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A B S T R A C T

In magnesium (Mg) alloys with high rare earth content, slip modes and twinning behaviors are quite different 
from that in traditional Mg alloys. Deformation mechanisms, i.e., {11− 21} twinning and non-basal slips, can 
activate during deformation process even at room temperature (RT) and contribute effectively to microstructure 
and texture transition. In order to figure out the influence of temperature on these deformation mechanisms and 
resultant microstructure and texture transition, compression tests were conducted on an extruded Mg-17.5Gd-Zr 
(wt%) alloy with <0001> fiber texture at temperature range of RT-450 ◦C. During compression, both {10− 12} 
and {11− 21} twinning behaviors can be governed by Schmid law at RT-350 ◦C and act as main contributors to 
texture transition. When the compression tests were carried out above 400 ◦C, twinning behaviors almost 
vanished and dynamic recrystallization (DRX) preferred activating within grains with the orientation of 
<10–10>//compression direction. DRX changed from continuous DRX to discontinuous DRX with the temper
ature increasing, which can be attributed to the temperature increasing and resultant elimination of sessile 
structure induced by cross-slip on basal plane. DRXed grains show weak texture and the texture mainly result 
from the properties of several near coincident site lattice boundaries.

1. Introduction

In the past decades, magnesium (Mg) alloys had received extensive 
attention owing to the low density, good damping capacity and excellent 
recyclability [1–4]. Nevertheless, the poor formability and mechanical 
properties significantly restrict the wider application of Mg alloys 
especially in transportation and aerospace. To solve these problems, 
researchers have developed various Mg alloys and adding rare earth 
(RE) elements, i.e., gadolinium (Gd) and yttrium (Y) has been proved to 
be the effective method to improve the formability and mechanical 
properties of Mg alloys [5–7]. For example, Jiang et al. [6] fabricated 
extruded Mg-1.58Zn-0.52Gd (wt%) plate with a high extrusion speed of 
60 m/min, which show better formability than commercial AZ31 alloy. 
The addition of small amount of RE elements can also promote signifi
cant ductility enhancement of the Mg alloys, which can be mainly 
attributed to the formation of RE texture [8].

Different from the Mg alloys with low RE content, high RE content 
Mg alloys, i.e., the Mg-Gd and Mg-Gd-Y based alloys, are always 
considered to be the ideal materials to fabricate high-strength Mg alloys 
owing to the excellent precipitation strengthening [9,10]. Additionally, 
the deformation mechanisms of Mg-RE alloys are different to the other 
Mg alloys [11–15]. For slip modes, the addition of RE elements can 
accelerate the cross-slip and double cross-slip of pyramidal <c + a>
slips, which can defeat the immobilization of <c + a> dislocation 
induced by the pyramidal-to-basal transition [16,17], thus promote the 
ductility enhancement. For stacking faults, the addition of RE elements 
can reduced the stacking faults energy [13,14,18], thus stabilizing the 
dislocation on basal planes and inhabit non-planar dislocation motion, 
which retard the dynamic recovery [19]. For twinning behaviors, the 
addition of high RE content can promote the activation of {11− 21} 
twinning due to the low sensibility of {11− 21} twinning to RE solute 
increasing [11]. {11− 21} twinning has been proved to follow the 
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Schmid law and can be influenced by the basal slip transfer condition in 
the twinned grains when deformed at room temperature (RT) [15,20]. 
However, the influence of temperature on {11− 21} twinning in Mg 
alloy and related effect on microstructure have not been systematically 
investigated.

In addition, the dynamic recrystallization (DRX) in high RE content 
Mg alloys are still mystery. Various texture of the DRXed grains 
including <0001> fiber texture, basal texture and random texture can 
be observed in the extruded high RE content Mg alloys [15,21–23] and 
the influences of complex deformation modes on DRX have not been 
systemically investigated. Therefore, we designed compression tests 
operated at RT-450 ◦C on a <0001> fiber textured Mg-17.5Gd-Zr (wt%) 
alloys to show the influence of temperature on various deformation 
mechanisms and related microstructure transition, which will be bene
ficial for microstructure and texture optimization and the design of 
high-performance high RE content Mg alloys.

2. Experiments and methods

The extruded Mg-17.5Gd-Zr (wt%) alloys with <0001> fiber texture 
was used in this work. Inductively coupled plasma atomic emission 
spectroscopy was used to determine the compositions. The Gd content 
was ~17.5 (wt%) and the Zr content was < 0.1 (wt%). As shown in 
Fig. 1, cylindrical samples with dimensions of Φ8 × 10 mm were cut 
from the extruded plate and compressed along normal direction (ND) at 
temperature range of RT-450 ◦C. For microstructure and texture evo
lution, the compression tests were interrupted at strain of 0.2 and the 
strain rate was 10− 2 s− 1, which is same to our previous work [20]. 
Before compression, samples were preheated for ~10 min. The 
compression tests that were conducted at RT and elevate temperature 
(100–450 ◦C) were carried out on Sans type and Instron type mechanical 
testing machine, respectively. After compression, the deformed speci
mens were sectioned in the center for electron backscatter diffraction 
(EBSD) observation.

Cubic specimens were cut from plate and then compressed at 
400–450 ◦C along ND after grounding and electrolytically polishing the 
optical planes (Fig. 1). Compression tests were interrupted at strain of 
0.1 and 0.2, and the strain rate was 10− 2 s− 1. After scanning electron 
microscopy (SEM) observation, ion etching was carried out on the cubic 
specimens before EBSD observation to remove the oxide layer. Pro
cessing methods of optical planes before EBSD observation and data 
processing progress are same to our previous work [20]. Ion etching was 
carried out on Leica RES102. SEM observation was conducted on a FEI 
Quattro S SEM. EBSD observations were carried out on FEI Quattro S 
SEM and Zeiss Gemini 360 SEM equipped with EDAX-TSL EBSD system. 
Spherical indexing technology was used in the indexing of electron 

backscattered diffraction patterns.

3. Results

3.1. Initial state of the as-extruded alloy

Microstructure and texture of the as-extruded alloys were shown in 
Fig. 2 and fully recrystallized microstructure can be observed. As shown 
in Fig. 2d and e, the microstructure and inverse pole figures reveal a 
typical <0001> fiber texture, in which the texture components 
distribute uniformly along the arc between [10− 10]//ND and 
[2− 1− 10]//ND. High Gd content Mg alloys usually develop a <0001>
fiber texture during hot extrusion and its formation had been attributed 

Fig. 1. Schematic illustrations of optical planes of extruded plate and compressed specimens. CD, ED and TD represent compression direction, extrusion direction 
and transverse direction, respectively.

Fig. 2. Microstructure and texture of the as-extruded alloy: (a) inverse pole 
figure map, (b) (0001) pole figure and (c) inverse pole figures. (d) Inverse pole 
figure map of grains with <0001> fiber orientation and (e) related inverse 
pole figures.
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to the preferential grain growth of the grains with c-axis//ED orienta
tion [24,25].

3.2. Texture transition during compression

Textures of the compressed samples are show in Fig. 3. When com
pressed at the temperature below 350 ◦C, the <0001> fiber components 
almost vanished and poles which tilt from ED to CD for ~30◦ and ~90◦

appeared, which indicate that twinning behaviors can be governed by 
Schmid law and act as the main contributor to texture transition ac
cording to our previous work [20]. When compressed at temperature 
above 350 ◦C, the <0001> fiber components were weakened and there 
are no strong components whose c-axes parallel to CD formed. Inter
estingly, as shown in Fig. 3, <2–1–10>//CD (<10–10>//TD) 

components formed in all compressed samples and it can be concluded 
from the inverse pole figures of <0001> fiber components that such a 
texture in the compressed samples were induced by the consumption of 
the components which show <0001> fiber orientations and with 
<2–1–10>//CD (Fig. S1).

Misorientation angle distribution of compressed specimens were 
shown in Fig. 4. When compressed at RT-350 ◦C, peaks at 0–10◦, 30–40◦, 
50–60◦ and 80–90◦ can be observed. The peaks at 0–10◦ represent the 
low angle grain boundaries (LAGBs) and the axis/angle distribution of 
other abovementioned peaks are shown in Fig. 4c-k. Extension twins 
including {11− 21} twin (34◦, [10− 10]) and {10− 12} twin (86◦, 
[11–20]) can be identified. Moreover, frequent twin-twin intersection, i. 
e., {10− 12} twin variants intersections (60◦, [10− 10]) can be identi
fied. When compressed at RT-300 ◦C (Fig. 4c–h), the peaks which 

Fig. 3. . (0001) pole figures (a, c, e, g, i, k, m, o, q) and corresponding (b, d, f, h, j, l, n, p, r) inverse pole figures of the compressed samples.
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Fig. 4. Misorientation distribution of grain boundaries between identified grains of specimens compressed at (a) RT-350 ◦C and (b) 400–450 ◦C. (c–k) Axis/angle 
distribution of compressed specimens.

Fig. 5. Inverse pole figure maps of the specimens that compressed at 0–350 ◦C.
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represent twinning behaviors show high values, which indicate high 
activity of extension twinning. However, the peak values decreased 
when temperature reached 350 ◦C and declined further when temper
ature over 400 ◦C, which indicate that the twinning activity significantly 
declined when the temperature reached 350 ◦C (Fig. 4i) and almost 
disappeared at the temperature over 400 ◦C (Fig. 4j–k). Further, there is 
obviously increasing of LAGBs when compressed at 350–400 ◦C (Fig. 4a 
and b), which may indicate the formation of more LAGBs and new 
grains.

3.3. Microstructure evolution of samples compressed at RT-350 ◦C

The microstructures of the compressed samples are shown in this 
section. LAGBs, high angle grain boundaries (HAGBs) and twin bound
aries are highlighted as different colors on the inverse pole figure maps. 
For the convenience of description, grains with <2–1–10> axes 
approximately parallel to CD were defined as Type 1 while the grains 
with <10–10> approximately parallel to CD were defined as Type 2.

Partial areas with abundant twin crystals of the specimens com
pressed at RT-350 ◦C are shown in Fig. 5 and related boundary maps and 
partial enlarged areas are shown in Fig. S2. Frequent twin-twin in
tersections can be observed among all compressed specimens. When 
compressed at RT-300 ◦C, large amounts of twin crystals (especially 
{11− 21} twins) with lenticular morphology can be observed and these 
twin crystals can be rarely seen when the compression temperature 
increased to 350 ◦C. The lenticular twin crystals in the specimens 
compressed at 350 ◦C exhibit broader morphology compared to that in 
the specimens compressed at RT-300 ◦C. When compressed at 350 ◦C, 
new grains can be identified, which indicate the occurrence of DRX. 
Usually, DRX can be classified as continuous dynamic recrystallization 
(CDRX) and discontinuous dynamic recrystallization (DDRX). CDRX 
always take place within parent grains, proceeding by recovery progress 
with the formation of new LAGBs and continuous absorption of dislo
cations in LAGBs, which finally result in the formation of HAGBs and 
new grains. DDRX always occurred at grain boundaries, resulting from 
the serrated boundaries and bugling [26,27]. When compressed at 350 
◦C, few new grains can be observed forming at parent grain boundaries 
(indicate by the black circles in Fig. 5g), and the serrated grain bound
aries and bulging suggested the occurrence of DDRX. CDRX can also be 
identified by the formation of LAGBs and new grains within deformed 
grains (indicate by the white circle in Fig. 5g). Additionally, as shown in 
Figs. 4 and 5, twinning behaviors become weakened while the fraction 
of LAGBs increased with the compression temperature increasing and 
350 ◦C is transition temperature, above which the slips will act as the 
main contributors to accommodate strain. The activity decreasing of 
{11− 21} and {10− 12} twinning can be attributed to the competition of 
other deformation modes. Non-basal slips will activate at high temper
ature due to the decrease of critical resolved shear stresses (CRSS) and 
the CRSS of {10− 12} twinning always keep low values with the tem
perature increasing [28,29]. Therefore, 350◦C should be the tempera
ture beyond which the CRSS of non-basal slips will be smaller than 
{11− 21} twinning under the deformation condition in this work, which 

result in the vanishing of {11− 21} twin. When the temperature over 400 
◦C, CRSS of non-basal slip will be smaller than {10− 12} twinning, which 
result in the absence of {10− 12} twins. The activity increasing of 
non-basal can also explain why the LAGBs increased obviously when the 
compression increasing to 350–400 ◦C (Fig. 4a, b), because the 
enhanced <c+a> slip and cross slip are beneficial for the formation of 
LAGBs and related formation of new grains [30,31].

Two typical grains with Type1 and Type2 orientation were selected 
out to show the influence of twinning behaviors on texture. As shown in 
Fig. 6a, two {10− 12} twin variants and two {11− 21} twin variants can 
be identified in the grain with Type 1 orientation. Different twin crystals 
intersected and a large amount of new grain boundaries formed. In the 
grain with Type 2 orientation (Fig. 6b), only one {10− 12} twin variant 
activated. As mentioned above, the activation of {10− 12} and {11− 21} 
twinning behaviors can be dictated by Schmid law and the texture 
transition were mainly induced by the twinning behaviors (Fig. 3a–n). 
The grains with Type 1 orientation are beneficial for the activation of 
{11− 21} twinning owing to high Schmid factor and twin-twin inter
section between {11− 21} and {10− 12} twins will restrict the growth of 
{10− 12} twins [15], which result in the residual Type 1 components 
when compressed at RT-350 ◦C. In the grains with Type 2 orientation, 
the <0001> textured parent grains will be greatly consumed by the 
{10− 12} twins owing to the absence of {11− 21} twins, thus the Type 2 
components became weakened (Fig. 3a–n).

3.4. Microstructure evolution of samples compressed at 400–450 ◦C

Fig. 7 shows the microstructure of the specimen compressed at 400 
◦C. Parent grains deformed apparently, and both CDRX and DDRX can be 
observed while twins can be rarely seen (Fig. 7a). The DRXed grains 
show chainlike distribution, which usually crossed several parent grains 
and formed within parent grains and accompanied by LAGBs, thus most 
of these grain chains that approximately parallel to horizontal direction 
are identified as CDRXed grains (Fig. 7b). In the grains with <0001>
fiber orientation (red color in Fig. 7a), high density of LAGBs and related 
CDRX can be only seen in partial parent grains, which may indicate that 
the consumption of parent grains with Type 2 orientation may be 
induced by the different DRX. Further, the DRXed grains show weak 
texture (Fig. 7c). Components of <0001>//ED and <10–10>//TD can 
be identified, which may indicate the emergence of oriented nucleation.

Microstructure of the specimen compressed at 450 ◦C was shown in 
Fig. 8. Serrated bugling can be almost observed in all grains, which 
indicate the activation of DDRX. As shown in Fig. 8a and b, the DRXed 
grains distribute uniformly within the analyzing area and most of them 
located in grain boundaries, which indicate the dominant DRX is DDRX. 
The DRX mechanisms in 400 ◦C and 450 ◦C can also be proven by the 
LAGB decreasing when the compression temperature increasing from 
400 ◦C to 450 ◦C, because CDRX required more LAGBs within parent 
grains. Moreover, as reflected in Fig. 8c, the DRXed grains show weak 
texture with <0001>//CD and <0001>//ED, respectively. Usually, the 
specific orientation of recrystallized grains usually induced by oriented 
nucleation [26,32]. In addition, the sizes of DRXed grains when 

Fig. 6. Grains with (a) Type 1 orientation and (b) Type 2 orientation.

N. Lv et al.                                                                                                                                                                                                                                       Journal of Alloys and Compounds 1010 (2025) 177299 

5 



compressed at 450 ◦C are obvious larger than that in the sample com
pressed at 400 ◦C (Figs. 7b and 8b). Therefore, the preferential grain 
growth, which will also induce specific texture cannot be ignored [33]. 
The details will be discussed in Section 4.2.

4. Discussion

4.1. Effects of deformation mechanisms on the formation of Type 1 
component

As concluded in Section 3, when compressed at RT-350 ◦C, the for
mation of Type 1 components in compressed specimens were mainly 
caused by twinning-induced consumption of Type 2 components. When 
compressed at 400–450 ◦C, texture transitions are mainly induced by 

DRX. In Mg alloys, DRX is determined by the activated slip modes and 
related dislocation interaction [34]. Therefore, in Fig. 9, the intra
granular misorientation axis analysis (IGMA) was carried out on Type 1 
and Type 2 components to analyze the activated dislocation. When 
compressed at 400 ◦C (Fig. 9a, c), both the IGMA results of Type 1 and 
Type 2 show weak pole around <0001> axes, which indicate the acti
vation of prismatic <a> dislocation in residual microstructures [35]. 
When compressed at 450 ◦C (Fig. 9b, d), no obvious pole can be seen, 
which suggest the activation of complex slip modes. Especially, less 
parent grains can be observed in the residual microstructures with Type 
2 orientation, which indicate more active dislocation interaction and 
resultant formation of grain boundaries and DRXed grains compared to 
that within Type 1 oriented microstructures.

In order to identify the contribution of slip modes on DRX when 

Fig. 7. Microstructure of the specimen compressed at 400 ◦C. Inverse pole figure maps of (a) selective area with DRX and (b) DRXed grains. (c) Inverse pole figures of 
DRXed grains in (b).

Fig. 8. Microstructure of the specimen compressed at 450 ◦C. Inverse pole figure maps of (a) selective area with DRX and (b) DRXed grains. (c) Inverse pole figures of 
DRXed grains in (b).
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Fig. 9. Inverse pole figure maps and IGMA results of the (a, b) Type 1 and (c, d) Type 2 component when compressed at (a, c) 400 ◦C and (b, d) 450 ◦C.

Fig. 10. EBSD results of the cubic specimens compressed at (a-d) 400 ◦C and (e-h) 450 ◦C. (a, e) Inverse pole figure maps, (b, f) confidence index maps and IGMA 
results of microstructure with (c, g) Type 1 and (d, h) Type 2 orientation.
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compressed at 400 ◦C and 450 ◦C, slip trace analyses and IGMA analyses 
were conducted on the cubic specimens with the strain of 0.1. DRX can 
be rarely seen in this stage (Fig. 10a, e) and the optical plane of specimen 
compressed at 450 ◦C is rougher compared to that compressed at 400 ◦C 
(Fig. 10b, f), which indicate more sever deformation when compressed 
at 450 ◦C. Profuse prismatic <a> slip can be identified when compressed 
at 400 ◦C in both Type 1 and Type 2 components (Fig. 10c, d). When 
compressed at 450 ◦C, more non-prismatic slip can be identified 
(Fig. 10g, h), which may responsible for the DRX difference of the 
specimens compressed at 400 ◦C and 450 ◦C.

Several grains (G1-G4) with typical orientation were selected from 
Fig. 10 to analyze the influence of slip on DRX. In G1, massive parallel 
slip traces can be observed in the grain with Type 1 orientation (Fig. 11a, 
b), which indicate the activating of frequent slips and most of them are 
identified as prismatic/pyramidal I slips (Fig. 11c, d). Additionally, 
there are steps in the center of G1, which suggest the activation of cross- 
slip [36]. These steps are identified as cross-slip between pyramidal I 
planes (Fig. 11a, c). In G2, cross-slip can also be recognized by the 
interaction of slip trace and identified as cross-slip between basal planes 
and pyramidal I/prismatic planes (Fig. 11e-h). When compressed at 450 
◦C, in the grain with Type 1 orientation (G3), prismatic <a>/ pyramidal 
I <c+a> dislocations and related cross-slip can be identified according 
to the slip trace and IGMA analysis (Fig. 11i-l). In G4 (Fig. 11m-p), 
cross-slip between pyramidal II/basal planes and prismatic/pyramidal I 
planes can be identified. In Mg alloys, enhanced <c + a> slip can pro
mote the formation of 3-deminsion dislocation networks, which can 
drive the recrystallization [16,34]. <c + a> slip can activate easier with 
the temperature increasing owing to the decline of CRSS [37]. Addition 
of RE solute is also reported to be beneficial for the activating and sta
bilizing of <c + a> dislocation [17,18]. Besides, in the matrix with high 

density of basal <a> and prismatic <a> dislocation, cross-slip and 
dislocation climb can occur even at RT, which can give rise to the for
mation of cell wall and sub-grains, finally result in DRX [38,39]. As 
reflected in Fig. 11, cross-slip between pyramidal planes/prismatic 
planes can be observed in grains with Type 1 orientation. It is proposed 
that the addition of RE element can switch primary pyramidal <c + a>
dislocations and alter cross-slip, thus pyramidal-to-basal transition and 
resultant formation of sessile basal-dissociated structure will be 
restricted, which is beneficial for ductility of Mg alloys [17]. In addition, 
easier slip transfer condition can be identified according to the nearly 
parallel slip traces in adjacent grains. Therefore, CDRX in Type 1 ori
ented microstructure is limited due to the absence of dislocation 
pinning. In the grains with Type 2 orientation (Fig. 11), the occurrence 
of cross-slip between basal plane and prismatic/pyramidal planes can 
create sessile structure [16,40], which will act as obstacle for motion of 
dislocation during subsequent deformation, thus result in the formation 
of LAGBs and new grains. In addition, pyramidal II dislocation can also 
be identified when compressed at 450 ◦C in Type 2 components, which 
indicate the enhancement of pyramidal dislocations and related DRX. 
Therefore, CDRX occurred within grains with Type 2 orientation and 
consumed the Type 2 components, while the Type 1 component 
remained in the compressed specimens (Fig. 3).

4.2. Formation of texture of the DRXed grains when compressed above 
400 ◦C

DRXed grains in this work show weak texture. As described in Sec
tion 3, when the compression temperature increased from 400 ◦C to 450 
◦C, the <0001>//ED components remained while the <0001>//CD 
component strengthened (Figs. 7c, 8c). In addition, the dominant CDRX 

Fig. 11. Slip trace analyses of selective grains (a-d) G1, (e-h) G2, (i-l) G3 and (m-p) G4. (a, e, i, m) SEM images with slip traces, (b, f, j, n) inverse pole figure maps, 
possible slip traces (c, g, k, o) and (d, h, l, p) IGMA results of selective grains.
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turned into DDRX with the temperature increasing (Figs. 7a, 8a). 
Therefore, it can be inferred that CDRXed grains and DDRXed grains 
may show different orientations. The slip traces of the samples com
pressed at 400 ◦C and 450 ◦C and interrupted at the strain of 0.2 are 
shown in Fig. 12. Obviously, the slip trace density of the specimens 
compressed at 400 ◦C are higher than that in the specimen compressed 
at 450 ℃, which indicate more frequent cross slip. Therefore, more 
sessile structure will be created within grains with Type 1 orientation, 
which result in the dominant CDRX when compressed at 400 ◦C 
(Fig. 7a). When compressed at 450 ◦C, less slip trace can be observed 
within parent grains, which indicate less frequency of cross slip. It is 
proposed that the sessile structure can eliminate gradually with the 

temperature increasing owing to the dislocation climbing motion [40], 
thus dislocation accumulation induced by sessile structure pinning will 
be released and more dislocation will cluster at grain boundaries, which 
result in the DDRX (Fig. 8a). In addition, as shown in Fig. S3, stress of 
sample compressed at 450 ◦C are always lower than that in the sample 
compressed at 400◦C, which indicate more steady flow behaviors. Thus, 
parent grain boundaries will deform easily when compressed at 450 ◦C, 
which is beneficial to DDRX. Obviously, the DRX difference influence 
the orientation of DRXed grains.

Different DRX mechanisms always result in various orientation of 
DRXed grains. It is proposed that DDRXed grains always show random 
orientation, which contribute greatly to texture randomization [26,41, 

Fig. 12. Slip traces of the cubic sample compressed at (a, c) 400 ◦C and (b, c) 450 ◦C and compression tests were interrupted at the strain of 0.2. Selective areas in (a, 
b) are enlarged and presented in (c, d) to show the slip traces clearly.

Fig. 13. Grain boundary maps of the specimens compressed at (a) 400 ◦C and (b) 450 ◦C.
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42]. For CDRXed grains, the new-formed grains are reported to show the 
orientation that rotate ~30◦ around <0001> from parent grains [43,44]
and its formation had been attributed to the Σ 13a coincident site lattice 
(CSL) boundaries, which possess low interfacial energy and high 
mobility [44–46]. As shown in Fig. 13a, when compressed at 400 ◦C, 
massive grain boundaries with misorientation angle of 5–30◦ and rota
tion axes of <0001> and resultant CDRX can be observed within parent 
grains, which is responsible for the formation of <0001>//ED compo
nent. In addition, grain boundaries with rotation angle of 70–90◦ and 
related DDRX can be observed formed at the grain boundaries and the 
growth of DDRXed grains may result in the formation of <0001>//CD 
components in the specimens compressed at 450 ◦C. As mentioned 
above, when compressed at 450 ◦C, DDRX predominate DRX behaviors. 
Some Near-CSL boundaries, i.e., Σ 17a (83.63◦, <2–1–10>) are pro
posed to show high mobility [47,48]. The grain with Type 2 orientation 
will also show high storage energy owing to the formation of more 
sessile structure that induced by cross-slip. Therefore, the DDRXed 
grains which share specific grain boundaries will swallow the parent 
grains with Type 2 orientation owing to the high storage energy of 
parent grains and result in the <0001>//CD component. When com
pressed at 450 ◦C, DDRX become dominant, thus <0001>//CD 
component was strengthened.

5. Conclusions

In summary, twinning behaviors and DRX of <0001> textured Mg- 
17.5Gd-Zr (wt%) alloy were systemically investigate through compres
sion. The influence of temperature on deformation modes and related 
microstructure and texture transition were analyzed. The main conclu
sions are summarized as follows: 

(1) After compression, <10–10>//CD component was consumed, 
which result in the formation of <2–1–10>//ED component in 
the compressed samples. Both twinning behaviors and DRX 
consume the <10–10>//CD component preferentially.

(2) When compressed at RT-350 ◦C, {10− 12} and {11− 21} twinning 
behaviors show high activity and act as the main contributors to 
the consumption of <10–10>//CD oriented microstructure. Both 
{10− 12} and {11− 21} twinning behaviors at this temperature 
range can be governed by Schmid law.

(3) When compressed at 400–450 ◦C, DRX are responsible for the 
formation of <2–1–10>//ED orientation by consuming the 
<10–10>//CD oriented components. The dominate DRX 
changed from CDRX to DDRX with the temperature increasing.

(4) CDRX are mainly induced by the formation of sessile structure 
which originate from the cross-slip between non-basal plane and 
basal plane. With temperature increasing, the elimination of 
sessile structure is considered to be the main contributor to the 
transition from CDRX to DDRX.

(5) The <0001>//ED components in DRXed grains are induced by 
the CDRX, which result from the formation of Σ 13a near-CSL 
boundaries. The <0001>//CD are mainly induced by the high 
mobility of near-CSL boundaries, i.e., Σ 17a (83.63◦, <2–1–10>) 
between DDRXed grains and parent grains with <10–10>//CD 
orientation.
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