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Abstract: The solution-treated Mg-4Y-4Sm-0.5Zr alloy was extruded at temperatures from 325 ˚C to 500 ˚C. Dynamic 
recrystallization (DRX) completely occurs when the alloy is extruded at 350℃ and above. The grains of the extruded alloy are 
obviously refined by the occurrence of DRX. The average grain size of the extruded alloy increases with increasing the extrusion 
temperature, leading to a slight decrease of the ultimate tensile strength (UTS) and the yield strength (YS). On the contrary, the UTS 
and YS of the extruded and aged alloy increase with increasing the extrusion temperature. Values of UTS of 400 MPa, YS larger than 
300 MPa and elongation (EL) of 7% are achieved after extrusion at 400 ˚C and ageing at 200 ˚C for 16 h. Both grain refinement and 
precipitation are efficient strengthening mechanisms for the Mg-4Y-4Sm-0.5Zr alloy. 
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1 Introduction 
 

There has been a rapidly growing interest in the 
development of high strength, and high creep-resistant 
magnesium alloys for the automotive and aerospace 
industries[1−8]. But, the use of magnesium alloys has 
been limited in the past owing to their poor mechanical 
properties and low formability[9−11]. 

It has been demonstrated that rare earth metals (RE) 
are the most effective elements to improve the strength 
of magnesium especially at elevated temperatures 
[12−13]. A recently developed Mg-4Y-4Sm-0.5Zr alloy 
was shown to exhibit promising mechanical 
properties[14]. The microstructural evolution during heat 
treatments and mechanical properties of the as-cast 
Mg-4Y-4Sm-0.5Zr alloy were further investigated 
[15−16]. 

Generally, wrought magnesium alloys have superior 

mechanical properties to cast magnesium alloys, due to 
such mechanisms as the refinement of grains, the 
elimination of casting defects and the homogenization of 
the microstructure during the plastic deformation 
processes[17]. 

The aim of the present work is to investigate the 
influence of the extrusion temperature on microstructure 
evolution and mechanical properties of the 
Mg-4Y-4Sm-0.5Zr alloy. 
 
2 Experimental 
 

The material used in this investigation was 
Mg-4Y-4Sm-0.5Zr alloy (mass fraction, %). The alloy 
was solution-treated at 525 ˚C for 8 h before extrusion. 
Details of the casting and solution treatment procedure 
were described in an earlier publication[15]. The 
solution-treated Mg-4Y-4Sm-0.5Zr alloy was extruded at 
325, 350, 400, 450 and 500 ˚C with an extrusion ratio of  
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 After extrusion, some of the specimens were .1׃10
isothermally aged at 200 ˚C for up to 128 h in an 
oil-bath. 

The room temperature tensile properties were tested 
by a Zwick/Roell testing machine with the tensile axis 
parallel to the extrusion direction. The ageing responses 
of the alloy were checked by hardness measurement. 
Hardness was measured with a Vickers-hardness tester 
under a load of 300 N. 

The microstructures of the alloy were examined 
using a LEICA MEF4M optical microscope and the 
average grain size was measured by the linear intercept 
method. The specimens were mechanically polished and 
etched with a dilute solution of 4% nitric acid in alcohol. 
 
3 Results and discussion 
 
3.1 Microstructure evolution 

The microstructure of the solution-treated 
Mg-4Y-4Sm-0.5Zr alloy is shown in Fig.1. Almost all the 

eutectic phases are dissolved into the Mg matrix, and the 
average grain size is 60 µm. 

Fig.2 shows optical micrographs of the Mg-4Y- 
4Sm-0.5Zr alloy extruded at different temperatures in the 
transverse section. It is clearly confirmed that dynamic 
 

 
Fig.1 Optical micrograph of solution-treated Mg-4Y-4Sm-0.5Zr 
alloy 

 

 

 

 

 

Fig.2 Microstructures of Mg-4Y-4Sm-0.5Zr 

alloy extruded at different temperatures: (a) 

325 ˚C; (b) 350 ˚C; (c) 400 ˚C; (d) 450 ˚C; 

(e) 500 ˚C 
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recrystallization (DRX) partially occurs during extrusion 
at 325 ˚C. Some very fine recrystallized grains coexist 
with the un-recrystallized matrix. DRX completely 
occurs when the alloy is extruded at 350 ˚C and above. 
The grains of the extruded alloy are evidently refined by 
the occurrence of DRX. The average grain size of the 
extruded alloy increases with increasing the extrusion 
temperature. 
 
3.2 Tensile properties 

The mechanical properties of the Mg-4Y-4Sm-0.5Zr 
alloy after extrusion at different temperatures from 325 
˚C to 500 ˚C are shown in Fig.3. The ultimate tensile 
strength (UTS) and more evidently the yield strength 
(YS) of the alloy extruded at 325 ˚C are larger than those 
of the alloy extruded at 350 ˚C and above. It is attributed 
to the partially recrystallized microstructure of the 
material at this temperature. Indeed, when the alloy is 
extruded at 325 ˚C, DRX just partially occurs so that the 
other part of the microstructure is still strain hardened. 
As a result, the YS and UTS are larger. However, the 
elongation to fracture (EL) is small accordingly. When 
the alloy is extruded at 350 ˚C and above, DRX has 
completely occurred; the recrystallized grains are fine 
and homogeneously distributed. As a result, the EL 
increases evidently. The ELs of the alloy extruded at 350 
˚C and above are all larger than 20%. The UTS and the 
YS of the alloy extruded at 350 ˚C and above decrease 
slightly with increasing the extrusion temperature owing 
to the increase of the grain size with increasing the 
extrusion temperature. 
 

 
Fig.3 Mechanical properties of Mg-4Y-4Sm-0.5Zr alloy after 
extrusion at different temperatures 
 

The hardness curves of the Mg-4Y-4Sm-0.5Zr alloy 
extruded at different temperatures and then aged at 200 
˚C for different times are shown in Fig.4. The hardness 
of the alloy extruded at 325 ˚C is evidently larger, in 
agreement with the results of the tensile experiments. 
When the alloy is extruded at 350 ˚C and above, DRX 

 

 
Fig.4 Hardness curves of Mg-4Y-4Sm-0.5Zr alloy extruded at 
different temperatures and then aged at 200 ˚C for different 
times 
 
completely occurs. The alloys exhibit very similar 
microstructures in these conditions. As a result, the 
alloys exhibit a very similar starting hardness, and also 
very similar ageing behaviors. The maximum hardness is 
reached after ageing at 200 ˚C for 32 h; and the hardness 
of the alloy in the peak-aged state is evidently much 
larger than that in the extrusion state. The precipitation 
strengthening effect is, therefore, very effective for the 
extruded alloys. It was reported in the previous 
publication[18] that, when the extruded Mg-4Y-4Sm- 
0.5Zr alloy is aged at 200 ˚C for 16 h, numerous fine 
globular β′ precipitates homogeneously form within the 
grains, which leads to a very efficient strengthening. 

The mechanical properties of the Mg-4Y-4Sm-0.5Zr 
alloy extruded at different temperatures and then aged at 
200 ˚C for 16 h are shown in Fig.5. The UTS and YS of 
the extruded alloy are greatly enhanced after ageing, but 
the EL of the extruded alloy decreases accordingly. The 
UTS and YS of the extruded and aged alloy increase with 
 

 
Fig.5 Mechanical properties of Mg-4Y-4Sm-0.5Zr alloy 
extruded at different temperatures and then aged at 200 ˚C for 
16 h 
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increasing the extrusion temperature when the alloy is 
extruded at 350 ˚C and above. When the alloy is 
extruded at higher temperature, more Y and Sm elements 
are present in solid solution in the extruded alloy. 
Therefore, it is reasonable to assume that the 
precipitation hardening effect of the extruded alloy is 
larger, which results in a higher UTS and YS. 

The tensile properties of the Mg-4Y-4Sm-0.5Zr 
alloy in different states are shown in Fig.6. It is shown 
that the UTS and YS of the alloy are greatly enhanced 
after the extrusion and aging treatment. After extrusion at 
400 ˚C, the increment of UTS is more than 50 MPa, and 
the increment of YS is nearly 100 MPa. These increases 
are mainly due to the grain refinement strengthening. 
After ageing at 200 ˚C for 16 h, both the increment of 
UTS and YS are more than 100 MPa. This is mainly due 
to the precipitation strengthening of the alloying 
elements Y and Sm. A UTS of 400 MPa, a YS of more 
than 300 MPa and an EL of 7% are achieved after 
extrusion at 400 ˚C and ageing at 200 ˚C for 16 h. It is 
thus concluded that both grain refinement and 
precipitation are very efficient strengthening mechanisms 
for the Mg-4Y-4Sm-0.5Zr alloy. 
 

 

Fig.6 Tensile properties of Mg-4Y-4Sm-0.5Zr alloy in different 
states (extruded at 400 ˚C; aged at 200 ˚C for 16 h) 
 
4 Conclusions 
 

1) When the Mg-4Y-4Sm-0.5Zr alloy is extruded at 
350 ℃ or above, DRX completely occurs. The grains of 
the extruded alloys are evidently refined by the 
occurrence of DRX. The average grain size of the 
extruded alloys increases with increasing the extrusion 
temperature. 

2) The UTS and YS of the extruded 
Mg-4Y-4Sm-0.5Zr alloy decrease slightly with 
increasing the extrusion temperature owing to the 
increase of the grain size. On the contrary, the UTS and 
YS of the extruded alloy increase with increasing the 
extrusion temperature after ageing and this is due to the 
precipitation strengthening. 

3) A UTS of 400 MPa, a YS of more than 300 MPa 
and an elongation of 7% are achieved after extrusion at 
400 ˚C and ageing at 200 ˚C for 16 h. Both grain 
refinement and precipitation are, therefore, very efficient 
strengthening mechanisms for the Mg-4Y-4Sm-0.5Zr 
alloy. 
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