass with 50% reduction, a weak {0002}<1120>-type
Fig.4(b) illustrates that a double-peak type basal texture texture is formed (Fig.4(c)). The {0002} pole figure
becomes apparent after 30% reduction, in which right indicates that basal poles tilt #=20° away from ND
peak tilts 40° away from ND toward TD. After one toward RD.
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Fig.3 X-ray diffraction patterns of as-received sheet examined perpendicular to rolling plane: (a) As-received sheet; (b) Mg standard
card (35-0821)
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Fig.4 {0002}, {1010} and {1120} texture distributions of as-rolled samples: (a) 20% thickness reduction; (b) 30% thickness

reduction; (c) 50% thickness reduction
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3.3 Mechanical properties of as-received and as-rolled

samples

Fig.5 shows tensile strength, yield strength and
elongation against thickness reduction curves. It can be
seen that the mechanical properties are significantly
improved by rolling. This is mainly due to the grain size
refinement. The mechanical properties are a bit different
between specimens along TD and RD. This must be
influenced by the crystallographic texture formed by
rolling[4].
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Fig.5 Mechanical properties of as-received and as-rolled
samples: (a) Strength — thickness reduction curves; (b)
Elongation—thickness reduction curves

4 Discussion

Rolling texture was studied by many researchers
[7—16]. Basal texture is the main character for the rolled
samples because twinning of the type {1012} reorients
the c-axis parallel to the compression axis. In this study,
when the rolling reduction is 20%, twinning will adjust
the basal poles parallel to the compression axis. So
strong {0002}<1010>-type texture is formed mainly by
deformed microstructure. Fig.2(c) also obviously
demonstrates that the c-axis of most recrystallized grains
tilt to RD from ND. When the tensile tests are carried

out along TD at room temperature, the basal planes of
deformed and recrystallized grains are almost parallel to
tensile direction and the Schmid factor for basal slip is
nearly 0. Therefore, almost no shear force operates on
basal planes. As a result, it will be difficult for basal slip
to occur. So the yield strength is larger and the
elongation is lower compared with those of the
specimens tensioned along RD.

The present study is also focused on texture
evolutions during intermediate and large strain hot
rolling. When one pass rolling reduction reaches 30%, a
double-peak type basal texture is formed mainly by
recrystallized grains. The basal planes of left peak are
parallel to RP, and the other is tilted toward TD.
Compared with the 50% rolled sample, texture
distribution changes obviously. Weak {0002}<1120>-
type texture is discovered in the 50% rolled sample.
From its {0002} pole figure, a double-peak type basal
texture can also be identified. The two peaks are tilted
toward RD and the opposite direction of RD, respectively.
This is similar with that in Ref.[11]. However, the
mechanisms responsible for the formation of the texture
are still not clear. HUANG et al[l7] reported the
simulated and experimental texture results of cold rolled
hexagonal metals, which were categorized into three
groups according to their c/a ratios (for Mg, is about
1.633; for Zn, is more than 1.633; for Ti, is less than
1.633). Ti tended to form textures with basal poles tilted
+(20°—40°) away from ND toward TD and slip on
prismatic planes was responsible for it. They also
suggested that Zn tended to exhibit textures with basal
poles tilted £(15°—25°) away from ND toward RD and
such textures were due to combination of basal slip and
large scale twinning. AGNEW et al[18] recently
simulated the texture evolution during plane strain
deformation of pure Mg, Mg-Li and Mg-Y with an initial
random texture. They found that a good correlation with
the double peak experimental textures was obtained
when an increasing activity of non-basal <c+a> slip was
taken into account on top of basal slip, twinning and
prismatic slip. STYCZYNSKI et al[19] also gave clear
evidence that the activity of the pyramidal <c+a> slip
system was responsible for the basal splitting by
simulating method. In the one pass 30% reduction hot
rolling process, basal slip and twinning cannot fully
accommodate intermediate strain deformation[7]. At
processing temperature of 673 K, the critical resolved
shear stress (CRSS) of prismatic <a> slip got smaller and
it could be easily activated. The prismatic <a> slip may
be responsible for the basal texture splitting along TD.
When the deformation ratio reached 50%, more slip
systems were needed to accommodate the deformation.
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The pyramidal <c+a> slip can provide five independent
slip systems itself and the slip along <1123 > direction
can accommodate large strain deformation on C-axis
direction. With rolling temperature of 673 K, the CRSS
of pyramidal <c+a> slip is smaller. It is possible to be
activated during large strain deformation. Therefore, the
pyramidal <c+a> slip may be responsible for the basal
texture splitting along RD.

The differences of mechanical properties between
tensile specimens along TD and RD are related to the
basal texture splitting. For the 30% rolled sample, the
basal texture is split along TD. The basal planes are all
parallel to RD. When the specimens are tensioned along
RD at room temperature, the Schmid factors for basal
slip is nearly 0. So the elongation is smaller and the yield
strength is larger along RD compared with those of the
specimens along TD. For the 50% rolled samples, the
Schmid factor for basal slip is large. Therefore, the
elongation is larger and the yield strength is lower along
RD.

5 Conclusions

1) The significant grain size refinement is achieved
by hot rolling and the mechanical properties are
improved due to the grain size refinement.

2) During the hot rolling, the basal texture intensity
decreases with the increase of deformation ratio. In the
low strain hot rolling process, strong {0002}<1010>-
type texture develops during one pass 20% reduction hot
rolling. In the intermediate strain hot rolling process, a
double-peak type basal texture becomes apparent. The
activity of prismatic slip results in the texture with basal
poles tilted away from the normal direction to the
transverse direction. In the large strain hot rolling
process, weak {0002}<1120>-type texture is formed.
The activity of non-basal <c+a> slip is responsible for
the basal splitting away from the normal direction toward
the rolling direction.

3) The differences of mechanical properties between
the specimens tensioned along the rolling direction and
the transverse direction are due to different basal texture
distribution.
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