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Abstract The magnesium alloy has a unique advantage in

3C fields due to its high specific strength and excellent

electromagnetic shielding characteristic. However, it is

difficult to deform homogeneously because of hexagonal

close-packed structure. In the present work, the

microstructure, mechanical properties and stretch forma-

bility of magnesium alloy sheets with different alloying

elements were investigated. It was indicated that a trace

addition of Zn or/and Er made a key role in modifying

texture, activating shear bands formation and precipitating

nanoscale second phases, respectively, which resulted in an

obvious improvement in both stretch formability and

mechanical properties. The results suggested that the Mg–

0.5Zn–0.5Er alloy sheet exhibited higher tensile strength

along the rolling direction, i.e., yield strength of 180 MPa

and ultimate tensile strength of 201 MPa, accompanying

with superior Erichsen value of 7.0 mm at room tempera-

ture. The good performances of the sheet were ascribed to

weakening basal texture intensity, formation of shear bands

and precipitation of nanoscale W-phase (Mg3Zn3Er2).

Keywords Mg–Zn–Er alloy; Hot rolling; Texture; Shear

band; Stretch formability

1 Introduction

As a lightweight structural material, the wrought magne-

sium alloy has a unique advantage in 3C fields due to its

high specific strength and excellent electromagnetic

shielding characteristic [1]. However, as the hexagonal

close packed (hcp) structure, it is difficult to make the

magnesium alloy undergo a homogeneous deformation. In

general, the wrought magnesium alloy has a strong basal

texture and a notable anisotropy, which is harmful to the

formability [2–4]. Modifying texture is one of key factors

to improve formability at room temperature. Hot plastic

deformation is an important way to weaken the basal tex-

ture via dynamic recrystallization (DRX), especially for an

equal channel angular pressing (ECAP) [5, 6] and a dif-

ferential speed rolling (DSR) [7, 8]. The as-wrought

magnesium alloy therefore exhibits high performance such

as high-strength, high-plasticity and high-formability

capabilities. The high performances are ascribed to the

grain refinement, texture modification and nanoscale pre-

cipitates. Besides, a great number of shear deformation

bands and an abroad angular distribution of basal planes

are introduced during deformation, which also advances

mechanical properties as well as formability of magnesium

alloys obviously.

Also, some alloying elements additions have an effec-

tive influence on the modification of texture. The rare earth

element (RE) is one of the most important elements for the

texture modification with its addition less than 1 wt%

[9–13]. As reported, the addition of RE could decrease the

values of both c/a and critical resolved shear stress (CRSS)

of non-basal slip, respectively [9]. Additionally, the RE

addition activates the number of shear bands by the

deformation twin formation, especially for a f10�11g �
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f10�12g double twin, which contributes to a random texture

[11]. It reported that the addition of RE elements led to

weak sheet textures, and consequently the ductility

increased by reducing the anisotropy for conventional

magnesium alloy sheets [14]. It is considered that the hard

deformation mechanisms of non-basal slips are promoted

when the basal slip and tensile twining become exhausted.

Besides, the addition of RE elements extremely restricts

the DRX because of the segregation of RE in grain

boundaries, which is responsible for the random texture

partly [13, 15].

The Mg–Zn–Er alloys have been investigated in our

previous studies. It is found that some primary second

phases including I-phase (Mg3Zn6Er) and W-phase

(Mg3Zn3Er2) are generally coarse and distribute non-ho-

mogeneously, which are harmful to mechanical properties,

while it is difficult to escape from their formation [16, 17].

Hot extrusion can destroy the coarse second phase effec-

tively, and the as-extruded Mg–Zn–Er alloys containing

I-phase/W-phase display relatively high mechanical prop-

erties [18–20]. Although the as-extruded Mg–Zn–Er alloys

exhibit good performance in mechanical properties, it is

still found that the coarse second phases are the main

fracture cores [20]. The presence of the coarse second

phase is injurious for the stretch formability in the same

manner. Therefore, in this work, three kinds of magnesium

alloys, i.e., Mg–0.5Zn, Mg–0.5Zn–0.5Er and Mg–3Zn–

0.5Er (wt%), were designed and then solution-treated in

order to investigate the elements effect on the

microstructure, mechanical properties and stretch forma-

bility of magnesium alloys without coarse second phases.

The results suggested that the trace addition simultaneously

of Zn and Er would lead to the modification of texture,

formation of shear bands and precipitation of nanoscale

W-phase. Consequently, the stretch formability and

mechanical properties of this alloy are advanced at room

temperature.

2 Experimental

The as-cast alloys were prepared from pure Mg

(99.99 wt%), pure Zn (99.9 wt%) and Mg-30 wt% Er

master alloys with a graphite crucible in an electric resis-

tance furnace under an anti-oxidizing flux. About 1200 g

melting was poured into a steel mold. The ingot was

220 mm 9 140 mm 9 35 mm in size. In order to elimi-

nate the coarse second phase, the as-cast samples were

annealed at 460 �C for 10 h and cooled down in 70 �C
water. Then, the ingots were subsequently machined into

slabs with dimensions of 100 mm 9 60 mm 9 8 mm. The

slabs were hot-rolled into sheets from 8.0 to 2.8 mm with a

rolling speed of 32 mm�s-1 under a reduction of 10%–15%

per pass at 400 �C. The cumulative rolling reduction was

* 65%.

The chemical compositions of magnesium alloys were

analyzed by using an X-ray fluorescence (XRF, Magix-

PW2403) analyzer, and the nominal compositions as well

as actual chemical composition are shown in Table 1. The

microstructural observation was carried out by using an

optical microscope (OM, Zeiss-Imager.A2m) and a trans-

mission electron microscope (TEM, JEM-2000FX, JEOL),

respectively. A selected area electron diffraction (SAED)

pattern and an energy-dispersive spectroscope (EDS) were

carried out during TEM observation, respectively. The

samples for OM observation were mechanically polished

and etched in a solution of 4 ml nitric acid and 96 ml

ethanol. Specimens for TEM observation were prepared by

using electro-polishing and ion beam milling at an angle of

incidence less than 10�. The macroscopic texture of the

(0002) plane pole figure was observed by using X-ray via

Schulz reflection method. Moreover, the microscopic tex-

ture analyses (EBSD) were conducted by using a scanning

electron microscope (TFE-SEM, JEOL JSM-6500F) oper-

ating at 30 kV equipped with a TSL-OIM Analysis 5

software. Samples for texture analysis were prepared by

using electro-polishing with a solution of 60% methanol,

30% glycerol and 10% nitric acid at 25 �C (voltage of

3–11 V) for 10–30 s.

Tensile test was carried out by using a DNS-20 universal

testing machine under a constant speed of 1.0 mm�min-1 at

room temperature. Specimens for tensile test were manu-

factured with a size of 5 mm gauge in width and 25 mm in

gauge length from the sheets in three orientations, i.e.,

rolling direction (RD), 45� to RD direction and transverse

direction (TD), respectively. Three parallel specimens were

tested for each sample. The stretch formability of sheets

with a square of * 60 mm was studied by using Erichsen

tester, and the Erichsen value (IE) was a measurement of

the punch stroke at fracture initiation. The Erichsen test

used a hemispherical punch with a diameter of 20 mm at

room temperature. The punch speed and blank-holder force

were 35 mm�min-1 and 10 kN, respectively.

Table 1 Chemical compositions of magnesium alloys

Nominal compositions Chemical compositions/wt% Zn/Er

Zn Er Mg

Mg-0.5Zn 0.51 0 Bal. –

Mg–0.5Zn–0.5Er 0.62 0.56 Bal. 1.11

Mg–3Zn–0.5Er 3.06 0.46 Bal. 6.65
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3 Results and discussion

3.1 Microstructure and macro-texture

Figure 1a–c shows OM images of as-rolled Mg–0.5Zn,

Mg–0.5Zn–0.5Er and Mg–3Zn–0.5Er alloys. Figure 1a

suggests that Mg–0.5Zn alloy is composed of recrystallized

grains completely. Some recrystallized grains also contain

lots of twins. Meanwhile, when a trace addition of Er is

added, the microstructure of Mg–0.5Zn–0.5Er alloy is

changed. It mainly consists of original grains which are

elongated and crushed along the rolling direction after hot

rolling (HR) process. Besides, there are lots of tiny grains

being full of streamlined deformation bands in the Mg–

0.5Zn–0.5Er alloy. The dilute addition of Er greatly can

retard the growth of recrystallization grains by reducing the

grain boundary mobility [9]. Furthermore, as the content of

Zn increases to 3 wt%, the fully and finer recrystallized

grains are present in the Mg–3Zn–0.5Er alloy compared

with both Mg–0.5Zn alloy and Mg–0.5Zn–0.5Er alloy. It is

suggested that the addition of Zn will lead to a positive

misfit of grain boundaries, which would bring in a homo-

geneous recrystallization microstructure of magnesium

alloys containing high content of Zn [21].

Figure 1d–f displays (0002) pole figures obtained from

RD-ND plane of the as-rolled alloys. The macro-texture

intensity of the alloys is 12.84 for Mg–0.5Zn, 6.51 for Mg–

0.5Zn–0.5Er and 6.15 for Mg–3Zn–0.5Er alloys, respec-

tively. The Mg–0.5Zn alloy has the strongest basal texture

without spread of the (0002) orientation in the RD-TD

plane, which is nearly twice as high as that of other Mg–

Zn–Er alloys. The Mg–0.5Zn–0.5Er alloy exhibits a typical

RD-split texture with double-peak intensity by about ± 15�

tilt of the basal pole in RD. The ‘‘split’’ texture might be

caused by the mutual separation of the deformation bands

and non-deformation band regions [22]. Moreover, the

performance of texture of the Mg–3Zn–0.5Er alloy is very

similar to that of the Mg–0.5Zn–0.5Er alloy. In conclusion,

it is indicated that a trace addition of 0.5 wt% Er can play

an effective role in modifying the basal texture of Mg–Zn

system alloys, while the addition of Zn activates the

occurrence of DRX completely.

3.2 EBSD analysis and precipitations

In order to study the microstructure in detail, EBSD mea-

surement on as-rolled alloys was performed with a step size

of 0.5. Figure 2a–c shows imaging quality (IQ) figures of

the as-rolled alloys. The IQ indexing is used as a back-

ground. The boundaries of different twin types are high-

lighted by using different colors. The non-indexed areas

correlating with high density of shear bands are present in

black color. It stands for the grains suffering from high

local strains. Therefore, the original indexing fraction for

the raw EBSD data is * 43%. The shear bands are com-

posed of recrystallized grains and twins so that the high

store energy as well as large orientation gradients is full of

the substructure [23]. The shear bands appear like

streamlines traversing across the image in the Mg–0.5Zn–

0.5Er alloy obviously, as shown in Fig. 2b. As a result, a

double-peak basal texture comes into being because of the

intense shear strain localization [24]. Also, three kinds of

twins are shown in IQ map marked with different colors,

i.e., {10�12} extension twin boundaries at 86.3� (red color),

{10�11} compression twin boundaries at 56� (blue color)

Fig. 1 OM images and macrotextures observed by XRD of a, d as-rolled Mg-0.5Zn alloy, b, e as-rolled Mg–0.5Zn–0.5Er alloy and c, f as-rolled
Mg–3Zn–0.5Er alloy
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and {10�11}–{10�12} double twin boundaries at 37.5�
(yellow color), respectively. The Mg–0.5Zn alloy contains

a higher activity of extension twinning than Mg–0.5Zn–

0.5Er and Mg–3Zn–0.5Er alloys. However, the numbers of

compression twins locating near the shear bands are higher

in Mg–0.5Zn–0.5Er alloy than in other two alloys. In

addition, all the alloys include the dispersed double twins.

Figure 2d, e shows line profile of the misorientation

angle across the grains along a white arrow (marked in

Fig. 2d) direction in order to measure the crystallographic

orientation relationships. The grains in the Mg–3Zn–0.5Er

alloy are corresponding to the red rectangle in Fig. 2c. It is

indicated that the measured misorientation angle slightly

deviates from the theoretical value * ± 5o due to the

plastic rotation caused by dislocation slips [25]. There are

some double twin boundaries (37.1�, 37.9�, 39.9� and

41.9�), random boundaries (30.9�, and 49.3�) and low angle

grain boundaries (LAGBs, 6.8� and 6.2�) in the interior of

grains. Apparently, the LAGBs and random boundaries are

inside and near the double twins, respectively. The

{10�11}–{10�12} double twin is easy to capture the basal

and non-basal slip dislocations [26]. The strong slip

activity of double twinning regions leads to a formation of

the fine recovering substructure, forming a precursor stage

of the twin dynamic recrystallization (TDRX) [11, 27]. The

twinned bands in the grains are considered to be micro-

shear bands.

Figure 3 displays inverse pole figure (IPF) from EBSD

measurements and corresponding (0001) pole figures (PF).

Figure 3a–c suggests that Mg–0.5Zn and Mg–3Zn–0.5Er

alloys are full of recrystallization microstructures, while

Mg–0.5Zn–0.5Er alloy is permeated with serious distortion

areas. The average grain sizes of Mg–0.5Zn and Mg–3Zn–

0.5Er alloys are * (53 ± 0.9) lm and (32 ± 0.6) lm,

respectively. The values of the micro-texture intensity for

Mg–0.5Zn, Mg–0.5Zn–0.5Er and Mg–3Zn–0.5Er alloys

are 22.24, 15.41 and 12.26, respectively, as shown in

Fig. 3d–f. The variation tendency of the microscopic tex-

ture agrees well with the macroscopic texture. It confirms

that the addition of Er can weaken the basal texture and

randomize the grain orientations [28]. It should be noted

that the TDRX promotes the formation of shear bands via

consuming the regions of compression/double twins in

alloys containing Er [29]. So, the orientation of DRXed

grains forming on both twins and shear bands is mostly

random, but the non-DRXed grains left display a basal

orientation after the last pass. As a result, the ‘‘tilted’’ basal

texture is present in the Mg–0.5Zn–0.5Er and Mg–3Zn–

Fig. 2 IQ image of as-rolled a Mg-0.5Zn alloy, b Mg–0.5Zn–0.5Er alloy and c Mg–3Zn–0.5Er alloy; d IQ image at a high magnification

corresponding to red rectangular in c, e misorientation along white arrow in d within grain
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0.5Er alloys, respectively. However, the increase in Zn

content reduces the number of shear bands, which brings

about a return of the texture peak point to the basal pole in

the Mg–3Zn–0.5Er alloy.

Figure 4 shows TEM images of Mg–0.5Zn–0.5Er and

Mg–3Zn–0.5Er alloy. Figure 4a shows plenty of fine

DRXed grains (or sub-grains) and short rod-shaped

dynamic nanoscale precipitates in the Mg–0.5Zn–0.5Er

alloy. The nanoscale precipitates are the W-phase

Fig. 3 IPF and PF observed by EBSD of a, d as-rolled Mg-0.5Zn alloy, b, e as-rolled Mg–0.5Zn–0.5Er alloy and c, f as-rolled Mg–3Zn–0.5Er

alloy

Fig. 4 TEM images of as-rolled Mg-Zn-Er alloys: a precipitates of nanoscale W-phase and its corresponding SAED patterns of Mg–0.5Zn–

0.5Er alloy; b shear bands in Mg–0.5Zn–0.5Er alloy; c nanoscale I-phase in Mg–3Zn–0.5Er alloy; d I-phase and its corresponding SAED patterns

with fivefold in Mg–3Zn–0.5Er alloy
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according to SAED pattern and EDS analysis (Zn/Er =

1.8 at%, as shown in Table 2) results. The W-phase with

fcc structure results from a stronger segregation of solute

elements in strain concentration regions during thermo-

mechanical processing, which mainly distributes in sub-

grain and grain boundaries rather than initial grain interiors

(Fig. 4b) [21, 30]. The nanoscale W-phase plays an

important role in impeding the grain growth and con-

tributes to the alloy strengthening via dispersion strength-

ening mechanism [21, 30]. Moreover, some fine

precipitates are homogeneously distributed at matrix in the

Mg–3Zn–0.5Er alloy, as shown in Fig. 4c, d. The fine

precipitate is the I-phase with its fivefold symmetry, as

shown in Fig. 4d and Table 2. The presence of the

nanoscale I-phase modifies the texture via DRX [30]. As a

result, it will play an important role in advancing

mechanical properties significantly via precipitation

strengthening mechanism [12, 18].

3.3 Mechanical properties and anisotropy

Figure 5 shows stress–strain curves of Mg–0.5Zn, Mg–

0.5Zn–0.5Er and Mg–3Zn–0.5Er alloys at ambient tem-

perature. The corresponding mechanical properties such as

yield strength (YS), ultimate tensile strength (UTS) and

elongation (e) in tensile directions of RD, 45� and TD are

summarized in Table 3. The values of UTS and YS along

RD and 45� tensile direction display an increase tendency

as the Zn content increases, respectively. The Mg–3Zn–

0.5Er alloy displays the highest tensile strength along the

tensile direction of RD and 45�, respectively. Along the

tensile direction of RD, the values of UTS, YS and e are

231 MPa, 191 MPa and 3.8%, respectively. Furthermore,

along the tensile direction of 45�, the values of UTS, YS

and e are 250 MPa, 189 MPa and 7.3%, respectively.

Meanwhile, the Mg–0.5Zn alloy shows the highest tensile

strength along the tensile direction of TD, and the values of

UTS, YS and e are 213 MPa, 179 MPa and 4.6%, respec-

tively. It suggests that the Er-containing magnesium alloy

exhibits mostly higher strength, especially for the Mg–

3Zn–0.5Er alloy in RD and 45� tensile direction, which is

mostly ascribed to the solution hardening, nanoscale pre-

cipitation and grain refinement. Moreover, the Mg–0.5Zn–

0.5Er alloy exhibits smaller in-plane anisotropy in YS, and

it is related to the special ‘‘split’’ texture with low intensity

due to shear bands and W-phase.

The strain hardening exponent (n-value) and plastic

strain ratio (Lankford value, r-value) are two key param-

eters for the formability of materials. Thus, additional

tensile tests were conducted at room temperature. The n-

value and r-value are listed in Tables 3 and 4, respectively.

The n-value controls a resistance of metal for plastic

instability [31]. In addition, the average n-value

(�n ¼ nRD þ 2n45 þ nTDð Þ=4) is related to the stretch

formability. The r-values (r = ew/et) of sheets were calcu-

lated, where ew and et are the width-direction and the

thickness-direction strains at uniaxial tension, respectively.

The average r-value (�r ¼ rRD þ 2r45 þ rTDð Þ=4) and the

planar anisotropy value (Dr = (rRD - 2r45 ? rTD)/2) are

the key characteristics for the sheet metal forming

Table 2 EDS analysis results of particles in Fig. 4 (at%)

Alloys Mg Zn Er Zn/Er

Mg–0.5Zn–0.5Er 76.20 15.30 8.49 1.80

Mg–3Zn–0.5Er 86.61 11.58 1.81 6.40

Fig. 5 Stress–strain curves of as-rolled alloys with different tensile directions (RD, 45o and TD) at room temperature: a Mg-0.5Zn alloy, b Mg–

0.5Zn–0.5Er alloy, and c Mg–3Zn–0.5Er alloy
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[2, 6, 32]. In general, the sheet with a low �r would lead to a

high limiting drawing ratio (LDR). The Dr indicates a

strain distribution in the sheet plane and shows a tendency

for early behavior at deep draw cups. In the present work,

the values of �n for Mg–0.5Zn, Mg–0.5Zn–0.5Er and Mg–

3Zn–0.5Er alloys are 0.14, 0.18 and 0.13, respectively.

Moreover, the values of the corresponding �r are 0.70, 0.44

and 0.42, respectively. The value of �n in the Mg–0.5Zn–

0.5Er alloy is higher than that of other alloys. The Mg–

0.5Zn–0.5Er and Mg–3Zn–0.5Er alloys have the similar �r
value, which is much lower than that of Mg–0.5Zn alloy. It

is well known that the large n-value is related to the

reduction in plastic instability, which will result in

enhancement of stretching capability [31]. The low �r-value

suggests that the sheet thinning can easily occur during the

in-plane tensile deformation, resulting in the decrease in

the mechanical anisotropy and providing a comparable

hardening curve (Fig. 5b) [6, 33]. It should be noted that

the low �r is mainly ascribed to the addition of RE elements

[2]. The sheets with low Dr value exhibit less earring

tendency commonly. Therefore, the Mg–0.5Zn–0.5Er alloy

sheet would appear less earring possibility during the

stamping forming on account of its relatively low Dr value,
which seems to have a deep connection with a low YS

anisotropy.

3.4 Stretch formability at ambient temperature

Figure 6 shows the results of the Erichsen tests at room

temperature. Mg–0.5Zn–0.5Er and Mg–3Zn–0.5Er alloy

sheets exhibit more excellent stretch formability with

Erichsen values (IE) of 7.0 and 5.6 mm, respectively,

which are better than that of Mg–0.5Zn alloy (IE = 3.4

mm). In particular, the IE value of Mg–0.5Zn–0.5Er alloy

is twice as high as that of Mg–0.5Zn alloy. As stated above,

the stretch formability of materials has a closed relation-

ship with some parameters such as n-value and r-value.

Large n-value plays an important role in enhancing stretch

formability [22]. Low r-value indicates that the thickness-

direction strain is almost the same as that of the width-

direction strain, which contributes to the uniform forming

[2]. Therefore, typically high n-value and low r-value can

be beneficial to stretch formability [6, 22, 33]. In this

investigation, the Mg–0.5Zn–0.5Er alloy with larger n-

value and lower r-value shows an outstanding IE value,

which is consistent with that reported by Chino et al. [2].

Moreover, the values of n and r affect the stretch forma-

bility by regulating basal texture intensity and splitting of

the basal plane. Meanwhile, the Mg–0.5Zn alloy that

contains Er free sheet exhibits a larger �r value and a similar

�n value because of the great increase in the texture intensity

compared with Mg–0.5Zn–0.5Er alloy. Meanwhile, Mg–

0.5Zn–0.5Er alloy displays a larger �n and a similar �r. It is

evidenced by the RD-split texture contrasting with the Mg–

3Zn–0.5Er alloy. Thus, it is concluded that the stretch

Fig. 6 Macro-photographs of specimens after Erichsen test at room

temperature: a as-rolled Mg-0.5Zn alloy, b as-rolled Mg–0.5Zn–0.5Er

alloy, and c as-rolled Mg–3Zn–0.5Er alloy

Table 3 Tensile mechanical properties at room temperature of as-rolled magnesium alloys (YS, 0.2% yield stress; UTS, ultimate tensile stress;

e, elongation; n, n-value and r, r-value)

Alloys Direction YS/MPa UTS/MPa e/% n r

Mg-0.5Zn RD 147 ± 2.5 178 ± 4.2 10.6 ± 4.5 0.10 0.59

45o 157 ± 3.3 183 ± 3.9 4.2 ± 4.7 0.16 0.81

TD 179 ± 2.8 213 ± 3.5 4.6 ± 3.5 0.13 0.59

Mg–0.5Zn–0.5Er RD 180 ± 1.9 201 ± 5.2 2.7 ± 3.4 0.24 0.46

45o 173 ± 2.5 218 ± 4.8 3.7 ± 2.9 0.14 0.48

TD 165 ± 3.6 190 ± 3.9 3.4 ± 3.2 0.20 0.34

Mg–3Zn–0.5Er RD 191 ± 3.2 231 ± 2.3 3.8 ± 4.3 0.10 0.36

45o 189 ± 4.3 250 ± 3.5 7.3 ± 3.8 0.12 0.51

TD 150 ± 2.9 167 ± 2.8 3.6 ± 3.5 0.16 0.31

Table 4 Parameters of stretch formability of as-rolled magnesium

alloys (�n, average n-value; �r, average r-value; Dr, planar anisotropy)

Alloys �n �r Dr

Mg-0.5Zn 0.14 0.70 - 0.22

Mg–0.5Zn–0.5Er 0.18 0.44 - 0.08

Mg–3Zn–0.5Er 0.13 0.42 - 0.27
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formability of magnesium sheets is determined by intensity

and distribution of basal texture.

4 Conclusion

The effect of trace addition of Zn/Er on microstructure,

texture and formability of Mg–Zn–Er alloys was investi-

gated. The main conclusions are shown below.

The trace addition of Er (e.g., 0.5 wt%) into the Mg–Zn

alloys weakened the basal texture significantly via activa-

tion of the non-basal slip. The RD-split texture was directly

attributed to shear bands, which were caused by DRX of

the {10�11} compression and {10�11}–{10�12} double twins.
The regulation of Zn/Er ratio determined the type of second

phases, consequently the nanoscale W-phase precipitated

only in the Mg–0.5Zn–0.5Er alloy (Zn/Er = 1.0), and

I-phase only in the Mg–3Zn–0.5Er alloy (Zn/Er = 6.0).

The W-phase distributed at both grain boundaries and sub-

grains, and it strengthened the alloys via dispersion

strengthening mechanism, whereas the nanoscale I-phase

mainly precipitated in the grain interiors and hence it can

strengthen the alloy via precipitation strengthening mech-

anism. The Mg–0.5Zn–0.5Er alloy exhibits excellent

stretch formability with Erichsen value of 7.0 mm, which

is higher than those of Mg–3Zn–0.5Er (5.6 mm) and Mg–

0.5Zn (3.4 mm) alloys, respectively. The higher Erichsn

value for the Mg–0.5Zn–0.5Er alloy derived from weak

and random basal texture, which resulted in high n-value,

small r-value and low anisotropy (Dr). In addition, this

alloy exhibited good tensile properties along RD with a YS

of (180.0 ± 1.9) MPa, UTS of (201.0 ± 5.2) MPa and

elongation to failure of (2.7 ± 3.4)%. The good perfor-

mance was attributed to the formation of shear bands and

precipitation of nanoscale W-phase (Mg3Zn3Er2).
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