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ABSTRACT

Mg-Gd-Y-Zr alloys are among recently developed Mg alloys having superior
mechanical properties at elevated temperatures. Dynamic recrystallization
(DRX) and rare earth-rich particles play important roles in enhancing the high-
temperature strength of these alloys. Accordingly, the microstructural evolution
of a fine-grained extruded Mg-5Gd—-4Y-0.4Zr alloy was investigated after hot
shear deformation in the temperature range of 350-450 °C using the shear
punch testing (SPT) method. The results reveal the occurrence of partial
dynamic recrystallization at the grain boundaries at 350 °C while the fraction of
DRX grains increases with increasing deformation temperature. A fully
recrystallized microstructure was achieved after SPT at 450 °C. The Gd-rich and
Y-rich cuboid particles, having typical sizes in the range of ~50 nm to ~3 pm,
show excellent stability and compatibility after hot shear deformation, and these
particles enhance the high-temperature strength during hot deformation at
elevated temperatures. The textural evolution, examined using electron
backscattered diffraction, revealed a non-fibrous basal DRX texture after SPT
which is different from the conventional deformation texture.
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developed Mg—RE-based alloys are Mg—-Gd-Y alloys
which exhibit superior strength [5-7] and creep

Introduction

Magnesium alloys based on the Mg-Al-Zn system
suffer from poor mechanical properties at elevated
temperatures, and accordingly, attempts have been
made to improve these properties through the addi-
tion of alloying elements. For example, there are
reports that rare earth (RE) elements can greatly
improve the microstructural stability of Mg alloys at
high temperatures [1-4]. Among the newly
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resistance [8, 9]. In addition, these alloys show the
potential for superplasticity in both the fine-grained
[10, 11] and nano-grained [12, 13] states. These
exceptional properties originate primarily from the
influence of RE elements on the restoration processes
and the textural evolution of Mg alloys at elevated
temperatures [14, 15] and also from the presence of
RE-rich precipitates having superior thermal stability
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[4]. These results suggest that it would be valuable to
investigate the hot deformation of Mg-Gd-Y alloys to
obtain a better understanding of the dominant flow
mechanisms at these high temperatures.

Some limited research has been conducted recently
on the hot deformation of Mg-Gd-Y alloys, but these
investigations have generally used constitutive anal-
yses and/or processing maps so that only limited
information is available on microstructural evolution
at elevated temperatures. Generally, discontinuous
dynamic recrystallization (DDRX) has been invoked
as the most important microstructural restoration
process in Mg-Gd-Y alloys at elevated temperatures
and a summary of the experimental conditions used
in these reports is given in Table 1 where all data
relate to hot compression [16-20]. The processing
condition, the resultant grain size where reported, the
testing temperature and the strain rate ranges are all
listed in Table 1, and inspection shows that most
reports relate to alloys in the cast condition and there
is only one investigation of an Mg-Gd-Y alloy in the
extruded condition [19]. Furthermore, there have
been no investigations using other deformation pro-
cedures such as shear testing. Thus, despite the
important role of RE-rich particles in enhancing the
high-temperature strength of Mg-RE alloys, rela-
tively little attention has been devoted to the
microstructural evolution and the role of these par-
ticles during hot deformation. Furthermore, there are
at present no investigations of the textural evolution
of Mg—Gd-Y alloys after hot deformation.

While hot compression testing is the most common
procedure for hot deformation studies, investigations
of hot deformation of metallic alloys by localized
testing techniques are of significant interest. Recently,
shear punch testing (SPT) needing very small thin
samples was successfully used for evaluating the hot
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deformation characteristics of Mg-Li alloys [21, 22]
and Mg-Gd-Zn alloys [23] through constitutive
analysis. Thus, the present investigation was initiated
to investigate the microstructural and textural evo-
lution of an Mg-5Gd—4Y-0.4Zr alloy during hot shear
deformation using SPT at different temperatures and
strain rates and to determine the underlying
restoration processes and also the role of the RE-rich
precipitates in enhancing the high-temperature
behavior of this alloy.

Experimental material and procedures

An Mg-5 wt% Gd—4 wt% Y-0.4 wt% Zr alloy was
used for this investigation with the alloy prepared
from high-purity Mg and Mg-30Gd, Mg-30Y and
Mg-30Zr master alloys. Details of the melting and
extrusion processes were described earlier [14, 24],
but, briefly, the required metal was melted in an
electric resistance furnace under a protective flux
cover, poured into a steel die preheated to 300 °C
using a tilt-casting system to minimize casting defects
and melt turbulence and then extruding at 400 °C
with an extrusion ratio of 19:1. The hot shear defor-
mation was assessed using SPT, and again the details
were given earlier [25]. Sample preparation for SPT
involved cutting thin disks of ~0.90 £ 0.05 mm
thickness perpendicular to the extrusion direction
(ED) using electro-discharge machining (EDM) and
then reducing the thickness by soft grinding to
~0.70 £ 0.05 mm to remove any surface roughness.
The prepared samples were placed within an SPT
fixture having a 2.957-mm-diameter flat cylindrical
punch and a 3.044-mm-diameter receiving hole. The
load required to deform the sample, F, was measured

Table 1 Summary of the literature data on the hot deformation of Mg—Gd-Y alloys

Alloy Initial condition Test conditions References
Process Grain size (um)  Temperature (°C)  Strain rate (s~ ')
Mg-7Gd-5Y-1.2 N-1Zr As-cast - 300-450 0.002-1 [16]
Mg—9.3Gd-2.9Y-0.35Zr Cast + homogenized — 300450 0.001-1 [17]
Mg—6.85Gd—4.52Y—-1.15Nd-0.55Zr  Cast + homogenized 200 350-530 0.005-5 [18]
Mg-8.90Gd-5.11Y-3.10Zn-0.47Zr  Extrusion - 300-500 0.001-1 [19]
Mg-11Gd-2Y-1Zn—-1Zr Cast + homogenized — 350480 0.001-0.5 [20]
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automatically as a function of the punch displace-
ment, and the data were recorded using appropriate
software to determine the shear stress, 7, on the tested
material based on the following relationship [26]

r
_ 1
' Dt (1)

where ¢ is the specimen thickness and D is the aver-
age of the punch and die hole diameters. The SPT
curves were plotted as shear stress against punch
displacement normalized to the initial thickness. The
SPT was performed at temperatures of 350, 400 and
450 °C under two shear strain rates, j, of 3.3 x 1072
and 2.7 x 107" s7" using a screw-driven MTS testing
system equipped with a three-zone split furnace.

The microstructures of the samples, both before
and after SPT, were characterized using a Hitachi
5-3400N variable pressure scanning electron micro-
scope (SEM) and a Hitachi S-4800 field emission gun
scanning electron microscope (FEGSEM) after etching
the samples in an acetic picral solution. The crystal
structure and chemical composition of the precipi-
tates were examined using an FEI Tecnai G2 20
S-TWIN scanning transmission electron microscope
(STEM) with a maximum operating voltage of
200 kV. After grinding to ~100 pm thickness, the
TEM disks were further reduced to ~20 um with a
dimpler machine and the TEM samples were finally
prepared by ion beam milling (IBM). Electron
backscattered diffraction (EBSD) was used to study
the orientation maps and texture evolution. The
specimen preparation for EBSD involved grinding
with SiC paper and diamond paste polishing fol-
lowed by vibratory polishing with an alcohol-based
alumina solution.

Experimental results
Microstructure before SPT

Representative SEM micrographs at two different
magnifications are shown in Fig. 1 corresponding to
the plane perpendicular to ED. It is apparent that the
microstructure after hot extrusion at 400 °C consists
of fine equiaxed grains with an average size of
~4.6 £ 0.2 pm indicating the occurrence of dynamic
recrystallization (DRX) and with small cuboid parti-
cles which appear to be rich in RE located both at the
grain boundaries and within the grains. The
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Figure 1 SEM micrographs of the alloy in the ED showing a the
grain structure and b the distribution of the second-phase particles.

Figure 2 SEM micrographs of the alloy in the TD showing a the
grain structure and b the distribution of particles.

@ Springer



7846

Figure 3 SEM micrographs of the alloy, extruded with low ratio
of 8:1, showing a the necklace structure and b formation of new
DRX grains at the original grain boundaries.

J Mater Sci (2017) 52:7843-7857

microstructure in the transverse direction (TD) on the
plane parallel to ED is shown in Fig. 2 at two dif-
ferent magnifications. These micrographs show there
are no elongated grains in either the ED or TD and it
is reasonable to conclude that the DRX is complete.
Regarding the DRX mechanism of the alloy during
the extrusion process, it was shown earlier [14] that
new DRX grains form at the original grain bound-
aries during hot deformation, and therefore, it was
concluded that the DDRX can be considered as the
main  mechanism of recrystallization. The
microstructure of the Mg-5Gd-4Y-0.4Zr alloy,
extruded with lower extrusion ratio of 8:1, is shown
in Fig. 3 to better explore the formation of DRX grains
during deformation. As can be observed in this fig-
ure, a necklace structure was developed after the
extrusion process, which can be considered as an
indication of the occurrence of the DDRX mechanism.
The formation of newly developed DRX grains at the
original grain boundaries is shown in Fig. 3b.
High-magnification FEGSEM micrographs of the
particles are shown in Fig. 4 which confirms that the
RE-rich particles are present in the form of small
cuboidal shapes. In Fig. 4a, there are two cuboidal
particles, one formed at the grain boundary and the

Figure 4 FEGSEM micrographs of the alloy showing the positions, shapes and sizes of some representative cuboid particles.
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other within a grain. A cuboid particle embedded at a
grain boundary is shown in Fig. 4b at a higher
magnification. In addition to these isolated particles,
some agglomerated particles were also present as
shown in Fig. 4c, d. Comprehensive microstructural
characterization showed that the sizes of these cuboid
particles varied within the range of ~50 nm up to
~3 um.

The chemical compositions of the cuboidal parti-
cles were checked qualitatively by SEM using an
energy-dispersive X-ray spectroscopy (EDS) line
scan, and the results are shown in Fig. 5. These
results provide a clear demonstration that the parti-
cles are rich in Gd and Y. Elemental maps for Mg, Gd
and Y are also shown in Fig. 6 for the agglomerated
particles in Fig. 4d. In accordance with the results in
Fig. 5, the agglomerated cuboidal particles are rich in
Gd and Y while also containing small amounts of Mg.
In order to study the chemical composition of these
particles quantitatively, a TEM-EDS analysis was
performed on some selected particles and a typical
result is summarized in Fig. 7. The results indicate
that the cuboidal particle in Fig. 7a is rich in Gd and
Y and, according to the atomic concentration values,
the chemical composition is close to Mg,(Gd, Y). The
crystal structure of the precipitate was also studied
through selected area electron diffraction (SAED),
and the results are shown in Fig. 7b where the pat-
tern was indexed as face-centered cubic (fcc) with a
lattice parameter of ~0.54 &+ 0.02 nm. Similar fcc
crystal structures with lattice parameters in the range
~0.54 to 0.56 nm were reported earlier for cuboid
Mg-RE precipitates [14, 27-31].

SPT results

Shear punch test curves are shown in Fig. 8 for
temperatures of 350, 400 and 450 °C under shear
strain rates of (a) 3.3 x 10 2and (b) 2.7 x 107" s\ It
is evident that the flow behavior depends strongly on
both temperature and strain rate, thereby suggesting
that different deformation mechanisms may operate
at different temperatures and strain rates. Thus, the
microstructures of the samples will be affected by
these different mechanisms after deformation under
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Figure 5 SEM-EDS line scan along A-B showing the results for
Mg, Gd and Y.

different conditions, and accordingly, it is necessary

to examine the microstructural evolution in more
detail.
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Figure 6 a SEM micrograph of agglomerated cuboid particles and the corresponding elemental maps for b Mg, ¢ Gd and d Y.

Microstructural and textural evolution
after SPT

The microstructural evolution after hot shear defor-
mation was examined by inspecting the cross-section
of the hot deformed samples using SEM and FEG-
SEM. A schematic illustration of the SPT sample
showing different areas of the sample both before
and after deformation together with a low-magnifi-
cation SEM micrograph of a sample after SPT is given
in Fig. 9. Three important areas may be identified on
each sample: deformation (1), the die (2) and under
the punch (3). Since almost all of the shear defor-
mation occurs within the deformation area, most of
the microstructural characterizations were focused
on this area. However, for a direct comparison with
the microstructure of the material experiencing a
high temperature but no shear deformation, the
microstructure was also examined in the die area.
The microstructural evolution was also examined

@ Springer

under the punch, but these results were essentially
identical to those obtained in the die area.

The microstructures of the material after SPT at
350 °C under a shear strain rate of 2.7 x 10~' s~ are
shown in Fig. 10 where (a-d) are within the defor-
mation area and (e, f) are in the die area. It is clear
that the grains are deformed and elongated in the
shear direction and the grain boundaries are thick-
ened in the deformation area, whereas by moving
from the deformation area toward the die area the
grains reasonably retain their original un-deformed
shapes and the grain boundaries are thinner. These
features indicate that partial DRX occurs at the orig-
inal grain boundaries at 350 °C, but the deformed
grains retain their elongated shapes. By increasing
the deformation temperature to 400 °C, the
microstructure becomes more uniform in the defor-
mation area in Fig. 11a—c and there are almost no
elongated grains except in some small areas as within
the area delineated by the broken line in Fig. 11c.
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Figure 7 a TEM micrograph and b corresponding SAED pattern
of one of the cuboid particles with zone axis parallel to [001].

This indicates that increasing the temperature form
350 to 400 °C leads to a replacement of the deformed
grains by newly formed DRX grains which are
nucleated at the grain boundaries of the original
grains.

The microstructures of the material after SPT
deformation at 450 °C under two shear strain rates of
3.3 x 1072 and 2.7 x 107" s™! are shown in Figs. 12
and 13, respectively, where (a—c) relate to the defor-
mation area and (d) is for the die area. It is apparent
that fine equiaxed grains are formed in the defor-
mation area and these grains are finer than in the die
area. Also, in contrast to the lower deformation
temperature, no elongated grains are found in the
deformation area which indicates the occurrence of
complete DRX at 450 °C. However, the grain sizes are
relatively larger than those obtained at 400 and
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Figure 8 SPT curves at different temperatures for shear strain
rates of 3.3 x 102 s 'and b 2.7 x 107" s 1.

350 °C. Concerning the effect of strain rate, according
to the microstructures of the alloy shown in Figs. 12
and 13 for respective shear strain rates of 3.3 x 102
and 2.7 x 107" s7", it is observed that fine equiaxed
grains are formed at 450 °C irrespective of the
applied strain rates. Additionally, no distinct differ-
ences were detected between the grain sizes of the
material in the deformation areas of the samples
deformed under different strain rates.

Since RE-rich particles play an important role in
enhancing superior strength of Mg-Gd-Y alloys at
elevated temperatures, it is of interest to examine the
morphologies of these particles after hot shear
deformation. Accordingly, the morphology of the
cuboid particles after hot shear deformation at 400 °C
under shear strain rates of 3.3 x 107> and
2.7 x 107" s7' was examined at high magnifications
through FEGSEM and the results are presented in
Fig. 14 showing the shape, size and distribution of
these particles. All micrographs were taken in the
deformation area. Inspection shows that the Gd- and
Y-rich cuboid particles do not undergo any signifi-
cant change in shape, fragmentation or deformation
while the magnesium matrix is severely deformed
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Figure 9 a Schematic illustration of a sample before and after
SPT and b a low-magnification SEM micrograph of a sample after
SPT showing areas corresponding to deformation (1), the die (2)
and under the punch (3).

within the deformation area. Thus, these particles
retain their original shapes. Furthermore, no cracks
or voids were detected around these particles even at
high magnifications. All of these features demon-
strate the excellent thermal stability of these particles
and also their compatibility with the Mg matrix
during deformation, where both of these factors will
enhance the high-temperature strength properties of
Mg-Gd-Y alloys. An additional important point is
that no newly formed fine grains were observed
around any of the cuboid particles.

In addition to the shape and size of the newly
formed grains due to the DRX during hot shear
deformation, the crystallographic orientations of
these grains are important because it may affect the
high-temperature mechanical properties of the
material. Accordingly, the orientation maps of the
grains after SPT at 450 °C were obtained by EBSD
and the results are shown in Fig. 15. It is readily
apparent from Fig. 15a and b that the grains are
equiaxed in the shear deformation area and there are
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no elongated grains. Therefore, it is concluded that
complete DRX occurs during hot shear deformation
of the alloy at 450 °C. The corresponding pole fig-
ures are shown in Fig. 15c for the (0001) and (1010)
planes, and it is apparent that there is a relatively
strong basal texture with a maximum intensity of 7.8
MRD (multiplies of random distribution). A com-
parison of this texture with the initial texture before
SPT is presented in the next section.

Discussion

Microstructural evolution after hot shear
deformation

A comparison of Figs. 10, 11, 12 and 13 demonstrates
that, although there is some DRX in the Mg-5Gd—4Y-
0.4Zr alloy even at a temperature of 350 °C, complete
DRX occurs only at 450 °C. The microstructure of the
material after hot shear deformation at 350 °C con-
sisted of deformed grains which are surrounded by a
typical necklace-like structure which is produced by
the DRX. Thus, the DRX occurs only locally at the
grain boundaries of the original grains at 350 °C, and
therefore, very fine grains are formed at the grain
boundaries while the original grains remain
deformed and elongated in the direction of shear
deformation. These features are consistent with the
discontinuous dynamic recrystallization mechanism
which is generally considered the dominant recrys-
tallization mechanism in Mg alloys. By increasing the
temperature to 400 °C, DRX occurs more readily and
leads to a thickening of the bands of newly formed
DRX grains toward the centers of the original grains.
Except in some small areas, almost all of the
microstructures are recrystallized at 400 °C. Com-
plete recrystallization occurs by increasing the
deformation temperature to 450 °C where fully
recrystallized equiaxed grains are formed within the
deformation area.

In comparison with earlier studies of Mg-Gd-Y
alloys, it is noted that the present results are consis-
tent with those reported for other similar alloys
[16-20]. For example, it was reported that grain
growth occurs at 500 °C in an extruded Mg-8.90Gd-
5.11Y-3.10Zn-0.47Zr alloy, but fine DRX grains form
at 400 °C [19]. Also, the temperature range of
375-450 °C was suggested earlier as the appropriate
temperature range for DRX of an as-cast and
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Figure 10 SEM micrographs of the material after SPT at 350 °C under a strain rate of 2.7 x 10" s™': a, b deformation area and adjacent

regions, ¢, d deformation area and e, f die area.

homogenized Mg-9.3Gd-2.9Y-0.3Zr alloy [17]. A
microstructural characterization of a hot compressed
as-cast binary Mg-1.5Gd alloy at 400 °C also revealed
the local occurrence of DRX at the original grain
boundaries and the development of necklace-like
structures [32]. However, static annealing of these
samples at 450 °C for 1 h resulted in fully recrystal-
lized microstructures [33].

It should be noted that the hot deformation
behavior of the Mg—-Gd-Y-Zr alloy in this investiga-
tion is different from conventional Mg alloys without

the presence of RE elements. Although the DRX is the
dominant recrystallization mechanism in both RE-
containing and RE-free magnesium alloys, there are
some fundamental differences between their recrys-
tallization behaviors. These differences are attributed
to the role of the RE elements in delineating the onset
temperature of recrystallization, the amount of stored
energy [32] and the crystallographic texture of the
newly formed DRX grains [14, 33]. As an example,
while DRX occurs at grain boundaries of an AZ31
alloy at 300 °C, there was no evidence for the
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Figure 11 SEM micrographs of the material after SPT at 400 °C under a strain rate of 2.7 x 10~' s™': a deformation area and adjacent

region, b, ¢ deformation area and d die area.

Die area

I
\

1

L)

Figure 12 SEM micrographs of the material after SPT at 450 °C under a strain rate of 3.3 x 1072 s ': a deformation area and adjacent
regions, b, ¢ deformation area and d die area.
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Figure 13 SEM micrographs of the material after SPT at 450 °C under a strain rate of 2.7 x 10~ s™': a, b deformation area and adjacent

regions, ¢ deformation area and d die area.

presence of recrystallized grains in the microstruc-
ture of an Mg-Gd alloy at this temperature [32].
Accordingly, it is concluded that 350 °C is the tem-
perature for the onset of recrystallization in the pre-
sent Mg-Gd—-Y-Zr alloy as observed in Fig. 10.

The higher onset temperature for the RE-contain-
ing alloys is due to the relative activity of different
deformation systems in RE-containing alloys which is
different from magnesium alloys without RE ele-
ments. Thus, the RE elements usually segregate at
grain boundaries [14, 34, 35] and dislocations [36],
dissolve in the Mg matrix and/or form clusters in the
interiors of the grains [37] in addition to forming RE-
rich particles. Accordingly, due to the low diffusion
rates of these elements in magnesium, the RE ele-
ments may retard recrystallization so that higher
temperatures are required for the onset of recrystal-
lization in RE-containing Mg alloys. In this respect,

the diffusion coefficients of Y and Gd in Mg are
similar, but they are almost one order of magnitude
lower than for Al and Zn which are the conventional
alloying elements in magnesium [38, 39].

In addition to DRX, another important feature of
the microstructure of the Mg-5Gd—4Y-0.4Zr alloy
after hot shear deformation is the stability of the Gd-
rich and Y-rich cuboid particles at high deformation
temperatures which serves to enhance the high-tem-
perature strength of these alloys. The results in this
investigation show there is no deformation, coarsen-
ing or fragmentation of these particles during hot
shear deformation, and additionally, it seems that the
dominant recrystallization mechanism of the material
in the experimental temperature range is DDRX.
Thus, there is no evidence for particle-stimulated
nucleation (PSN) since no newly formed grains were
formed around the cuboid particles.
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Figure 14 Representative high-magnification FEGSEM micro-
graphs of the material in the deformation area showing the
morphologies of cuboid particles after hot shear deformation at
400 °C.

Textural evolution after hot shear
deformation

In addition to the shape and size of the grains, the
occurrence of DRX may also alter the crystallographic

@ Springer

J Mater Sci (2017) 52:7843-7857

orientation of the grains and this determines the
dominant texture of the material. Accordingly, the
texture of the alloy was studied after hot shear
deformation at 450 °C (Fig. 15) and it is now valuable
to compare this result with the initial texture before
SPT. The texture of the extruded Mg-5Gd—4Y-0.4Zr
alloy before SPT was discussed in detail in an earlier
report [14], and thus, it is described only briefly for
comparison purposes.

It was shown earlier [14] that the texture of the
extruded Mg-5Gd—4Y-0.4Zr alloy is different from
RE-free Mg alloys wherein the basal planes are
aligned parallel to the extrusion direction. In practice,
the basal planes of the Mg-5Gd—-4Y-0.4Zr alloy show
an almost fibrous texture with an angle of about 60°
between the ED and the normal vector of the basal
planes. Therefore, this state can be considered as the
initial texture of the material before SPT. After SPT at
high temperatures, it is expected that the dominant
texture is again a basal texture where basal planes are
aligned in the direction of material flow in the
sheared area due to the applied mechanical strain
within the deformation area. However, the texture of
the material in Fig. 15 is different and shows simi-
larities to the trends reported earlier for the extruded
alloy [14]. Thus, the dynamically recrystallized grains
show a strong non-fibrous basal texture with a max-
imum intensity of 7.8 MRD. The preferred orientation
of the basal planes is such that the angle between the
normal direction and the transverse direction is about
—75° on the X axis and about 10° on the Y axis. This
contrasts with the general behavior of RE-free Mg
alloys where the deformation and recrystallization
textures are similar [40]. It is concluded, therefore,
that the RE elements alter the DRX texture after hot
shear deformation where this is similar to results
reported earlier for other modes of deformation such
as hot extrusion [14] and hot compression [32, 33].
This difference is attributed to the segregation of RE
elements at the grain boundaries and dislocation
cores and also to the slow diffusivity of Gd and Y in
Mg where these elements impede the movement of
dislocations and grain boundaries through a solute
drag effect [14].
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Figure 15 a, b EBSD
orientation maps and ¢ pole
figures after SPT at 450 °C
under a strain rate of
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33 x 1072574
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Conclusions

The microstructural and textural evolutions of an
extruded Mg-5Gd-4Y-0.4Zr alloy were evaluated
after hot shear deformation by shear punch testing in
the temperature range of 350450 °C, and the fol-
lowing results were achieved:

1. The DRX starts at the grain boundaries of the
deformed original grains and produces necklace-
like structures at low deformation temperatures,
thereby demonstrating discontinuous dynamic
recrystallization as the dominant restoration pro-
cess during hot shear deformation.

2. While the original grains were not recrystallized
after deformation at 350 °C, some non-recrystal-
lized deformed grains were detected in the
microstructure of the material after SPT at
400 °C. By further increasing the SPT tempera-
ture to 450 °C, a fully recrystallized microstruc-
ture was obtained with well-defined equiaxed
grains.

3. The Gd-rich and Y-rich cuboid particles retained
their original shapes and sizes after hot shear
deformation. No cracks, voids or fragmentation

(1010)
Max. = 7.8 '

was observed around these particles. The stability
of these particles and their compatibility with the
Mg matrix are important parameters in enhanc-
ing the high-temperature strength of Mg-Gd-Y
alloys.

4. EBSD orientation maps demonstrate a fully

recrystallized microstructure after SPT at 450 °C
with a non-fibrous basal DRX texture which is
different from the conventional deformation
texture.
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