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A B S T R A C T   

Activation of the prismatic and pyramidal slip systems, along with the twinning as the secondary deformation 
mechanism, assists in the accommodation of a larger plastic strain during the deformation of magnesium alloys. 
In this paper, deformation mode activity and texture evolution of the WE43 magnesium alloy were investigated 
during core-sheath equal channel angular pressing (ECAP) at room temperature. Texture studies and trans-
mission electron microscopy inspections suggest that the mechanisms behind the ECAP at room temperature 
assisted by back pressure were activation of (1010) prismatic slip (as the primary mechanism), as well as 
extension and contraction twinning.   

1. Introduction 

Deformation mechanisms play a crucial role in equal channel 
angular pressing (ECAP) of magnesium alloys. Possible slip systems in 
magnesium alloys with hexagonal close-packed (HCP) crystal structures 
include {0001}〈1120〉 basal slip, {1010}〈1120〉 prismatic slip, and 
{1011}〈1120〉 pyramidal slip [1,2]. Because the number of easy slip 
systems in magnesium alloys is limited, deformation twinning with 
small critical resolved shear stress (CRSS) is prevalent during plastic 
deformation. In fact, {1012}〈1011〉 extension twins and {1122}〈1123〉
contraction twins have been identified as twinning deformation systems 
in magnesium alloys [3–5] In magnesium alloys, the basal slip has the 
smallest critical resolved shear stress (CRSS) among all slip systems, and 
prismatic and pyramidal slip systems are activated under much higher 
activation stresses [6]. Changing the stress components on the slip 
planes of an HCP crystal lattice may alter deformation mechanisms. 

Owing to poor formability of magnesium alloys, conventional ECAP 
of these materials at room temperature leads to the segmentation of the 
workpiece. This is associated with an insufficient number of slip systems 
to accommodate the applied strain [7]. In an investigation, ECAP of the 
pure magnesium was successfully conducted up to 8 passes at room 
temperature using core-sheath method [8]. Indeed, using the core- 

sheath method in ECAP processing, aiming to apply back stress com-
ponents on the slip planes, may activate non-basal slip systems at room 
temperature. In our previous work [9], an optimized core-sheath 
configuration was utilized to prevent catastrophic segmentation of the 
WE43 alloy during single-pass ECAP at room temperature with prom-
ising mechanical properties which bears in mind the effect of back 
pressure on the activation of different slip systems. However, the 
deformation mode activity of a WE43 alloy during ECAP at room tem-
perature is still unclear. The present paper is concerned with a detailed 
analysis of the deformation mechanism in WE43 alloy during ECAP at 
room temperature. 

2. Material and methods 

The investigated WE43 magnesium alloy with the chemical compo-
sition of Mg–4.47 wt% Y–2.42 wt% Nd–0.29 wt% other RE was supplied 
and then solution treated at 525 ℃ for 8 h to homogenization and 
subsequently quenched in a solution containing 80 ℃ water and 10 wt% 
NaCl. Round bars of the homogenized WE43 alloy with 5 mm in diam-
eter and 40 mm long were cut and embedded in a commercial 1.5920 
steel sheath with 20 mm in diameter to serve the core-sheath billet. The 
ECAP was conducted through only a single pass at room temperature 
with a pressing speed of 0.1 mm/s in a die with an internal angle, φ, of 
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Fig. 1. ODFs of (0002) basal, (1010) prismatic, and (1011) pyramidal slip planes and the (1012) extension and (1122) contraction twinning planes of (a) ho-
mogenized and (b) ECAP-processed samples. 
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Fig. 2. (a) Ideal ODF positions of some low-index orientations of the HCP structure. The φ2 sections of (b) homogenized and (c) ECAP-processed samples.  
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90◦ and an outer curvature angle, ψ , 20◦. Samples for transmission 
electron microscopy (TEM) observations were mechanically thinned and 
punched into disks 3 mm in diameter. The final TEM foils were obtained 
using a twin-jet polisher with an electrolyte containing 70 vol% meth-
anol and 30 vol% HNO3 at a voltage of 4 V and a working temperature of 
− 30 ◦C. Texture evolution was measured with specimen tilt angles 
ranging from 0◦ to 90◦. The (0002), (1010), (1011), (1012), and (1122)
pole figures were measured to calculate complete orientation distribu-
tion function (ODF) plots and φ2 sections using the MTEX package [10]. 

3. Results and discussion 

3.1. Texture evolution 

The orientation distribution functions recalculated from the pole 
figure data of the homogenized and ECAP-processed samples are illus-
trated in Fig. 1(a) and (b), respectively. The (0002), (1010), (1011), 
(1012), and (1122) pole figures correspond to the basal, prismatic, and 
pyramidal slip planes and the extension and contraction twinning 
planes, respectively. The homogenized sample shows a near-random 
texture of non-basal slip and twinning, which could be described by 
the peak ODF value. Inspection of the pole figures of the ECAP-processed 
sample indicates the presence of all three slip systems, and both twin-
ning systems contributed to accommodating the strain imposed during 
ECAP at room temperature. The increased peak intensities of the (1010)
prismatic and (1011) pyramidal planes and the centralized pole figures 
in the ECAP-processed sample rather than the homogenized sample 
indicate the activation of non-basal slip systems during ECAP. 

3.2. Texture components 

The effect of ECAP processing on texture components was investi-
gated using φ2 sections in the Bunge–Euler space. The ideal ODF posi-
tions for some low-index orientations of the HCP structure at φ2 = 30◦

are shown in Fig. 2(a) [11–14]. The φ2 sections of the homogenized and 
ECAP-processed samples at 0◦, 15◦, 30◦, 45◦, 60◦, 75◦, and 90◦ are 
illustrated in Fig. 2(b) and (c), respectively. The homogenized sample 
contained a major {0001}〈1120〉 basal component. As shown in Fig. 1 
(a), the basal slip system exhibited the highest peak value among all 
deformation mechanisms in the homogenized alloy. Hence, the presence 
of the {0001}〈1120〉 basal component is entirely reasonable. After 
ECAP, the {0001}〈1120〉 basal component vanished and was replaced 
with weak {0001} basal and strong {1010} prismatic fibers in the ECAP- 
processed sample. The activation of prismatic and basal slip systems 
during ECAP at room temperature, as shown in Fig. 1(b), validates the 
formation of fiber components [13]. 

3.3. TEM inspection of deformation twins 

Fig. 3(a) and (b) show the bright-field and dark-field TEM images, 
respectively, of the (1012) extension twin in the ECAP-processed sam-
ple. The misorientation angle between the circled matrix and the 
extension twin was estimated from the corresponding SAED pattern to 
be 86◦, as shown in Fig. 3(c). In addition, mirror images of the diffrac-
tion spots with respect to the {1012} planes are clearly observable. The 
bright-field and dark-field TEM images of the (1122) contraction twin 
are characterized in Fig. 3(d) and (e), respectively, and the corre-
sponding SAED pattern is shown in Fig. 3(f). Contraction twinning is 

Fig. 3. TEM images of (a), (d) bright-field; (b), (e) dark-field (c); and (c), (f) SAED patterns of the extension and contraction twins.  
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characterized by {1022} twin planes that cause a lattice reorientation of 
56◦. The conventional misorientation angles of extension and contrac-
tion twins in HCP metals are reported to be 86◦ and 56◦, respectively 
[1], which verified these results. 

3.4. Relative activity of deformation mechanisms 

The relative activity of each slip and twin system was calculated to 
evaluate the contribution of slip and twinning to the plastic deformation 
during ECAP at room temperature. The results of the texture analysis, 
along with the parameters of the viscoplastic self-consistent model 
(VSPCM) [11] and the Taylor model calculations [12], were simulta-
neously imported into the MTEX software for this calculation. Fig. 4 
shows the relative activity of each deformation mechanism during 
ECAP. The results indicate the higher contribution of slip modes 
compared to twinning in the accommodation of strain. 

Despite the higher CRSS of prismatic slip compared to basal slip 
under uniaxial tension [6,11], the activity of the prismatic slip system 
was clearly higher in shear deformation during ECAP. Imposing a hy-
drostatic back pressure to HCP-structured material using core–sheath 
ECAP applies a stress component to the potential slip planes, then the 
increased stresses compensate for the requirement stress in activating 
non-basal slip. In fact, the imposed hydrostatic back pressure sharply 
decreased the yield anisotropy (the CRSS ratio of non-basal to basal slip) 
[15] and led to the higher activity of non-basal slip rather than basal 
slip. Besides, it has been reported that RE elements like yttrium in 
magnesium alloys, reduce the stacking fault energy (SFE) by changing 
dislocation core structure, thus facilitating the non-basal slip activation 
[16]. Compared with the texture studies of conventional ECAP of WE43 
alloys in previous studies [17,18], the activity of prismatic and pyra-
midal slip systems remarkably increased using core–sheath ECAP at 
room temperature. 

4. Conclusions 

In this paper, the deformation mechanisms of the WE43 magnesium 

alloy during core-sheath ECAP at room temperature were studied using 
texture analysis and TEM inspections. Using core-sheath configuration 
led to activating non-basal slip and deformation twinning modes during 
ECAP at room temperature. The main conclusions can be drawn as 
follows:  

• The homogenized sample demonstrated a near-random texture 
which implies an approximately identical probability of finding a 
grain with each texture.  

• φ2 sections revealed the formation of weak {0001} basal and strong 
{1010} prismatic fibers in the ECAP-processed sample. 

• Activated extension and contraction twinning during ECAP reor-
iented the crystal lattice by approximately 86◦ and 56◦, respectively.  

• The prismatic slip was the main contributor among all slip system 
mechanisms to the applied strain during ECAP at room temperature.  

• Basal and prismatic slip mechanisms demonstrated higher activity 
compared to deformation twinning mechanisms. 
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