
Materials Science & Engineering A 639 (2015) 320–326
Contents lists available at ScienceDirect
Materials Science & Engineering A
http://d
0921-50

n Corr
E-m

yanliang
journal homepage: www.elsevier.com/locate/msea
Effect of aluminum content on the texture and mechanical behavior
of Mg–1 wt% Mn wrought magnesium alloys

M.Z. Bian a,n, A. Tripathi b, H. Yu c, N.D. Namd, L.M. Yan e,n

a Department of Materials Science and Engineering, Monash University, Clayton Campus, Victoria 3800, Australia
b Department of Metallurgical Engineering & Materials Science, Indian Institute of Technology Bombay, Mumbai 400076, India
c School of Materials Science and Engineering, Hebei University of Technology, Tianjin 300132, China
d Petroleum Department, Petrovietnam University, Ba Ria City, Ba Ria-Vung Tau Province 74000, Viet Nam
e School of Materials Science and Engineering, Innermongolia University of Technology, Huhhot 010051, China
a r t i c l e i n f o

Article history:
Received 21 March 2015
Received in revised form
6 May 2015
Accepted 8 May 2015
Available online 18 May 2015

Keywords:
Magnesium alloys
Extrusion
Dynamic recrystallization
Twinning
x.doi.org/10.1016/j.msea.2015.05.022
93/& 2015 Elsevier B.V. All rights reserved.

esponding authors. Tel.: þ61 3 990 50421.
ail addresses: minngzhebian@gmail.com (M.Z
ming@126.com (L.M. Yan).
a b s t r a c t

The mechanical response of as-extruded magnesium–aluminum–manganese alloy with varying
(1–4 wt%) aluminum content has been examined, while the concentration of manganese is kept constant
at 1 wt%. Results indicated that microstructure exhibits more uniform and equiaxed grain structure, and
gradual decrease of texture intensity with increasing aluminum content. Mechanical testing results
revealed tensile and compressive yield strengths decreased, while yield anisotropy, tensile uniform
elongation and strain hardening exponent increased with increasing aluminum content. Weaker texture
was considered to be responsible for lower yield strength, and in particular for significant decrease in
tensile yield strength. In addition, simulation results revealed that prismatic a< > and basal a< > slips
played a very important role during tensile deformation, and the contribution of prismatic a< > slip
decreased with increase in aluminum content. On the other hand, 1012{ }¯ twin was the major defor-
mation mode at the initial stage of the compressive deformation in addition to the basal a< > slip, and the
relative activity of the 1012{ }¯ twin decreased with increasing aluminum content.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

As the lightest structural material, magnesium and its alloys are
regarded as promising candidates for lightweight applications in
automobile, aerospace, light rail, high speed trains and 3C (com-
puter, communication and consumer electronic) industries [1,2].
However, vast majority of their applications have been confined to
casting alloys, and so far applications of wrought alloys have been
very limited [3,4]. One of the technical problems that restrict
immediate applications of wrought magnesium is its formability. It
is well known that basal a< > slip and 1012{ }¯ twin are major
deformation modes at ambient temperature for Mg and its alloys,
because their critical resolved shear stress values are much lower
than that of other deformation modes, such as prismatic a< >,
pyramidal II c a< + > slips and 1011{ }¯ twin [5–8]. As a con-
sequence, a strong basal texture generally develops during plastic
forming processes such as extrusion, rolling, and forging. Unfor-
tunately, the strong basal texture delivers strong yield anisotropy
. Bian),
and poor formability at ambient temperature due to limited
number of active deformation modes [9,10]. To facilitate wider
applications of wrought magnesium alloys as structural metals, it
is desirable to weaken the texture intensity and thus improve the
formability. Alloy addition provides a suitable way to achieve this
goal in Mg alloys, as it is known as an effective method to weaken
the harmful basal texture [11–15].

Aluminum is one of the most commonly used alloying ele-
ments and has the most favorable effect on Mg alloys. It is known
that the addition of certain amount of Al can increase not only
strength but also ductility [16]. For instance, AZ31 (Mg–3 wt%
Al–1 wt% Zn–0.3 wt% Mn) is the most commonly available
wrought magnesium alloy and many works have been done to
investigate effect of Al content on the AZ series alloys [17–19].
Recently it has been reported that AM30 (Mg–3 wt% Al–0.4 wt%
Mn) alloy shows better extrudability, ductility as well as form-
ability than the commercial AZ31 alloy [20]. However, the effect of
Al content on Mg–Al–Mn alloys has not yet been studied in a
systematic manner. Furthermore, the change in deformation
behavior, derived from the texture change due to Al addition, has
not yet been critically examined. In the present study, Mg–xAl–
1Mn rods with Al content (x) ranging from 1 to 4 wt% were
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extruded and their mechanical properties were characterized by
tensile and compressive tests at room temperature. The initial and
deformed textures after tensile and compressive tests were
investigated using X-ray diffraction method to reveal the effect of
Al content on the texture evolution.
Fig. 1. Machining scheme of tension and compression specimens along the
extrusion direction.
2. Experimental procedure

Ingots were manufactured by an electrical resistance furnace
under a mixed gas atmosphere of CO2þ0.5% SF6. The cast ingots
were homogenized at 400 °C for 12 h, and then immediately
quenched in cold water. The ingots were then machined into
cylindrical shaped rods for extrusion. Indirect extrusion was car-
ried out at 300 °C with a ram speed of 0.4 mm/s and extrusion
ratio of 23 to produce round bars. The alloy composition and
corresponding designation are presented in Table 1. Tensile spe-
cimen with 4 mm in diameter and 16 mm in gauge length, and
compressive specimens with 8 mm in diameter and 12 mm in
height were machined from as extruded bars, with loading
direction aligned along the extrusion direction, as shown in Fig. 1.
Uni-axial tensile and compressive tests were performed at room
temperature using a screw driven Instron™ testing machine at a
strain rate of 1�10�4 s�1.

Texture before and after tensile and compressive tests was
measured by the Schulz reflection method using X-ray dif-
fractometer with Cu Kα source. Corrections for peak defocusing
and background intensity were made by experimentally deter-
mined defocusing curves established using powder samples hav-
ing random texture. Microstructure of AM series alloy was
observed using a FEG-SEM equipped with the TSL electron back-
scatter diffraction (EBSD) system operating at 20 kV at 70° tilt
angle. An automated EBSD scan was obtained in the stage-control
mode using TSL data acquisition software at a step size of 0.2 μm,
and data having confidence index greater than 0.1 was used for
analysis. The average grain size was calculated using a linear
intercept method.

Crystal plasticity simulations were carried out using a visco-
plastic self-consistent (VPSC) model [21–23]. The major slip and
twinning modes, i.e. basal a< > slip, prismatic a< > slip, second
order pyramidal II c a< + > slip and 1012{ }¯ tensile twinning have
been included to simulate both tensile and compressive curves.
This combination of deformation modes provided promising
results with respect to the stress–strain curves as well as the
texture evolution. The Voce-type hardening rule is used to
describe the evolution of the threshold stress as a function of
accumulated shear strain in the grain.

⎡⎣ ⎤⎦1 exp / 1c
s s s s s s

0 1 1 0 1( ) ( )τ τ τ θ Γ θ Γ τ= + + − − ( )

where Γ is the accumulated shear in the grain, s
0τ , s

0θ , s
1θ and s

1τ
are initial critical resolved shear stress (CRSS), initial hardening
rate, asymptotic hardening rate and back extrapolated stress
respectively. In order to fulfill the twin reorientation problem
during plastic deformation, predominant twin reorientation (PTR)
scheme was implemented in the VPSC model. At each incremental
step, the accumulated twin fraction in the individual twinning
Table 1
Chemical composition (in wt%) of extruded AM series alloys.

Alloy Al Mn Mg

AM11 0.93 0.86 Bal.
AM21 2.23 0.89 Bal.
AM31 3.09 0.90 Bal.
AM41 4.03 0.81 Bal.
systems of each grain is compared with the threshold fraction
V th mode, is defined as follows:

V A A
V

V 2
th mode th th

eff mode

acc mode
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,

,
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where V acc mode, and V eff mode, are accumulated twin fraction and
effective twinned fraction respectively. The threshold values Ath1

and Ath2, determine the evolution of twin volume fraction during
plastic deformation. The parameters of the PTR-model are set as
A 0. 8th1 = and A 2. 0th2 = for the 1012{ }¯ tensile twin. It is generally
accepted that slip is rate sensitive, while twinning is usually
considered to be rate insensitive [23]. Since the derivation of twin
stress and an evolution of twinning during plastic deformation are
the main focus of this study, a rate insensitive model has been
adopted.
3. Results

3.1. Mechanical properties

True tensile and compressive stress–strain curves of as-extru-
ded AM series alloys, loaded along the extrusion direction, are
shown in Fig. 2(a). A solid line indicates tensile stress–strain curve
and a dashed line represents compressive stress–strain curve. The
tensile curve of AM11 alloy exhibits highest tensile yield stress
(TYS) of 216 MPa, and lowest ultimate tensile stress (UTS) of
270 MPa among all the tensile curves. On the other hand, AM11
alloy shows the highest compressive yield stress (CYS) of 186 MPa
and the highest ultimate compressive stress (UCS) of 429 MPa.
Generally, strength increases with solute addition to Mg matrix,
due to solid solution hardening, but in the present study, the
strength decreased with increase in Al content, which will be
discussed later in detail. While the tensile curves exhibit concave
down appearance similar to those found in slip dominated
deformation behavior, the compressive curves show concave up
shape which is a typical feature of 1012{ }¯ twin dominated defor-
mation behavior [24,25]. Thus, specimens tested in tension exhibit
relatively higher yield stresses than specimens tested in com-
pression. The yield anisotropy (CYS/TYS) is getting closer to 1 with
increasing Al content, indicating better isotropic nature of AM41
alloy in comparison with AM11 alloy. Uniform tensile elongation
(UTE) and strain hardening exponent (SHE) increase steadily with
increase in Al content, as shown in Fig. 2(b). It is generally
accepted that metals with high UTE and SHE usually have better
formability at room temperature. Luo et al. [20] reported that SHE
of wrought AZ31 and AM30 alloys is 0.14 and 0.17, respectively.
The developed AM41 alloy which exhibits higher SHE value of
about 0.19 potentially has better formability than AZ31 and AM30
alloys. Details of all the mechanical properties are summarized in
Table 2.

3.2. Microstructure

Fig. 3 illustrates inverse pole figure (IPF) maps of as-extruded
rods taken from sections perpendicular to the extrusion direction
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(ED). The average grain sizes of AM11, AM21, AM31 and AM41 are
8.3 μm, 4.0 μm, 6.6 μm and 6.0 μm, respectively. AM11 alloy
showed a typical bimodal grain structure consisting of fine
recrystallized grains of 2.7 μm and coarse unrecrystallized
deformed grains of 17.9 μm, while AM41 alloy showed homo-
geneous microstructure with almost fully recrystallized grains of
5.8 μm. It reveals common feature that unrecrystallized grains are
close to 1010 //ED¯ , while the recrystallized grains show off

1010{ }¯ orientation. With increasing Al content, microstructure has
more uniform and equiaxed grain structure. Indeed, the area
fraction of the recrystallized grains increases with increasing Al
content. The recrystallized grains in AM11 reached 66%, while
AM41 is almost fully recrystallized (98%). The area fraction and
grain size of the recrystallized grains and unrecrystallized
deformed grains are shown in Fig. 4.
Fig. 2. (a) True stress–strain curves of AM series alloys loaded parallel to the
extrusion direction tensile and compressive tests, and (b) work hardening rate and
true tensile stress as a function of true tensile strain.

Table 2
Mechanical properties of AM series alloys at room temperature.

Alloy TYS (MPa) CYS (MPa) UTS (MPa) UCS (MP

AM11 216 186 270 429
AM21 204 180 272 423
AM31 197 175 274 418
AM41 185 170 277 394
3.3. Texture

Fig. 5 shows the effect of Al content on the texture of as-
extruded AM series alloys. Bulk texture measurements were per-
formed on the cross sectional area. It is found that most of basal
planes are parallel with ED, which shows the general character-
istics of texture of wrought magnesium alloys. AM11 alloy has the
highest texture intensity of 0002( ) basal (5.61 MRD) and 1010( )¯

prismatic (8.45 MRD) pole figures among the AM-series alloys. It is
noted that the texture intensity of both pole figures decreased
with increasing Al content. This phenomenon is closely related to
the fact that AM41 alloy showed higher UTE, SHE and yield ani-
sotropy than AM11 alloy. It is implied that reduction of texture
intensity could bring less anisotropic characteristics at room
temperature.

Fig. 6 shows texture of as tensile fractured AM-series alloys. It
can be seen that texture distribution and maximum intensity
position show subtle difference from the initial as-extruded tex-
ture. The intensity of 1010( )¯ pole figure after tensile deformation
increased slightly in comparison to that of the initial as extruded
1010( )¯ pole figure, which indicates basal planes become more
parallel with the loading axis as the tensile deformation pro-
gressed. The intensity of 0002( ) basal pole figure slightly decreased
in comparison with the initial as-extruded 0002( ) intensity (except
AM31 alloy). However, maximum intensity is located at a high psi
angle, which cannot give accurate texture information. AM11 alloy
still has the strongest intensity of 1010( )¯ pole figure among the
tensile deformed AM-series alloys, while AM41 alloy shows the
lowest.

Fig. 7 shows texture evolutions of compressive deformed AM-
series alloys. 0002( ) and 1010( )¯ pole figures show reverse dis-
tribution of texture in comparison to initial pole figures, which
indicates that majority of grains rotated almost 90° and therefore
the basal planes are perpendicular to the loading direction due to
1012{ }¯ tensile twin activation during compressive deformation.

AM11 alloy shows maximum texture intensity of 0002( ) and 1010( )¯

pole figures after compressive deformation, which is directly
linked with the initial texture of AM11 alloy. As-extruded AM11
alloy which has maximum texture intensity is favorable for the
1012{ }¯ tensile twin activation, as 0002( ) basal plane of grains is
more parallel with the compressive direction.
4. Discussion

4.1. VPSC modeling

Probably the most interesting observation from the present work
is the decrease in YS with increasing Al content in Mg–1 wt% Mn
based wrought magnesium alloy. Generally, alloying strengthens
metallic materials because dislocation movements are pinned by
interaction with solute atoms or precipitates [26]. However, mecha-
nical properties of Mg wrought alloys are also closely related to an
initial texture as they have very strong anisotropic characteristics. It
a) Yield anisotropy (CYS/TYS) UTE (%) SHE (tension)

0.86 7 0.09
0.88 10 0.12
0.89 13 0.15
0.92 14 0.19



Fig. 3. Inverse pole figure maps from cross section of the as-extruded round bars for different alloys: (a) AM11, (b) AM21, (c) AM31, and (d) AM41.

Fig. 4. Area fraction and average grain size of the recrystallized grains
and unrecrystallized matrix for the AM11, AM21, AM31, and AM41 alloys.
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can be easily found that the texture intensity of the as-extruded AM
alloy decreased with increase in Al content and consequently varia-
tion of the texture intensity may affect the active deformation modes.
In order to evaluate the contribution of various deformation modes in
the deformation behavior of AM-series alloys, VPSC simulation was
carried out. It can be seen that the simulated tensile and compressive
results are in good agreement with the experimental stress–strain
curves, as shown in Fig. 8. The best fitted Voce hardening parameters
for corresponding deformation modes used in this simulation are
summarized in Table 3. Fig. 9(a) and (b) shows evolution of relative
activity of various deformation modes during tensile and compressive
deformation, respectively. During tensile deformation, basal a< > and
prismatic a< > slips are main deformation modes. In addition, pris-
matic a< > slip becomes predominant at higher strains. It is also noted
that the relative activity of basal a< > slip increased, whereas the
relative activity of prismatic a< > slip showed reverse trend with
increasing Al content. As mentioned above, texture intensity of as-
extruded AM-series alloys becomes weaker with increasing Al con-
tent. It is indicated that basal planes tilt away from radial direction
with increasing Al content, which leads to a favorable orientation for
dislocation glide on the basal plane for AM41 alloy in comparison
with AM11 alloy. It is also noted that 0τ for the prismatic a< > slip
decreased with increasing Al content. Similar results have been
reported using dilute magnesium alloy single crystals [27–29]. It has
been shown that solid solution softening of the prismatic a< > slip
readily occurs as reduction in the stress is necessary to overcome
Peierls–Nabarro friction. This fact indicates that not only relative
activity changes by texture weakening but also solid solution soft-
ening of the prismatic a< > slip contributes to lower YS with increasing
Al content. Generally, activation of the basal a< > slip tilts the basal
planes more parallel to the loading direction, and activation of the
prismatic a< > slip makes prismatic planes to align perpendicular to
the loading direction [30–34]. Therefore activation of both basal a< >
and prismatic a< > slip modes results in sharpening of prismatic
texture for the tensile deformed samples, which matches well with
XRD results as shown in Fig. 5.

On the other hand, basal a< > slip and 1012{ }¯ tensile twin are
mainly activated during compressive deformation. At the initial
stage of compressive deformation, tensile twin accommodates a
large portion of the imposed strain. This twin activation is
responsible for the relatively low flow stress and small hardening
rate at the initial stage of compressive deformation (Fig. 2) [35,36].



Fig. 5. 0002( ) and 1010( )¯ pole figures of the as-extruded state prior to deformation: (a) AM11, (b) AM21, (c) AM31, and (d) AM41 alloys.

Fig. 6. 0002( ) and 1010( )¯ pole figures of the specimens after tensile tests: (a) AM11, (b) AM21, (c) AM31, and (d) AM41 alloys.

Fig. 7. 0002( ) and 1010( )¯ pole figures of the specimens after compressive tests: (a) AM11, (b) AM21, (c) AM31, and (d) AM41 alloys.
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It is generally accepted that the 1012{ }¯ twin is easily activated by
compression in the direction perpendicular or tension parallel to
the c-axis [36]. Therefore 1010{ }¯ fiber textured AM-series alloys
would easily generate profuse 1012{ }¯ twins at the initial stage of
deformation. As the compressive deformation proceeds, most of
the compressive deformations are accommodated by the basal



Fig. 8. Experimental and simulated tensile and compressive stress–strain curves.

Table 3
Voce hardening parameters used in VPSC simulation.

Voce hardening AM11 AM21 AM31 AM41

Prismatic a< >
τ0 107 98 94 90
τ1 13 25 32 34
θ0 372 423 480 600
θ1 0 1 2 26

Basal a< >
τ0 40 40 41 40
τ1 25 27 22 26
θ0 63 70 75 76
θ1 2 3 5 10

Pyramidal II c a< + >
τ0 200 200 200 200
τ1 20 20 20 20
θ0 700 700 700 700
θ1 0 0 0 0

Twin
τ0 65 65 65 65
τ1 0 0 0 0
θ0 0 0 0 0
θ1 0 0 0 0

Fig. 9. Relative activities of basal a< >, prismatic a< >, pyramidal II c a< + > slips, and
1012{ }¯ twin modes during plastic deformation: (a) tensile and (b) compressive
tests.

M.Z. Bian et al. / Materials Science & Engineering A 639 (2015) 320–326 325
a< > slip. It can be seen that the relative activity of the 1012{ }¯ twin
decreases, whereas the relative activity of basal a< >slip shows
reverse trend with increasing Al content. Furthermore, it is shown
that the yield anisotropy in textured AM-series alloys is getting
close to 1 with increasing Al content. Interestingly, this effect is
caused by the rapid decrease in TYS and slight decrease in CYS
with increasing Al content. This might be explained by the solid
solution softening of the prismatic a< > slip.
4.2. Deformation heating

The usual effect of solute or precipitates is to decrease the grain
boundary mobility which in turn increases the driving force for
recrystallization and grain growth, as done by alloying addition
[37,38]. Therefore recrystallization temperature of AM41 is con-
sidered to be higher than that of AM11. However, the extent of
recrystallization steadily enhances with increasing Al content,
indicating that effect of Al content on the recrystallization
temperature of AM series alloys is small. Thus, the opposite trend
of recrystallization behavior is likely to be the result of markedly
different actual extrusion temperature in these alloys as the
temperature has a profound effect on the recrystallization kinetics.
Although the extrusion temperature was set as 300 °C, it could be
increased to certain point due to the deformation heating caused
by plastic deformation and friction force during extrusion process
[14,39]. For constant extrusion parameters, such as extrusion
speed, ingot size, reduction ratio and die geometry, deformation
heating is closely related to alloying content. It is known that
higher extrusion load is required as the alloying content increases,
and higher extrusion load translates to a higher degree of defor-
mation heating during extrusion [40,41]. Accordingly, deformation
heating caused by AM41 would be higher than that caused by
AM11. This higher increase in extrusion temperature possibly leads
to a larger grain size in AM41 as a result of higher dynamic
recrystallization rate and faster grain growth during the extrusion
process.
5. Conclusions

Extrusion of Mg–xAl–1Mn alloys containing different Al con-
tents, i.e. 1 wt%, 2 wt%, 3 wt% and 4 wt%, were prepared in order to
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characterize the effect of Al content on mechanical response,
microstructure as well as the texture of AM series alloys. Following
conclusions can be drawn from the present study:
1.
 YS decreased, while UTE, SHE and yield anisotropy improved
with increasing Al content in AM series alloys.
2.
 Average grain size decreased as addition of Al content
increased. Microstructure exhibited more homogeneous and
equiaxed grain structure and area fraction of the recrystallized
grains increased with increasing Al content.
3.
 Texture intensity decreased with increasing Al content, which
was responsible for lower YS of AM41 alloy in comparison with
that of AM11 alloy.
4.
 According to VPSC simulations, it was confirmed that con-
tribution of deformation modes changed due to initial texture.
Prismatic and basal a< > slips were the main deformation
modes during tension deformation and relative activity of
prismatic a< > slip decreased with increasing Al content.
Basal a< > slip and 1012{ }¯ tensile twin were mainly activated
during compressive deformation, and relative activity of 1012{ }¯
tensile twin decreased with increasing the Al content.
Acknowledgments

The authors extend their appreciation to Dr. Carlos Tome of the
Los Alamos National Laboratory for supplying the VPSC7 software.
Nguyen Dang Nam is grateful for the support of Vietnam Oil & Gas
Group and Petro Vietnam University.
References

[1] I.J. Polmear, Metallurgy of the Light Metals, Butterworth-Heinemann, Oxford,
UK, 1995.

[2] A.A. Luo, J. Miner. Met. Mater. Soc. 54 (2002) 42–48.
[3] S.R. Agnew, J.F. Nie, Scr. Mater. 63 (2010) 671–673.
[4] T.M. Pollock, Science 328 (2010) 986–987.
[5] R.E. Reed-Hill, W.D. Robertson, Trans. AIME 209 (1957) 496–502.
[6] S. Ando, H. Tonda, Mater. Trans. 41 (2000) 1188–1191.
[7] A. Chapuis, J.H. Driver, Acta Mater. 59 (2011) 1986–1994.
[8] M.Z. Bian, K.S. Shin, Met. Mater. Int. 19 (2013) 999–1004.
[9] Y. Chino, K. Sassa, M. Mabuchi, Mater. Sci. Eng. A 513–514 (2009) 394–400.
[10] X. Hua, F. Lv, H. Qiao, P. Zhang, Q.Q. Duan, Q. Wang, P.D. Wu, S.X. Li, Z.F. Zhang,

Mater. Sci. Eng. A 618 (2014) 523–532.
[11] J. Bohlen, M.R. Nurnberg, J.W. Senn, D. Letzig, S.R. Agnew, Acta Mater. 55

(2007) 2101–2112.
[12] N. Stanford, D. Atwell, A. Beer, C. Davies, M.R. Barnett, Scr. Mater. 59 (2008)

772–775.
[13] L. Mackenzie, M. Pekguleryuz, Scr. Mater. 59 (2008) 665–668.
[14] J. Bohlen, S. Yi, D. Letzig, K.U. Kainer, Mater. Sci. Eng. A 527 (2010) 7092–7098.
[15] D. Griffiths, Mater. Sci. Technol. 31 (2015) 10–24.
[16] M.M. Avedesian, H. Baker, ASM Specialty Handbook: Magnesium and Mag-

nesium Alloys, ASM International, Materials Park, OH, 1999.
[17] J.W. Choi, K.S. Shin, Mater. Sci. Forum 618–619 (2009) 249–252.
[18] D.J. Yoon, S.M. Lee, S.J. Lim, E. Zu Kim, J. Mech. Sci. Technol. 24 (2010) 131–135.
[19] L.A. Dobrzanski, M. Krol, T. Tanski, J. Achiev. Mater. Manuf. Eng. 43 (2010)

613–633.
[20] A.A. Luo, A.K. Sachdev, Metall. Mater. Trans. A 38 (2007) 1184–1192.
[21] C.N. Tome, R.A. Lebensohn, U.F. Kocks, Acta Metall. 39 (1991) 2667–2680.
[22] B. Clausen, C.N. Tome, D.W. Brown, S.R. Agnew, Acta Mater. 56 (2008)

2456–2468.
[23] A. Jain, O. Duygulu, D.W. Brown, C.N. Tome, S.R. Agnew, Mater. Sci. Eng. A 486

(2008) 545–555.
[24] M. Knezevic, A. Levinson, R. Harris, R.K. Mishra, R.D. Doherty, S.R. Kalidindi,

Acta Mater. 58 (2010) 6230–6242.
[25] M.R. Barnett, Mater. Sci. Eng. A 464 (2007) 1–7.
[26] D. Hull, D.J. Bacon, Introduction to Dislocations, Butterworth-Heinemann,

Oxford, UK, 2001.
[27] A. Akhtar, E. Teghtsoonian, Mater. Trans.: JIM 9 (1968) 692–697.
[28] A. Akhtar, E. Teghtsoonian, Acta Metall. 17 (1969) 1339–1349.
[29] A. Akhtar, E. Teghtsoonian, Acta Metall. 17 (1969) 1351–1356.
[30] P.G. Partridge, Metall. Rev. 12 (1967) 169–194.
[31] M.H. Yoo, Metall. Trans. A 12 (1981) 409–418.
[32] P. Lin, A.H. Feng, S.J. Yuan, G.P. Li, J. Shen, Mater. Sci. Eng. A 563 (2013) 16–20.
[33] F. Wagner, N. Bozzolo, O.V. Landuyt, T. Grosdidier, Acta Mater. 50 (2002)

1245–1259.
[34] S. Zaefferer, Mater. Sci. Eng. A 344 (2003) 20–30.
[35] L. Jiang, J.J. Jonas, A.A. Luo, A.K. Sachdev, S. Godet, Mater. Sci. Eng. A 445–446

(2007) 302–309.
[36] M.Z. Bian, K.S. Shin, Proceedings of the 8th International Conference on

Magnesium Alloys and their Applications, 2009, pp. 781–787.
[37] J.W. Christian, S. Mahajan, Prog. Mater. Sci. 39 (1995) 1–157.
[38] D.G. Cram, X.Y. Fang, H.S. Zurob, Y.J.M. Brechet, C.R. Hutchinson, Acta Mater. 60

(2012) 6390–6404.
[39] F. Humphreys, M. Hatherly, Recrystallization and Related Annealing Phe-

nomena, Pergamon Press, Oxford, UK, 2004.
[40] B.H. Lee, N.S. Reddya, J.T. Yeom, C.S. Lee, J. Mater, J. Mater. Process. Technol.

187–188 (2007) 766–769.
[41] S.H. Park, B.S. You, R.K. Mishra, A.K. Sachdev, Mater. Sci. Eng. A 598 (2014)

396–406.

http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref1
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref1
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref2
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref2
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref3
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref3
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref4
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref4
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref5
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref5
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref6
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref6
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref7
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref7
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref8
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref8
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref9
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref9
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref10
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref10
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref10
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref11
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref11
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref11
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref12
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref12
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref12
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref13
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref13
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref14
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref14
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref15
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref15
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref16
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref16
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref17
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref17
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref18
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref18
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref19
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref19
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref19
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref20
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref20
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref21
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref21
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref22
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref22
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref22
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref23
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref23
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref23
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref24
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref24
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref24
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref25
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref25
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref26
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref26
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref27
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref27
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref28
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref28
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref29
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref29
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref30
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref30
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref31
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref31
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref32
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref32
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref33
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref33
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref33
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref34
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref34
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref35
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref35
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref35
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref36
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref36
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref37
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref37
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref37
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref38
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref38
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref39
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref39
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref39
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref40
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref40
http://refhub.elsevier.com/S0921-5093(15)00544-4/sbref40

	Effect of aluminum content on the texture and mechanical behavior of Mg–1wt% Mn wrought magnesium alloys
	Introduction
	Experimental procedure
	Results
	Mechanical properties
	Microstructure
	Texture

	Discussion
	VPSC modeling
	Deformation heating

	Conclusions
	Acknowledgments
	References




