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Abstract: To investigate the evolution of grain orientation and slip modes in magnesium alloys with multiple texture
components, an AZ31 gradient-structured magnesium alloy sheet was fabricated using hard plate rolling (HPR). The
changes in texture and slip modes under different reductions were examined. The results demonstrate that the AZ31
magnesium alloy sheets display a self-epitaxial gradient structure, with the best mechanical properties observed at rolling
temperature of 673 K and reduction of 50%. Significant changes in texture type and strength are observed along the
normal direction (ND) of the sheet. The coarse-grain region exhibits a bimodal texture aligned with the rolling direction.
These texture variations enhance the stress distribution at the fine grain—coarse grain interface, influencing the grain
orientation and the activation of different slip modes, thus improving the mechanical properties of gradient-structured
magnesium alloy sheets. This approach offers a new strategy for the fabrication of high-performance magnesium alloy
sheets.
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alloy) sheets, and it remains a central focus of current

1 Introduction

The growing energy crisis and environmental
concerns have increased the demand for lightweight
equipment in high-end industries, resulting in a rise
in the consumption of high-performance sheet metal
[1-3]. As a result, research and development aimed
at producing high-quality sheet metal have become
essential for enhancing a nation’s scientific and
technological capabilities and fostering industrial
economic growth [4—6]. The rolling process has
proven to be the most effective method for producing
high-performance deformed magnesium alloy (Mg

research [7—9]. Recent studies have shown that
combining rolling with heat treatment improves the
properties of magnesium alloy sheets. For example,
CHANG et al [10] used a combined rolling and heat
treatment process to prepare AZ31 magnesium alloy
sheets, achieving significant grain refinement and
enhanced tensile strength. Additionally, DEL et al
[11] applied cumulative rolling to achieve notable
grain refinement in AZ61 magnesium alloy sheets,
with increased microstructure uniformity as the
number of rolling passes increased.

However, during the rolling process,
magnesium alloys quickly develop a strong basal
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texture, and the limited number of sliding systems
that can be activated at room temperature restricts
their ability to deform, resulting in significant
anisotropy [12—14]. SINGH and SCHWARZER [15]
explored texture evolution in rolled magnesium
alloys and found that the texture composition was
strongly influenced by the rolling process. LIANG
et al [16] examined the mechanical properties and
texture evolution of rolled AZ31 magnesium alloy
and reported that the basal texture strength increases
with reduction, and the displacement of the grain c-
axis is associated with the activation of non-basal slip.
Therefore, understanding the influence of texture
development on slip system activation, strength, and
ductility during rolling is crucial for enhancing the
formability of magnesium alloy sheets [17—-19].

Recently, the incorporation of heterogeneous
structures [20], such as gradient structures [21], non-
uniform lamellar structures [22], and bimodal
structures [23], has been shown to increase the
strength and ductility of magnesium alloy sheets [24].
Research has revealed that improvements in
mechanical properties are attributed to non-uniform
texture components [25]. For example, LIU et al [26]
investigated the characteristics of the textural
components in heterogeneously structured magnesium
alloys. They reported that coarse grain (CG) layers
exhibit bimodal textures, whereas fine grain (FG)
layers display random textures, leading to interactions
between basal and non-basal slip systems that
significantly enhance the mechanical properties.
DUAN et al [27] prepared a gradient structure of
AZ31 magnesium alloy via surface mechanical
attrition treatment (SMAT) and reported that FG
layers exhibit more random grain orientations,
weakened texture strength, and reduced anisotropy
in mechanical properties. AMIRI and FERESHTEH-
SANIEE [28] prepared a Mg—13Gd alloy with a
non-uniform lamellar structure through extrusion,
revealing significant differences in
components between the FG and CG regions, with
plasticity improvements primarily due to weakened
fine grain structures.

A new technique, hard plate rolling (HPR), has
been introduced, facilitating controlled micro-
structural changes in the thickness direction by
adding a hard plate to the outer surface of the rolled
sheet [29]. WANG et al [30] utilized HPR to
fabricate AZ91 magnesium alloy sheets, achieving
significant improvements in both strength and

texture

ductility without the occurrence of edge cracks, even
under substantial reductions. LI et al [31] explored
the microstructure evolution and tensile properties of
AZ91 magnesium alloy sheets processed via HPR,
attributing the enhanced strength to the weakening of
basal textures and the strengthening of grain
boundaries in the FG regions. Earlier research
demonstrated the successful creation of AZ31
magnesium alloy sheets with gradient structures,
exhibiting non-uniform grain sizes and texture
component distributions along the normal direction
(ND) via HPR [32]. However, most previous studies
have concentrated on grain boundary strengthening
and texture weakening, overlooking the sliding
mechanisms and mechanical behavior of various
components in magnesium sheets,
particularly those with gradient structures. This
study seeks to address this gap in understanding.

texture

2 Experimental

2.1 Process principle

The principle of the AZ31 gradient structure of
a magnesium alloy sheet via HPR is illustrated in
Fig. 1. When the individual magnesium plate was
subjected to the action of the hard plate, it
simultaneously formed a soft plate together with
another magnesium plate. During the rolling process,
the side near the hard plate underwent significant
deformation, leading to an uneven distribution of
deformation along the ND of the magnesium alloy
slab, as corroborated by recent research findings [33].
The recrystallization driving force was more
pronounced near the surface adjacent to the hard
plate, where grains were fully refined under the
combined effects of external stress and dynamic
recrystallization. Conversely, in the center of the
sheet, deformation was minimal, the recrystallization
driving force was inadequate, and grain refinement
was less pronounced. This region contained large
deformed grains, resulting in a gradient structure
within the magnesium alloy sheet, transitioning from
fine grains to coarse grains along the ND.

2.2 Research program

AZ31 magnesium alloy was cut into slabs
measuring
homogenized in a box resistance furnace at 693 K for
12 h, and air-cooled to room temperature. During the
rolling process, a 304 stainless steel hard plate was

60 mm x 30 mm X 4 mm, then
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Fig. 1 Principle of HPR AZ31 magnesium alloy sheet with gradient structure: (a) Schematic diagram of process;

(b) Schematic diagram of gradient structure formation; (c) Schematic diagram of tensile specimen size and sampling

location; (d) Sampling size and sampling position diagram of EBSD sample

attached to the outer surfaces of two magnesium
alloy sheets. Prior to rolling, the sheet surfaces were
polished with #80 sandpaper, followed by cleaning
with acetone solution to remove surface oil and
impurities. The samples were then rinsed with
alcohol and air-dried. After stacking the two sheets,
they were secured to the hard plate using an iron wire
(d=0.2 mm). To prevent the magnesium alloy from
adhering to the stainless steel during rolling, a layer
of high-temperature boron nitride insulating agent
was applied to the contact surfaces. The samples
were heated to 673 K in a box-shaped resistance
oven and maintained at this temperature for 10 min.
The experimental setup consisted of a two-roll mill
(200 mm % 250 mm) operating at a speed of
16 rad/s. The heated slabs were fed into the mill for
rolling, with reductions of 40%, 50%, and 60% to
produce gradient magnesium alloy sheet samples
with different specifications. For convenience, these
samples are referred to as 40%-sheets, 50%-sheets,
and 60%-sheets. The rolling direction is defined as
RD, and the normal direction of the plate is
designated as ND.

2.3 Mechanical property characterization
The mechanical properties of the rolled

magnesium alloy sheet were tested. The sample was
cut into the shape of a dog bone using the electric
sparkline, as shown in Fig. 1(c). After being cut, the
surface of the sample was polished to remove
acceptable defects. The uniaxial sample strain along
the RD was measured via a CMT5105 electronic
universal testing machine at room temperature at a
strain rate of 1.0x10s™!. The samples were tested
three times under each condition and averaged to
ensure the accuracy of the results. Professional data
processing software was used to process and analyze
the data results, and the stress—strain curve was
adjusted to obtain the actual strain—real hardening
rate curve, which was used to characterize the work
hardening ability of the sample [34].

2.4 Microscopic characterization

The microstructural difference play a
significant role in determining the mechanical
properties and formability of a material. The EBSD
sample was taken from the ND of the sheet, with its
size and position shown in Fig. 1(d). The observation
surface was polished using 80#, 200#, 1000#, 3000#,
and 5000# grit sandpapers. Afterward, the EBSD
sample was prepared through electrolytic polishing.
A mixture of phosphoric acid and alcohol (in a
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volume ratio of 3:5) was selected as the polishing
solution, and the polishing process was carried out
for 3 and 5Smin at currents of 0.3 and 0.2 A,
respectively. The EBSD test was performed using a
Quanta 200F field emission scanning electron
microscope. The test stand was tilted at 70°, with a
step size of 1 um. The collected data were analyzed
using Channel 5 software.

3 Results

3.1 Mechanical properties

Owing to the changes in the stress state and
deformation conditions, the structural shape and
development characteristics of the gradient structure
inevitably affect the mechanical properties of the
sheet and determine its quality after rolling.
Figure 2 shows the engineering stress—strain and true
strain—strain hardening rate curves of the AZ31
magnesium alloy rolled by HPR during RD uniaxial
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Fig. 2 Engineering stress—strain curves (a) and true strain—
strain hardening rate curves (b) of samples under different
conditions

tensile testing under different conditions. As shown
in the figure, the yield strength (YS) and ultimate
tensile strength (UTS) of the 50%-sheets were 168.2
and 268.3 MPa, respectively, and the elongation (EL)
of the 50%-sheets reached 28.3%, indicating a better
combination of strength and ductility. The elongation
was significantly greater than that of the 40%-sheet
and 60%-sheet samples (22.6% and 19.9%,
respectively).

The work hardening rate is the main factor
affecting the tensile strength and uniform elongation
of materials. Figure 2(b) shows the strain hardening
rate curve, which was calculated from the stress—
strain curve (Fig. 2(a)). The expression of the strain
hardening rate is #=do/de, where o is the true stress
and ¢ is the true strain. The work hardening capacity
of 50% of the sheets was greater than that of the other
two states. With the gradual increase in true strain,
the work hardening rates of all samples gradually
decrease. At this time, the work hardening rate curve
of 50%-sheets decreases steadily without any
obvious turning point, and the fluctuation is small, so
a relatively stable work hardening ability is
maintained.

3.2 Microstructure

The surface deformation of the AZ3l1
magnesium alloy sheet differed from the
deformation observed at the center during HPR. The
microstructural evolution of the AZ31 magnesium
alloy sheet along the ND was a key factor influencing
the mechanical properties. Figures 3(a—d) illustrate
the inverse pole figure (IPF) and grain size
distribution of 50%-sheets. The sheet was
predominantly made up of FG near its surface.
Angles between 2° and 15° were categorized as low-
angle grain boundaries (LAGBs, gray lines), while
angles greater than 15° were categorized as high-
angle grain boundaries (HAGBs, black lines).
Figure 3 shows that HAGBs were more concentrated
in the FG region. In the central region of the sheet,
the grain size notably increased, and the volume
fraction of HAGBs decreased significantly, which is
defined as the CG region. Figures 3(e, f) show the
kernel average misorientation (KAM) of 50%-sheets,
which indicates the distribution of geometrically
necessary dislocations (GNDs) [35]. Figure 3 shows
that the GNDs primarily accumulate in the large
grains and are predominantly found at the boundary
between the CG and FG regions.
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Fig. 3 Microstructures of 50%-loaded sheets in FG (a, c, e, g) and CG (b, d, f, h) regions: (a, b) IPF map; (c, d) Statistical

map of grain size; (e, f) KAM map; (g, h) (0001) pole diagram

Previous studies have revealed the reason for
the excellent strength and ductility coordination of
gradient structure magnesium alloys with HPR; that
is, the plastic incompatibility between the FG and
CG regions induces GNDs to accumulate at the
boundary of the FG/CG, resulting in back stress that
improves the strength of the AZ31 magnesium alloy,
and the resulting back stress hardening effectively
avoids necking during the stretching process, which
helps to improve ductility.

Figures 3(g, h) show the (0001) pole diagram of
different regions of 50%-sheets. There were
differences in texture types between the FG and CG
regions. In the FG region, basal textures were
mainly present. In contrast, in the CG region,
many grains deviate from the basal orientation along
the ND, which shows bimodal texture characteristics.
The maximum texture intensity in the FG region
was 1432 m.r.d. (multiple random densities),
whereas that in the CG region was 30.43 m.r.d. The
difference in texture type and strength along the ND
was an essential factor affecting the mechanical
properties of the AZ31 magnesium alloy. The
variation in the texture distribution along the ND
and the change mechanism need to be analyzed
further.

3.3 Texture distribution

The orientation distribution function (ODF)
provides direct visualization of texture types and
distributions. Figure 4 shows the texture types of the
AZ31 magnesium alloy samples rolled by HPR to
different extents. Figures 4(a, b) show the ODF

figures for the FG region and CG region of the
samples. The two most critical angles of the HCP
structure, @=0° and @= 30°, were selected on the ¢2
section of the ODF. The standard texture type
characteristics of HCP metals at these angles are
presented in Fig. 4(c).

As depicted in Fig. 4(a), the main texture
composition of the FG region in the 40%-sheets
consisted of the {0001}(1120) basal texture and the
{1010}(1120) prismatic texture. In the 50%-sheets,
the texture transitioned from the {0001}(1120)
basal and {1010}(1120) prismatic textures to a
broader range, including the {1011}(1120)
pyramidal texture. This increase in texture variety
creates favorable conditions for the activation of the
pyramidal slip system. As the reduction continued,
the texture in the 60%-sheets became simpler,
primarily characterized by the {1010}(1120)
prismatic texture.

As shown in Fig. 4(b), in the CG region, the
texture types under the three conditions were
relatively singular, the distribution was relatively
concentrated, the  primary values  were
{0001}(1120) texture, {1010}(1120) texture, and
no {l010}(1120) texture appeared. From the
perspective of texture strength, the texture strength
of the samples first decreases but then increases with
decreasing reduction. The texture strength of the
50%-sheets was the smallest, with a texture strength
of 4.88 m.r.d. in the FG region and 12.61 m.r.d. in
the CG region. This result indicates that the non-
uniform deformation of each part of the plate affects
the texture type and distribution.



Wen-tao NIU, et al/Trans. Nonferrous Met. Soc. China 36(2026) 766—779 771

9,=30

(a) ¢,=0°

40%

50%

60%

{0001}(11§0>
2}
30 {0001}(1010>
60
9,=0°
30
{1120} (1010) {1120}<0001>

Max=4.88

Min=0
Max=13.55

Min=0

Max=22.85

Min=0
Max=12.61
Min=0
Max=50.19
. . Min=0
2 {0001} (10T0)
0 ‘\'/’
30
{0001} (1120)
60
0,=30°
30 60 !
{1010} (1120) {1010} (0001)

Fig. 4 ODF in different regions of AZ31 magnesium alloy sheets rolled by HPR: (a) ODF distribution in FG region;

(b) ODF distribution in CG region; (c) Texture type

4 Discussion

4.1 Influence of recrystallization behavior on

texture

Previous research has shown that an increase in
rolling reduction provides a great recrystallization
driving force, thus changing the orientation of
recrystallized grains and affecting texture evolution
[36]. Understanding the recrystallization behavior of
gradient microstructure sheets and effectively
controlling texture changes are highly important.
Figures 5(a, b) show the recrystallization structure in
the FG and CG regions of the 50%-sheets, and
Figs. 5(c, d) show the corresponding column charts
of the recrystallization volume fraction.

The recrystallized grains in the FG region were
densely distributed, with a volume fraction reaching
64.7%. In contrast, the recrystallization proportion in

the CG region decreased significantly, accompanied
by a reduction in the number of substructures and
deformed structures. Based on the findings in
Section 3.2, it is concluded that variations in
recrystallization volume fraction play a crucial role
in determining the texture type and strength. The
sample was divided into a recrystallization region
and a non-recrystallization region according to the
grain orientation spread (GOS), as shown in
Figs. 5(e-h). GOS <1° was considered to
recrystallized grains, and the remaining grains were
considered substructures and deformed structures
that had completed recovery or deformation. As
shown in Fig. 5(e), the recrystallization region was
mainly composed of FG with a texture strength of
1452 m.r.d. The texture strength in the CG
recrystallization region was notably lower
(19.05 m.r.d.) than that in the non-recrystallization
region (Figs. 5(g, h)). This difference indicates that
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the recrystallization process has a beneficial effect
on basal texture weakening. Analysis of the polar
diagram distributions indicates that grains in the non-
recrystallization region exhibited more concentrated
orientations, with an overall deflection toward RD.
Conversely, the polar diagram distribution in the
recrystallization region displayed a diffuse pattern,
indicating a random orientation of the recrystallized
grains.

As illustrated in Fig. 5, three representative
regions were chosen to analyze the variations in
grain orientation and texture type. Figure 6 displays
the inverse pole figure (IPF), kernel average
misorientation (KAM), and (0001) scatter diagrams
of the corresponding grains. Figures 6(a, b) are
selected from the recrystallization region of the fine-
grain (FG) region, while Fig. 6(c) corresponds to the
recrystallization region of the CG region. The (0001)
scatter plot for Fig. 6(a) shows that the orientation
distribution of the newly recrystallized grains was
closely aligned with that of the adjacent parent
grains. As seen in Fig. 6(d), Grains 3 and 4 represent
examples of small recrystallized grains. Specifically,
when the G2 parent grain has a basal plane
orientation, the newly formed recrystallized grains
align similarly with the parent grain orientation.
This is in line with the continuous dynamic
recrystallization mechanism. A sufficient driving
force for recrystallization sub-grain
boundaries to absorb dislocations and form high-
angle grain boundaries, which split the parent grains,
leading to the formation of new recrystallized grains.

allows

Figure 6(g) shows that recrystallized grains
initiate at the grain boundaries of the G3 parent
grain and gradually grow into deformed grains
characterized by high strain. This discontinuous
nucleation mechanism of recrystallization is
typically observed in low-strain regions. The
corresponding (0001) scatter plot reveals that the
recrystallized grains  display
orientations that differ significantly from those of
their parent grains, with a more scattered distribution
on the pole plot. During this process, variations in
the c-axis deflection angle of grains are the primary
factors contributing to changes in texture type and
strength.

newly formed

4.2 Influence of grain deflection on texture

component

During the rolling process, the c-axis of grains
are deflected by the applied rolling forces, leading to
alterations in the texture type and strength, which
play a significant role in the formability of the sheets.
Figure 7 illustrates the influence of grain deflection
on the texture type and strength during the
deformation of AZ31 magnesium alloy under
different conditions via HPR. Figures 7(a) and (c)
show the polar figures of the FG and CG regions of
the sample. Regarding texture strength, the CG
region showed a considerable increase in texture
strength compared to the FG region under all
conditions. The 50%-sheets, in particular, displayed
lower texture strength than the other samples, with
14.32 and 30.43 m.r.d. in the FG and CG regions,
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Fig. 6 IPF diagram (a, d, g), KAM diagram (b, e, h) and (0001) scatter diagram (c, f, i) of selected typical small regions
in 50%-sheets: (a—f) G1 and G2 grain sets selected from recrystallization region of FG layer; (g—1) G3 grain sets selected
from recrystallization region of CG layer

(b)  Grain deflection in FG layer
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Fig. 7 Relationship between grain deflection and texture: (a) FG region; (b) Schematic of grain deflection in FG region;
(c) CG region; (d) Schematic of grain deflection in CG region
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respectively. The polar distributions of the FG and
CG regions also varied. The FG region exhibited a
basal texture with more scattered grain orientations,
while the CG region displayed a bimodal structure
(Fig. 7(c)) with more focused grain orientations.
These variations in polar distribution suggest that
grain rotation occurred during deformation.

The c-axis deflection angle of the grains in both
the FG and CG regions initially increased, and then
decreased. In the 50%-sheets, the c-axes of the grains
were deflected from the ND to the RD by ~25.3° and
~19.7°, respectively, which was significantly larger
than the deflection observed in the 40%-sheets. In
the 60%-sheets, the c-axis deflection angle decreased,
and texture strength increased. The polar figure in
Figs. 7(a) and (c) shows that in the FG region of the
60%-sheets, the grain orientation was more
concentrated, and the distribution on the polar

diagram became more diffuse. In the CG region,
grains with similar orientations were concentrated
near the base, and no bimodal texture developed. As
the reduction continued, most grains aligned to the
same orientation, making it more difficult for the c-
axis of the grains to deflect, leading to an increase in
texture strength.

To gain further insight into the texture type and
distribution in the AZ31 gradient structure of
magnesium alloy sheets, the grains in both the FG
and CG regions were classified into three groups
based on the deflection angles of the c-axis and the
(0001) basal plane. Angles between 0° and 30° were
classified as texture component A (TCA), between
30° and 60° as texture component B (TCB), and
between 60° and 90° as texture component C (TCC).
The different texture components of the 50%-sheets
are shown in Fig. 8. Figures 8(a—c) illustrate the

ND Max=16.25

9

ND Max=45.61 ND

Max=42.54 ND Max=55.97

Fig. 8 IPF and (0001) polar figures showing relationship between grain orientation and texture: (a) FG, TCA; (b) FG,

TCB; (c) FG, TCC; (d) CG, TCA; (¢) CG, TCB; (f) CG, TCC
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various texture components in the FG region. In this
region, TCA was made up of larger grains, with a
concentrated grain distribution and a maximum
texture strength of 21.25 m.r.d. TCB was primarily
composed of recrystallized grains, and its texture
strength decreased to 11.34 m.r.d. Although the TCC
component contained fewer grains, the pole figure
(0001) in Fig. 8(c) shows a significant change in the
texture type of TCC.

Figures 8(d—f) display the texture components
in the CG region of the 50%-sheets, which show
significant differences in texture strength and polar
distribution compared to the FG region. The polar
figure in Fig. 8(d) reveals a concentrated grain
orientation with a texture strength of 45.61 m.r.d.,
which is considerably higher than the TCA in the FG
region. Similarly, the pole figure in Fig. 8(e) shows
a concentrated orientation for TCB, accompanied by
a noticeable increase in texture strength. This
suggests that, in the CG region, the limited extent of
recrystallization results in smaller deflection angles

for both the c-axis and the (0001) basal plane,
leading to higher texture strength. A comparison with
the results in Fig. 7 further highlights that grain size
evolution plays a significant role in influencing
texture type and strength.

4.3 Schmid factor

Due to the high critical shear stress (CRSS), the
activation of prismatic and pyramidal slip systems in
magnesium alloys is limited at room temperature,
with the Schmid factor (SF) associated with texture
having a notable influence on the activation of each
slip system [37]. Figure 9 shows the SF calculations
forthe {0001}(1120) basal slip, the {10T0}(1120)
prismatic slip, and the {1122}(1123) pyramidal slip
systems in the FG and CG regions under various
reductions in AZ31 magnesium alloy processed by
HPR. Figures 9(a—c) indicate that the average SF for
basal slip was the lowest in the 40%-sheets. As the
reduction increased, there was little change in the
average SF, with the highest average SF for basal slip
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observed in the 50%-sheets. Figures 9(d—f)
demonstrate that prismatic slip maintained a
consistently high average SF, peaking at 40%-sheets,
where the SF reached 0.40 in the FG region and 0.47
in the CG region. This suggests that prismatic slip
dominates the deformation process. In Figs. 9(g—),
the average SF for pyramidal slip in the CG region
under different reductions was 0.35, 0.37, and 0.36,
respectively, which were lower than those in the FG
region (0.41, 0.41, and 0.39, respectively). This
indicates that pyramidal slip is more easily activated
in the FG region, a finding supported by the data in
Fig. 4.

As shown in Fig. 9, increasing the reduction
from 40% to 50% results in an increase in the SF for
each slip system in the sample, accompanied by
simultaneous activation of prismatic and pyramidal
slip with high average SF values. However, in the
60%-sheets, the average SF of the pyramidal slip in
the CG region decreased significantly because of the
increased texture strength in the CG region, which
hindered pyramidal slip activation. The FG region
exhibits a higher average SF for both prismatic and
pyramidal slip. The recrystallized grains in the FG
region absorb non-basal dislocations, resulting in
random grain orientation and promoting the
activation of prismatic and pyramidal slip. As a

~
o
~

Loading direction

result, the texture type and strength are modified.

4.4 Mechanistic analysis

The grain size and orientation influence the
texture type and strength of the AZ31 magnesium
alloy gradient structure produced by HPR, which
subsequently affects its mechanical properties.
Figure 10 displays the typical microstructure at the
FG/CG interface and the corresponding KAM map
for the 50%-sheets. The FG/CG interface creates a
notable strain gradient along the ND of the sample,
and GNDs from the same dislocation source
accumulate at the interface to adapt to this strain
gradient [38]. The back stress produced in AZ31
magnesium alloy, with its long-range and organized
arrangement, enhances the mechanical properties.
The grain distribution and dislocation evolution at
the interface are depicted in Fig. 10(c).

Figure 10(d) shows the grain orientation of the
magnesium alloy via HPR. The grain size of the FG
region was small, the driving force of
recrystallization was sufficient under the influence of
the hard plate, the proportion of recrystallization
grains was high, and the grain orientation was
random. A random texture enhances the activity of
basal sliding and facilitates its interaction with non-
basal plane sliding, thereby making the activation of

e
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Fig. 10 Interface characteristics and texture evolution of 50%-sheets: (a) FG/CG interface microstructure; (b) KAM

diagram; (c) Schematic diagram of mechanism distribution and dislocation evolution; (d) Grain orientation diagram
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non-basal sliding easier. In the CG region, due to the
effects of grain size and the limited driving force for
recrystallization, the grain orientation was more
concentrated, predominantly exhibiting prismatic
and basal slip, resulting in the formation of a more
concentrated texture in the CG region. The
distribution of different texture types in the FG and
CG regions results in a more significant difference at
the interface, which affects the activation of different
slip modes and helps to improve the mechanical
properties of magnesium alloy sheets with gradient
structures.

5 Conclusions

(1) The tensile strength and elongation of the
AZ31 magnesium alloy with 673K rolling
temperature and 50% reduction were measured as
2683 MPa and 28.3%, respectively. The
microstructure displayed a gradient distribution in
grain size and texture composition along the ND.
The texture strength was recorded at 14.32 m.r.d. for
the FG region and 30.43 m.r.d. for the CG region.

(2) The addition of a hard plate induced varying
deformations along the ND in the magnesium alloy
sheets, refining recrystallized grains in the FG region
and significantly weakening the texture. The driving
force for recrystallization was inadequate in the CG
region. Simultaneously, the rolling force caused
deflection of the c-axis in the grains, with a
significant deflection angle observed in the FG
region and a reduced angle in the CG region, which
contributed to a noticeable increase in texture
strength.

(3) As the reduction increased, the average
Schmid factor of the {1010}(1120) prismatic slip
system rose in both the FG and CG regions. The
basal texture plane inclined, resulting in the
predominance of {1010} prismatic textures.
Additionally, the {1122}(1123) pyramidal slip
system in the FG region was activated. At a 60%
reduction, the SF of the FG pyramidal slip system
declined to 0.37, leading to increased complexity in
the activation of the pyramidal slip system.

(4) Variations in grain size distribution between
the FG and CG regions modified grain orientation,
producing distinct texture components in different
areas of the gradient structure of the magnesium
alloy sheet. The interplay of multiple texture
components altered the slip mode, amplifying the

gradient strain distribution at the FG/CG interface
and facilitating the accumulation of GNDs. This
phenomenon positively influenced the properties of
gradient magnesium alloy sheets.
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