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ABSTRACT

The compressive deformation behavior of a rolled AZ80 magnesium alloy was

experimentally studied with testing specimens taken from a thick plate at five

different material orientations with respect to the normal direction (ND): 0�
(ND), 30�, 45�, 60�, and 90� (RD). The experimental results reveal a strong ani-

sotropy in the mechanical properties of the textured material. The macrotexture

of specimens interrupted at different strains was examined by X-ray diffrac-

tometer. The correlation between the initial texture, the mechanical anisotropy,

and the activation of different deformation modes was analyzed. The initial

crystal orientation has a decisive effect on the operation of twinning and slip

modes. The strength of initial texture also plays an important role in the evo-

lution of microstructure.

Introduction

The emission of carbon dioxide in the vehicle has

seriously damaged the human living environment.

Reduction in the weight of the vehicles will effec-

tively improve fuel efficiency, thus reducing the

greenhouse gas emissions. Magnesium alloys, as the

lightest structural metal, have a low weight, high

strength/weight ratio, and excellent machinability.

These advantages make them attractive structural

materials.

Wrought magnesium alloys have better mechanical

properties than the cast magnesium alloys. A

wrought magnesium alloy usually forms a strong

0001ð Þ 10�11
� �

basal texture after the extrusion or

rolling process. When a magnesium alloy is loaded in

different directions, the material shows obvious ani-

sotropy of mechanical properties. The stress–strain

curves are asymmetrical under uniaxial tension and

compression [1–4]. The significant anisotropy is

attributed to different deformation modes occurring

during tensile and compressive deformation. The

deformation mechanisms of the magnesium alloy

with hexagonal close-packed crystal structure are

basal slip, prismatic slip, pyramidal slip, and ten-

sion/contraction twinning [5, 6]. During deformation

at room temperature, the critical resolved shear stress

(CRSS) for prismatic and pyramidal slips is much

higher than that for basal slip and tension twinning.

Tension twinning is activated when there is tension

loading parallel to the c-axes or compression loading

perpendicular to the c-axes [7–9]. Therefore, the
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mechanical anisotropy of wrought magnesium alloys

is closely related to the loading direction with respect

to the original texture.

Structural components made from magnesium

alloys can be subjected to loading in different direc-

tions. Therefore, it is important to understand the

anisotropic deformation behavior of the material.

Many researchers have investigated the effect of

loading direction with respect to the material orien-

tation on the deformation behavior of rolled magne-

sium alloy sheet [1, 10–12]. However, these studies

are limited to two typical directions of rolled plate:

rolling direction (RD) and tangential direction (TD).

In the present study, the compression deformation

behavior of rolled AZ80 magnesium alloy thick plate

along five loading directions is studied. Testing

specimens are taken from the plate at 0�, 30�, 45�, 60�,
and 90� with respect to the normal direction (ND).

X-ray diffractometer (XRD) is employed to examine

the development of macrotexture at different strain

levels during compressive loading. The effect of

material orientations on the deformation behavior is

discussed.

Experimental method

Material and specimen

The material used in the study is a hot-rolled AZ80

magnesium alloy plate with a thickness of 60 mm.

The original microstructure of the material was

reported in an earlier publication [13]. The material

has an equiaxial grain structure with an average

grain size of approximate 50 lm and b-Mg17Al12
phases distributing along the grains boundary (a-
matrix). The initial texture of the material measured

by X-ray diffraction (XRD) on the RD–TD plane is

shown in Fig. 1. 0002f g; 10�10
� �

and 10�11
� �

pole

figures indicate that the c-axes of most grains are

parallel to the ND and the a-axes are randomly dis-

tributed on the RD–TD rolled plane. The 0002f g pole

figure shows that the area of the texture cluster

gathered in the center is larger, suggesting that the c-

axes of most grains are not completely perpendicular

to the rolled plane.

Dog-bone-shaped specimens were cut from the

thick plate for monotonic compression experiments.

The specimen has a diameter of 10 mm within a

gauge length of 15 mm. The angles between the axial

direction of the specimens and the normal direction

(ND) are 0� (ND), 30� (ND30), 60� (ND60), 90� (RD

and TD) as shown in Fig. 2. Schematics of HCP unit

cells are presented in Fig. 2. Before testing, the outer

surface in the gauge section of the specimen was

polished by using silicon carbide papers with grit no.

from 400 up to 1200.

Experiments

All the experiments were carried out using a com-

puter-controlled servo-hydraulic material testing

system in ambient air. The strain rate was controlled

at approximate 6.0 9 10-3/s. A specimen was loaded

to a predefined strain level for the study of the

microstructure evolution during compressive defor-

mation. For the ND specimens, experiments were

interrupted at strains of 2%, 5%, 7%, and 9.8% (frac-

ture), respectively. For the ND30 specimens, experi-

ments were terminated at strains of 3%, 9%, and

13.7% (fracture), respectively. The ND45 specimens

were loaded to 2%, 8%, and 18.7% (fracture). The

ND60, RD, and TD specimens were carried out until

failure. The macrotexture of the specimens inter-

rupted at different strains was examined by XRD. All

the samples were measured on the RD–TD planes.

0002f g; 10�10
� �

and 10�11
� �

pole figures were calcu-

lated using the Tex Tools software.

Results and discussion

Macroscopic mechanical behavior

The stress–strain curves under monotonic compres-

sion for different orientation specimens are shown in

Fig. 3, and the mechanical properties are summa-

rized in Table 1. The stress–strain curves are strongly

dependent on the material orientation. Similar results

were obtained by testing a semi-closed die-forged

AZ80 extrusion [14]. The stress–strain curves in the

specimens (ND, ND30, and ND45) less than 45� show
concave-down shapes (Fig. 3a), whereas the stress–

strain curves of the specimens gradually show sig-

moidal shapes (Fig. 3b) with the direction angle

increasing from 60� (ND60) to 90� (RD and TD). The

elongations are dependent on the material orienta-

tion. The RD specimen (20.6%) exhibits a highest

elongation among all the orientation specimens,

whereas the ND specimen has the lowest elongation
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(9.8%). The 0.2% offset yield stress and the true

fracture strength of the material do not increase with

increasing direction angle. Both the compressive

yield stress and the fracture stress in the ND

(155 MPa/367 MPa), ND30 (100 MPa/340 MPa) and

ND45 (98 MPa/327 MPa) specimens gradually

Figure 1 (0002), 10�10
� �

and 10�11
� �

pole figures of the initial material measured by XRD.

Figure 2 Schematics of

specimen geometries and

approximate texture.

Figure 3 Stress–strain curves

of rolled AZ80 Mg alloy

under monotonic compression

in different material

orientations.
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decrease with the direction angle increasing from 0�
to 45�, whereas those in the ND60 (98 MPa/322 MPa)

and RD (134 MPa/370 MPa) specimens increase with

the direction angle increasing from 60� to 90�. The
elongation (19.6%), yield strength (129 MPa), and

fracture strength (366 MPa) in the TD specimen are

slightly lower than those in the RD. The results may

be associated with the non-uniform distribution of

the Mg17Al12 phase [15]. Similar compressive yield

strength occurs in the ND30, ND45 and ND60

specimens.

Figure 4 shows the variations of strain hardening

rate with the strain in different material orientations.

For the specimens with a direction angle less than

45�, the hardening rate curve can be divided into two

stages as shown in Fig. 4a. In Stage I, the strain

hardening rate rapidly decreases with increasing

strain. As the direction angle increasing from 0� (ND)

to 45� (ND45), the decreasing slope of strain hard-

ening rate increases. In Stage II, the strain hardening

rate slowly decreases with increasing strain, and the

stain value at fracture point increases with increasing

direction angle. For the specimens with a direction

angle large than 60�, the hardening rate curves can be

divided into three stages as shown in Fig. 4b. In Stage

I, the hardening rate rapidly decreases with increas-

ing strain, and the decreasing slope increases with

direction angle increasing from 60� (ND60) to 90�
(RD). In Stage II, the hardening rate curve in the

ND60 specimen reveals a peculiar characteristic,

where the strain hardening rate remains almost

constant. However, the hardening rate gradually

increases with increasing strain as the direction angle

reaches 90� (RD). In Stage III, the hardening rate

continually decreases with increasing strain. The

decreasing degree of hardening rate in the RD spec-

imen is higher than that in the ND60 specimen. The

results suggest that deformation mechanisms are

involved at different strain levels for a given material

orientation. The different deformation behavior with

strain is related to the texture evolution during

compressive deformation, which will be discussed.

Texture evolution

The stress–strain curve in the RD is similar to those of

other rolled AZ systems of magnesium alloys, and

the deformation mechanisms have been reported by

many researchers [1, 2, 4, 9, 12]. The compressive

deformation behavior of ND45 specimen is similar to

that of ND60 specimen. Consequently, ND, ND30

and ND45 specimens are selected to be analyzed for

the macrotexture evolution during compressive

loading.

Figure 5 shows the macrotextures and

0002f g; 10 �1 0
n o

, and 10�11
� �

diffraction peaks in the

ND specimens at different strain levels. For the ND

specimen, the activation of 10�12
� �

tension twinning

is difficult because the compressive loading is paral-

lel to the c-axes of the grains. With the compressive

strain increasing from 2 to 7%, the change of macro-

scopic texture during compressive deformation is

very small (Fig. 5a). In addition, 0002f g; 10�10
� �

, and

10�11
� �

diffraction peaks are almost unchanged

(Fig. 5b). The texture density increases from 2.06 to

3.29 when the compressive strain increases from 0 to

7%, and the texture cluster is gathered in the center of

the (0002) pole figure. Although the 10�11
� �

contrac-

tion twinning or 10�11
� �

� 10�12
� �

double twinning

may be formed at the later stage of compression, the

effect of twins on texture is insignificant due to low

volume fraction occupied by these possible contrac-

tion twins [6, 16, 17]. The increase in texture density

is due to basal slips because of the misorientations of

the grains in the rolled plate and the activation of the

non-basal slips [6].

Figure 6 shows the macrotexture and

0002f g; 10�10
� �

and 10�11
� �

diffraction peaks in the

ND30 specimens at different strain levels. At a com-

pressive strain of 3%, the texture cluster moves from

the center to the RD direction in the (0002) pole fig-

ure, and the texture intensity increases from an

original value of 2.06 to 5.76 (Fig. 6a). The (0002) peak

decreases rapidly, and 10�11ð Þ peak increases

(Fig. 6b). The macroscopic mechanical properties

Table 1 Mechanical

properties of different material

orientations under monotonic

compression

Mechanical properties in compression ND ND30 ND45 ND60 RD TD

0.2% offset yield stress, ryc (MPa) 154.9 100.3 98.4 98.0 133.7 129.4

True fracture stress, rfc (MPa) 367.0 339.6 327.0 322.0 369.8 366.0

Elongation (%) 9.8 13.7 18.7 19.4 20.6 19.6
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(Fig. 1 and Table 1) indicate that the yield strength in

the ND30 specimen is much lower than those in the

RD and TD specimens. The texture evolution in

Fig. 6a suggests that no twinning occurs at a lower

strain. The critical resolved shear stress (CRSS) of

basal slip is lower than the activation stress for ten-

sion twinning at room temperature [18]. It is inferred

that the early deformation mechanism in the ND30

specimens is dominated by basal\a[slips. The result

is consistent with the observation made earlier [19].

With the compressive strain increases from 3 to 9%,

the texture density increases from 5.76 to 7.01

(Fig. 6a). In addition, the (0002) peak increases and

the 10�11ð Þ peak is virtually unchanged (Fig. 6b). The

results indicate that the prismatic\a[ slips occur at

this deformation stage [6]. When the compressive

strain increases from 9% to fracture, the second tex-

ture cluster appears in the (0002) pole figure, while

the first texture cluster moves toward the center

(Fig. 6a). The texture intensity decreases from 7.01 to

5.5. The (0002) peak increases and the 10�11ð Þ peak

decreases. Such results suggest that the second newly

formed texture cluster may be related to the forma-

tion of 10�12
� �

tension twinning. 10�12
� �

tension

twinning has more nucleation sites at higher com-

pressive strains [20]. It indicates that the volume

fraction of 10�12
� �

tension twinning increases with

the strain increasing. The twin rotates the grain by

86�, which is favorable for basal\a[ and pyramidal

\c ? a[ slips. As a result, the first texture group

shifts to the center in the (0002) pole figure [4, 10].

Figure 7 shows the macrotexture and

0002f g; 10�10
� �

and 10�11
� �

diffraction peaks in the

ND45 specimens at different strain levels. At a com-

pressive strain of 2%, the original texture cluster

gathers at the center which deviates to the RD

(a)

(b)

Figure 4 Strain hardening

rate curves of rolled AZ80 Mg

alloy of different material

orientations under

compression.
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direction, and a weak texture cluster appears in the

0002f g pole figure. The texture intensity increases

from 2.61 to 5.38. The (0002) diffraction peak in the

corresponding 2h diagram is greatly decreased, and

the 10�11ð Þ peak is significantly increased. For the

ND45 specimen, the angle between c-axes of most

crystals and the loading direction is 45�. In this case,

the Schmid factor of basal\a[ slip is relatively large

[21]. The compressive yield stress of the ND45 spec-

imen is the lowest among the five material orienta-

tions, indicating that the basal\a[ slip is the easiest

deformation mode in the early stage of deformation.

When the strain is increased to 8%, the intensity of

the first texture cluster decreases and the second

texture cluster increases. The comprehensive inten-

sity of texture decreases from 5.38 to 4.90. Accord-

ingly, the (0002) diffraction peak decreases further,

and the 10�11ð Þ peak keeps increasing. As mentioned

earlier, the formation of the second texture cluster is

related to the activation of 10�12
� �

tension twinning.

The intensity of the second texture cluster increases

and the (0002) diffraction peak decreases, indicating

that the 10�12
� �

tension twinning increases with the

strain increasing from 2 to 8%. When the ND45

specimen is compressed to fracture, the intensity of

the first texture cluster increases and it moves to the

center in the (0002) pole figure. In contrast, the

intensity of the second texture cluster decreases and

it moves to the RD. The texture intensity increases

from 4.90 to 6.30. The (0002) diffraction peak increa-

ses slightly, while the 10�11ð Þ peak decreases slightly.

Among the large number of twins generated, par-

tially twinned grains move slowly toward the RD

(i.e., compression axis) by the basal \a[ slips (the

second texture cluster), while pyramidal \c ? a[
slips are activated in other twinned grains to

Figure 5 Texture evolution and XRD scans at different strain

levels in the ND specimen.

Figure 6 Texture evolution and XRD scans at different strain

levels in the ND30 specimen.
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accommodate plastic deformation (the first texture

cluster).

Comparing the mechanical properties of ND45

with those of the ND60 specimens, similar yield

stresses were observed. Therefore, the deformation

mechanism leading to yielding should be the same.

Previous studies suggest that the 10�12
� �

tension

twinning is more likely to occur in the ND60 samples,

while the basal\a[ slips present in the ND45 speci-

men in the early stage of deformation [19, 22, 23]. For

the AZ80 Mg alloy under the current investigation,

the dispersion angle of the basal plane texture is

larger in the direction perpendicular to the com-

pressive stress (Fig. 1). Koike et al. [10] pointed out

that the texture intensity can change the dominant

deformation mechanism in addition to the crystal

orientation. Therefore, the lower compressive yield

stress in the ND60 specimen is a result of the easy

activation of basal\a[ slips. The stress–strain curve

of the ND60 specimen between the yield point and

8% strain is characterized by a concave-up shape

(Fig. 3). This characteristic is related to the formation

of 10�12
� �

tension twinning [1, 2, 4, 5, 7–9, 11, 24]. It is

inferred that the volume fraction of 10�12
� �

tension

twinning increases with the orientation angle

increasing from 45� to 60�. When the strain is larger

than 8%, the stress–strain curves of the ND45 and

ND60 specimens are almost identical. The results

suggest exhaustion of 10�12
� �

tension twinning when

the strain reaches 8%. In the ND45 specimen, basal

\a[ slips and pyramidal \c ? a[ slips play an

important role in the subsequent deformation. This is

the reason why the stress–strain curves also look very

similar at the later stage of deformation in all the

specimens with different material orientations. For

the RD specimen, the initial crystal orientation is

favorable to 10�12
� �

tension twinning because the c-

axes of the grains are mostly parallel to the com-

pression direction. Therefore, a large number of

10�12
� �

tension twins are formed in the initial stage of

deformation. In the later stage of deformation, basal

\a[ slips and pyramidal \c ? a[ slips play an

important role. Therefore, with increasing volume

fraction of 10�12
� �

tension twinning related to the

orientation angle, the strain hardening rate curve

shows three distinct characteristic stages in the RD

specimen (Fig. 4b). In conclusion, the initial crystal

orientation has a decisive effect on the operation of

twinning and slip modes during the deformation of

magnesium alloy. The initial texture intensity also

plays an important role in the activation of certain

deformation modes.

Deformation mechanism

Effect of initial crystal orientation on deformation behavior

The stress–strain curves obtained from testing speci-

mens with orientation angle less than 45� show sim-

ilar characteristics. The strain hardening curves are

divided into two stages, and the deformation mech-

anism in each stage is different (Fig. 4a). The result is

consistent with the earlier work [25]. The yield stress

is related to the critical shear stress (CRSS) of slip or

twinning. The CRSS values of prismatic \a[ slip

Figure 7 Texture evolution and XRD scans at different strain

levels in the ND45 specimen.

J Mater Sci (2020) 55:4043–4053 4049

Author's personal copy



(10 –45 MPa), pyramidal\ c ? a[ slip (30 –80 MPa),

and contraction twinning (30 –100 MPa) are higher

than those of basal \a[ slip (0.45–0.81 MPa) and

tension twinning (2 –2.8 MPa). For the ND speci-

mens, prismatic \a[ slips with higher CRSS may be

activated due to the crystallographic c-axes perpen-

dicular to the compression loading direction [6, 26].

When plastic deformation is dominated by non-basal

slips, the material exhibits a higher yield stress

(Fig. 3a). Therefore, strain hardening rate decreases

rapidly with strain in the early stage of deformation

(stage I). As the strain increases continuously, pyra-

midal\c ? a[ slip is activated to conform to further

plastic strain. In the case of \c ? a[ slip, 10�11ð Þ
contraction twinning and 10�11

� �
� 10�12
� �

double

twinning have an effect on rotating the basal planes

toward a more favorable orientation for basal slips

[27–30]. Therefore, a low strain hardening rate

appears in the later stage of deformation (stage II).

For the ND30 and ND45 specimens, the deforma-

tion behavior depends on the competition between

slip and twinning. Both twinning and slip are acti-

vated during plastic deformation, but the proportion

of twinning and slip activated in the different orien-

tation specimens is different. The results of texture

analysis show that the dominant deformation mech-

anism in the ND30 and ND45 specimens is basal\a[
slip. When the strain is less than 2%, basal\a[ slip

dominates deformation in the ND30 specimen.

However, some twins are involved in plastic defor-

mation in addition to basal \a[ slip in the ND45

specimen. The two deformation mechanisms cause

the strain hardening rate to decrease rapidly with the

strain in the early stage of deformation. The strain

hardening rate in the ND45 specimen decreases more

rapidly than that in the ND30 specimen in Stage I

(Fig. 4a). With increasing strain, the 10�12
� �

tension

twins are nucleated gradually, and the volume frac-

tion of the twins formed in the ND45 specimen is

higher than that in the ND30 specimen. The twined

grains are favorable to the activation of slip systems.

On the other hand, the twin boundary acts as a bar-

rier to dislocation slips. The interaction of twinning

and slip makes the strain more difficult and thus a

slowly decreasing strain hardening rate with the

strain increasing in Stage II. A higher volume fraction

of 10�12
� �

tension twinning results in a greater

twinning–slip interaction. Therefore, the strain

hardening rate in the ND45 specimen is lower than

that of ND30 specimen in the early deformation of

Stage II (Fig. 4a). When the twins are saturated,

pyramidal\c ? a[ slip becomes the dominant

deformation mechanism together with basal\a[ slip

in the twinned grains. This is the reason why the

stress–strain curves in the ND30 and ND45 speci-

mens are similar in the later deformation of Stage II.

For specimens with an orientation greater than 60�,
the strain hardening curve can be divided into three

stages (Fig. 4b). The amount of twins activated

increases with the orientation angle. The occurrence

of 10�12
� �

tension twinning first releases the stress

concentration during deformation [31, 32]. Therefore,

the strain hardening rate in Stage I shows a rapidly

decreasing shape (Fig. 4b). With increasing strain,

10�12
� �

tension twinning accumulates and the grains

change from a soft orientation to a hard orientation

[20]. During plastic deformation, the grain re-orien-

tation caused by 10�12
� �

tension twinning is favorable

for prismatic\a[ slip [33, 34]. On the one hand, the

large number of twin boundaries also act as barriers

to dislocation motion, which enhances the strain

hardening rate [35]. Therefore, the interaction

between twinning and slip results in a significant

increase in the strain hardening rate in Stage II.

Because the volume fraction of 10�12
� �

tension twin-

ning in the ND60 specimen is less than that in the RD

specimen, it is not enough to cause rapid strain

hardening. Therefore, the strain hardening rate in the

ND60 specimen is lower than that in the RD speci-

men in Stage II. When strain reaches approximately

8%, the 10�12
� �

tension twinning consumes the entire

grains, and thus, the c-axes of these grains are parallel

to the loading direction during further compressive

loading. In this case, pyramidal \c ? a[ slips are

activated. For the RD specimen, 10�11
� �

contraction

twinning may be formed in the matrix of 10�12
� �

tension twinning to accommodate further deforma-

tion [36–38]. The 10�11ð Þ contraction twinning and

10�11ð Þ- 10�12
� �

double twinning have the effect of

rotating the basal planes toward a more favorable

orientation for basal slips, which likely leads to strain

softening [27–29]. The combination of the aforemen-

tioned deformation mechanisms leads to a rapid

decrease in strain hardening rate in Stage III.
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Effect of initial texture intensity on deformation behavior

Theoretically, the ND45 specimen is more favorable

for basal\a[slips. However, the yield stresses in the

ND30, Nd45, and ND60 specimens are similar

(Table 1). This indicates that the intensity of texture

plays an important role during deformation in addi-

tion to the initial crystal orientation. According to the

relationship between material orientation and load-

ing direction, ND30 and ND60 specimens have sim-

ilar capacity in basal \a[ slips. For the AZ80

magnesium alloy under the current investigation,

there is a large dispersion angle in the basal plane

texture relative to the compression loading direction,

resulting in more grains favorable for the basal\a[
slip (Fig. 1). Therefore, early deformation of the three

specimens is dominated by the basal\a[ slip of low

CRSS.

Beyond the yield point, the strain hardening rate

increases with the increase in orientation angle in

Stage II. Because the work hardening behavior in

Stage II is related to 10�12
� �

tension twinning, the

twin volume fraction determines the degree of work

hardening [31, 36]. Some studies have shown that the

slip can induce the formation of variant twins [39]. In

the specimens with an orientation angle between 30�
and 60�, the factors leading to twin variant nucleation

are diverse. In summary, the volume fraction of

10�12
� �

tension twinning is the main factor affecting

the strain hardening rate in Stage II. Since the

deformation behavior in Stage II is caused by 10�12
� �

tension twinning, the length of Stage II is also

determined by the twin volume fraction.

Conclusions

The anisotropic compressive deformation behavior of

a rolled AZ80 magnesium alloy was experimentally

investigated with five different material orientations.

Major conclusions are summarized as follows.

1. The rolled magnesium alloy exhibits a strong

anisotropy in the mechanical properties. The

strain hardening curve shows different charac-

teristics. The anisotropic behavior is due to the

initial crystal orientation and the choice of defor-

mation mechanisms between slip and twinning.

2. When the initial crystal orientation of the speci-

mens (ND, ND30 and ND45) is not favorable for

the activation of 10�12
� �

tension twinning, the

strain hardening curve shows two features. The

strain hardening rate rapidly decreases in Stage I

and slowly decreases in Stage II with increasing

strain.

3. When the initial crystal orientation of specimens

(ND60 and RD) is favorable for the activation of

10�12
� �

tension twinning, the strain hardening

curve exhibits three distinct stages. In Stage II, the

strain hardening rate increases with increasing

strain, and it arises from the texture hardening

caused by 10�12
� �

tension twinning. A decrease in

strain hardening rate occurs in Stages I and III.

4. The initial crystal orientation affects the compe-

tition between twinning and slip, and the defor-

mation behavior depends on the activation of

twin and slip. When the orientation angle is less

than 45�, slips play an important role. When the

orientation angle is greater than 45�, twinning

dominates plastic deformation.

5. The initial texture affects the deformation mech-

anism of specimens with different material

orientations.
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[6] Agnew SR, Tomé CN, Brown DW, Holden TM, Vogel SC

(2003) Study of slip mechanisms in a magnesium alloy by

neutron diffraction and modeling. Scripta Mater

48:1003–1008

[7] Sarker D, Chen DL (2012) Detwinning and strain hardening

of an extruded magnesium alloy during compression. Scripta

Mater 67:165–168

[8] He JJ, Liu TM, Zhang Y, Xu S, Lu LW, Tan J (2013)

Deformation behaviour of hot extruded Mg alloy AZ31

during compressive deformation. Mater Sci Technol

29:177–183

[9] Hong SG, Park SH, Lee CS (2010) Role of 10–12 twinning

characteristics in the deformation behavior of a polycrys-

talline magnesium alloy. Acta Mater 58:5873–5885

[10] Koike J, Ohyama R (2005) Geometrical criterion for the

activation of prismatic slip in AZ61 Mg alloy sheets

deformed at room temperature. Acta Mater 53:1963–1972

[11] Song B, Xin RL, Chen G, Zhang XY, Liu Q (2012)

Improving tensile and compressive properties of magnesium

alloy plates by pre-cold rolling. Scripta Mater 66:1061–1064

[12] Lou XY, Li M, Boger RK, Agnew SR, Wagoner RH (2007)

Hardening evolution of AZ31B Mg sheet. Int J Plast

23:44–86

[13] Xiong Y, Jiang Y (2016) Cyclic deformation and fatigue of

rolled AZ80 magnesium alloy along different material ori-

entations. Mater Sci Eng A 677:58–67

[14] Gryguc A, Behravesh SB, Shaha SK, Jahed H, Wells M,

Williams B, Su X (2018) Low-cycle fatigue characterization

and texture induced ratcheting behaviour of forged

AZ80 Mg alloys. Int J Fatigue 116:429–438

[15] Yakubtsov IA, Diak BJ, Sager CA, Bhattacharya B,

MacDonald WD, Niewczas M (2008) Effects of heat treat-

ment on microstructure and tensile deformation of Mg AZ80

alloy at room temperature. Mater Sci Eng A 496:247–255

[16] Al-Samman T, Gottstein G (2008) Room temperature

formability of a magnesium AZ31 alloy: examining the role

of texture on the deformation mechanisms. Mater Sci Eng A

488:406–414

[17] Ando D, Koike J, Sutou Y (2010) Relationship between

deformation twinning and surface step formation in AZ31

magnesium alloys. Acta Mater 58:4316–4324

[18] Gryguc A, Jahed H, Williams B, McKinley J (2015) Mag-

Forge—mechanical behaviour of forged AZ31B extruded

magnesium in monotonic compression. Mater Sci Forum

828–829:291–297

[19] Jiang J, Godfrey A, Liu W, Liu Q (2008) Microtexture

evolution via deformation twinning and slip during com-

pression of magnesium alloy AZ31. Mater Sci Eng A

483–484:576–579

[20] Xiong Y, Yu Q, Jiang Y (2018) Deformation of extruded

ZK60 magnesium alloy under uniaxial loading in different

material orientations. Mater Sci Eng A 710:206–213

[21] Gao P, Zhu SQ, An XH, Xu SQ, Ruan D, Chn C, Yan HG,

Ringer SP, Liao XZ (2017) Effect of sample orientasion and

initial microstructures on the dynamic recrystallization of a

Magnesium alloy. Mater Sci Eng A 691:150–154

[22] Chun YB, Davies CHJ (2011) Investigation of prism\a[
slip in warm-rolled AZ31 alloy. Metall Mater Trans A

42:4113–4125

[23] Xu DK, Liu L, Xu YB, Han EH (2008) The relationship

between macro-fracture modes and roles of different defor-

mation mechanisms for the as-extruded Mg–Zn–Zr alloy.

Scripta Mater 58:1098–1101

[24] Park SH, Hong SG, Lee JH, Lee CS (2012) Multiple twin-

ning modes in rolled Mg–3Al–1Zn alloy and their selection

mechanism. Mater Sci Eng A 532:401–406

[25] Gryguc A, Shaha SK, Jahed H, Wells M, Williams B,

Mckinley J (2016) Tensile and fatigue behavior of as-forged

AZ31B extrusion. Frattura ed Integrità Strutturale
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