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Abstract: Thermal analysis was used to investigate the microstructural evolution of Mg−7Zn−xCu−0.6Zr alloys during solidification. 
The effect of Cu content (0, 1, 2 and 3, mass fraction, %) on the hot tearing behavior of the Mg−7Zn−xCu−0.6Zr alloys was 
investigated with a constrained rod casting (CRC) apparatus, equipped with a load sensor and a data acquisition system. The thermal 
analysis results of Mg−7Zn−xCu−0.6Zr alloy revealed that the alloy consisted of two distinct phases: α-Mg and MgZn2. Three 
distinct peaks were observed in the alloys with Cu addition, which were identified as α-Mg, MgZnCu and MgZn2. In addition, the 
reaction temperature of α-Mg decreased and the reaction temperatures of MgZn2 and MgZnCu increased as the Cu content increased. 
The experimental results of hot tearing demonstrated that the addition of Cu significantly reduced the hot tearing susceptibility (HTS) 
of Mg−7Zn−xCu−0.6Zr alloys due to the higher eutectic temperature and the shorter solidification temperature region. 
Key words: Mg−7Zn−xCu−0.6Zr alloy; microstructure; solidification path; hot tearing susceptibility 
                                                                                                             

 
 
1 Introduction 
 

Magnesium alloys constitute the light metallic 
structural materials in the automotive and aerospace 
industries, which exhibit high specific strength and 
stiffness, as well as good castability [1]. Generally, more 
than 85% of magnesium alloy products are manufactured 
through casting. Hot tearing, also referred as hot 
cracking, is a commonly observed defect encountered 
during solidification. Also, it is a significantly severe 
defect, which deteriorates the mechanical properties and 
restricts the application of magnesium alloy castings. Hot 
tearing is frequently considered to be a result of 
inadequate compensation of melt flow under thermal 
stress during solidification. In certain experimental and 
industrial studies it was demonstrated that hot tearing 
occurred at the end of solidification, when the solid 
fraction was 85% to 95% and a continuous dendritic 
network formed [2,3]. Therefore, it was extremely 
important to study the solidification characteristics of 
alloys (such as microstructure evolution and solid 
fraction) through the in-situ thermal analysis method. In 

this work, thermal analysis was utilized to record the 
sample temperature variation with time during 
solidification, whereas consequently a curve of 
temperature variation as a function of time was plotted 
accordingly. From this curve, the thermal release, related 
to latent heat evolution during each phase  
transformation, could be detected. To discover the 
characteristic parameters of a certain transformation, 
such as the onset and end of transformation, the cooling 
curve and its derivative curves were considered. This 
procedure is known as computer-aided cooling curve 
analysis (CA-CCA) [4]. The CA-CCA is one of the most 
widely utilized characteristics for the alloy solidification 
investigation, as it can be operated on site and is suitable 
for commercial applications [5]. Moreover, compared 
with other methods such as DTA or DSC, the CA-CCA is 
sufficient for the non-equilibrium solidification 
investigation of industrial alloys [4]. To date, the 
CA-CCA method has been widely utilized in Al and  
Mg foundries [6−11]. Adversely, the solidification 
characteristics of Mg−Zn−Cu−Zr systems are still not 
reported. 

In addition, hot tearing is one of the most important 
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characteristics to evaluate the castability of Mg alloys. 
Hot tearing has been an extensively studied subject and 
many testing methods and computational models were 
developed [2,3,12,13]. Hot tearing susceptibility (HTS) 
of binary Mg−Zn alloys was investigated by ZHOU    
et al [14] through thermodynamic calculation and 
experimental methods. It was discovered that the solidus 
decreased and the freezing range of binary Mg−Zn alloys 
increased with Zn addition, which resulted in high hot 
tearing tendency. The relationship between HTS and Zn 
content demonstrated that the HTS reached its peak 
value at 1.5% Zn (mass fraction). In addition, the effect 
of Al on the HTS of Mg−Zn alloys was also investigated 
through the CRC method. It was found that the HTS of 
Mg−Zn alloys decreased with the addition of Al [3]. 
Recently, wrought Mg−Zn−RE (RE is rare earth) alloys 
are one of the most commonly applied alloys in the 
industry. In contrast, the addition of RE leads to the 
increase of cost and the production is complicated. 
Compared with RE elements such as Nd, Gd, Y and Ce, 
Cu is considered a cost-effective alloying element for  
Mg alloys. Recently, Mg−Zn−Cu alloys have been 
considered as extremely promising wrought magnesium 
alloys for practical applications. Compared with   
binary Mg−Zn alloys, ZHU et al [15], BUHA and 
OHKUBO [16] reported that the Mg−Zn−Cu alloys had 
good castability and excellent age-hardening response. 
The corresponding results indicated that the addition of 
Cu could increase the eutectic temperatures of as-cast 
Mg−Zn alloys and the Mg−Zn−Cu alloys could be 
solution-treated at high temperatures [15]. Regarding 
Mg−Zn−Cu alloys, the previous reports were mainly 
focused on the corresponding microstructure and 
mechanical properties. In contrast, investigations on the 
corresponding solidification behaviors and hot tearing 
were barely conducted. Therefore, in order to promote 
the industrial applications of Mg−Zn−Cu alloys further, it 
was necessary to understand the solidification pathways, 
the phase constituent and the HTS of these alloys. 

In this work, the phases evolution and the HTS of 
Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3) alloys were studied 
through CA-CCA and constrained rod casting (CRC) 
during solidification. The effects of solid fraction (fDCP) 
and temperature (TDCP) at the dendrite coherency point 
on HTS were investigated. The experimental data could 
contribute to the Cu addition optimization for the Mg−Zn 
alloys. 
 
2 Experimental 
 
2.1 Computer-aided cooling curve analysis (CA-CCA) 

CA-CCA was performed based on the thermocouple 
method that was developed by BACKERUD et al [17]. 
The Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3) alloys were 

melted in a graphite crucible by an electrical resistance 
furnace. Two K-type thermocouples were immersed in 
the melt from the top of the crucible at exactly the same 
depth. One thermocouple placed adjacent to the wall 
(accordingly, the temperature collected from this 
thermocouple was marked as Tw) and the other at the 
center (the temperature collected from this thermocouple 
was marked as Tc) of the crucible. The solidification 
temperatures were recorded with a high-speed data 
acquisition system, which was linked to a computer as 
schematically presented in Fig. 1 [4]. The analysis was 
repeated three times for each alloy to ensure the result 
reliability. 
 

 

Fig. 1 Schematic diagram of CA-CCA setup [4] 

 

2.2 Hot tearing tests 
In the present study, the CRC apparatus with a load 

sensor was utilized to investigate the hot tearing 
initiation and propagation of Mg−7Zn−xCu−0.6Zr (x=0, 
1, 2, 3) alloys, which was developed by ZHEN et al [18]. 
The apparatus consisted of a CRC mold, a load recording 
system and a data acquisition system, as shown in Fig. 2. 
The CRC mold consisted of a vertical sprue and a 
horizontal rod. A load sensor was connected to the 
horizontal rod end, which recorded the developed 
contraction force during solidification. The contraction 
force curve contributed to the information acquisition of 
hot tearing initiation. This information is very important 
to understand the mechanism of hot tearing. The 
apparatus details could be obtained from Ref. [18]. 

The nominal compositions of the studied alloys 
were Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3). The alloy 
castings were produced through the CRC apparatus 
equipped with a load sensor and a data acquisition 
system. 350 g of the Mg alloy was melted in a cylindrical 
steel crucible at 700 °C, which was protected by high 
purity Ar+0.2%SF6 mixed gas. The mold was coated 
with BN (hexagonal α-BN) to assist the melt flow. The 
mold was preheated to 250 oC. The hot tearing testing of 
each alloy was repeated at least three times, to ensure 
reproducibility of the result. The data recording of both 
the contraction force and temperature in the hot spot area 
was immediately activated by the computer once the 
casting started. These recorded experimental data were 
utilized for the hot tearing initiation information analysis, 
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such as the critical temperature. Following the ingot 
complete solidification, the hot cracking of the 
Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3) alloys was observed 
and the macro-graphs were obtained with a digital 
camera. 
 

 
Fig. 2 Schematic of hot tearing tests setup: (a) Whole setup;  

(b) Device for detecting temperature and force during casting; 

(c) Thermocouple position for obtaining temperature at hot  

spot [18] 

 
The HTS of the Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3) 

alloys was evaluated according to the measurements of 
hot crack volumes through the wax penetration method. 
The method was simple and did not damage the samples. 
Subsequently, for the hot tearing experiments, the 
samples were cut from the sprue-horizontal rod junction 
in a T-shape, as well as immersed into a molten wax bath 
at 80 °C and retained for 10 min for temperature 
homogenization. Following, the bath was placed into a 
vacuum chamber for the air entrapped in the wax and 
inside the cracks to be removed. The vacuum valve was 
opened and a pressure of 0.1 MPa was immediately 
applied to the wax and the sample. With this pressure, 
the molten wax was injected into the cracks.  
Furthermore, the bath was cooled down and the 
solidified wax on the exterior surfaces of the sample was 
removed, while the wax inside the cracks was retained. 
The volume of the cracks can be determined through the 
following equation: 
 

2 1
cr

wax

m m
V





                               (1) 

where Vcr is the volume of cracks; m1 and m2 are the 
masses of the magnesium casting sample prior to and 
following the injection of wax, respectively; ρwax is the 
paraffin wax density, ρwax=0.90 g/cm3. 
 
2.3 Microstructural analysis 

The microstructures and hot tearing morphologies 
adjacent to the sprue-horizontal rod junction were 
studied with a scanning electron microscope (SEM). The 
samples were ground with different grades of SiC papers 
and consequently polished. Following polishing, these 
samples were chemically etched in a solution of 8 g of 
picric acid, 5 mL of acetic acid, 10 mL of distilled water 
and 100 mL of ethanol. The hot tearing fracture surfaces 
were observed with SEM. 

The phase identification was performed with an 
X-ray diffractometer (Rikakn D/maxr) with Cu Kα 
radiation generated at 40 kV and 30 mA, as well as a 
scan rate of 4 (°)/min in a 2θ range of 20°−90°. 
According to the GB/T 13822−92 standard, the test 
samples originated from a horizontal rod of 10 mm in 
diameter and of 5 mm in height. 
 
3 Experimental results 
 
3.1 Phase identification 

Figure 3 presents the constituent phases in the 
as-cast Mg−7Zn−xCu−0.6Zr (x=0, 1, 2, 3) alloys with 
various Cu contents, as obtained through X-ray 
diffraction. It could be observed that the Mg−7Zn−0.6Zr 
alloy mainly consisted of the α-Mg and MgZn2 phases. 
As observed from Fig. 4(b), the white rod or dot-like 
phase was MgZn2, which was located at the grain 
boundaries. In contrast, with Cu addition to the 
Mg−7Zn−0.6Zr alloys, the diffraction peaks of the 
MgZnCu phase were detected. The cubic MgZnCu phase 
was also confirmed through TEM examination at the 
grain boundaries [13]. The MgZnCu intermetallic 
compound was a Laves phase of the C15 MgCu2 type  
 

 

Fig. 3 XRD patterns of as-cast Mg−7Zn−xCu−0.6Zr alloys 
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which had high melting point and good thermal  
stability [19]. 
 

3.2 Computer-aided cooling curve analysis (CA-CCA) 
Figure 4 shows the CA-CCA results and 

microstructures of the Mg−7Zn−xCu−0.6Zr alloys. The 
cooling curve, the cooling gradient curve (dT/dt) and the 

baseline curves were included in these figures. These 
curves could be used to determine the thermal arrest 
points during solidification. The released latent heat 
could be arrested (arrest points on cooling curve) and 
related to the phase precipitation on the cooling curve. 
Therefore, the slope enhancement on the cooling 
gradient curves was related to the solidification reactions 

 

 

Fig. 4 CA-CCA results (a, c, e, g) and microstructures (b, d, f, h) of Mg−7Zn−xCu−0.6Zr alloys: (a, b) x=0; (c, d) x=1; (e,f) x=2;   

(g, h) x=3 
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for different phases. These cooling gradient curves   
also facilitated the critical solidification conditions 
determination of these alloys. The baseline presented that 
no phase transformation existed during solidification. In 
order to obtain solid fraction during solidification, the 
baseline was fitted with the peak fitting square function, 
between the onset and the end of solidification. The solid 
fraction at each time frame included the area between the 
cooling gradient curve and the baseline. The solid 
fraction (fs) can be given through the following  
equation [4]:  

1

s

1

 

cc bl 
s  

cc bl 

[(d /d ) (d /d ) ]d

[(d /d ) (d /d ) ]d

t

t

t

t

T t T t t
f

T t T t t









                (2) 

 
where subscripts “cc” and “bl” represent the cooling 
curve and the baseline, respectively; t1 is the time of start 
of solidification; ts is the time of end of solidification;  
T is the solidification temperature; and t is the 
solidification time. 

Regarding the Mg−7Zn−0.6Zr alloy, two apparent 
peaks existed in the dT/dt curve at 627 and 423 °C   
(Fig. 4(a)), respectively. These two peaks corresponded 
to the α-Mg phase formation and the non-equilibrium 
L→α-Mg+MgZn2 eutectic reaction, according to the 
XRD analysis results. This was consistent with the 
microstructure observations, as presented in Fig. 4(b), 
where the eutectic structure of MgZn2 was apparent 
within the α-Mg matrix. Three peaks were observed in 
XRD patterns of the Mg−7Zn−1Cu−0.6Zr alloy and 
occurred at the critical temperatures of 622, 531 and 
432 °C, respectively (Fig. 4(c)). These peaks 
corresponded to the α-Mg precipitation, the MgZnCu 
phase formation and the non-equilibrium eutectic 
reaction (L→α-Mg+MgZn2). From the microstructure 
observations, it could be observed that certain short rods, 
observed at the grain boundaries, were MgZnCu 
intermetallics, according to EDS analysis as denoted 
with an arrow in Fig. 4(d). The XRD analysis result, the 
microstructural observations and the CA-CCA results 
were in good agreement. The cooling and cooling 
gradient curves of the Mg−7Zn−2Cu−0.6Zr and 
Mg−7Zn−3Cu−0.6Zr alloys also presented similar peaks 
(Figs. 4(e) and (g)). Moreover, as shown in Figs. 4(f) and 
(h), the MgZnCu phase amount increased as the Cu 
content increased. The solidification path could be 
described as follows: The formation of α-Mg and 
MgZnCu led to the formation of MgZn2 through the 
eutectic reaction. 

All the phases for the Mg−7Zn−xCu−0.6Zr (x=0, 1, 
2, 3) alloys were shown in Fig. 5 according to the 
CA-CCA results. It could be observed that the α-Mg 
precipitation temperature decreased from 627 to 616 °C 
as the Cu content increased from to 3% (mass fraction). 

In contrast, the MgZn2 and MgZnCu precipitation 
temperatures increased as the Cu content increased. In 
addition, the formation temperature of MgZn2 
significantly increased by approximately 34 °C as the Cu 
content increased from 0 to 3%. Generally, the 
non-equilibrium eutectic temperature is defined as the 
solidification temperature end. In the case of 
Mg−7Zn−xCu−0.6Zr alloys, the formation temperature 
of MgZn2 was considered as the end of solidification. It 
increased from 423 to 457 °C for both Mg−7Zn−0.6Zr 
and Mg−7Zn−3Cu−0.6Zr alloys. 
 

 
Fig. 5 Effect of Cu addition on CA-CCA results of 

Mg−7Zn−xCu−0.6Zr alloys 

 
The data of dendrite coherency point (DCP) are a 

significantly important feature in the alloy solidification 
possesses, especially for the formation of casting defects, 
such as hot tearing [4]. The first maximum temperature 
difference between the center and the wall could be 
regarded as the DCP. Therefore, the coherency 
temperature and coherency time of the solidified dendrite 
could be obtained through the CA-CCA results (as 
shown in Fig. 6). The solid fraction at the DCP was 
calculated according to Eq. (1). Figure 7 presents the 
temperatures and solid fractions at the DCP of 
Mg−7Zn−xCu−0.6Zr alloys. It could be observed that the 
TDCP decreased from 612 to 599 °C and the fDCP 
increased from 28.3% to 43.7% as the Cu content 
increased from 0 to 3%. 
 
3.3 Hot tearing susceptibility 

Figure 8 shows the experimental curves of 
contraction force as a function of solidification time at 
the mold temperature of 250 °C for the as-cast 
Mg−7Zn−xCu−0.6Zr alloys. The information of hot 
tearing initiation and propagation could be obtained from 
the experimental curves, such as from the hot tearing 
initiation temperature (Ti) and hot tearing propagation 
stage. As shown in Fig. 8, the evolutions of contraction 
force were normally similar, but certain differences could 
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Fig. 6 Diagrams defining coherency temperature and time of solidified dendrite of Mg−7Zn−xCu−0.6Zr alloys (Tc−Melt center 

temperature; Tw−Melt wall temperature; Tcoh−Dendritic coherence temperature; tcoh−Dendritic coherence time): (a) x=0; (b) x=1;   

(c) x=2; (d) x=3 

 

 

Fig. 7 Temperatures (TDCP) and solid fractions (fDCP) of 

Mg−7Zn−xCu−0.6Zr alloys at coherency point 

 
be observed at the onset of solidification. For the 
Mg−7Zn−0.6Zr alloy, as solidification proceeded, the 
force curve slope firstly increased, stabilized for a while 
and increased again. The force drop or stabilization 
indicated that hot tearing occurred during casting. The 
temperature corresponding to the beginning of the force 
drop or stabilization was considered as the hot tearing 
initiation temperature. In this case, the hot tearing of 
Mg−7Zn−0.6Zr alloy was initiated at 389 °C, which 
corresponded to a solid fraction of 99%. In addition, the 
Mg−7Zn−0.6Zr alloy force curve levels lasting 

stabilization signified severe hot tearing (Fig. 8(a)). This 
was confirmed by the macrograph presented in Fig. 8(a). 
For the Mg−7Zn−1Cu−0.6Zr alloy, the hot tearing 
initiated at 413 °C, which corresponded to the solid 
fraction of 93% (Fig. 8(b)). Unlike the aforementioned 
two alloys, the Mg−7Zn−2Cu−0.6Zr and Mg−7Zn−3Cu− 
0.6Zr alloy force curves did not present any clear sign  
of drop or stabilization. Through the macrograph 
observation, as indicated in Figs. 8(c) and (d), only low 
amount of hot tearing occurred in these two alloys. 

The hot tearing volumes of Mg−7Zn−xCu−0.6Zr 
alloys through the wax penetration method are shown in 
Fig. 9. It could be observed that the crack volumes were 
significantly reduced with the addition of Cu. The 
Mg−7Zn−0.6Zr alloy broke completely and was marked 
as “∞” in Fig. 9. The hot tearing crack volumes of    
the Mg−7Zn−1Cu−0.6Zr, Mg−7Zn−2Cu−0.6Zr and 
Mg−7Zn−3Cu−0.6Zr alloys were 134.2, 36.0 and   
28.7 mm3, respectively, being lower compared to that of 
the Mg−7Zn−0.6Zr alloy (Fig. 9). This implied that the 
hot tearing resistance of the Cu-containing alloys clearly 
increased. 
 
3.4 Fracture surfaces 

Figure 10 shows the hot tearing fracture surfaces of 
the Mg−7Zn−xCu−0.6Zr alloys at the mold temperature 
of 250 °C. The hot tearing fracture surface of the 
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Fig. 8 Contraction force and temperature as function of solidification time at mold temperature of 250 °C for as-cast 

Mg−7Zn−xCu−0.6Zr alloys (Ti−Hot tearing initiation temperature; fsi−Solid fraction at hot tearing initiation): (a) x=0; (b) x=1;     

(c) x=2; (d) x=3 

 

 
Fig. 9 Hot crack volumes of Mg−7Zn−xCu−0.6Zr alloy with 

different Cu contents 

 
Mg−7Zn−0.6Zr alloy was significantly clean and  
smooth. Also, some dendrite-like bumps were observed 
on the fracture surface. These dendrite-like bumps on the 
fracture surface indicated that the hot tearing occurred 
through an inter-dendritic separation in the mushy zone 
during solidification (Fig. 10(a)). As the Cu content 
increased, a low melting point phase was observed 
between the dendrite-like bumps. The amount of low 
melting point phase increased as the Cu content 
increased (Figs. 10(b−d)). The low melting point phase 
was a eutectic phase, mainly enriched with Zn and Cu, 
according to the EDS analysis. 

4 Discussion 
 

Hot tearing constitutes a defect occurring in the 
mushy zone of an alloy freezing. At the beginning of 
solidification, the melt temperature was between the 
liquidus and the dendrite coherency point temperature.  
In this stage, the liquid and the solid move freely. As  
the solidification temperature decreased, the melt 
temperature reached the dendrite coherency point 
temperature. During this stage, the dendrites started to 
form a solid skeleton and the liquid flowed throughout 
the dendrite networks. According to the solidification 
shrinkage compensation theory, the liquid flow was 
blocked and could not proceed when the dendrites 
formed a continuous network structure. Therefore, the 
hot tearing might occur. At the end of solidification, the 
ingot developed considerable strength and the solid state 
creep compensated any further contraction [3]. Normally, 
fine equiaxed grains would mainly occur when the 
dendrite coherency would form at the high solid fraction 
and low temperature during solidification. In contrast, a 
coarsened columnar grain structure was dominant when 
the dendrite coherency formed at low solid fraction and 
high temperature during solidification [20]. As an 
example, as shown in Fig. 7, the TDCP for the 
Mg−7Zn−0.6Zr alloy occurred at the high temperature of 
612 °C, which corresponded to the fDCP of 28.3%. The 
microstructure of Mg−7Zn−0.6Zr alloy consisted of 
coarse grains, as presented in Fig. 4(b). Adversely, as the 
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Cu content increased, the TDCP decreased from 612 to 
599 °C and the fDCP increased from 28.3% to 43.7%. This 
meant that the grain size decreased as the Cu content 
increased, which agreed well with the microstructural 
observations (as presented in Figs. 4(f) and (h)). The 
coarsened and columnar microstructures easily promoted 
the initiation and propagation of hot tearing [20]. 
Therefore, the Mg−7Zn−0.6Zr alloy had high HTS, 
which agreed well with the macrograph observations. On 
the contrary, the alloy with a fine and equiaxed grain 
structure had high hot tearing resistance. It was 
reasonable that the finer grains could easily 

accommodate the deformation caused by thermal 
contraction [2]. Furthermore, the eutectic phase presence 
at the grain boundaries with a finer grain structure 
allowed the free movement of the grains to accommodate 
the local strains without defects occurrence [21,22]. 
Consequently, the HTS of the Mg−7Zn−xCu−0.6Zr 
alloys decreased as the Cu content increased. 

The amount and temperature of eutectic liquid were 
also considered as the most important factors to affect 
hot tearing. Figure 11 presents the typical micro- 
structures of the longitudinal sections for the Mg−7Zn− 
xCu−0.6Zr alloys. The samples were cut from the region  

 

 
Fig. 10 Fracture surfaces of hot tearing regions for Mg−7Zn−xCu−0.6Zr alloys at mold temperature of 250 °C: (a) x=0; (b) x=1;    
(c) x=2; (d) x=3 
 

 
Fig. 11 Microstructures near tear region of Mg−7Zn−xCu−0.6Zr alloys: (a) x=0; (b) x=1; (c) x=2; (d) x=3 
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near the junction. Interestingly, as presented in      
Figs. 11(c) and (d), a certain amount of hot tearing was 
refilled and could be traced along the crack path in the 
alloys with high Cu content. It mainly contained the 
eutectic phase with low melting point. Negative pressure 
existed near the hot tearing regions following the cracks 
occurrence, which caused the remaining liquid to be 
sucked backwards and refill the hot cracks [22−26]. 
Figures 4(d), (f) and (h) also presented that the eutectic 
phase amount increased as the Cu content increased, 
leading to the residual liquid presenting a high fluidity. 

Moreover, the HTS was proportional to the 
solidification range, which could be defined as the 
temperature range between the α-Mg and MgZn2 
reaction temperatures [27]. As presented in Fig. 5, the 
solidification range depended on the nominal 
compositions of the Mg−7Zn−xCu−0.6Zr alloys. This 
demonstrated that the α-Mg reaction temperatures of the 
alloys decreased as the Cu content increased, from 
627 °C (Mg−7Zn−0.6Zr) to 616 °C (Mg−7Zn−3Cu− 
0.6Zr). Furthermore, the MgZn2 reaction temperatures 
increased as the Cu content increased, from 423 °C 
(Mg−7Zn−0.6Zr) to 457 °C (Mg−7Zn−3Cu−0.6Zr). 
Since the addition of Cu element narrowed down the 
solidification temperature ranges of the Mg−7Zn− 
xCu−0.6Zr alloys, the HTS values were reduced as the 
Cu content increased, which was also in agreement with 
the obtained experimental results. 
 
5 Conclusions 
 

1) The computer-aided cooling curve analysis 
results of the Mg−7Zn−0.6Zr alloys revealed two distinct 
precipitates: α-Mg and MgZn2. Three distinct precipitates 
were detected following Cu addition and identified as 
α-Mg, MgZnCu and MgZn2. The precipitation 
temperature of α-Mg decreased and the precipitation 
temperatures of MgZn2 and MgZnCu increased as the Cu 
content increased. 

2) For the Mg−7Zn−xCu−0.6Zr alloys, the dendrite 
coherency point temperature (TDCP) decreased from 612 
to 599 °C, whereas the solid fraction at the dendrite 
coherency point (fDCP) increased from 28.3% to 43.7% as 
the Cu content increased from 0 to 3%. 

3) The experimental results demonstrated that the 
addition of Cu significantly decreased the hot tearing 
susceptibility (HTS) of the Mg−7Zn−xCu−0.6Zr alloys 
due to the shortened eutectic reaction temperature. 

4) Two main hot tearing mechanisms were revealed 
for the Mg−7Zn−xCu−0.6Zr alloys: one mechanism was 
the inter-dendritic separation theory for the Mg−7Zn− 
0.6Zr and Mg−7Zn−1Cu−0.6Zr alloys; the other 
mechanism was the feeding theory for the Mg−7Zn− 
2Cu−0.6Zr and Mg−7Zn−3Cu−0.6Zr alloys. 
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摘  要：通过热分析方法研究 Mg−7Zn−xCu−0.6Zr 合金在凝固过程中的显微组织演变。采用具有测力传感器和数

据采集系统的约束棒实验装置研究 Cu 含量(0, 1, 2 和 3，质量分数，%)对 Mg−7Zn−xCu−0.6Zr 合金热裂行为的影

响。Mg−7Zn−xCu−0.6Zr 合金的热分析结果表明，该合金主要由 α-Mg 和 MgZn2相组成，而含 Cu 合金有 3 个潜

热释放峰，分别对应 α-Mg、MgZnCu 和 MgZn2相。同时，随着 Cu 含量的增加，α-Mg 相的反应温度降低，MgZn2

和 MgZnCu 相的反应温度升高。热裂实验结果表明，由于添加 Cu 能提高合金的共晶温度，而缩小凝固温度区间，

因此，Mg−7Zn−xCu−0.6Zr 合金的热裂敏感性明显降低。 

关键词：Mg−7Zn−xCu−0.6Zr 合金；显微组织；凝固路径；热裂敏感性 
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