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The inuence of texture on deformation behavior was investigated for conventionally rolled magnesium alloy
slabs and rolled twin roll cast magnesium alloy strips in the form of sheets.

The MgZn based sheets were

deformed at room temperature with the tensile axis oriented in the rolling and transversal directions. The texture
with respect to dierent rolling conditions was characterized by X-ray diraction. In the case of MgZnrare earth
alloy sheets, the basal pole intensity, aligned with the sheet normal direction, is lower for conventionally rolled sheet
in comparison to the rolled twin roll cast strip. Dierence in angular distribution of basal planes inuences on the
mechanical behavior of the sheets. The yield strength is higher for the tension along rolling direction than along
transversal direction for the conventionally rolled sheets, whereas the opposite deformation behavior is observed
for the rolled twin roll cast strips.

Furthermore, the planar anisotropy of the yield strength is less pronounced

for the rolled twin roll cast strips. The deformation behavior of the sheets was also investigated by the acoustic
emission technique. The acoustic emission signal analysis correlates the microstructure and the stresstime curves
with active deformation mechanisms. It highlights the activity of a basal slip and tensile twinning, particularly
during the transverse direction tension.
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favors deformation twinning if compressive stress is ap-

1. Introduction

plied along the rolling direction (RD) [11]. For detailed
Magnesium alloys are used in many technical applica-

analysis of twin activity in Mg alloys electron backscatter

tions, such as aircraft and automotive industry, due to

diraction (EBSD) method is used [12].

their low density and high damping capacity. Recent de-

orientation distribution of basal planes around normal di-

velopment for industrial applications is focused on the

rection (ND) is wider in the RD than in the transversal

utilization of magnesium sheets.

direction (TD) for AZ31 magnesium alloy [13].

A limiting factor for their wide use is a lack of initially active deformation modes at room temperature
(RT). Magnesium with a hexagonal close packed (hcp)
lattice exhibits a distinct dierence in the critical resolved
shear stress (CRSS) for individual slip and twinning systems [1, 2].
It is generally accepted that plastic deformation in Mg
alloy sheets is initially realized by dislocation glide in
basal planes which is subsequently accompanied by a contribution of dislocation glide in non-basal planes and/or

Moreover, the

Bohlen

et al. [12, 14] have recently reported that the angular
distribution of the basal planes in the magnesiumzinc
rare earth (RE) alloy sheets is signicantly wider in the
TD than in the RD. The analysis of the texture development in Mg-based alloys sheets shows that RE elements
additions signicantly inuence the nal rolling texture
and consequently aect the deformation behavior and
mechanical properties [10, 1417].

The nal texture of

rolled magnesium alloy sheets can be also inuenced by
annealing and/or recrystallization [1820].

twinning. Hama and Takuda [3] claimed that the activity

In general, the initial deformation texture is respon-

of the basal slip systems depends on the inhomogeneity of

sible for the planar anisotropy of mechanical properties

the materials. In addition, homogeneous deformation is

in wrought Mg alloys. Yield strength (YS) and ultimate

possible only when the second-order pyramidal slip sys-

tensile strength (UTS) show a distinct orientation de-

hc+ai) dislocations plays

pendence in AZ31, being lower in the RD than in the

tems are active, i.e. the glide of
an important role [47].

TD [13].

Rolled sheets of the Mg-based alloys exhibit a specic
basal texture, where the orientation of basal planes is almost parallel to the sheet plane [810]. Such a texture

The AE technique can be used to obtain information
about the dislocation dynamic and a twin nucleation. AE
is dened as a transient elastic wave, which is generated
by the rapid release of energy within a material due to
sudden localized structure changes [21].
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Application of

the AE technique for the investigation of deformation
mechanisms in Mg alloys can be found in [2226]. For example, the inuence of the sample orientation on acoustic
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emission (AE) during tensile tests of MgZnRE alloys
was discussed by Bohlen et al. [14].
The objective of the present work is to analyze the inuence of rolling process, represented by the initial texture, on the deformation behavior. The stress vs. time
dependence was used to investigate deformation mechanisms during tensile loading.

The AE activity, repre-

sented in terms of the AE count rate and the peak amplitude of the AE events, helps to reveal dislocation dynamics and twin nucleation during plastic deformation.

2. Experimental

AZ31 (Mg

+

+

1.3wt%Zn

3wt%Al

0.2wt%Ce

+ 1wt%Zn) and ZE10 (Mg +
+ 0.1wt%La) magnesium al-

loys were prepared in the shape of slabs and twin roll
cast (TRC) strips.

They were subsequently subjected

to conventional rolling into sheets of the thickness of
1.5 mm.

Hereafter experimental materials are denoted

as the rolled AZ31 (ZE10) and the rolled AZ31 (ZE10)
TRC strips. Samples for tensile tests were machined with
loading axis in RD and TD with the gauge length and
width of 35 mm and 6 mm, respectively. The specimens
were deformed in a universal testing machine Zwick Z50
at the RT and at a constant strain rate of 10

−3

s

−1

.

The texture of the alloys was determined prior to deformation. The X-ray PANalytical XPert diractometer
using Cu

Kα

radiation was used to construct pole gures

of polished samples in reection geometry to the sample
tilt of

70◦ .

A computer controlled PCI-2 (Physical Acoustic Corporation) device was used to monitor the AE activity,
which is based on continuous storage of preamplied AE
signals (40 dB) with 2 MHz sampling frequency. The full
scale of the A/D converter was

±10 V. A sensor (minia-

turized MST8S piezoelectric transducer with the diameter of 3 mm and a at response in a frequency band
from 100 to 600 kHz) was attached to the specimen surface using a silicon grease and a spring. The AE analysis
is based on a threshold level detection, which is used to
get a comprehensive set of AE parameters. The thresh-

Fig. 1.

Initial texture of Mg alloys: (a) rolled AZ31,

(b) rolled AZ31 TRC strip, (c) rolled ZE10, (d) rolled
ZE10 TRC strip.

old level was set to 26 dB to avoid any inuence of the
background noise. The dead time for the separation of
individual AE events was set to 50
rate

∆NC /∆t

µs.

The AE count

sheet plane).

The orientation distribution of the basal

(the count number per time unit [27] at

planes around the ND is wider in the RD than in the

a given threshold voltage level) and the peak amplitude

TD. The intensity of the basal pole of the rolled AZ31

of events provide information about the dislocation slip

TRC strip is lower than that of the rolled AZ31.The in-

dynamic and the nucleation of twins.

tensities of the (0002) and (1010) pole gures for Mg
alloy with RE alloying elements in both rolling condi-

3. Experimental results

tions are signicantly lower than that for AZ31 Mg alloy.
The intensity peak of basal pole gure for the rolled ZE10

The initial textures of the alloys after rolling are represented by the distribution of basal (0002) and prismatic

is tilted away from the sheet ND toward TD and is split
into two peaks (see Fig. 1c).

(1010) poles (Fig. 1). The pole gures of AZ31 sheets

The pole distribution of the basal planes for rolled

in both rolling conditions (the conventionally rolled slab

ZE10 TRC strip is dierent from that, which is usually

and the rolled sheet of TRC strip) display basal charac-

observed in the Mg alloys with RE alloying elements [14].

ter of the texture with a signicant concentration of basal

The texture could be dened as a texture with essentially

planes oriented into ND (basal planes are parallel to the

basal character and basal planes are slightly tilted toward

The Inuence of Rolling Conditions on Deformation Behavior. . .

797

the RD. The intensity of the basal pole is higher for the

sheets. In rolled ZE10, the prismatic pole has two peaks

rolled ZE10 TRC strip than for the rolled ZE10, and

toward the RD, and in the rolled ZE10 TRC strip the

lower than that for the rolled AZ31 TRC strip.

higher intensity of (1010) pole gure is observed toward

Intensity distribution of (1010) pole gures for both

the TD.

AZ31 sheets is homogeneous in contrast to the ZE10

Mechanical properties of rolled Mg alloys: TYS  tensile yield strength, UTS  ultimate tensile

TABLE

strength.
Alloy
loading direction
TYS [MPa]
UTS [MPa]
Uniform elongation [%]
Fracture strain [%]

Rolled AZ31
RD

±2
263±1
15.8±0.2
24.1±0.5
149

TD

±1
266±1
13.2±0.1
24.6±0.5
196

Rolled AZ31 TRC strip
RD

±1
281±1
15.3±2
20.5±0.5
194

Rolled ZE10

TD

RD

±1
281±1
13.7±1
19.3±0.5

±3
234±1
11.4±1
24.8±0.5

205

172

TD

±3
218±1
19.6±2
29.5±1
103

Rolled ZE10 TRC strip
RD

±1
223±0.5
16.8±2
29.5±1
140

TD

±3
±0.5
14.5±3
27.5±1.5
166

231

From the inspection of the stressstrain curves, it is
obvious that the rolling conditions have a strong inuence
on the deformation behavior (Figs. 25). The shape of
the stressstrain curves is typical for the rolled Mg alloys
and their characteristic values are presented in the Table.
It can be seen that for the rolled ZE10 the higher value
of the YS is observed for the RD sample than that for
the TD sample. In case of the rolled ZE10 TRC strip the
YS is higher for the TD sample than for the RD sample.
Both rolled AZ31 and rolled AZ31 TRC strip exhibit the
higher YS for the TD sample than for the RD sample. It
is noteworthy that value of the YS for the rolled AZ31
TRC strip is signicantly higher than that for the rolled
ZE10 TRC strip.
Therefore, all four Mg alloys exhibit the strong planar anisotropy of the YS. The planar anisotropy of the
YS is less pronounced for the rolled TRC strips of both
Mg alloys than for the conventionally rolled sheets (see
the Table).

For the rolled ZE10 sheet the planar YS

anisotropy is more pronounced than for other sheets and
it almost disappears for the rolled AZ31 TRC strip.
Signicant dierence in the AE response is observed
during testing the sheets in both rolling conditions. Figures 2, 3 show the stress vs. time curves with the corresponding AE response for the tensile loading in the RD
and the TD for rolled AZ31 and for rolled AZ31 TRC
strip. The analogous data of tensile tests for ZE10 Mg
alloy are presented in Figs. 4, 5.

Fig. 2.

Stress vs. time curves with the corresponding

AE response (AE count rate, peak amplitudes of AE
events) of tension along RD for (a) the rolled AZ31 and

The AE count rate exhibits a maximum at the begin-

(b) the rolled AZ31 TRC strip.

ning of plastic deformation in all samples, which is followed by a decrease in the AE count rate persisting until
the end of the deformation test. Furthermore, in rolled

loading of the AZ31 Mg alloy in the RD, the AE activity

ZE10 the AE count rate exhibits two maxima close to

is higher in conventionally rolled sheets than in the rolled

the macroscopic yield point (see Fig. 5a).

TRC strips. If tensile loading is applied along the TD,

It is important to note that the dierence in the AE

the AE activity is higher in rolled AZ31 TRC strip than

activity is observed during straining along various direc-

in rolled AZ31. For Mg alloy with RE alloying elements

tions of rolled AZ31 (and ZE10) magnesium alloys (see

the higher AE activity during TD loading is observed in

Figs. 2, 3, and 4, 5, respectively).

rolled ZE10.

During the tensile
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Fig. 3.

Stress vs. time curves with the corresponding

Fig. 4.

Stress vs. time curves with the corresponding

AE response (AE count rate, peak amplitudes of AE

AE response (AE count rate, peak amplitudes of AE

events) of tension along TD for (a) the rolled AZ31 and

events) of tension along RD for (a) the rolled ZE10 and

(b) the rolled AZ31 TRC strip.

(b) the rolled ZE10 TRC strip.

The decrease of the AE count rate after the macroscopic yield point during RD loading of the rolled ZE10
is rapid, while it is more gradual for the rolled ZE10 TRC
strip (Fig. 4).

of materials. The prismatic plane poles in AZ31 Mg alloys have no orientation preference in the sheet plane and
therefore, the dierence in the orientation of the basal
planes signicantly inuences deformation behavior. An-

4. Discussion

The signicant dierence in the texture of Mg alloys after applying of the dierent rolling conditions can be seen
in Fig. 1. Weakening of the texture due to an addition of
the RE alloying elements is observed for both rolled ZE10
and rolled ZE10 TRC strip. Similar weak non-basal texture, with the angular spread of basal planes towards the
TD, in rolled and annealed Mg1Zn0.3Ce alloy was presented by Mackenzie and Pekguleryuz [8]. The dierent
orientation of the basal pole peak for rolled ZE10 TRC
strip is caused by the conventional rolling after the TRC
process.
The dierence in the texture of materials is responsible for the anisotropy of mechanical properties. It clearly
seen that in sheet plane the higher the angular distribution of the basal planes, the more pronounced anisotropy
of the YS is observed (Fig. 1, the Table).
The strengthening of the AZ31 Mg alloy is higher in the

gular spread of basal planes toward RD gives opportunity
for activation of non-basal slip and/or twinning system
during RD loading at lower stress [28].

During tension

along TD, basal planes are oriented parallel to loading
axis. In this case, activation of non-basal slip and twinning system requests higher stress, and therefore, work
hardening is stronger.
Rolled ZE10 TRC strip with the angular distribution
of basal planes similar to AZ31 Mg alloys exhibits a similar anisotropy consisting of a higher level of strength in
the TD compared to the RD. For the rolled ZE10, however, an inverse anisotropy is observed: the YS in the RD
appears to be higher than that in the TD, which is caused
by characteristic inverse angular spread of basal planes:
toward TD. The planar anisotropy of the YS of the ZE10
sheets was also discussed in [12], where the complex study
of deformation curves, concurrent AE measurements and
work hardening analysis (the KocksMecking plots) were
presented.

TD than in the RD for both rolling conditions. This be-

The characteristic maximum of the AE count rate,

havior was also observed by Agnew and Duygulu [6] and

which is observed at the beginning of the plastic de-

could be explained by the inuence of the initial texture

formation, is usually explained by a massive dislocation
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be explained by various combination of activity of prismatic

hai and pyramidal hc + ai slip and twinning system

with respect to angular distribution of basal planes. In
works of Dobron et al. [12] it was concluded that the
tensile twins may occur in a grain only, if the

c-axis

and

the tensile axis are suciently close to each other. Thus
it could be supposed that during RD loading probability of twin activation in rolled AZ31 is higher than that
in rolled AZ31 TRC strip. Likewise, lower AE response
in rolled AZ31 during TD loading than during RD loading is explained by lower probability of twin activation
(Fig. 1a, 2a, 3a).
Almost no orientation preference of basal planes in
sheet plane in rolled AZ31 TRC strip (Fig. 1b) is responsible for similar passing of plastic deformation during RD
and TD loading, therefore, similar AE response is seen
in Figs. 2b, 3b.
The dierence in orientation preferences of crystallographic planes in rolled ZE10 and rolled ZE10 TRC
strips, as well as in AZ31, is reected in the AE response during tension of the sheets especially along the
TD (Fig. 1c, d and 5).
are tilted by

45◦

The basal poles of rolled ZE10

along the TD (Fig. 1c), which gives

opportunity for twinning activity. Therefore, the second
maximum of the AE count rate and relatively high values
of peak amplitude of events (Fig. 5a) could be explained
Stress vs. time curves with the corresponding

as a twinning activity. This suggestion is supported by

AE response (AE count rate, peak amplitudes of AE

the typical S-shape of the deformation curve. The activ-

events) of tension along TD for (a) the rolled ZE10 and

ity of tensile twins during TD loading of ZE10 sheet with

(b) the rolled ZE10 TRC strip.

the similar texture was studied by AE, EBSD techniques

Fig. 5.

in works of Dobron et al. [12].
The subsequent rapid decrease of the AE count rate
multiplication, whereby various slip systems can be acti-

after the yield point during RD loading of rolled ZE10 is

vated [21]. In Mg alloys, the basal slip is known as the

associated with activation of non-basal slip systems and

easiest activated slip (the lowest value of CRSS in com-

increasing number of sessile dislocations. Sessile disloca-

parison with other slip systems at RT) [29] and therefore,

tions reduce the free path of moving dislocations conse-

basal slip is taken as a rst activated mechanism in Mg

quently. This suggestion correlates with stronger hard-

alloys. During this process collective dislocation motion

ening for rolled ZE10 comparing with rolled ZE10 TRC,

releases some amount of energy in the material, which is

see Fig. 4.

detected as a strong AE signal [21]. Then plastic deformation in Mg alloys proceeds by non-basal slip (e.g. prismatic

hai, pyramidal hc+ai) and twinning.

5. Conclusions

Theoretically

the dierent micromechanisms of the plastic deformation
produce dierent waveforms of AE signal [21] which consequently could be separated by various AE parameters
(e.g. AE event). It is generally accepted that the twin
nucleation is a excellent source of the AE signal and is
characterized by burst type of AE signal [21, 30].
As we can see in Figs. 15, the dierence in the AE

The texture analysis and

in situ AE measurements dur-

ing tensile tests were used for investigation of the eect
of the rolling procedure on the deformation behavior of
Mg alloys.

Both rolled AZ31 Mg alloys exhibit a typ-

ically basal texture.

In the case of MgZnrare earth

alloy sheet, two dierent types of texture with respect to
rolling conditions were observed.

response during tension of the sheets along various di-

Deformation during the loading along the TD of con-

rections is associated with dierences in the texture of

ventionally rolled sheet ZE10 is realized by basal slip

materials. During RD loading of the rolled AZ31, which

and deformation twinning, which is supported by the AE

has the basal texture with wider distribution of basal

measurement.

planes toward RD and the high intensity of pole, the AE

rate near the macroscopic yield point conrms twinning

signal is higher.

activity.

Whereas, the rolled AZ31 TRC strip

The double maximum of the AE count

with more symmetric spread of basal pole in sheet plane,

We can see that anisotropy of mechanical properties

and lower intensity exhibits lower AE activity during the

may be easily connected with the texture asymmetry

same tensile loading. Dierence in the AE response could

around the ND, which is formed during rolling process.
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