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Abstract: The hot compression deformation behavior of Mg-6Zn-1Mn-0.5Ca (ZM61-0.5Ca) and Mg-6Zn-1Mn-2Sn-0.5Ca (ZMT612-
0.5Ca) alloys was investigated at deformation temperatures ranging from 250 °C to 400 °C and strain rates varying from 0.001 s™' to
1 s, The results show that the addition of Sn promotes dynamic recrystallization (DRX), and CaMgSn phases can act as nucleation
sites during the compression deformation. Flow stress increases with increasing the strain rate and decreasing the temperature. Both
the ZM61-0.5Ca and ZMT612-0.5Ca alloys exhibit obvious DRX characteristics. CaMgSn phases can effectively inhibit dislocation
motion with the addition of Sn, thus increasing the peak flow stress of the alloy. The addition of Sn increases the hot deformation
activation energy of the ZM61-0.5Ca alloy from 199.654 kJ/mol to 276.649 kJ/mol, thus improving the thermal stability of the alloy.
For the ZMT612-0.5Ca alloy, the optimal hot deformation parameters are determined to be a deformation temperature range of

350-400 °C and a strain rate range of 0.001-0.01 s ",
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1 Introduction

Magnesium (Mg) alloys, as one the lightest structural
metallic materials, have great application potential in the
automobile, aerospace, and electronics industries. This is
primarily attributed to their low density, high specific strength
and stiffness, excellent magnetic shielding ability, and good
damping ability" . Among wrought Mg alloys, Mg-Zn alloys
are typical high-strength representatives; they have attracted
increasing attention because of their substantial solid-solution
strengthening and  significant precipitation hardening
effects™™. However, Mg alloys still suffer from relatively low
strength, compared with competing materials (i.e. aluminum
alloys and steels), which remains the main reason restricting
their extensive industrial application. To further improve the
mechanical properties of Mg-Zn alloys, many efforts have
been devoted, such as alloying is a key strategy. Rare earth
(RE) elements are the most commonly used alloying additions

for this purpose, but the high cost of RE metals restricts their
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large-scale application. Thus, it is necessary to develop new
Mg alloys either via microalloying or by completely replacing
RE elements with some low-cost alternative elements.

Calcium (Ca) is considered as a highly attractive alloying
element because of its low cost. Du et al”® discovered that
alloying Mg-6Zn alloys with Ca enhances the strength of the
extruded products. Zhang et al®™ reported that adding Ca to
extruded Mg-Zn alloys not only weakens the strong basal
texture but also refines the grain size. Tin (Sn) is another
alloying element which can significantly reduce the critical
resolved shear stress (CRSS) of pyramidal slip, hence
contributing to improved plastic deformation capacity™. In the
Mg-Sn-Ca alloy system, the formed CaMgSn phase presents a
strip-like morphology and exerts a more effective pinning
effect on the grain boundary, which helps to refine the
microstructure!*"?. In our previous studies, we found that the
addition of 2wt% Sn significantly enhances the mechanical
properties of as-extruded and peak-aged Mg-6Zn-1Mn-0.5Ca
(ZM61-0.5Ca) alloys™* .
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However, with the increase in alloying element content,
several issues may arise, such as casting defects, the formation
of precipitates (along with their non-uniform distribution and
morphology), micropores, and chemical segregation”. To
address these issues, thermomechanical processing of the alloy
at higher temperatures is required. Previous studies mainly
focused on the microstructure and mechanical properties of
Mg-Zn-Sn-Ca alloys, but relatively few studies have been
conducted on their hot deformation behavior. Therefore, the
present study is mainly focused on the hot deformation
behavior of Mg-6Zn-1Mn-xSn-0.5Ca (x=0, 2) alloy.

In this study, therefore, the plastic flow behavior of ZM61-
0.5Ca  and Mg-6Zn-1Mn-2Sn-0.5Ca  (ZMT612-0.5Ca)
magnesium alloys under different deformation conditions
were investigated. In addition, the processing maps of ZM61-
0.5Ca and ZMT612-0.5Ca alloys at different strain levels
were constructed to determine the optimum conditions for hot
working process.

2 Experiment

Cast ingots of the experimental alloys were prepared
using commercial-purity Mg (>99.9wt% ), high-purity Zn
(>99.95wt% ), high-purity Sn (>99.9wt% ), as well as
Mg-2.7Mn and Mg-12Ca master alloys. After removing
surface oxides from the raw materials, all alloys were melted
at about 720 °C in a vacuum furnace (ZG-0.0) under argon gas
protection. The chemical composition of the experimental
alloy ingots was analyzed by an XRF-800 CCDE X-ray
fluorescence spectrometer, and the results are given in Table
1. The ingots were then homogenized at 330 °C for 14 h,
followed by heating to 420 °C and holding for 2 h. Then, the
homogenized ingots were machined into cylindrical samples
with dimensions of @8 mmx>12 mm for hot compression tests,
as shown in Fig.1.

The hot compression tests were performed using a Gleeble-
3800 thermal simulator in a deformation temperature range of
250-400 °C and strain rate range of 0.001—1 s™'. According to
the schematic diagram of hot deformation in Fig. 1b, the samples

Table 1 Measured composition of ZM61-0.5Ca and ZMT612-
0.5Ca alloys (wt%)

Alloy Zn Mn Sn Ca Mg
ZM61-0.5Ca 5.93 0.73 - 0.58 Bal.
ZMT612-0.5Ca 6.02 0.58 2.05 0.53 Bal.

T=250-400 °C
10°-1s" b
Holding for 5-10 min

Fig.1 Dimensional drawing of hot compression sample (a) and

schematic diagram of hot compression test (b)

were firstly heated to the preset temperature at a heating rate of
5 °C/s and held at this temperature for 5—10 min before hot
compression testing. Graphite mixed with grease was used at
both ends of samples as the lubricant. All samples were defor-
med up to a true strain of about 70% and quenched in water.

Phase analysis of the alloys was conducted using a Rigaku
D/max2500PC X-ray diffractometer (XRD) with a scanning
angle ranging from 10° to 90° and a scanning rate of 4 °/min.
Scanning electron microscope (SEM, JEOL JSM-7800F),
transmission electron microscope (TEM, FEI Tecnai G2 F20),
and electron backscattered diffractometer (EBSD) were used
for microstructure analyses.

3 Results and Discussion

3.1 Microstructure analysis

XRD patterns and corresponding phase analysis results of
homogenized alloys are shown in Fig.2. The diffraction peaks
corresponding to the Ca,Mg,Zn, and Mg-Zn phases can still
be detected in ZM61-0.5Ca alloy. With the addition of Sn, the
diffraction peaks of CaMgSn phase appear. Fig.3 shows SEM
images of the microstructure of the as-cast and homogenized
alloys. The continuous eutectic phases of as-cast ZM61-0.5Ca
alloy mainly consist of Ca,Mg,Zn, and Mg-Zn phases, which
are mostly distributed along the grain boundaries. With the
addition of Sn, these continuous phases are broken and
refined, and feather-like CaMgSn intermetallic compounds
appear, which are mainly distributed in the matrix or near
grain boundaries. After homogenization, some eutectic phases
are dissolved and diffused into the matrix, as shown by the
dotted circles in Fig.3c and 3d. It indicates that most of the
Mg-Zn phases and some Ca,Mg,Zn, phases can dissolve into
a-Mg, while almost all CaMgSn phases remain undissolved
even after the homogenization treatment.

EBSD analyses of the two alloys at a strain rate of 0.001 s™
are shown in Fig. 4. Inverse pole figures (IPFs) of the two
alloys are shown in Fig.4a—4d. At a deformation temperature
of 250 °C, fine recrystallized grains are found along the grain
boundaries, suggesting that dynamic recrystallization (DRX)
has occurred but is not fully completed. When the temperature
rises up to 350 °C, however, equiaxed microstructures are
presented, as shown in Fig. 4c —4d, indicating a significant

= Mg

® Mn

¢ Mg;Zn;

O Ca,Mg(Zn,
+ CaMgSn

ZMT612-0.5Ca " .
ot e ) | 5w

1 L L

p—u

Intensity/a.u.

ZM61-0.5Ca
%

Tod
b

L I

10 20 30 40 50 60 70 80
20(°)

Fig.2 XRD patterns of homogenized ZM61-0.5Ca and ZMT612-
0.5Ca alloys
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ZMT612-0.5Ca

Fig.4 IPF (a—d) and GOS maps (e—f) of ZM61-0.5Ca alloy (a, c, e) and ZMT612-0.5Ca alloy (b, d, f) at strain rate of 0.001 s™' and deformation

temperatures of 250 and 350 °C

enhancement in DRX extent. According to grain orientation
spread (GOS) maps obtained at 350 °C (Fig. 4e — 4f), the
recrystallized fraction increases from 43% to 74% with the
addition of Sn. The reason is that the residual CaMgSn phases
can act as nucleation sites during deformation. Feather-like
CaMgSn phases can increase the energy storage and promote
the recrystallization nucleation in the deformation zone with
Sn addition”. In addition, the average grain sizes of ZM61-
0.5Ca and ZMT612-0.5Ca alloys at 350 °C are about 36 and
28 um, respectively, which reveals that grain growth can be
hindered by addition of Sn. TEM micrographs of the
deformed alloys (tested at 350 °C and a strain rate & of

0.001 s™) are shown in Fig.5. Due to high thermal stability of
Ca,MgZn, and CaMgSn phases, these particles of a high
density remain in the microstructure even after hot
deformation at 350 °C. Recrystallized grains are found along
grain boundaries for both alloys. It can also be seen that Sn
addition leads to the formation of fine grains with wavy grain
boundaries, which is a typical microstructural feature of DRX-
induced grain refinement, as reported in Ref.[17].

3.2 Flow stress behavior

The flow true stress-true strain curves of alloys under
different hot deformation conditions are shown in Fig. 6. It
shows that both alloys have obvious DRX characteristics. At
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Fig.5 TEM images (a—b) and EDS results (c—d) of deformed alloys at 350 °C and 0.001 s™': (a, ¢) ZM61-0.5Ca alloy and (b, d) ZMT612-0.5Ca
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Fig.6 Flow true stress-true strain curves of ZMT612-0.5Ca and ZM61-0.5Ca alloys under different deformation conditions: (a) é=1 s,

(b) é=0.1s", (c) é=0.01 s™', and (d) £&=0.001 s'

lower deformation temperatures or higher strain rates, the
true stress-true strain curves can be divided into two stages,
including work hardening and dynamic softening, with an
obvious peak stress. It is well known that thermal deformation
is influenced by work hardening and dynamic softening

effects®’. In the work hardening stage, dislocations
accumulate and entangle with each other, which leads to an
increase in flow stress with increasing the strain. Once the
peak stress is reached, dynamic softening is dominant.

However, at higher deformation temperature or lower strain
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rate, a steady-state flow stress appears in an early deformation
stage without visible peak stress which is in good agreement
with findings of earlier studies"®. As the deformation
temperature increases, dynamic recovery (DRV) and DRX are
easier to occur. Therefore, the true stress-true strain curve
exhibits flow softening at lower strains, followed by a steady-
state flow region.

As shown in Fig. 6a, under the deformation condition of
250 °C and 1 s, the flow stress of both ZM61-0.5Ca and
ZMT612-0.5Ca alloys drops rapidly during the final
deformation stage due to fracture. At low temperatures, non-
basal slip systems are more difficult to be activated compared
with those at higher temperatures. Additionally, the effective
time for dislocation slip and climb is shortened under higher
strain rates. Consequently, dynamic softening effect is
hindered, while work hardening effect is obvious in the early
deformation stage. Failure also occurs for ZM61-0.5Ca alloy
at 250 °C and a strain rate of 0.1 s, as shown in Fig.6b, but
this phenomenon does not happen for ZMT612-0.5Ca alloy. It
indicates that the addition of Sn can improve the deformation
capacity of the alloy. According to our previous research’”,
the intensity of basal texture in dynamically recrystallized
regions decreases with the addition of Sn, resulting in easier
activation of non-basal slip systems. Moreover, the grains are
refined with the addition of Sn.

The peak stress is usually an important factor during
deformation, and the peak stress values of the two alloys are
summarized in Fig. 7. It can be seen that the deformation
temperature and strain rate have obvious influences on the
peak stress. In general, the peak stress decreases with
increasing the temperature at a constant strain rate; besides,
peak stress increases with the increasing strain rate at a certain
deformation temperature.

It is generally believed that the thermal activation of atoms
and the mobility of dislocations are enhanced when the
temperature increases, and more dislocations can slip and
climb during deformation, thereby rendering the softening
effect prominent ™ and consequently reducing the peak stress.
In addition, the CRSS on non-basal planes decreases
significantly with the increase in deformation temperature for

[23]

Mg alloys™, thus decreasing the peak stress. In contrast,

the time available for

when the strain rate increases,

P

Peak Stress, o /MPa

deformation under a given strain is shortened, and the
dislocation movement is blocked, so the work hardening
effect is dominant, which leads to the increase in flow stress.
Under the same deformation temperature and strain rate, the
peak stress of ZMT612-0.5Ca alloy is consistently higher than
that of ZM61-0.5Ca alloy. The reasons for this improved
stress  include grain refinement and second-phase
strengthening; specifically, the needle-like CaMgSn phase can
effectively inhibit dislocation motion.
3.3 Constitutive equation

2428 the relationship

According to the Arrhenius equations
between deformation temperature (7), strain rate (¢), and flow
stress(o) under different deformation conditions can be

described as follows:

e=A,0"exp (—~Q/RT) (0o <0.8) @)
e=A,exp(fo)exp (-Q/RT) (ac > 1.2) 2)
&= A[sinh (ac) ] exp (—-Q/RT) (for all o) 3)
where O is the deformation activation energy; 7 is

temperature; 4,, 4,, A, a, f, n, with n are material constants
with o=p/n,; R is the mole gas constant of 8.314 J-(mol-K)™'.
The n, and f can be obtained by n=( 9 ln¢)/d Inoc and
p=(0dlne)/do. Fig.8 illustrates the linear relationships of Ino,-
Iné and o,-Iné for ZM61-0.5Ca and ZMT612-0.5Ca alloys at
different deformation temperatures. Based on Fig.8, the values
of n, and f can be obtained as follows: for the ZM61-0.5Ca
alloy, n,=7.99 and $=0.103; for the ZMT612-0.5Ca alloy, n,=
16.03 and $=0.109. Thus, a values are calculated to be 0.0129
for ZM61-0.5Ca alloy and 0.0074 for ZMT612-0.5Ca alloy.
Fig.9 presents the linear relationships of In[sinh(ao)]-Iné at
different deformation temperatures and In[sinh(00)]-1000/T at
different strain rates for ZM61-0.5Ca and ZMT612-0.5Ca
alloys. Therefore, the values of n and O can be obtained as
follows: n=5.85 and ©=199.654 kJ/mol for ZM61-0.5Ca
alloy; n=7.53 and 0=276.649 kJ/mol for ZMT612-0.5Ca alloy.
In addition, the combined effect of deformation temperature
and strain rate can be described by the Zener-Hollomon
parameter (Z), as follows™ >
Z=¢exp(Q/RT) = A[sinh(ao) ]’ 4)
Fig. 10 depicts the fitting lines in InZ-In[sinh(ao)] plots,
indicating a good linear relationship between InZ and
In[sinh(ac)] for ZM61-0.5Ca and ZMT612-0.5Ca alloys.

P

Peak Stress, o /MPa

&0

@&Q

Fig.7 Peak stress of ZM61-0.5Ca (a) and ZMT612-0.5Ca (b) alloys



632

Chen Xia et al. / Rare Metal Materials and Engineering, 2026, 55(3):627-635

6.0 ™ 250°C e 300°C Loa
4 350°C v 400°C .-
e -
551
£ 50t
2
bcn. 4 S5t
S
40t ;
3L 7. o ZMT612-0.5Ca
' v » ZM61-0.5Ca
3.0 . . . .
-8 -6 -4 2 0
In(é/s™)

= 250°C e 300°C
A 350°C v 400 >

240}

M o ZMT612-0.5Ca

ok * ZM61-0.5Ca
=8 -6 4 2 0
In(é/s™)

Fig.8 Relationships of Ino,-Iné (a) and o,-Iné (b) for ZM61-0.5Ca and ZMT612-0.5Ca alloys

3.0F = 250°c e 300°C a 25t 1s! o 0ls! b
2.5L 4 350°C v 400°C 4 00ls' v 0.00ls) ¥
20t 4
2.0r
SRR 15} &
S 1.0t 1.0+ -
€ 05f 05t
Z00F
& 0.0t
-05F = T om.-
) S © ZMT612-0.5Ca -0.5r - © ZMT612-0.5Ca
sk © ZM61-0.5Ca ST .'“7 o TZMGII-O.SC.a
8 -7 6 543 2 -1 0 1 1.4 15 16 1.7 1.8 1.9 2.0 2.1 22
In(é/s™) 10007 "/K!

Fig.9 Relationships of In[sinh(ao)]-Iné (a) and In[sinh(ac)]-1000/T (b) for ZM61-0.5Ca and ZMT612-0.5Ca alloys

80
IS5

¢ ZMT612-0.5Ca
* ZM61-0.5Ca

InZ=37.675+5.723In[sinh(ao)]

0 L 1 L 1 1 L 1
-1.0-05 0.0 0.5 1.0 1.5 2.0 2.5
In[sinh(@o)]
Fig.10 Relations between InZ and In[sinh(ao)] for ZM61-0.5Ca and
ZMT612-0.5Ca alloys

Thus, the values of In4 can be obtained by linear regression
analysis in Fig.10. Therefore, the value of 4 can be calculated:
A=2.302x10" for ZM61-0.5Ca alloy and A=1.178x10* for
ZMT612-0.5Ca alloy.

Finally, the values of various parameters of the two alloys
are put into Eq. (3), and the constitutive relations for
ZM61-0.5Ca and ZMT612-0.5Ca alloys are established as
follows:

. . ~199.654  10°

_ 16 5.85 _—
£=2.302x10"[sinh (0.01290) ] eXp( 8314T ) ®)
- o 7.53 w
§=1.178 x 102 [ sinh (0.00747) ] exp( saur | ©

According to Eq.(4), the peak flow stress can be expressed
by the Zener-Hollomon parameter Z, as follows:

1/5.58
= 1 ( Z ) N
0.0129 [\ 2.302 x 10"
2/5.85 12 )
(#) +1
2.302 x 10'¢
1 Z 1/7.53
o~ sl
0.0074 |\ 1.178 x 10*
1 )

7 2/7.53
— = +1
[(1.178 x 1022) }

Table 2 lists all parameters of ZM61-0.5Ca and ZMT612-
0.5Ca alloys in their respective constitutive equations. The
values of n, O, and 4 for ZM61-0.5Ca alloy are lower than
those for ZMT612-0.5Ca alloy, while the value of a exhibits
an opposite trend. It is known that Q, defined as the activation
energy of deformation, represents the energy threshold
required for deformation. Obviously, the O values of two
alloys are both higher than the activation energy of lattice self-
diffusion (135 kJ/mol) ™ and grain boundary diffusion
(92 kJ/mol) P" of pure Mg, indicating that there is an
additional mechanism except the simple diffusion in these
alloys. The sufficient energy is required to overcome the
energy barrier for the cross-slip of screw dislocations from
basal planes to prismatic planes. In addition, the Q value of
ZM61-0.5Ca alloy is relatively higher than that of the ZM517"
and ZM61%" alloys. Adding 2wt% Sn to ZM61-0.5Ca
increases the Q value from 199.65 kJ/mol to 276.65 kJ/mol,
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Table 2 Parameters in constitutive equations of ZM61-0.5Ca and
ZMT612-0.5Ca alloys

Alloy a n O/kJ-mol! A
ZM61-0.5Ca 0.0129 5.85 199.654 2.302x10'
ZMT612-0.5Ca 0.0074 7.53 276.649 1.178x10*

thus enhancing the thermal stability of ZMT612-0.5Ca alloy.
Higher values of Q should be attributed to the formation of
CaMgSn particles (as shown in Fig.5), which may provide
obstacles to dislocation movement, leading to more energy
required for dislocation cross-slip or climbing.

3.4 Processing maps

B4 et al developed processing

Prasad® and Sivakesavam
maps based on the dynamic materials mode (DMM) ¥ to
predict the hot deformation behavior of various materials and
to optimize their hot processing parameters. According to
Prasad’s theory, the total external power (P) absorbed by a
material during hot deformation usually can be divided into
two parts: the dissipative energy (G) and the structural
transformation energy (J). G is used for dislocation motion,
and J is used for microstructure evolutions. The relationship

among P, G, and J is expressed as follows™:

P=G+J=as'=J(;adé+f0éda ©)

where o is the true tress (MPa) and ¢ is the strain rate. The
strain rate sensitivity parameter m, which has huge influences

on G and J, can be obtained by Eq.(10):
_ & _édo _dlno

TG T odi diné (19)

The efficiency of power dissipation () can be represented by:

The power dissipation contour map is constituted by the
efficiency of power dissipation () associated with
deformation temperature (7) and deformation rate (¢).
Besides, instability criterion (¢) is usually used to describe

flow instability of materials at a certain deformation
temperature and a certain deformation rate, which can be
given by:
. al /m + 1
gay=2nlmm+ 1) (12)

d(lné)

The rheological instability contour map is composed by
instability criterion (¢) as a function of deformation
temperature (7) and deformation rate (¢). The processing maps
can be obtained by superimposing the power dissipation
contour map onto the rheological instability contour.

Fig. 11 shows the processing maps of ZM61-0.5Ca and
ZMT612-0.5Ca alloys developed at a strain range of 0.1-0.3.
As indicated, the efficiency value is elevated with the increase
in deformation temperature or the decrease in strain rate. The
shaded parts represent the instability region while the red-
circled regions represent the safe hot working regions.

The rheological instability regions (unsafe regions) are
mainly concentrated at high strain rates in the initial
deformation stage. When the true strain reaches 0.3, the area
of instability zone of the two alloys becomes larger. It is well
known that Mg alloys have low stacking fault energy (SFE)
and DRX process is the main softening mechanism during hot
deformation®”. The threshold value of power dissipation
efficiency required to trigger DRX is generally recognized to
be 0.3 for Mg alloys™”.

As shown in Fig. 11a — 11lc, the optimal hot working
parameters of ZM61-0.5Ca alloy vary slightly with true strain.

2m
"= m+ 1 (1 At a true strain of 0.1, the optimal conditions are achieved at a
0 -
I - a 0 I N nb 0 - c
- el I -1§ I [ -r 1l
-2 -\\‘ 2 000" — 025 N 2+
- - 027 F
o =3t 3r 029
E 4r / 4t /0317,
_5 D 5b !
-6t /0.1/(‘ / -6 ' ay,
o000 /. /1 oml —G . AL 5« n
300 320 340 360 380 400 300 320 340 360 380 400
O \
2
1t "
I o :4"‘1:~ 0.000
N ({.mx) a2 NN
—‘:: =37 032 Toa0
= - -
g —4F B :
= 0.36__
_5 F
6 034
300 320 340 360 380 400 300 320 340 360 380 400 300 320 340 360 380 400

Temperature, 7/°C

Temperature, 7/°C

Temperature, 7/°C

Fig.11 Processing maps of ZM61-0.5Ca (a—) and ZMT612-0.5Ca (d—f) alloys at different true strains: (a, d) 0.1, (b, ) 0.2, and (c, ) 0.3
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deformation temperature of 350—400 °C with a strain rate of
0.001-0.005 s ™', or alternatively at a deformation temperature
of 380400 °C with a strain rate of 0.005-0.05 s™'. When the
true strain is 0.2, the optimal processing is achieved at a
deformation temperature of 350 —-400 °C with strain rate of
0.001-0.01 s'. When the strain is 0.3, optimal processing
occurs at a deformation temperature of 370—-400 °C with a
strain rate of 0.001-0.005 s™'.

As shown in Fig. 11d — 11f, the optimal hot working
parameters for the ZMT612-0.5Ca alloy vary with true strain,
and the specific conditions are summarized as follows. At a
true strain of 0.1, optimal deformation is achieved at a
deformation temperature of 350—400 °C with a strain rate of
0.001-0.01 s'. When the strain is 0.2, the optimal processing
window expands to a deformation temperature of 300—400 °C
while maintaining a strain rate of 0.001-0.01 s”'. When the
strain is 0.3, the optimal conditions shift to a deformation
temperature of 340-400 °C and a strain rate of 0.001-0.005 s™'.

It can be deduced that the optimal hot working parameters
for the ZM61-0.5Ca alloy are a deformation temperature
range of 380-400 °C and a strain rate range of 0.001-0.005 s'.
For the ZMT612-0.5Ca alloy, the optimal hot working
parameters correspond to a deformation temperature range of
350—-400 °C and a strain rate range of 0.001-0.01 s'. The
addition of Sn effectively expands the hot working window of
the ZM61-0.5Ca alloy.

4 Conclusions

1) Residual CaMgSn phases act as nucleation sites for DRX
during compression deformation, thus promoting the DRX
process. Grain growth with the increase in temperature is
hindered with Sn addition.

2) The ZM61-0.5Ca and ZMT612-0.5Ca alloys exhibit
distinct DRX characteristics, and their hot deformation
processes are jointly influenced by work hardening and
dynamic softening effects. Short rod-like CaMgSn phases
formed in the Sn-containing alloy (ZMT612-0.5Ca) can
effectively inhibit dislocation motion, thus increasing the peak
flow stress of the alloy compared to that of the Sn-free
ZM61-0.5Ca alloy.

3) The hot deformation activation energies of ZM61-0.5Ca
and ZMT612-0.5Ca alloys are determined to be 199.654 and
276.649 klJ/mol, respectively. The addition of Sn increases the
hot deformation activation energy of the ZM61-0.5Ca alloy,
thus improving the thermal stability of the alloy during hot
working.

4) The optimal hot deformation parameters for the
ZMT612-0.5Ca alloy are identified as
temperature range of 350—400 °C and a strain rate range of
0.001-0.01 s™".

a deformation
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Mg-Zn-Mn(-Sn)-Ca & £ HIREGRET 1T AR M IE

M BB RE, e, skTHE?, EEE?
(1. P R CAT220E Rz TRESRE, TN T 618307)
(2. EPRORZ: MRIRI2E S TR, FIK 400045)

# E. 197 Mg-6Zn-1Mn-0.5Ca (ZM61-0.5Ca) F1Mg-6Zn-1Mn-2Sn-0.5Ca (ZMT612-0.5Ca) & 4x7E250~400 ‘CF10.001~1 s ' 614 F
HIRIRAEATEAT N . G5 R B IR0 Sn it T EhAS TS5, CaMgSn MW AE 9 R 4R AR T3 Rt o (R TAZ AV A o 30 8 g il 3 28 3ok 2% 14 1
IR I AR TS K. ZM61-0.5Ca Fl ZMT612-0.5Ca &4 B A H R MBI A T4 mAFHE. A Sn/5, CaMgSntHAA RANHIN HZ3), M
MR E G SR ERER T Sn I {E ZM61-0.5Ca & 4 A TG ML HE A 199.654 kI/mol 2 /51 £ 276.649 kl/mol, #i& 1 & 6 I
SEME. ZMT612-0.5Ca & & i AV TE S 4O B TR E 350~400 C MAFI# % 0.001~0.01 s+

EBEIR: ARTE: AWM INLEL BREGhEE: BEEE

EERI: B 8, L&, 1990442, 184, PERMATHER R LA TP, DY) 618307, E-mail: chenxial3091025@163.com



