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Abstract: AZ80 alloy semisolid billets were fabricated by a new strain induced melt activated method (SIMA), which involved the 
predeformation of as-cast AZ81 alloy via equal channel angular extrusion (ECAE) and the following semisolid isothermal treatment 
of ECAE-processed AZ80 alloys. The results show that highly strain-induced effect is successfully achieved by ECAE due to refined 
microstructure and the mechanical properties are enhanced. High-quality AZ80 semisolid billets with fine and spherical grains are 
fabricated by new SIMA method. The results of thixoforged experiment confirm that enhanced mechanical properties including yield 
strength of 216.9 MPa, ultimate tensile strength of 312.4 MPa and elongation of 26% are successfully achieved. It also confirms that 
new SIMA method is a very desirable method for fabricating AZ80 alloy semisolid billets. 
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1 Introduction 
 

Magnesium alloy has been widely used in 
automobile, motorcycle and 3C fields due to low density, 
high specific strength and stiffness and excellent 
damping capacity [1,2]. Thixoforming is a net-shape 
method for forming complex Mg alloy components with 
high properties. ZHANG et al [3] reported mechanical 
properties of thixomolded AZ91D magnesium alloy and 
found that mechanical properties of thixomolded AZ91D 
mainly depended on porosity level, the size and volume 
fraction of primary solid phase. PATEL et al [4] 
examined microstructure and tensile properties of 
thixomolded magnesium alloys and concluded that the 
microstructure of AZ91D and AM60B thixomolded 
alloys consisted mainly of globular primary α-Mg phase 
surrounded by network-like eutectic structure containing 
intermetallic β-Mg17Al12 phase. ZHAO et al [5] studied 
microstructural evolution and tensile mechanical 
properties of AM60B magnesium alloy prepared by the 

SIMA (strain induced melt activated) route and thought 
that the SIMA route (four-pass CCDF and partial 
remelting) produced ideal, fine semi-solid 
microstructure. 

Three essential procedures including fabrication of 
semisolid billets, reheating and forming are involved in 
the thixoforming process [6−8]. High-quality semisolid 
billet has an important influence on the filling process, 
microstructure and properties of the thixoformed parts. 
Various routes had been developed for fabricating the 
non-dendritic or spheroidal microstructure, e.g. semisolid 
isothermal treatment (SSIT) [9], mechanical stirring [10], 
electromagnetic stirring [11], SIMA [12], two-screw 
stirring [13] and continuous semisolid extrusion process 
(CSEP) [14,15]. A novel method so-called new SIMA 
was firstly developed by JIANG et al [16,17], in which 
equal channel angular extrusion (ECAE) was used as 
predeformation of as-cast magnesium alloy and a 
semisolid isothermal treatment (SSIT) of the ECAE- 
processed billets was followed. 

ECAE is a desirable predeformed method of 
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magnesium alloy, by which a refined and homogeneous 
microstructure could be prepared [18−20]. New SIMA, 
i.e. combination of ECAE and SSIT, has a good potential 
technology to fabricate semisolid billets with fine and 
highly spherical grains. Research on new SIMA method 
has been done in AZ91D [21] and AM60 [22]. However, 
reports on fabricating AZ80 alloy semisolid billets by 
means of new SIMA are very few. Therefore, the present 
research is aiming to employ new SIMA to fabricate 
AZ80 alloy semisolid billets and investigate 
microstructure and mechanical properties of the AZ80 
alloy semisolid billets. 
 
2 Experimental 
 

AZ80 magnesium alloy was used as experiment 
materials. It contains 8.5%Al, 0.5%Zn, 0.12%Mn, 
0.003%Fe, 0.02%Cu, 0.001%Ni (mass fraction) and Mg 
as balance. New SIMA method was employed to 
fabricate the semisolid billet of AZ80 magnesium alloy. 
Firstly, as-cast AZ80 magnesium alloys with diameter of 
57 mm and height of 120 mm were processed for 4 
passes at 300 °C under route Bc by an equal channel die 
[22]. The route Bc refers to the rotations of 90º in the 
same sense between consecutive passes in the cylindrical 
specimens. Sixteen AZ80 alloy billets were extruded by 
EACE. Four tensile specimens were cut from each 
ECAE-processed billet along the direction of extrusion. 
Eight ECAE-processed billets were used as tensile and 
microstructural specimens. At the same time, room 
temperature tensile test and microstructural observation 
were done in the eight as-cast ingots. The mechanical 
properties of the tensile specimen were measured at 
room temperature by a universal testing machine 
(INSTRON 5569) at a crosshead speed of 0.5 mm/min. 
Microstructural samples were fabricated by the standard 
metallurgical technique, followed by etching in a 
solution of 4.2 g picronitric acid, 10 mL ethanediol, 70 
mL ethanol and 10 mL distilled water.  The 
microstructure was observed by using an Olympus G50 
optical microscope. The other eight billets were used as 
semisolid isothermal treatment (SSIT). These eight 
ECAE-processed billets were isothermally treated for 10 
min at various semisolid temperatures in an electrical 
furnace. The various semisolid temperatures involved 
530, 540, 550 and 560 °C. The AZ80 magnesium alloy 
was prevented from oxidation or burning by argon gas. 
The average particle size and shape factor of the solid 
phases were measured using a digital image analysis 
system. Average particle size and shape factor (SF) of 
solid particles are calculated in each case [23]. 

In addition, the thixoforging experiments were 
carried out on the 2000 kN universal hydraulic presser. 

Ten components were achieved by thixoforging under 
the same process parameters. The same process 
parameters involved preheating temperature of 400 °C, 
punch speed of 30 mm/s, isothermal temperature of 540 
°C and holding time of 10 min. Two tensile specimens 
were cut from each thixoforged component. Tensile test 
and microstructural observation were done. 
 
3 Results and discussion 
 
3.1 Comparison of microstructure and properties 

between as-cast and ECAE-processed AZ80 
alloys 
Figure 1 shows the macrographs of as-cast and 

ECAE-processed AZ80 alloys. As-cast AZ80 alloys were 
machined into cylindrical billets and then were extruded 
by ECAE. As shown in Fig. 1, after as-cast machined 
cylindrical billets were processed 4 passes by ECAE at 
300 °C using route Bc, the longitudinal shape (i.e. 
extrusion direction) was changed due to different friction 
forces between billets and surface of the die’s cavity. The 
friction between the billets and the upper surface of the 
die is less than that between the billets and the lower 
surface of the die, leading to low flowing velocity of the 
upper extruded billet. As a result, the longitudinal shape 
is changed during the ECAE process, which has no effect 
on its application because it can be changed into 
cylindrical shape by a followed upsetting [22]. Cross- 
 

 
 
Fig. 1 Macrographs of as-cast (a) and ECAE-processed (b) 
AZ80 alloys 
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sectional shape is not changed due to constrain of the 
equal channel die. 

Figure 2 shows the microstructure of as-cast and 
ECAE-processed AZ80 alloys. As indicated in Fig. 2, the 
microstructure of the as-cast AZ80 alloy consists of 
coarse dendrites. Some dendrites’ size is more than 150 
μm. In addition, the microstructure of the as-cast AZ80 
alloy is not homogeneous. The difference of the grain 
size is easily found in the microstructure. 
 

  
Fig. 2 Microstructure of as-cast (a) and ECAE-processed (b) 
AZ80 alloys 
 

However, the microstructure of the 
ECAE-processed AZ80 alloy consists of fine equiaxed 
grains. The average grain size is about 12.5 μm. 
Furthermore, the microstructure is characterized by 
uniform distribution of equiaxed grains. Severe plastic 
deformation (SPD) can be successfully achieved by 
ECAE [18−20], which accelerates the dynamic 
recrystallization occurred in the ECAE-processed AZ80 
alloys. The dynamic recrystallization occurred in the 
ECAE process leads to the refinement of the 
microstructure of the magnesium alloys [22,24,25]. 
Consequently, the refined and uniform equiaxed grains 
are obtained in the microstructure of the ECAE- 
processed AZ80 alloys. 

Figure 3 shows the mechanical properties of the 
as-cast and ECAE –processed AZ80 alloys. As shown in 
Fig. 3(a), the yield strength of the as-cast AZ80 alloys 
ranges from 118.6 MPa to 126.3 MPa. The average yield 
strength is 122.1 MPa. The average ultimate tensile 

strength and elongation are 184.8 MPa and 8.5%, 
respectively. As shown in Fig. 3(b), the yield strength, 
ultimate tensile strength and elongation of the ECAE- 
processed AZ80 alloys are 217.7 MPa, 310.8 MPa and 
22.9%, respectively. The yield strength of the ECAE- 
processed AZ80 alloys is increased by 77.8% compared 
with as-cast AZ80 alloy. 

 

 

Fig. 3 Mechanical properties of as-cast (a) and 
ECAE-processed (b) AZ80 alloys 
 

The ultimate tensile strength and elongation of the 
ECAE-processed AZ80 alloy increase by 68.2% and 
169%, respectively, as compared with the as-cast AZ80 
alloy. The refined and uniform microstructure of the 
ECAE-processed AZ80 alloy leads to the enhanced 
mechanical properties. The fine-grained structure is 
beneficial to improve the yield strength due to the 
Hall-Petch effect [26]. Furthermore, the refined and 
homogeneous microstructure is beneficial to fabricate 
high-quality semisolid billets in the following SSIT 
process. 
 
3.2 Microstructure of semisolid billets fabricated by 

new SIMA 
Figure 4 shows the microstructure of AZ80 alloy 

semisolid billets fabricated by new SIMA. As shown in 
Fig. 4, the microstructure is characterized by three 
characteristics. The first is that equiaxed grains in the 
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Fig. 4 Microstructure of AZ80 alloy semisolid billet fabricated by new SIMA at different temperatures: (a) 530 °C; (b) 540 °C;     
(c) 550 °C; (d) 560 °C 
 
microstructure are very fine. A large number of fine solid 
grains can be found in the microstructure. Refinement of 
microstructure caused by ECAE leads to the fine solid 
grains in the semisolid microstructure [27]. The solid 
grains’ size can be measured by image analysis system, 
as shown in Fig. 5. When the isothermal temperatures are 
530, 540, 550 and 560 °C, the average grain sizes are 
18.6, 22.6, 28.4 and 25.3 μm, respectively. When 
isothermal temperature is elevated, the average grain size 
firstly increases and followed by a decrease. 

The reason for this is that two trends including 
coarsening and melting occur in the microstructure  
when the temperature is elevated [16]. The second 

 

 
Fig. 5 Grain size and shape factor of AZ80 alloy semisolid 
billet fabricated by new SIMA 

characteristic which is high spheroidization is obtained in 
the semisolid microstructure. It is confirmed by the shape 
factor as shown in Fig. 5. The shape factor ranges from 
0.89 to 0.92, which is close to 1 (sphere shape). High- 
spherical grains can be found in the microstructure of 
semisolid billets fabricated by new SIMA. The last 
characteristic is that the microstructure is very uniform. 
The size difference in the microstructure is small. The 
fine, spherical and uniform microstructure will contribute 
to the enhanced mechanical properties of the thixoforged 
components. 
 
3.3 Mechanical properties of semisolid billets 

fabricated by new SIMA 
Figure 6 shows the macrograph and microstructure 

of the thixoforged component. As shown in Fig. 6(a), 
good surface quality was obtained in the thixoforged 
components. It confirms that complex shape of 
component can be successfully achieved by thixoforging 
technology. The microstructural specimen is cut from the 
sampling location B. As shown in Fig. 6(b), fine and 
homogeneous microstructure was found in the 
thixoforged component. The fine and uniform 
microstructure is beneficial to improve the mechanical 
properties of the thixoforged components [17]. 

Figure 7 shows the mechanical properties of the 
thixoforged components. The tensile specimen is cut 
from the sampling locations A and B. The average yield 
strength, ultimate tensile strength and elongation are 
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216.9 MPa, 312.4 MPa and 26%, respectively. The fine 
and uniform microstructure of AZ80 alloys semisolid 
billets leads to enhanced mechanical properties of the 
thixoforged components. It confirms that new SIMA is a 
very desirable fabricating method for AZ80 alloy 
semisolid billets. 
 

 
Fig. 6 Macrograph (a) and microstructure (b) of thixoforged 
component 
 

 
Fig. 7 Mechanical properties of thixoforged component 
 
4 Conclusions 
 

1) Highly strain-induced effect is successfully 
achieved by equal channel angular extrusion due to 
refined microstructure and enhanced mechanical 
properties. The microstructure of the ECAE-processed 
AZ80 alloy consists of fine equiaxed grains with average 

grain size of 12.5 μm. The yield strength, ultimate tensile 
strength and elongation of the ECAE-processed AZ80 
alloys are 217.7 MPa, 310.8 MPa and 22.9%, 
respectively. 

2) High-quality AZ80 semisolid billets can be 
fabricated by new SIMA. The average grain size of the 
high-quality semisolid billets varies in a range of from 
18.6 μm to 25.3 μm. High-spherical and uniform solid 
grains are obtained and the microstructure of AZ80 
alloys semisolid billets is prepared by new SIMA. 

3) The results of thixoforged experiment confirm 
that enhanced mechanical properties such as yield 
strength of 216.9 MPa, ultimate tensile strength of 312.4 
MPa and elongation of 26% are successfully achieved in 
the thixoforged components. It confirms that new SIMA 
is a very desirable method for fabricating AZ80 alloy 
semisolid billets. 
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摘  要：借助新应变诱导熔化激活方法制备 AZ80 合金半固态坯料。在新应变诱导熔化激活方法中，首先利用等

通道角挤压对铸态 AZ80 镁合金进行预变形，然后将预变形的 AZ80 镁合金进行半固态等温处理。结果表明：利

用等通道角挤压能够使 AZ80 合金获得很好的应变诱导效果。这是由于等通道角挤压能够使 AZ80 合金微观组织

细化，力学性能提高。新应变诱导熔化激活方法能够制备晶粒细小且球化程度高的半固态坯料。利用新应变诱导

熔化激活方法制备的半固态坯料触变锻造的零件具有高的力学性能，其屈服强度达到 216.9 MPa，抗拉强度达到

312.4 MPa，伸长率达到 26%。触变成形实验结果也证明，新应变诱导熔化激活方法是一种非常理想的 AZ80 半固

态坯料制备方法。 

关键词：AZ80 镁合金；半固态坯料；新应变诱导熔化激活法；触变锻造 
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