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Abstract: The elevated temperature tensile properties of Mg97Zn1Y2 magnesium alloy sheets, hot rolled at 390, 420 and 450 ℃ 
respectively, were tested in a temperature range from room temperature to 250 ℃ with a strain rate of 1.0×10−3 s−1. The results show 
that the variations in yield strength for Mg97Zn1Y2 magnesium alloy sheets hot rolled at 390 ℃ and 420 ℃ with temperature 
resemble each other due to their similar morphology of the chain-shaped strengthening phase. The yield strength maintains at a high 
level of 283 MPa before 200 ℃ and decreases significantly at 250 ℃. Despite of the fine lamellar structure of Mg97Zn1Y2 
magnesium alloy sheet hot rolled at 450 ℃, its yield strength decreases linearly owing to occurrence of the coarse grain, and drops to 
239 MPa at 250 ℃. The elongation for all hot rolled Mg97Zn1Y2 magnesium alloy sheets increases slightly with increasing testing 
temperature. 
Key words: magnesium alloy; tensile properties; elevated temperature 
                                                                                                             

 
 
1 Introduction 
 

In recent years, the structural applications of 
magnesium alloys in aerospace and automobile 
industries are increasing progressively due to their low 
densities and excellent properties such as 
electro-magnetic shielding, damping and recycling[1−4]. 
At present, the commercial AZ and AM magnesium 
alloys are widely used because of their high strength at 
room temperature, excellent castability and low cost. 
However, due to the low strength at elevated temperature, 
they are mostly used below 120 ℃. The reason is that 
the Mg17Al12 eutectic with low melting point of 437 ℃ 
distributed at grain boundary has non-coherence relation 
to α-Mg matrix and easily grows coarse, exhibiting poor 
thermal stability[5−7]. Usually, the magnesium alloys 
with high content of Al element show poor properties at 
high temperature[8−10]. Rare elements (RE) can greatly 
improve properties of magnesium alloy at both room and 
elevated temperature since they have low diffusion rate 
in Mg matrix and help to form thermally stable 
compounds with high melting point, which have good 
coherence relation to the Mg matrix and hence 
effectively hinder movement of dislocation[11]. In 
particular, the element Y is one of the most effective RE 

elements used to improve high temperature properties of 
Mg alloys[12−13]. KAWAMURA et al[14] and 
NISHIDA et al[15] reported a superior performance of 
rapidly solidified (RS) powder metallurgy Mg97Zn1Y2 
(molar fraction, %) alloy with an extremely high tensile 
yield strength of 610 MPa and an elongation of 5%, in 
which Z phase (Mg12ZnY) with the long-period stacking 
order structure of 18R of ABABABCACACABCBCBC 
was considered to be a dominant strengthening phase. 
The dissolution temperature of Mg12ZnY phase in 
Mg-Zn-Y alloy is higher than the melting point of 
Mg17Al12 phase. This suggests that the Mg-Zn-Y alloy 
should have good elevated temperature properties. In the 
present study, the Mg97Zn1Y2 alloy was firstly fabricated 
by conventional cast technique, then hot-rolled at 
different temperatures. The elevated temperature 
mechanical properties were investigated. 
 
2 Experimental 
 

The testing alloy for this study was Mg97Zn1Y2 (in 
molar fraction, %) alloy. The alloy was prepared by 
conventional casting method from high purity 99.9% Mg, 
99.9% Zn, and Mg-21.5%Y (mass fraction) alloy under a 
shielding gas of CO2-0.05% SF6. Specimens to be hot 
rolled with dimensions of 90 mm×18 mm×6.5 mm were 
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machined from the cast ingot and were heated at 390, 
420, and 450  for 20℃  min prior to each pass rolling, 
respectively. The rolling was employed with a reduction 
of about 15% per pass. The final thickness of specimens 
was 1.3 mm (reduction of about 80%). Mechanical 
properties of the Mg97Zn1Y2 alloy after severe hot rolling 
were evaluated by tensile tests in a temperature range 
from room temperature to 250  at an initial strain rate ℃

of 1.0×10−3 s−1. 
 
3 Results and discussion 
 
3.1 Microstructures and mechanical properties at 

room temperature 
Fig.1 shows the microstructures of Mg97Zn1Y2 alloy 

hot-rolled at different temperatures, and Fig.2 shows the 
variation in yield strength with tensile test temperature. 
The yield strength curves for alloys hot-rolled at 390 ℃ 
and 420 ℃ resemble each other owing to their similar 
microstructure, in which the strengthening phase is the 
 

 
Fig.1 Microstructures of Mg97Zn1Y2 alloy hot-rolled at 
different temperatures: (a) 390 ℃; (b) 420 ℃; (c) 450 ℃ 

 

 
Fig.2 Variation in yield strength of hot-rolled alloys with tensile 
test temperature 
 
chain-shaped Mg12YZn. Careful observation can make 
some distinctions between Fig.1(a) and Fig.1(b) that the 
volume fraction of the chain-shaped Mg12YZn phase is 
different; and less is in the alloy hot-rolled at 390 ℃ 
and the morphology of Mg12YZn particles is rather round. 
It is because more Mg12YZn particles with fine size 
dissolve into Mg matrix as the hot rolling temperature is 
increased, leading to the slightly lower position of yield 
strength curve for the alloy hot rolled at 420 ℃ than the  
alloy hot rolled at 390 ℃ . According to the alloy 
strengthening theory, the volume fraction, morphology 
and distribution exert directly influence on the 
strengthening effect. The morphology of Mg12YZn 
changes from the chain shape to the lamellar shape as the 
rolling temperature is increased to 450 ℃ ; 
correspondingly, the trend for the yield strength is 
different from the two curves mentioned above. 
 
3.2 Microstructures and mechanical properties at 

elevated temperature 
Stress — strain curves, yield strength (YS) and 

ultimate tensile strength (UTS) at different tensile test 
temperatures for alloy hot-rolled at 420 ℃  are 
illustrated in Fig.3. The yield strength and ultimate 
tensile strength maintain at high levels of 280 MPa and 
310 MPa until 200 ℃, which is about 200 MPa higher 
than the hot-rolled AZ31 sheet[16]. The ultimate tensile 
strength does not change much before 250 ℃, whereas 
yield strength decreases a little. At 250 ℃ both UTS 
and YS decrease rapidly. 

The YS of 450 ℃ hot rolled alloy decreases from 
100 ℃  to 250 ℃  whereas UTS does not descend 
remarkably until 200 ℃ (see Fig.4). The strain curves 
of the 420 ℃ and 450 ℃ hot rolled alloys resemble 
each other. To explain the rapid decrease in tensile 
strength at 250 ℃, microstructures of these two sheets 
after tensile test at 250 ℃ are shown in Fig.5. Compared  
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Fig.3 UTS, YS (a) and stress—strain curves (b) for 420℃ 
hot-rolled alloy at different tensile temperatures 
 

 
Fig.4 UTS, YS (a) and stress—strain curves (b) for 450℃ 
hot-rolled alloy at different tensile temperatures 

 

 
Fig.5 Microstructures of 420  hot℃ -rolled (a) and 450 ℃ 
hot-rolled (b) sheets after tensile test at 250 ℃ 
 
with the microstructure shown in Fig.1, the difference 
before and after tensile test lies in two aspects: firstly, 
much more chain-shaped Mg12YZn particles at grain 
boundary dissolve into Mg matrix after tensile test for 
420 ℃ and 450 ℃ hot rolled alloys; and secondly 
abnormal growth of Mg grain in the 450 ℃ hot rolled 
alloy can be found. These two factors may cause the 
rapid decrease in tensile strength at 250 ℃. 

Fig.6 shows the elongation as a function of tensile 
temperature. The elongation for both alloys hot-rolled at 
420 ℃ and 450 ℃ increases with increasing tensile 
temperature and the elongation of 420 ℃ hot rolled alloy 
 

 
Fig.6 Variation in elongation with tensile temperature 
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is always higher than that of the 450 ℃ hot rolled alloy 
partly because the 450 ℃ hot rolled alloy has the coarse 
grain, and partly because it has the lamellar structure. 
 
4 Conclusions 
 

1) The alloys hot-rolled at 390 ℃ and 420 ℃ 
demonstrate high elevated temperature mechanical 
properties. The yield strength and ultimate tensile 
strength maintain at high levels of 283 MPa and 310 
MPa until 200 ℃. 

2) The elongation of 420 ℃ hot-rolled alloy is 
always higher than that of the 450 ℃ hot-rolled alloy. 
And with increasing the tensile temperature, the 
elongations for both sheets increase. 
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