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Compression tests of a Mg-13Gd-4Y-2Zn-0.5Zr alloy were carried out on a Gleeble-1500D thermo-mechanical simulator within
a temperature range of 420-500 °C and strain rate of 0.001-5 s™' so that the corresponding flow behavior was investigated. The
Zener-Hollomon parameter Z was used in a hyperbolic-sine-type equation to express the relationships between the peak stress,
deformation temperature and strain rate. Work hardening, dynamic recovery and dynamic recrystallization were the main char-
acteristics affecting the plastic-deformation behaviors. The activation energy @ was calculated to be 208.2 kJ/mol and process-
ing maps at strains of 0.3, 0.5 and 0.7 were generated based on a dynamic material model. The optimum processing parameters
were oblained with a power-dissipation analysis.
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Povzetek: V ¢lanku je opisano izvajanje tla¢nih preizkusov zlitine Mg-13Gd-4Y-2Zn-0,5Zr na termosimulatorju Gleeble-1500D
v temperaturnem obmoé&ju med 420 °C in 500 °C pri hitrostih deformacije od 0,001 s™ do 5 s™'. Avtorji so na osnovi tega
raziskovali njeno plasticno deformacijo. Uporabili so Zener-Hollomonov parameter Z v hiperboli¢nem tipu enaCbe, ki izraza
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zvezo med vrino napetostjo, temperaturo in hitrostjo deformacije. Utrjevanje, dinami¢na poprava in rekristalizacija so glavne
lastnosti, ki vplivajo na obnaSanje materiala med njegovo plasti¢no deformacijo. IzraCunana je bila aktivacijska energija Q
(208,2 kJ/mol), na osnovi dinaminega materialnega modela pa so aviorji izdelali (generirali) deformacijske procesne mape
izbrane zlitine pri deformacijah 0,3, 0.5 in 0,7. S pomo¢jo mo¢nostne disipacijske analize so dologili optimalne procesne

parametre.

Kljune besede: zlitina Mg-Gd-Y-Zn-Zr, obnaSanje med vrofo deformacijo, procesne mape, razvoj mikrostrukture

1 INTRODUCTION

Magnesium (Mg) alloy, which is the lightest struc-
tural material used for industrial applications, has the ad-
vantages of a high specific strength/stiffness, good
damping capacity and excellent electromagnetic shield-
ing performance.'~ The development of rare-earth mag-
nesium alloys has solved the problem of a low absolute
strength, e.g., Mg-RE-Zn, which has a unique micro-
structure of long-period stacking-ordered (LPSO) struc-
ture.** However, poor ductility and hard-to-deform char-
acteristics restrict their engineering applications owing to
the hexagonal close-packed (HCP) crystal structure with
limited slip systems. Elevating the deformation tempera-
ture, which can reduce the critical shear stress (CRSS)
and induce a non-basal plane slip, can improve the plas-
ticity of a Mg alloy.” Considerable research was carried
out with various deformation methods, such as extrusion,
forging and severe plastic deformation, to enhance the
strength and ductility of these alloys to a great extent.*!0
Homma et al.® studied mechanical behavior of
Mg-1.8Gd-1.8Y-0.7Zn-0.2Zr prepared with hot extrusion

*Corresponding author’s e-mail:
zmyan1027@nuc.edu.cn (Z. Yan)
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at 400 °C and the ultimate tensile strength, tensile yield
strength and fracture elongation were 542 MPa, 473 MPa
and 8.0 %, respectively. Li et al.'' investigated an
ECAP-ed Mg-Gd-Y-Zn-Zr alloy, and the results showed
that a fine-grained structure and a weakened texture were
observed after a four-pass deformation, while the ulti-
mate strength reached 361 MPa.

The thermomechanical process was mostly con-
ducted on a Mg-RE-Zn alloy because of poor plasticity
at room temperature. Hot processing highly depended on
deformation parameters such as the temperature, strain
and strain rate. Also, the dynamic recovery and recrys-
tallization during deformation were closely related to
these parameters.'>!* Zhou et al.'* studied the dynamic-
recrystallization (DRX) behavior of the Mg-6.9Gd-
3.2Y-1.5Zn-0.5Zr alloy after hot compression and pro-
posed that a combination of the deformation tempera-
ture, strain rate and LPSO phase influenced the DRX ra-
tio. Zhang et al.’® investigated the microstructure
evolution of the Mg-4Y-2Nd-0.2Zn-0.5Zr alloy, and the
results showed that the DRX was influenced by deforma-
tion parameters and the precipitated particles facilitated
continuous dynamic recrystallization (CDRX). In the
present work, we aim to evaluate the parameters and
mechanisms of hot deformation in the Mg-Gd-Y-Zn-Zr
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alloy with a view to understand the flow behavior and
optimize its workability.

A processing map, which consists of a power-dissipa-
tion map and an instability map, can describe a hot-de-
formation process and establish the relationship between
deformation parameters and the flow stress according to
the dynamic-material model (DMM).'%!7 After the estab-
lishment and analysis of a processing map, we can adjust
the microstructure of a Mg-Gd-Y-Zn-Zr alloy and im-
prove its properties. According to the theory of DMM, a
workpiece undergoing hot deformation is regarded as a
nonlinear dissipater of power and the total dissipation P
can be separated into two parts, i.e., the G content that is
consumed by plastic deformation, most of which trans-
forms into viscoplastic energy, while the rest is stored in
crystal-distortion energy, and the J co-content that is
consumed by microstructural evolution, such as dynamic
recovery, DRX, phase transformation, etc. Thus, the in-
stantaneous dissipated power is given as'®:

P:oé:G+J:Jmﬁ+Iﬁm (1)
0 0
where o represents the flow stress (MPa) and ¢ is the
strain rate (s~!). The proportion of the dissipative power
between G and J is determined by the m index, which is
expressed as follows:

aJ dlno _

G dlné

Dissipation power J can be obtained with Equation
(3) based on Equation (2).

(2)

J= o€

3
m+1
By comparing the J co-content with the maximum
dissipation, Jm., the efficiency of power dissipation # of
a non-linear dissipater is written as:
J 2m

J _m+l

max

)

A power-dissipation map can be constructed through
the variation in dissipation coefficient with the tempera-
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ture and strain rate. The # is an important parameter, in-
dicating power dissipation and a higher » indicates a
better processing condition. However, an unstable state,
such as microcracks and shear bands, is also related to a
high » value, thus the workability cannot be described
completely. Prasad proposed the following instability
criterion'”:

. dln[m/(m+1)]
§@=——F—"—+m<0 &)
‘ dlné

where & represents the dimensionless parameter. The
variation in & with the deformation temperature and
strain rate causes an instable region, characterized as
& < 0. Finally, a processing map can be prepared by
overprinting the power-dissipation map, containing sta-
ble and unstable regions.

2 EXPERIMENTAL PROCEDURES

The investigated material used in this project was the
as-received Mg-13Gd-4Y-2Zn-0.5Zr (w/%) alloy, sup-
plied by Yinguang Magnesium Industry Group Co., Ltd.,
and its chemical composition is shown in Table 1. It was
pre-forged to eliminate defects and optimize the grain
structure. Cylindrical specimens with a size of ¢ 8 mm x
12 mm were machined from the alloy. The initial micro-
structure of the specimens is shown in Figure 1a. It can
be seen that the alloy was mainly composed of a Mg ma-
trix, intragranular lamellar-shaped LPSO phases, inter-
dendritic block-shaped LPSO phases and other eutectic
phases. The average grain size was about 25 pm and the
phase distribution was heterogeneous.

Uniaxial compression tests were carried out on a
Gleeble-1500D thermo-mechanical simulator at strain
rates in a range of 0.001-5 s and deformation tempera-
ture range of 420-500 °C. The specimens were heated in
a resistance furnace at a heating rate of 10 °C/s and kept
at the target temperature for 180 s prior to isothermal
compression. In order to reduce deformed friction, a
graphite lubricant was used between a specimen and
crosshead. After deformation, the specimen was immedi-

(b) 4 Holding "
(3min) Hot compresion
-]
g Heati
1
E- “;'.,":';:‘ 420°C, 450°C, 480°C, 500°C | Water quench
a 0.001/s, 0.01/5, 0.1/, I/s, /s
L7
[_-
Observalion

Time

Figure 1: a) Microstructure of the as-received alloy, b) Schematic illustration of compression processing
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ately quenched in water to maintain the deformed
microstructure. We selected the observation surface that
was parallel to the compression axis and ready for a
metallographic examination using a Carl Zeiss optical
microscope.

Table 1: Chemical composition of the tested alloy (w/%)

Element| Gd Y | Zn | Zr Fe Ni Mg

128 | 40 | 1.8 | 042 |<0.001|<0.002 Bal

Content anced

3 RESULTS AND DISCUSSION

3.1 Flow behavior

True stress/strain curves of the as-received
Mg-13Gd-4Y-2Zn-0.5Zr alloy obtained in the tempera-
ture range of 420-500 °C and strain rates of 0.001-5 s-!
are shown in Figure 2. It can be seen that the alloy
showed obvious dynamic-recrystallization characteris-
tics, and the flow stress decreased with an increasing
temperature and decreasing strain rate. The whole pro-
cess can be approximately divided into three stages.
Firstly, the flow stress went up sharply with an increas-
ing strain due to work hardening. Secondly, the stress
reached the peak o,, (which was the result of secondary
strain hardening. The hardening rate in this stage was
much lower than in the first one, and dynamic recovery
(DRV) and DRX began to occur. As the strain continued
to increase, the accumulation of dislocations induced
DRX, and when DRX softening exceeded work harden-
ing, the flow stress decreased. Finally, the interior of the
material reached a relatively stable state and the curves
were almost parallel.

50 50

The flow stress was an important factor, influencing
the deformation process, and the forming mechanism
could be clarified by studying the material’s flow charac-
teristics.?? Based on further research of the curves, we
now know the following facts:

(1) The Mg-13Gd-4Y-2Zn-0.5Zr alloy was more
likely to reach a steady state at a high temperature and
low strain rate. At a given temperature, the flow stress
decreased with the decreasing strain rate. At a constant
strain rate, the flow stress decreased with the increasing
temperature. This was because the high temperature and
low strain rate were conducive to dislocation slipping
and annihilation, and the mobility of grain boundaries
was also increased. In addition, DRX was easily induced
at the elevated temperature and reduced strain rate, and
DRX softening was sufficient to counterbalance the
work-hardening effect. Meanwhile, the elevated tempera-
ture can result in a lower critical resolved shear stress
(CRSS) for both basal and non-basal slip systems.

(2) The curves exhibited obvious serration at strain
rates of 1 s7'and 5 s!, and demonstrated multiple peaks.
Jiang et al.?! ascribed this to a fast grain-boundary-mi-
gration rate, and fast nucleation and growth of recrys-
tallized grains at high strain rates.

(3) The deformation of Mg-13Gd-4Y-2Zn-0.5Zr was
a thermal activation process, and DRX was the main
mechanism.

3.2 Constitutive equation

Thermoplastic deformation is a process of thermal
activation. To describe the relationship between the de-
formation temperature, strain rate and activation energy,
a functional equation of the three parameters was estab-
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Figure 2: True stress/true strain curves of the specimens compressed at strain rates of: a) 0.001 s, b) 0.01 s, c) 0.1 s, d) 1 s, e)s s
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lished to predict the change in the rheological stress.”
The commonly used phenomenological constitutive
models include the Arrhenius, Johnson-Cook (J-C) and
Zerilli-Armstrong (Z-A) models. The Z-A model is gen-
erally applied to face-centered cubic (FCC) or body-cen-
tered cubic (BCC) metals, but not to Mg alloys.” The
J-A model is usually used in a constitutive analysis of
metal deformation under high temperature and high
strain rate, but rarely in the study of a thermal-deforma-
tion behavior at a low strain rate. Therefore, the
Arrhenius equation was selected to model the deforma-
tion process of Mg-13Gd-4Y-2Zn-0.5Zr.

From the previous studies, we can conclude that the
Zener-Hollomon (Z) parameter can depict the effects of
deformation temperatures and strain rate on the flow-
stress behavior. They can be expressed as follows:

g=Aoc" ex;{—%) (o <08) (6)
£=A, exp(fo) exp{—g) (o >12) (7
RT
£=A,[sinh(ao)]" ex _Q (8)

’ RT
Z=¢ exp{g ): Alsinh(ao)]" (9)
RT

where Q is the activation energy (kJ/mol), R is the uni-
versal gas content (8.314 J/mol-K), and T is the absolute
temperature (K). A1, A2, A, ni, n, @ and 8 are the mate-
rial constants. Stress multiplier is defined as @ = f3/n.

(a) = 4200C
s{ =+ as0C
4 480°C
v 500C
Z
1
v
& T T T
8 -0 -4 -2 0 2
In(&)
(©), ]

In[sinh{ aa)]

In(&)

To simplify the equations, take the natural logarithms
of both sides of Equations (6), (7). (8) and (9). and the
equations are expressed as follows:

Iné=InA, +n, lmf.r—g (10)
- o
Ine=InA, + po— 11
, +P RT (11)
Iné=InA+n ln[sinh(o:cr)]—g (12)
RT
InZ =1n A+n In[sinh(ao)] (13)

The linear relationships of In o — In £ and o — In & at
different temperatures are shown in Figures 3a and 3b.
According to Equations (10) and (11), the values of 1/n,
and 1/ can be derived from the slopes of In o — In & and
o — In & Hence, the average values of n; and f§ were
found to be 4.79323924 and 0.07690867 MPa-!, respec-
tively. The mean value of @ was 0.01604524 MPa' ac-
cording to a = fi/n.

Taking the logarithms of both sides of Equation (12),
we get the expression of deformation activation energy

Q:

B dlné d In[sinh(ao) |
Q_R{Bln[sinh(ao)]}r{ A1/ T) }é a4

} is the slope of the fitting relation
.

dlné
d In[sinh(ao) ]

of In (sinh (ao)) — In & at different temperatures, as

(®)
160

In[sinh{ aa)]

2= 4 T T T T
0.00129 0.00132 0.00135 0.00138 0.00141 0.00144
7

Figure 3: Relationships of: a) Ing —1In & b) 0 — In & c¢) In (sinh (@0)) — In & d) In (sinh (ag)) — 7!
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d In[sinh(ao) ]
A1/ T)

(sinh(axo)) — T, as demonstrated in Figure 3d.

Putting the average slope of In (sinh(ao)) — In & and
In (sinh(azo)) — T into Equation (14), we find that the
average ( value of the as-received Mg-13Gd-4Y-2Zn-
0.5Zr alloy is 208.224 kJ/mol.

Plastic deformation is a process of thermal activation,
in which atoms move rapidly. When atoms reach the re-
quired energy, deformation takes place. Therefore, the
value of Q is an important parameter when determining a
deformation difficulty. It can be influenced by material
characteristics, deformation parameters, dynamic precip-
itation, dislocation pinning and secondary phases. Ta-
ble 2 lists the Q values of pure Mg and some Mg alloys.
It can be seen that the activation energy of pure Mg is
135 kJ/mol, while the Q values for most of Mg alloys are
higher than that of pure Mg. Furthermore, additions of
Gd and Y to Mg alloys can effectively increase the acti-
vation energy, owing to the enhanced solution strength-
ening, precipitation strengthening and the formation of
secondary phases, hindering the dislocation slipping. In
the present research, the Q of the Mg-13Gd-4Y-2Zn-
0.5Zr alloy was 208.2 kJ/mol, which was higher than for
the traditional Mg alloys. The existence of the LPSO
phase strengthened the Mg matrix and hindered the slip
of dislocations." Thus, a Mg alloy containing rare-earth
elements is a kind of a hard-to-deform metal.

shown in Figure 3c. { } is the slope of In

Table 2: Comparison between pure Mg and other Mg alloys

Material éfg;v?ﬁiﬁ&g?)_ References
Pure Mg 135 B
Mg-3Al-Zn 132.4 26
Mg-9Al-Zn 136.3 27
Mg-9.57n-2Y 176.3 8
Mg-9Gd-2.4Y-0.47r 199.8 27
Mg-13Gd-4Y-2Zn-0.5Zr 208.2 This study
384 .
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Figure 4: Relationship between the Z parameter and peak stress
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The Zener-Hollomon (Z) parameter was important
for measuring the effect of the deformation temperature
and strain rate on the thermal-deformation behavior. Fig-
ure 4 shows the linear fitting relationship between the Z
parameter and peak stress based on the least-square
method. The functional relationship between In Z and In
(sinh (a@o)) was obtained with Equation (13). In accor-
dance with the slope and intercept of the linear fitting
curve, we found that In A = 30.73574 and n = 3.30991.

InZ =30.73574 4330991 In[sinh(ao) | (15)

The value of A was 2.2303 x 10'*. Putting n, &, Q and
A into Equation (8), the following constitutive equation
of the as-received Mg-13Gd-4Y-2Zn-0.5Zr alloy can be
obtained:

£=2.2303x10" [sinh(0.016045240) |
208.2 (16)
exp| —
8314T

3.3 Processing maps and microstructure evolution

4.79323924
X

Based on the thermal simulation deformation, a
DMM was constructed to describe the relationships be-
tween deformation parameters, microstructure and pro-
cessing properties. The processing map was an important
mean to understand the material deformation law and op-
timize the processing conditions, especially for the
hard-to-deform Mg-RE-Zn alloy.

The processing maps of the Mg-13Gd-4Y-2Zn-0.5Zr
alloy, developed at strains of 0.3, 0.5 and 0.7 are shown
in Figure 5, where the x-axis is the deformation temper-
ature, y-axis is the strain rate, z-axis represents the dissi-
pation rate and the contour line represents the power-dis-
sipation factor. In the contour processing maps. the gray
regions are flow-instability areas, while the others are
flow-stability areas. In the three-dimensional processing
maps, red regions indicate high efficiency of power dissi-
pation, while others indicate low efficiency of power dis-
sipation.

It can be seen from Figure 5 that, according to the
processing maps, the change in the strain (increasing
from 0.3 to 0.7) has a limited effect on plastic deforma-
tion. High power-dissipation domains were mainly lo-
cated in the regions of high temperature and low strain
rate, which was due to the increased dislocation slipping
ability with the increasing deformation temperature and
enhanced dynamic-recrystallization process due to an in-
crease in the energy storage. Meanwhile, the low stain
rate improved the grain-boundary migration, which was
beneficial to the dislocation annihilation. When the strain
reached 0.3, as shown in Figures 5a and 5b, the maxi-
mum power-dissipation coefficient was 0.36-0.40, which
occurred in a temperature range of 480—500 °C and at a
stain rate of 0.001 s~'. At the strain of 0.5, shown in Fig-
ures 5c and 5d, the maximum power dissipation was al-
most the same as with the strain of 0.3, and an optimum
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Figure 5: Processing maps of Mg-13Gd-4Y-27n-0.5Zr alloy: a and b)
strain of 0.3, ¢ and d) strain of 0.5, e and f) strain of 0.7

deformation-temperature range of 420—445 °C and a
strain rate of 0.01 s-! were observed. When the strain in-
creased to 0.7, as shown in Figures 5c¢ and 5d. a peak ef-
ficiency coefficient of about 0.34—0.36 was obtained in a
temperature range of 420-445 °C and at the strain rate of
0.01 s

Wang et al.”” found that the obvious changes in the
power dissipation, temperature and strain rate may be re-
lated to the effect of the LPSO-phase evolution. In addi-
tion, when observing the flow-instability domains, it can
be noticed that the high stain rate at both high and low
deformation temperatures can lead to a deformation fail-
ure. From the analysis of the Mg-alloy characteristics
and deformation mechanism, it is clear that the HCP
structure and low deformation temperature hindered the
activation of the slip system. Meanwhile, the deforma-

tion resistance of the Mg alloy was increased and the
DRX process was inhibited. The activation energy of
thermal deformation was improved with the increasing
temperature, while the ability of dislocation slipping and
climbing was also increased, which led to the occurrence
of DRV and DRX.* However, a serious dislocation accu-
mulation took place in the grains in the case of a high
strain rate so that the flow instability occurred easily,
causing failures such as cracks.

Figure 6 shows the typical microstructure of the
Mg-Gd-Y-Zn-Zr alloy deformed at different tempera-
tures at the same strain rate of 0.01 s-'. It can be seen
that the deformation temperature exerted remarkable in-
fluences on the microstructure after compression. The al-
loy deformed at 420 °C exhibited a relatively fine
equiaxed-grain structure with block-shaped LPSO
phases, which suggested that DRX occurred during hot
deformation. According to Figure 6a, parts of grains and
LPSO phases were obviously elongated, and the grains
had zigzag boundaries. The main softening mechanism
was DRX, but it was not completely finished according
to the heterogeneous grain structure. The grain size of
the Mg-Gd-Y-Zn-Zr alloy deformed at 450 °C was larger
than that at 420 °C, which can be attributed to the diffu-
sion abilities of atoms at higher temperatures, cross-slip
of dislocation and enhanced migration of grain bound-
aries. Meanwhile, all these conditions were beneficial to
the growth of DRX, as shown in Figure 6b. At a defor-
mation temperature of 480 °C, the grain size was further
increased, but the area of the fraction of block-shaped
LPSO phases was decreased, which may be attributed to
the solid solution at high temperature.

Optical micrographs of the Mg-Gd-Y-Zn-Zr alloy de-
formed at different strain rates at a given temperature of
450 °C are shown in Figure 7. It can be noticed that the
strain rate can obviously influence the microstructure
evolution at a given deformation temperature. At the rel-
atively low strain rate of 0.001 s-!, the structure was
composed of heterogeneous grains and large LPSO
phases. This was due to the dislocations that were reor-
ganized through climbing and sliding, which led to a
slight decrease of the dislocation intensity. Meanwhile,
the DRX fine grains trapped the dislocations and re-
leased the stress concentration, resulting in a growth of

7 o Wl

e, ey W
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-.‘p_

Figure 6: Microstructures of the test alloy with strain rate of 0.01 5! and compressed at: a) 420 °C, b) 450 °C, ¢) 480 °C
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Figurel'.-': Micrcl;slructurcs of the Mg-Gd-Y-Zn-Zr alloy tested at the temperature of 450 °C and the strain rates: a) 0001 s, b) 0.01 s, c)0.1 s,
dy1s'e)5s

fine grains. With the strain rate increasing to 0.01 s-' and
0.1 s7', as shown in Figures 7b and 7¢, the DRX fine
grains and broken LPSO phases were clearly observed. It
can be easily found from the rheological structure that
there were large amounts of dislocations at the higher
strain rates of 1 s and 5 s, as shown in Figures 7d and
7e. Meanwhile, shear bands and cracks can be seen in
the specimens deformed at 5 s, which can be attributed
to the stress concentration. Local stress can be concen-
trated at the interfaces between grain boundaries and
LPSO phases during compression, causing dislocation
piling up and rearrangement and, in turn, forming
sub-grains.”! With further deformation, DRX grains can
be observed due to the change in the sub-grains from low
angle boundaries to high angle grain boundaries. Thus,
the main dynamic softening mechanisms were DRV and
DRX during the hot-compression tests.

In conclusion, the deformation temperature and strain
rate had a remarkable effect on the microstructure evolu-
tion. DRX was a beneficial process during hot compres-
sion since it can provide a stable flow behavior and ideal
workability of the material by simultaneously softening
and reconstituting the microstructure. Due to this, on the
basis of the processing maps and microstructural evolu-
tion, there were two optimum processing domains of the
Mg-Gd-Y-Zn-Zr alloy: one occurred in the strain-rate
range of 0.01-0.05 s! and deformation-temperature
range of 420445 °C, the other occurred at the strain-rate
range of 0.05-0.1 s and deformation-temperature range
of 475-490 °C.
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4 CONCLUSIONS

In the present research, the hot-deformation behavior
of the as-received Mg-Gd-Y-Zn-Zr alloy achieved via hot
compression tests was investigated in a deformation tem-
perature range of 420-500 °C and strain-rate range of
0.001-5 s-!. The conclusions drawn from the study are as
follows:

1. The flow stress and deformed microstructure
strongly depended on the deformation temperature and
strain rate. The flow stress increased with the increasing
strain rate and decreasing compression temperature.
DRV and DRX were the main softening mechanisms,
and the growth of DRX grains was observed at a rela-
tively high temperature and low strain rate. Shear bands
and cracks occurred in the Mg-Gd-Y-Zn-Zr alloy de-
formed at the strain rate of 5 s7'.

2. A constitutive equation for the Mg-Gd-Y-Zn-Zr al-
loy was established using a hyperbolic-sine-type equa-
tion to describe the strain-rate and compression-tempera-
ture dependence of the flow stress, which was
£=2.2303%10" [sinh(0.016045240) ]

x exp(—208.2/8314T). Deformation activation energy Q
was 208.2 klJ/mol.

3. Based on a DMM, processing maps for strains of
0.3, 0.5 and 0.7 were generated. It can be concluded
from power-dissipation maps that the instability domain
was mainly concentrated at low temperature and high
strain rate, and a change in the strain had little effect on
it. The optimum processing domains were located at tem-
peratures of 420-445 °C and strain rates of 0.01-0.05 s!,

787



Z. YAN et al.: HOT DEFORMATION BEHAVIOR AND PROCESSING MAP OF A Mg-Gd-Y-Zn-Zr ALLOY

and temperatures of 475—490 °C and strain rates of
0.05-0.1 s
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