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Abstract—Magnesium-RE alloys are interesting materials 
since they have excellent room and high temperature 
mechanical properties. A recently developed as-cast Mg-5Y-
3Sm-0.8Ca (wt.%) alloy exhibits attractive strength at room 
temperature, while its strength is poor at elevated 
temperature. In order to further enhance its strength 
properties, solid solution and aging treatment is introduced. 
The microstructure and mechanical properties of Mg-5Y-
3Sm-0.8Ca alloy have been investigated by means of 
microstucture observation and tensile tests. The results show 
that the microstructure of as-cast alloy consists of α-Mg 
matrix, Mg24Y5, Mg41Sm5 and Mg2Ca. After solid solution 
and aging treatment, the microstructure of the alloy is 
improved obviously. Meanwhile, the mechanical properties 
of the alloy are further enhanced and the alloy has high 
tensile strength at elevated temperature. 
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I. INTRODUCTION 
As the lightest metallic structural materials and “the 

21st green engineering materials”, Magnesium alloys have 
been widely used in the fields of automobile 
manufacturing and electronic industry due to their low 
density, high specific strength/stiffness, excellent damping 
effect and good recycling potential [1-4]. Magnesium-RE 
(rare earth elements) alloys are interesting materials since 
they have excellent room and high temperature mechanical 
properties [5-9]. It is believed that Y is the most effective 
rare earth element to improve the properties of magnesium 
alloys [10]. Sm is one of important rare earth elements, 
and has a high solubility in Mg among rare earth elements 
[11]. Recently, simultaneous addition of Y and Sm has 
been found to be significantly effective to increase the 
strength properties of magnesium alloys [12-17]. 

A recently developed as-cast Mg-5Y-3Sm-0.8Ca alloy 
exhibits attractive strength at room temperature [18], while 
its strength is poor at elevated temperature. In order to 
further enhance its strength properties, solid solution and 
aging treatment is introduced in this work. The 
microstructure and mechanical properties of Mg-5Y-3Sm-
0.8Ca alloy are investigated. It is hoped to provide a 
reference for the development of new type magnesium 
alloys. 

II. EXPERIMENTAL 
The compositions of tested Mg-Y-Sm-Ca alloy were 

designed as Mg-5Y-3Sm-0.8Ca (wt.%). Pure metallic 
magnesium (99.95 wt.%) and Mg-25 wt.% Y, Mg-25 wt.% 
Sm and Mg-25 wt.% Ca master alloys were used as raw 
materials. All the raw materials were baked at 200°C 
before the melting started. 

The alloy was melted in an induction furnace with an 
Al2O3 crucible under the protection gas of 99 vol.% CO2 
and 1 vol.% SF6. The melt was heated to 750°C, and was 
poured into a metallic mold. The samples were cut from 
the casting and covered with MgO powder. Solid solution 
treatment was performed at 525°C for 6h, and then 
quenched in hot water. Aging treatment was made at 
225°C for 12h, and then cooled in air. 

The tensile tests were carried out at a strain rate of 
1mm/min in an AG-I 250kN precision universal material 
test machine at room temperature (25°C) and elevated 
temperature (200°C).  

The phase analysis was performed by D8 Advance X-
ray diffract meter (XRD). The microstructure observation 
was made by Olympus optical microscopy (OM). The 
strengthening phase and its compositions in the alloy were 
analyzed by JSM-5610LV scanning electron microscopy 
(SEM) and its energy dispersive spectroscopy (EDS). 

III. RESULTS 

A. XRD pattern 
The XRD pattern of as-cast Mg-5Y-3Sm-0.8Ca alloy is 

shown in Fig. 1. The results show that its microstructure 
consists of α-Mg matrix, Mg24Y5, Mg41Sm5 and Mg2Ca. 
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Figure 1. XRD pattern of as-cast Mg-5Y-3Sm-0.8Ca alloy 

 

B. Microstructure of as-cast alloy 
The microstructure of as-cast Mg-5Y-3Sm-0.8Ca alloy 

is shown in Fig. 2. It can be seen that the microstructure of 
the alloy consists of white matrix and grey precipitate 
phases. The white matrix should be α-Mg and the grey 
precipitate phases should be Mg24Y5, Mg41Sm5, Mg2Ca or 
their mixture according to the XRD pattern in Fig. 1. 
 

 
 

Figure 2. Microstructure of as-cast Mg-5Y-3Sm-0.8Ca alloy 
 

C. Microstructure of aged alloy 
The microstructure of Mg-5Y-3Sm-0.8Ca alloy after 

solid solution and aging treatment is shown in Fig. 3. It can 
be seen that the microstructure is not similar to that of as-
cast alloy shown in Fig. 2. The size of strengthening phase 
is finer, but the grain size has no obvious change. It can 
enhance the mechanical properties of the aged alloy. 

 
 

Figure 3. Microstructure of aged Mg-5Y-3Sm-0.8Ca alloy 
 

Fig. 4 and Fig. 5 show SEM imagine and EDS analysis 
results of strengthening phases in aged Mg-5Y-3Sm-0.8Ca 
alloy respectively. It can be seen that the strengthening 
phases in area A consist of four elements Mg, Y, Sm and 
Ca. The content of Y and Sm is high, while the content of 
Ca is very low. Considering the XRD patterns in Fig. 1 
together, there are α-Mg matrix, Mg24Y5, Mg41Sm5 and 
Mg2Ca phases in the alloy and no other phases are formed. 
It can be drawn that the strengthening phase should be 
Mg24Y5, Mg41Sm5,  Mg2Ca or their mixture. 

 

 
 

Figure 4. SEM imagine of aged Mg-5Y-3Sm-0.8Ca alloy 
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Figure 5. EDS results of marked area in Fig. 4 
 

Based on the above results, the refinement effects of 
rare earth elements Y and Sm and alkaline earth element 
Ca on the grain of the alloy can be described as follows 
[19,20]: (1) Part of them dissolves in α-Mg matrix during 
the solidification of the alloy. It increases the number of 
homogeneous nucleation, and refines the grain size. (2) 
During the solidification of the alloy, high melting point 
compounds Mg24Y5, Mg41Sm5 and Mg2Ca act as a bar to 
the growth of α-Mg grain, and lead to further refinement of 
the grain size of the alloy. 

D. Mechanical properties 
The mechanical properties of Mg-5Y-3Sm-0.8Ca alloy 

are shown in Table I. It can be seen that, at room 
temperature and 200°C, the tensile strength of as-cast alloy 
is not very high, 208MPa and 182MPa respectively. After 
solid solution and aging treatment, the tensile strength of 
the alloy is increased to 224MPa and 206MPa respectively. 
Compared with that of as-cast alloy, the strength of aged 
alloy is enhanced by 16MPa at room temperature and 
24MPa at 200°C. It is consistent with the results of 
microstructure observation. It also can be seen that the 
change of elongation is not similar to that of the tensile 
strength. The elongation has no obvious change at room 
temperature and elevated temperature. 

It follows that heat treatment plays an important role in 
strengthening Mg-5Y-3Sm-0.8Ca alloy. After suitable heat 
treatment, the strength property of Mg-5Y-3Sm-0.8Ca 
alloy can be improved obviously at room temperature and 
elevated temperature. 

TABLE I.  MECHANICAL PROPERTIES OF AGED ALLOY 

Alloy 
state 

25°C 200°C 
Tensile 
strength 
[MPa] 

Elongation 
[%] 

Tensile 
strength 
[MPa] 

Elongation 
[%] 

as-
cast 

208 3.7 182 3.8 

aged 224 3.4 206 3.5 

 

E. Strengthening mechanisms 
Aged Mg-5Y-3Sm-0.8Ca alloy has good strength 

properties, especially at elevated temperature. Considering 
the above results of microstructure analysis, one of the 

strengthening mechanisms in Mg-5Y-3Sm-0.8Ca alloy 
should be attributed to dispersion strengthening. High 
melting point phases Mg24Y5, Mg41Sm5 and Mg2Ca have 
high melting point and act as a bar to dislocation 
movement and boundary sliding. It causes the higher 
strength of the alloy at elevated temperature. 

Of course, additional strengthening mechanisms, grain 
refinement strengthening and solid solution strengthening 
of alloying elements also play important roles in 
strengthening the alloy. All these strengthening 
mechanisms are connected with Y, Sm and Ca addition. It 
proves again that Y, Sm and Ca are effective alloying 
elements in strengthening magnesium alloys. 

IV. CONCLUSIONS 
The microstructure of as-cast Mg-5Y-3Sm-0.8Ca alloy 

consists of α-Mg matrix, Mg24Y5, Mg41Sm5 and Mg2Ca. 
After solid solution and aging treatment, the 
microstructure of the alloy is improved obviously. 
Meanwhile, the mechanical properties of the alloy are 
further enhanced and the alloy has high tensile strength at 
elevated temperature. 
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