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Abstract 

The microstructure and texture development in a Mg–0.41Dy (wt%) alloy after plane strain compression (PSC) at 300 °C under a strain 
rate of 10 −2 and 10 −4 s −1 up a final true strain of −1.2 were investigated using electron backscatter diffraction (EBSD) and X-ray diffraction. 
At high strain rate of 10 −2 s −1 , the microstructure exhibited massive twins mainly {10 ̄1 2} extension, {10 ̄1 1} contraction and {10 ̄1 3}-{10 ̄1 2} 
double twin due to the random texture of the as-cast alloy. Meanwhile, at a low strain rate of 10 −4 s −1 , the microstructure was characterized 
by dynamic recrystallization at the {10 ̄1 2} extension, {10 ̄1 1} contraction twins and grain boundaries. Twin dynamic recrystallization (TDRX), 
rotational dynamic recrystallization (RDRX) and discontinuous dynamic recrystallization (DDRX) were the main mechanisms responsible 
for the formation of recrystallized grains. The texture was characterized by the formation of three fibers: basal < 0001 > , < 10 ̄1 0 > // CD and 
< 11 ̄2 0 > // CD where CD is the compression direction. Moreover, the texture was less sensitive to the deformation conditions since the 
recrystallized grains showed the same orientation than twins. The changes of the mechanical properties of the alloy were ascribed to the 
resulting microstructure due to the twinning and dynamic recrystallization. 
© 2020 Published by Elsevier B.V. on behalf of Chongqing University. 
This is an open access article under the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Peer review under responsibility of Chongqing University 
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1. Introduction 

Magnesium (Mg) based alloys are considered as the light-
est structural materials (low density ∼ 1.74 g cm 

−3 ) sus-
ceptible to be used in applications for the automotive and
aerospace industries [1–3] . Unfortunately, Mg-based alloys
suffer from poor formability at room temperature because of
their hexagonal close-packed structure which limits the num-
ber of active deformation mechanisms [4] . In addition, the for-
mation of a strong basal texture (i.e. {0002} basal planes are
aligned parallel to the processing direction) during thermo-
∗ Corresponding author. 
E-mail address: hiba.azzeddine@univ-msila.dz (H. Azzeddine). 
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echanical processing strongly affects their mechanical prop-
rties and limits their formability [5] . 

The plastic deformation of Mg-based alloys during de-
ormation processing is limited to the two main mecha-
isms known as deformation by slip systems and mechani-
al twinning. The later one plays an important role in ac-
ommodating the deformation at low temperature since only
asal slip occurs. Three common twin modes are often ob-
erved in deformed Mg-based alloys: {10 ̄1 2} < 10 ̄1 1 > ex-
ension twin, {10 ̄1 1} < 10 ̄1 2 > contraction twin and {10 ̄1 1}-
10 ̄1 2} or {10 ̄1 3}-{10 ̄1 2} double twins. 

The extension and contraction twins can be activated for
extured Mg-based alloys when the compression loading is
pplied perpendicular and along to the c -axis of the HCP unit
. This is an open access article under the CC BY-NC-ND license. 
y of Chongqing University 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jma.2020.05.004&domain=pdf
http://www.sciencedirect.com
https://doi.org/10.1016/j.jma.2020.05.004
http://www.elsevier.com/locate/jma
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hiba.azzeddine@univ-msila.dz
https://doi.org/10.1016/j.jma.2020.05.004
http://creativecommons.org/licenses/by-nc-nd/4.0/


F. Guerza-Soualah, H. Azzeddine and T. Baudin et al. / Journal of Magnesium and Alloys 8 (2020) 1198–1207 1199 

c  

b  

o  

M  

d
 

p  

s  

s  

d  

c  

s  

d  

t  

i  

p  

a  

t  

[
 

s  

i  

A  

w  

t  

a
 

b  

v  

R  

p  

t  

i
 

c  

a  

s  

d  

o  

a

2

 

I  

A  

i
u  

t
 

L  

s
 

1  

t  

ε  

a

Fig. 1. Channel-die device used for PSC tests with the Mg–0.41Dy sample. 

Fig. 2. True stress–strain curves of the Mg–0.41Dy deformed by PSC at 
300 °C under a strain rate of 10 −2 s −1 and 10 −4 s −1 , respectively. 
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ell, respectively [6] . In contrast, the double twin is created
y the formation of an extension twin inside a contraction
ne. The occurrence of extension twin is largely reported in
g-based alloys than those of contraction and double twins

ue to their low critical resolved shear stress (CRSS) [7] . 
In fact, the presence of twins in the microstructure de-

ends strongly on the alloying elements, initial texture, grain
ize and deformation conditions (temperature, strain rate and
train path) [8–13] . It is believed that the formation of twins
uring deformation strongly affects the flow stress and espe-
ially the texture by changing the orientation of the lattice
tructure [ 14 , 15 ]. Also, it is considered that extension and
ouble twins are the principal twin type affecting the recrys-
allization behavior in Mg-based alloys [ 16 , 17 ]. For example,
t was reported that the {10 ̄1 2} extension twin represented a
referable site for the dynamic recrystallization (DRX) nucle-
tion [18] , while the {10 ̄1 1}-{10 ̄1 2} double twin was found
o be the preferred nucleation site for static recrystallization
19] . 

Mg-based alloys containing rare-earth elements ( RE )
howed excellent mechanical properties and good formabil-
ty compared to conventional Mg-based alloys such as the
Z31 (Mg–3Al–1Zn, wt%) alloy [ 2 , 20 ]. The improvements
ere attributed to the effect of some RE elements on altering

he basal texture development and changing the balance of
ctivation of different slip systems and twinning [ 21 , 22 ]. 

Recent investigations have shown that the recrystallization
ehavior related to twinning was different from that of con-
entional Mg-based alloys [ 11 , 18 , 19 ]. However, the effects of
E elements on the dynamic recrystallization are more com-
licated than expected and much work is still needed in order
o get a full understanding of recrystallization behavior and
ts relationship with deformation mechanisms. 

Thus, the aim of the present study is to investigate the mi-
rostructural and textural evolution of the Mg–0.41Dy (wt%)
lloy after plane strain compression (PSC) at 300 °C under a
train rate of 10 

−2 and 10 

−4 s −1 using electron backscatter
iffraction (EBSD). The present results are discussed based
n the effect of twinning and dynamic recrystallization mech-
nisms on the microstructure and texture development. 

. Experimental material and procedures 

The as-cast Mg–0.41Dy alloy was kindly supplied by the
nstitute für Metallkunde und Metallphysik (IMM-RWTH) in
achen, Germany. The alloy was produced by induction melt-

ng and casting under a protective gas atmosphere of Ar/CO 2 

sing preheated copper mold and followed by a partial solu-
ion annealing at 420 °C for 20 h. 

Samples with dimensions of 14 mm (longitudinal direction,
D) × 10 mm (transverse direction, TD) × 6 mm (compres-
ion direction, CD) were machined from the as-cast bloc. 

PSC tests were carried out at 300 °C under strain rates of
0 

−2 and 10 

−4 s −1 using a conventional screw-driven ZWICK
esting machine as shown in Fig. 1 . A final true strain of
= −1.2 corresponding to 70% of thickness reduction was
chieved for both samples. 
The microstructure of the samples was investigated in the
D-TD plane using EBSD after mechanical and ionic polish-

ng using a Gatan PECS II system at a high voltage of 5 kV
or 15 min. The EBSD data acquisition and analysis were
ndertaken using the TSL Orientation Imaging Microscopy,
IM 

TM software. The grain size data were obtained using a
rain tolerance angle of 5 ° and the minimum grain size was
hosen as 5 pixels. 

Crystallographic texture was measured in the mid-
hickness regions of the deformed samples (in the LD-TD
lane) using a Phillips X-ray texture diffractometer. A set of
ix pole figures [{10 ̄1 0}, {0002}, {10 ̄1 1}, {10 ̄1 2}, {11 ̄2 0},
nd {10 ̄1 3}] was measured to calculate the orientation distri-
ution functions (ODF) using MTex software [23] . 

. Results and discussions 

.1. PSC curves 

Fig. 2 presents the true stress–strain curves of Mg–0.41Dy
eformed by PSC at 300 °C under the strain rate of 10 

−2 s −1 

nd 10 

−4 s −1 . First, the stress increases rapidly in both sam-
les mainly due to the work hardening resulting from the
ccumulation of dislocations. The magnified region of true
train in the range of 0–0.05 showed that both samples ex-
ibit a sigmoidal hardening behavior typical for twin-assisted
eformation [24] . It is evident that the sample deformed un-
er high strain rate (10 

−2 s −1 ) exhibited higher flow stress.
his could be attributed to an enhanced activation of twin-
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Fig. 3. CD-IPF and GOS maps of the Mg–0.41Dy alloy after PSC at 300 °C 

under a stain rate of: (a, c) 10 −2 and (b, d) 10 −4 s −1 . 
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ning mode in the sample processed at high strain rate. It
can be noticed that the true stress–strain curve of sample de-
formed under a strain rate of 10 

−4 s −1 shows massive ser-
rations. It was demonstrated that the serration flow behavior
was attributed to the DRX effects [25] . Moreover, the serra-
tion amplitude increases with decreasing strain rate [25] . The
sample processed under high strain rate undergoes, in terms
of 0.2% offset, higher yield strength (34 MPa) than the one
at low strain (28 MPa). Then, the stress decreases slightly in
the sample processed at low strain rate (10 

−4 s −1 ) indicating
a softening effect due to a DRX mechanism. 

However, extensive secondary strain hardening can be no-
ticed for strain up to −0.6 especially for sample processed at
high strain rate. In fact, the secondary strain hardening is often
reported in deformed Mg-based alloy by PSC such as WE54,
AM50, AZ31 and ME20 alloys [ 5 , 26 , 27 ]. Consequently, it can
conclude that the nature of alloying element could not be the
reason for such behavior. Moreover, the development of twin-
ning could not explain the second hardening since the twining
occurrence in the earlier stage of the deformation [28] . The
PSC deformation geometry ( Fig. 1 ) is mostly the reason of
this secondary hardening. First, the die prevents the sample
broadening. Second, PSC test involved a significant amount
of hydrostatic stress as a result of the friction between the
sample and channel-die (as shown in Fig. 1 ). This friction
effects would largely alter the hardening response and causes
a false increase in work hardening [26] . 

The difference in the flow curves response of both sam-
ples is strongly related to the evolution of the deformation
microstructure during the PSC test. 

3.2. Microstructural evolution 

Firstly, it should be mentioned that the microstructure of
the as-cast alloy has been already reported and exhibits a ran-
dom texture with very coarse grains (the average grain size
is about 520 μm) [29] . Even if the solubility of Dy element
in the Mg matrix is high (25.23%, wt%) [30] , the as-cast
microstructure showed the presence of Mg 24 Dy 5 phase ho-
mogenously distributed in the microstructure [29] . Fig. 3 (a)
and (b) shows the microstructure as an orientation imaging
micrography (OIM) in the inverse pole figure (IPF) map of
the Mg–0.41Dy alloy after PSC at 300 °C under a stain rate of
10 

−2 and 10 

−4 s −1 , respectively. Both samples exhibit coarse
elongated grains along LD and show the present of black
zones resulting from the low degree of Kikuchi pattern qual-
ity due to the highly deformed areas in the samples. In addi-
tion, Fig. 3 (c) and (d) presents the grains orientation spread
(GOS) maps of the processed samples where GOS is defined
as the mean standard deviation of all the orientations inside a
grain [31] . The recrystallized grains (in blue) can be identified
as grains having GOS values less than 2 ° [31] . As shown,
both deformation microstructures exhibit dynamic recrystal-
lized grains. A similar recrystallized fraction ∼ 20% was
found for both processed samples. However, a net difference
between the two samples concerning the presence of twins
can be noticed. Indeed, they are manifestly more profuse in
he processed sample at stain rate of 10 

−2 s −1 (as indicated
n the white box upper the Fig. 3 (a)) than at 10 

−4 s −1 . This is
n good agreement with the evolution of the flow stress curve
hown in Fig. 2 . 

Table 1 shows the misorientation (angle/axis) between the
dentified twins and the parent grain and their fraction in both
rocessed samples. Obviously, the three twinning mode are
resent in both deformed samples. The activation of the dif-
erent twin modes in the same sample could be attributed to
he random orientation of the grains in the as-cast alloy. The
raction of twins is higher in sample processed at high strain
ate (10 

−2 s −1 ). It is well known that twinning and basal slip
re the predominated deformation mechanisms at the initial
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Table 1 
Fraction ( F ) of different twins identified in the deformed samples (from 

Fig. 3 ). 

Twin mode Misorientation 
(angle/axis) 

F (%) 

10 −2 

s −1 
10 −4 

s −1 

{10 ̄1 2} extension 
twin 

86 °< 11 ̄2 0 > 1.4 0.3 

{10 ̄1 1}contraction 
twin 

56 °< 11 ̄2 0 > 1.0 0.3 

{10 ̄1 1}{10 ̄1 2} double 
twin 

38 °< 11 ̄2 0 > 0.9 0.2 

{10 ̄1 3}{10 ̄1 2} double 
twin 

22 °< 11 ̄2 0 > 2.2 1.5 
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tage of deformation. However, increasing temperature and
ecreasing strain rate renders twinning less important [32] .
n this case, the dislocation density and their rearrangement
ay vary with strain rate and thence affect the twin nucleation

nd growth. In addition, for the low strain rate, it is assumed
hat twins can grow and eventually consume the entire parent
rain, making them indistinguishable from the original matrix
24] . However, this statement may not be exact in the present
tudy since as shown in Fig. 3 (b) most grains are large and
xhibit a basal texture (red color) indicating no changing in
he orientation of grains caused by twinning. Hot deforma-
ion under low strain rate is more accommodated by dynamic
ecrystallization [33] as shown by the presence of small re-
rystallized grains along the grain boundaries as indicated by
rrows in Fig. 3 (b). 

In order to visualize the different twin modes in sam-
le processed under 10 

−2 s −1 , Fig. 4 has been drawn and
hows the CD-IPF and the Image Quality (IQ) maps of se-
ected regions from Fig. 3 (a). Extension twin 86 °< 11 ̄2 0 > (in
reen color), contraction twin 56 °< 11 ̄2 0 > (red), double twin
8 °< 11 ̄2 0 > (blue) and 22 °< 11 ̄2 0 > (yellow) with an allowed
ngular spread of ± 8 ° are superposed in the IQ map. It is
uite interesting to note that different twin modes can exist
n the same grain. This is well expected since the nucleation
f twin is strongly related to the grain boundary structure and
he local stress state [34] . 

Table 1 and Fig. 4 show that double twin 22 °< 11 ̄2 0 >

nd extension twin 86 °< 11 ̄2 0 > dominate. The high fraction
f double twin was attributed to the rapid transformation of
ontraction twin to double twin during deformation process-
ng [35] . Nevertheless, the formation of double twins has been
orrelated with the local generation of voids and crack for-
ation [36] . 
It is clear that the twins have different thicknesses and

orms, especially for extension twin which have broader form
han the others. The twin nucleation and growth rate depend
trongly on several parameters such as the Schmid factor [37] ,
he grain boundary misorientation distribution [37] and dislo-
ations/twin boundary interactions [38] . Moreover, the corre-
ponding {0002} pole figure shown in Fig. 4 (c) demonstrated
hat the extension twin was able to change and/or create more
ifferent orientations than the contraction or double twin. In-
eed, the c -axes of the extension twinned grains depicted a tilt
ngle of 86 ° from the basal plane of the parent grain which
ed to the development of {0002}//LD. Meanwhile, the con-
raction and double twin cause only the spread of basal plane
oward TD. 

Extension twin in the sample processed under low strain
ate (10 

−4 s −1 ) is presented in Fig. 5 . The misorientation
rofile along the segment from A to B ( Fig. 5 (a)) shows that
he misorientation angle between the parent grain and twin
and is close to 86 °. Moreover, the corresponding {0002}
ole figure confirms the occurrence of extension twins, i.e.
he {0002} basal planes of the twin band are oriented almost
erpendicular to the CD. In contrast, the {0002} basal planes
f the parent grain are parallel to the CD. 

In fact, the twinned regions contain high stored energy and
an act as favorable sites of dynamic recrystallization which
nown as twin-induced dynamic recrystallization (TDRX) 
echanism [39] . Then, it appears that extension twin seems

o act as a favorable site for the nucleation of dynamically re-
rystallized grains. The GOS map shown in Fig. 5 (b) demon-
trated actually the presence of recrystallized grains (in blue)
nside the extension twin. 

However, the interior of twin contains a high fraction
f low grain boundaries, LAGBs (yellow and red lines) as
resented in Fig. 5 (c). These LAGBs will be progressively
ransformed to high grain boundaries (HAGBs) and therefore
hould form the new structure of fine recrystallized grains.
his is in good agreement with the proposed mechanism of
ynamic recrystallization nucleation in twin defined as a mu-
ual intersection of the twins and the subdivision of the pri-

ary twin lamellae through LAGBs [39] . 
As evidenced from the {0002} pole figure, the orientations

f dynamically recrystallized grains are the same than those
f the host extension twin indicating a continuous dynamic re-
rystallization (CDRX) mechanism. Similar observations were
eported on the recrystallized grains in contraction [40] and
ouble twins [41] . However, recently, it has been reported
hat the recrystallized grains can develop different orienta-
ions from those of the host twins and parent grains [ 42 , 43 ].
therwise, the mechanism responsible for the nucleation and

he orientation relationship between the recrystallized grains
nd the twins and parent grains is controversial and not fully
nderstood yet. 

Generally, the recrystallized grains inside contraction and
ouble twins do not grow beyond twin boundaries due to their
ow mobilities which restricted the modification of the texture
 19 , 42 ]. In contrast, it is expected that the recrystallized grains
nside the extension twin will be able to grow since it is
haracterized by a high mobility [44] . 

Let us remark that no DRX was evidenced inside the twins
ormed in the sample processed under strain rate of 10 

−2 s −1 

ecause of the short deformation duration (that is less than
0 min) since the recovery and the recrystallization are ther-
ally activated processes. However, a TDRX mechanism was

videnced in AZ31 alloy processed by uniaxial compression
t 200 °C and strain rate of 10 

−2 s −1 [33] . It was shown that
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Fig. 4. (a) CD-IPF map of selected region of sample processed at 10 −2 s −1 and (b) Image Quality (IQ) map showing the different twins. (c) The corresponding 
{0002} pole figure indicates the orientation between grains and twins. ET, CT and DT correspond to extension, contraction and double twins, respectively. 
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TDRX mechanism was induced due to the activation of non-
basal slip system such as pyramidal < c + a > slip [45] . 

Fig. 6 presents interesting microstructural features also ob-
served in the sample processed at low strain rate (10 

−4 s −1 ).
It can be clearly seen that the large deformed grain (identi-
fied as number 1 in the figure) is surrounded by small grains
( ∼ 35 μm) forming bands-like named as ‘mantle’ (shown
by white lines). It was suggested that the formation of the-
ses grains in bands resulted from the rotational dynamic re-
crystallization (RDRX) mechanism [ 46 , 47 ] rather than strain-
induced boundary migration (SIBM) that is a conventional
DRX mechanism. Accordingly, the new recrystallized grains
started to form at the vicinity of grain boundaries (‘mantle’)
due to the lack of deformation mode. With increasing strain,
sub-grains formed in these mantle regions by dynamic recov-
ery and HAGBs could ultimately be developed by the migra-
tion and coalescence of sub-boundaries, thereby forming new
recrystallized grains [47] . 

It can be taken into consideration that the black zone
in the Fig. 6 (a) could be particles or second phases seg-
regated at the grains boundaries. Obviously, this is not the
case in the present alloy. First, the scanning electron mi-
croscopy (SEM) micrographs with different magnifications
and the corresponding energy dispersive spectrometry (EDS)
analysis of point 1 (Mg matrix) and 2 (particle) shown in
Fig. 7 of the PSC processed sample at 10 

−4 s −1 indicate that
the particles identified as Mg 24 Dy 5 (point 2) are distributed
into the whole microstructure and not at the grain bound-
aries. Second, the sizes of these particles were very small
( ∼ 1.5 μm) compared to the black zone width in Fig. 6 ( ∼
0–60 μm). The SEM microstructures show also the presence
f smaller particles (see arrows); however, their identifica-
ion by EDS analysis was not possible. Finally, if the black
ones were particles it is expected that the orientations of the
ecrystallized grains will be random as result of the simu-
ated particle nucleation (PSN) mechanism [48] . As can be
bserved in Fig. 6 (a) and (b) the orientations of the recrys-
allized grains in this region have exactly the same orienta-
ions of the deformed grains 1 and 3. However, further deeper
nvestigations like using Transmission electron microscopy
TEM) measurements are needed to justify the occurrence of
DRX, SIBM or PSN mechanisms in the present Mg–0.41Dy
lloy. 

Fig. 6 (c) shows the formation of new grains inside the
ontraction twin. However, the contraction twin was able to
e identified only with angular spread of 30 °. It was reported
hat the contraction twin lost its ideal 56 ° < 11 ̄2 0 > misori-
ntation relationship due to the occurrence of CDRX [40] .
n the meantime, the recrystallized grains in this region ex-
ibited wild orientations as shown in the {0002} pole figure
 Fig. 6 (b)). 

Finally, the white arrows in Fig. 6 (a) indicate that the grain
oundaries were serrated and bulged which is indicative of a
ucleation and formation of new DRX grains. The bulging
t the grain boundaries is characteristic of the discontinu-
us dynamic recrystallization (DDRX) mode occurrence [49] .
sually, the DRX occurs during uniaxial compression (UC)

nd PSC starting from deformation temperature of 200 °C un-
er high stain rate [ 24 , 33 , 50 , 51 ]. However, the microstructural
volution of the present alloy demonstrated clearly that DRX
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Fig. 5. (a) CD-IPF map and corresponding orientation marked in {0002} pole figure, (b) GOS map of selected region and {0002} pole figure of recrystallized 
grains and (c) Grain boundary map inside the extension twin observed in sample processed at 10 −4 s −1 . 

Fig. 6. (a) CD-IPF map of higher magnification region from Fig. 3 (b) showing the recrystallized grains, (b) {0002} pole figure of the recrystallized grains 
and (c) Grain boundary map inside the small grains. 
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as very low at both processed samples. The occurrence of
RX at low temperature in conventional Mg-based alloy was

ttributed to the limitation of active slip system [ 24 , 33 ]. In
ase of Mg–RE alloy different slip system such as < c + a >

yramidal slip can be easily activated due to the effect of
E elements and hence DRX is not anymore an important
echanism to accommodate the deformation. Moreover, the

elay of DRX is also caused by RE solute drag at the grain
 s  
oundaries (pinning effect) which result in reducing the grain
oundary mobility [52] . 

.3. Texture evolution 

The macro-texture evolution obtained from XRD measure-
ent of the Mg–0.41Dy alloy after PSC at 300 °C under a

train rate of 10 

−2 and 10 

−4 s −1 is shown in Fig. 8 via the
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Fig. 7. (a, b) SEM micrographs with different magnifications and (c, d) the EDS results of point 1 and 2 of the PSC processed sample at strain rate of 10 −4 

s −1 . 

Fig. 8. Recalculated {0002} pole figure and ODF sections at ϕ2 = 0 and 30 ° of the Mg–0.41Dy alloy after PSC at 300 °C and a strain rate of: (a) 10 −2 and 
(b) 10 −4 s −1 . 
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Fig. 9. SF distribution maps in tension along CD for the Mg–0.41Dy alloy after PSC at 300 °C under a stain rate of 10 −2 s −1 : (a) basal, (b) prismatic, 
(c) pyramidal < c + a > slip and under stain rate of 10 −4 s −1 : (e) basal, (f) prismatic, (g) pyramidal < c + a > slip and (d, h) the grain number fraction as a 
function of Schmid factor value for the different slip systems. 
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ecalculated {0002} pole figure and ODF sections at ϕ2 = 0
nd 30 °, respectively. As can be seen, PSC processing leads
o the formation of three fibers: basal texture < 0001 > // CD
 ϕ1 = 0–360 °, �= 0 °, ϕ2 = 0 °), < 10 ̄1 0 > // CD ( ϕ1 = 0–360 °,
= 90 °, ϕ2 = 30 °) and < 11 ̄2 0 > // CD ( ϕ1 = 0–360 °, �= 90 °,

2 = 0 °). Similar texture evolution was reported in Mg–1.33La
wt%) alloy cold processed by PSC [53] . In contrast, hot PSC
f the WE54 (Mg–4.9Y–4.2Nd–0.56Zr, wt%) alloy resulted in
he formation only of a < 10 ̄1 0 > // CD fiber [5] . Such a dif-
erence was attributed to the initial texture of the alloys. In the
resent studied alloy and the Mg–1.33La one from [53] both
xhibited random textures prior to the deformation, while the

E54 alloy exhibited a basal texture [5] . The formation of
 10 ̄1 0 > // CD fiber was caused by basal slip system since

winning may not be activated in alloys with initial basal tex-
ure (Schmid factor ∼0) [5] . Thus, the formation of < 11 ̄2 0 >

/ CD fiber is due to the activation of twinning as shown in
he deformed microstructures. 

Obviously, the strain rate has little effect on the texture for-
ation and its intensity i.e. it is similar for both samples ( ∼

–7 mrd, multiple of random distribution [54] for the {0002}
ole figures and ( ∼ 11–12 mrd for the ODF). However, the
istribution of basal texture along LD and TD was different
s function of strain rate. The split of basal poles is usually
ttributed to the activation of pyramidal < c + a > slip sys-
em [55] . In addition, the < 10 ̄1 0 > // CD and < 11 ̄2 0 > // CD
bers seem to be more pronounced in the sample processed
t low strain rate as indicated in the {0002} pole figures
 Fig. 8 ). This could be attributed to occurrence of DRX with
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different mechanisms and the formation of more off-basal
texture. 

It is interesting to elucidate the deformation behavior of
the present deformed samples. The Schmid factor (SF) dis-
tribution obtained from the EBSD data measurement can be
used to predict which slip modes can be favorably activated
during deformation with specific loading direction [56] . Fig.
9 presents the SF distribution maps in tension along CD for
Mg–0.41Dy alloy after PSC at 300 °C under stain rate of
10 

−2 s −1 and 10 

−4 s −1 for basal, prismatic, and pyramidal
< c + a > slip systems, respectively. The grain fraction as a
function of SF value for different slip systems are also showed
in the same figure. Usually, the SF values were classified into
high ( > 0.3) and low ( < 0.3) values [57] . Accordingly, large
amount of deformation can be accommodated by grains with
high SF as compared to those with low SF values. It is ob-
vious that the activation of basal and prismatic slip depends
strongly on the imposed strain rate. The basal slip is more
favored in sample processed at high strain rate (10 

−2 s −1 ). In
contrast, the prismatic slip has very SF low values in both
samples, except for extension twin who exhibits high SF val-
ues as can be noticed (red color in Fig. 9 (b) and (f)). In con-
trast, the pyramidal < c + a > slip exhibits a high SF values
for both samples. 

The evolution of SF values confirms the statement that
in Mg–RE alloys the pyramidal < c + a > slip can be easily
activated [ 21 , 22 ]. Although the deformation at elevated defor-
mation temperatures allows the domination of the pyramidal
< c + a > slip as they can provide strain accommodation along
the c -axis of grains [58] . 

4. Conclusion 

• The microstructure and texture evolution of the as-cast
Mg–0.41Dy alloy were investigated after PSC at 300 °C
under different strain rates (10 

−2 and 10 

−4 s −1 ) up to a
final true strain of −1.2. 
• The resulting microstructures due to twinning and dynamic

recrystallization strongly influenced the flow behavior of
the alloy. 
• At high strain rate of 10 

−2 s −1 , the microstructure exhib-
ited massive twins mainly extension, contraction and dou-
ble twins due to the random orientations of the as-cast
alloy. 
• At low strain rate of 10 

−4 s −1 , the microstructure was char-
acterized by dynamic recrystallization at the extension and
contraction twins and at grain boundaries. TDRX, RDRX
and DDRX were the main mechanisms responsible for the
formation of recrystallized grains. 
• The deformation texture was characterized by the forma-

tion of three fibers: < 0001 > // CD, < 10 ̄1 0 > // CD and
< 11 ̄2 0 > // CD. Moreover, the texture was found to be not
very sensitive to the deformation conditions. 
• The evolutions of SF of basal, prismatic and pyramidal

< c + a > have similar trend for both processed samples. 
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