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Abstract 

Wrought magnesium alloys generally exhibit a certain extent of 
mechanical anisotropy at room temperature because of the 
presence of texture. In the present study the work hardening 
behavior and texture evolution of an extruded AM30 magnesium 
alloy were studied after compression along the transverse 
direction (TD) at varying strain levels. The initial samples were 
chosen to have a strong basal texture with the basal planes parallel 
to the extrusion direction. During compression a stage of 
accelerated work hardening characterized by an increasing work 
hardening rate appeared, and the c-axes of the grains were 
observed to re-orient parallel to the compressive loading direction. 
With increasing compressive strain extension twins first formed 
and then disappeared at higher strains. 

Introduction 

Magnesium alloys are the lightest structural material and therefore 
are promising for the application in the transportation industry to 
reduce vehicle weight and increase fuel efficiency [1, 2]. 
However, their widespread application in industry is impeded 
because of their poor room temperature ductility, and strong 
plastic anisotropy, which are due to the hexagonal close-packed 
(hep) crystal structure of these materials. The anisotropy of the 
mechanical properties is mainly due to the development of sharp 
crystallographic texture during plastic deformation. Generally the 
rolled/extruded magnesium alloy shows a strong basal texture 
with most basal planes aligned parallel to the rolling/extrusion 
direction [3]. The basal texture formed in the extruded material 
influences the plastic anisotropy as well as the activation of slip 
and/or twinning during deformation. 

Magnesium possesses limited deformation modes available for 
slip parallel to the c-axis and twinning occurs to accommodate the 
imposed strain [4-6]. Depending on the crystal orientation they 
accommodate plastic deformation by c-axis extension or 
contraction and form extension twins or contraction twins, 
respectively. The formation of extension and contraction twins re-
orients the crystal lattice by 86.3° and 56.2°, respectively, and 
contributes to texture evolution [4, 7-9]. Thus the anisotropy in 
mechanical property results from the combination of initial strong 
texture and twin formation depending on the crystal orientation. 

The occurrence of deformation twinning in magnesium alloys has 
been widely reported in the literature [10-18], however, its precise 
influence on the mechanical behavior and texture evolution under 
monotonie and cyclic loading have not yet been well understood. 
All studies show the change of initial basal texture with 
deformation condition. Systematic studies on the texture 
formation during deformation of magnesium alloys are still 
absent. The studies on the relationship between the 
crystallographic texture and plastic deformation mechanisms in 
wrought magnesium alloys would provide the important 

information for the general understanding of the plastic 
deformation of polycrystalline materials with hep structures, and 
are beneficial for optimizing alloying composition and forming 
processes to produce high-performance wrought magnesium 
alloys. The aim of the present work was to provide further insights 
into the role of twinning in the texture evolution and deformation 
mechanisms of an extruded AM30 magnesium alloy. 

Experimental 

A recently-developed 7 mm thick extruded AM30 magnesium 
alloy plate was selected in the present study. Cylindrical 
specimens with a diameter of 5 mm and height of 8 mm were 
machined with the cylinder (compression) axis parallel to the 
transverse direction (TD). Compression tests were first conducted 
until failure using a computerized Instron machine at a strain rate 
of 1.25xl0"4 s"1 and at room temperature. To observe the 
microstructural change with texture evolution, some samples were 
tested at 4.3% strain and some were stopped before failure. X-ray 
texture analysis was performed using a multi-functional 
PANalytical X-ray diffractometer. The pole figures were 
calculated using MTEX toolbox by measuring incomplete pole 
figures between Ψ=0 to 75° in the back reflection mode using Cu-
Ka radiation at 45 KV and 40 mA. A set of five pole figures (i.e., 

{10Î0}, {0002}, {10Ï1}, {1120}, {10Ï3}) were used to 
calculate the orientation distribution function (ODF) using the 
MTEX toolbox. To present ODF, Bunge notations of the Euler 
angles were used. For the micro structure characterization, the 
deformed samples were cut along the compression axis using a 
slow diamond cutter, cold-mounted, ground, polished, and etched 
using acetic picral solution containing 4.2-g picric acid, 10-mL 
acetic acid, 10-mL H 2 0, and 70-mL ethanol to examine the 
evolution of deformation twins during compression. It should be 
noted that in evaluating the stress-strain curves and strain-
hardening rates, the machine deformation itself was eliminated 
using a calibration curve to obtain the actual or net deformation of 
test samples. 

Results and Discussion 

The initial pole figure of extruded AM30 Mg alloy is shown in 
Fig.la. The pole figure showed an intense basal texture where the 
c-axis of the hep unit cell was basically perpendicular to the ED. 
Similar texture was observed in a rolled AZ31B-H24 Mg alloy 
[17-19]. A twin-free micro structure of undeformed metal is shown 
in Fig.lb. The schematic view in Fig. lc illustrates the orientation 
of samples used in the present study, where the cylindrical axis 
was parallel to the transverse direction, which was essentially 
perpendicular to the c-axis of most grains. 

The stress-strain curve and strain-hardening rate of AM30 
magnesium alloy during compression along the TD are shown in 
Fig.2 (a) and (b), respectively, where a compressive yield strength 
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of ~96 MPa was obtained, which was considerably lower than the 
tensile yield strength of-189 MPa [12]. This was attributed to the 
occurrence of twinning during compression which will be 
discussed later. 

in the change of strain hardening rate has also been observed in 
AZ31 magnesium alloy [20] and in the extruded AM30 
magnesium alloy during compression along ED [21]. 
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Figure 1. (a) Initial (0001) and (10 0) pole figures of as-extruded 
AM30 magnesium alloy, (b) a typical microstructure of 
undeformed extruded AM30 magnesium alloy, (c) a schematic 
diagram showing the orientation of the compressive samples 
parallel to the transverse direction (TD). 

The stress-strain curve of AM30 extruded alloy exhibited a 
skewed shape (Fig.2 (a)), which was very different from the 
normal tensile (or compressive) curves of most metals with cubic 
cry still structures. This could be better seen based on the change 
of strain hardening rate da/άε (where σ is true stress) with respect 
to true strain ε, where three stages of strain hardening could be 
more clearly discerned (Fig.2(b)). Stage A was characterized only 
by a slight decrease in the strain hardening rate up to a 
compressive true strain of approximately 3%, followed by Stage B 
with a fairly strong increase in the strain hardening rate up to 
-6.5% compressive true strain, and then Stage C with an 
decreasing strain hardening rate again until failure. A similar trend 
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Figure 2. (a) A typical compressive stress-strain curve and (b) 
strain hardening rate as a function of true strain in the extruded 
AM30 magnesium alloy with compression axis parallel to the 
transverse direction. 

To understand such a flow stress characteristic, the 
microstructural development of the samples compressed to 
varying strain amounts was examined and shown in Fig. 3, where 
the loading direction was indicated. The microstructural changes 
with the imposed strains of 4.3% and 12.9%, respectively, are 
illustrated in Figs. 3a and 3b. At a strain level of 4.3%, within the 
strain hardening range of stage 13 (Fig. 2(b)), the presence of twins 
was clearly visible. This observation was in agreement with the 
previous studies of Jiang etal. [22], where the tensile twins in an 
AZ31 magnesium alloy was reported to occur in a strain range of 
2-4%. On further straining, just before failure, most twins became 
invisible in 3b. 

The texture results are presented Fig. 4 in terms of the pole 
figures. The pole figures were measured from the deformed 
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samples after compression tests at different strain amounts. In Fig. 
1(a), the as extruded base metal (0% strain) shows a strong basal 
texture, which means that {0001} basal planes in most grains 
were parallel to the ED with {1010} planes around the 
circumference of the pole figure. At a strain of 1.5% as shown in 
Fig. 4(a), some (0001) poles rotated towards the TD, while the 
pole figure still showed some intensity at the center similar to the 
initial texture (Fig. 1(a)). {1010} poles rotated from periphery 
and started to concentrate at the center. A gradual change of 
intensity distribution was also observed after compressive 
deformation at a strain of 4.3% in Fig. 4(b) with more intense 
(0001) poles toward TD and {101 0} poles around the center. The 
(0001) poles of most grains rotated to the TD after a strain of 
12.9% along TD with an obvious preferred distribution of 
prismatic {101 0} poles at the center, as shown in Fig. 4(c). 

observations [16, 22, 23]. Extension twinning was seen to play a 
predominant role in the texture evolution in the early stages of 
compression along the TD. The occurrence of extension twinning 
during compression along the TD, caused grains to rotate by -86° 
and led to c-axis parallel to the TD. This is clearly seen in the 
evolution of the pole figures shown in Fig. 4, where the (0001) 
poles rotated always against the compressive direction, i.e., the 
TD in the present study (Fig. 4a-c). 
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Figure 4. Pole figures measured from the compressed samples 
oriented in the transverse direction at a strain amount of (a) 1.5%, 
(b) 4.3% and (c) 12.9%. 

Conclusions 

Loading direction 

Figure 3. Microstructure changes after compressive deformation 
of the samples oriented in the transverse direction at a strain level 
of(a)4.3%and(b)12.9%. 

This texture evolution was related to the micro structure 
development or the twin formation with increasing compressive 
strain level. The microstructure of compressed sample shown in 
Fig. 3a, corresponding to a strain of 4.3%, was completely 
different from the initial microstructurc shown in Fig. 1(b). A lot 
of twins formed at the compressive deformation. This observation 
was consistent with the previous observations [22, 23J, where the 
extension twins were reported to first occur in a strain range of 2-
4%. With increasing strain levels, the extension twins appeared to 
thicken quickly, usually to cover each grain and their boundaries 
disappeared. This was again in good agreement with the previous 

The present study demonstrates the concurrent change in both the 
texture and deformation characteristics of extruded magnesium 
alloy AM30. With increasing strain during compression extension 
twins first formed and then disappeared at higher strains. The 
extension twinning played an important role in accommodating 
the compressive deformation as the hexagonal c-axis lay 
perpendicular to the loading direction. The low yield stress, rapid 
texture changes with increasing compressive strain amounts 
observed can be explained by the high twinning activity. As a 
consequence, the c-axes of the grains were oriented parallel to the 
compressive loading direction. 
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