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Abstract: Forward extrusion experiments of as-cast AZ31 magnesium alloy were conducted at different temperatures and different 
extrusion ratios using the as-cast billets with and without homogenizing treatment. The mechanical properties of pre- and 
post-extrusion of the two kinds of billets were investigated. Experimental results show that the mechanical properties of 
post-extrusion of the two kinds of billets all are obviously improved compared with those of pre-extrusion. The elongation of 
post-extrusion using the billet with homogenizing is higher than that without homogenizing, but the tensile strength is lower than that 
without homogenizing. When the extrusion ratio increases, the elongation and tensile strength of post-extrusion of two kinds of 
billets all will increase obviously. When the extrusion temperature of billet without homogenizing increases, the tensile strength of 
post-extrusion will decrease obviously and the elongation of post-extrusion will change to a small extent. For the billet with 
homogenizing, the tensile strength of post-extrusion will decrease in some sort when extrusion temperature increases. 
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1 Introduction 
 

Magnesium alloys have the merits of light weight, 
high specific strength and shock resistance, strong 
thermo-conductivity and electromagnetic shielding, 
being easy to recycle, and have been regarded as “the 
green material” with the greatest application potential in 
the 21st century[1−3]. In aerospace, electronics fields 
and particularly in automobile industry, magnesium 
alloys have found their wide usage. 

Today, magnesium parts are commonly made by 
casting processes. But the mechanical properties of these 
parts are not sufficient for the use in safety relevant 
applications. Plastic deformation can obviously improve 
the mechanical properties of magnesium compared with 
casting[4−9]. However, magnesium alloys exhibit poor 
ductility at room temperature because of limited 
availability of slip systems in hexagonal crystal structure, 
and plastic deformation is difficult to them, which 
restricts the application of magnesium alloys[10−12]. 

Therefore, research of plastic deformation on magnesium 
has great significance for the wider use of magnesium 
alloy products. 

Plastic deformation for casting blank to fabricate 
components is an advanced technology. The feature of 
this technology synthesizes the advantages of casting and 
plastic deformation together, which can achieve the dual 
goal of forming and improving the properties at the same 
time[13−16]. In this work, the influence of 
homogenizing on mechanical properties of post- 
extrusion of as-cast AZ31 magnesium alloy is studied, 
which can provide an experimental basis for the ulterior 
developing of the plastic forming technology of as-cast 
magnesium. 
 
2 Experimental 
 

In this work, casting rods of AZ31B magnesium 
alloy were used as the experimental materials and the 
chemical compositions are shown in Table 1. In order to 
study the effect of homogenizing of billet before 
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extrusion on mechanical properties of post-extrusion, the 
casting rods were divided into two groups. A group was 
directly machined into the billets for extrusion and no 
heat treatment was done. The another group was firstly 
treated by homogenizing, which was heated to 400 ℃ 
and held at this temperature for 16 h, then was machined 
into the billets for extrusion. The diameters of machined 
billet for extrusion were 67, 89 and 106 mm, respectively, 
and forward extrusion was conducted at 250, 300, 350, 
400 and 450 ℃. The extruded workpiece had a diameter 
of 15 mm. Thus, the extrusion ratios (λ) was 20, 35 and 
50 for the billets of three different diameters. The 
experimental setup is shown in Fig.1. The punch and 
female die of the experimental setup can be changed 
according to the diameter of billet. In experiment, the 
experimental setup was heated to the same temperature 
as the extrusion temperature of billets. Forward extrusion 
was conducted in YA32−630 hydraulic press and the 
speed of slide block was 8 mm/s. The extruded 
workpiece was cooled in air to room temperature after 
extrusion. The homogenized and non-homogenized 
casting rod and extruded workpiece were machined into 
tension test pieces of 10 mm in diameter and tensile test 
was conducted in WDW-E100D electronic universal 
testing machine. The microstructure of homogenized 
casting rod and extruded workpiece were measured by 
NEOPHOT21 optical microscope. 
 
Table 1 Composition of AZ31 magnesium alloy (mass fraction, 
%) 

Al Zn Mn Si 

3.12 0.94 0.26 0.020 1 

Fe Cu Ni Mg 

0.003 3 0.001 8 0.000 8 Bal. 

 

 

Fig.1 Schematic diagram of extrusion: 1—Upper shoe; 2—
Punch holder; 3—Punch; 4—Female die; 5—Die holder; 6— 
Insert ring; 7—Ejector; 8—Lower die shoe 

 
3 Results and discussion 
 
3.1 Influence of homogenizing on initial billet 

Table 2 shows the mechanical properties of casting 
rods before and after homogenizing. It can be seen from 
Table 2, tensile strength decreases and plasticity 
obviously increases for as-cast AZ31 magnesium alloy 
after homogenizing treatment. Fig.2 shows the 
microstructures of as-cast AZ31 magnesium alloys 
before and after homogenizing. It can be seen from Fig.2, 
the average grain size is about 50 µm for the as-cast 
AZ31 magnesium alloy before homogenizing. There is 
coarse phase at the border of grain and there is also a 
small quantity of second-phase Mg17Al12 between grain 
boundary and dendritic crystal. After homogenizing 
treatment, the grain size increases slightly. The quantity 
of dendritic crystal decreases obviously and it is nearly 
disappeared. There is still a small quantity of 
second-phase Mg17Al12 between grain boundary and 
dendritic crystal. The second-phase Mg17Al12 has turned  
 
Table 2 Mechanical properties of casting rods before and after 
homogenizing 

State σb/MPa δ/％ 

Pre-homogenizing 250 6.56 

Post-homogenizing 193 13.00 

 

 
Fig.2 Microstructures of as-cast AZ31 magnesium alloys 
before (a) and after (b) homogenizing 
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into small grain from the shape of coarse skeleton, and it 
is evenly distributed in the α-Mg matrix. The distribution 
of ingredient of matrix is more even than pre- 
homogenizing. This shows that, because of the 
dissolution of non-equilibrium phase, the collection of 
residual phase and the spheroidization after the 
homogenizing treatment, which meliorate the 
inhomogeneity of chemical composition and 
microstructure and eliminate the coring segregation and 
internal stress, so the plasticity at room temperature and 
processing property of cold and hot deformation are 
improved. Consequently, homogenizing treatment can 
decrease the possibility of crack when as-cast 
magnesium is processed by plastic deformation. The 
erosion resistance can be improved with the elimination 
of inhomogeneity of chemical composition of cast ingot. 
 
3.2 Influence of extrusion temperature on extruded 

workpiece 
Fig.3 shows curves of tensile strength of 

as-extruded AZ31 by the billets with homogenizing and 
without homogenizing when extrusion temperature is 
different. It can be seen from Fig.3, when the extrusion 
temperature increases, the tensile strength of as-extruded 
AZ31 will fall at first, then rise, and fall again, and it has 
peaks respectively at 250  and 350℃  . ℃ On the whole, 
the tensile strength of as-extruded AZ31 will fall when 
the extrusion temperature increases. When extrusion 
ratio is 20, extrusion temperature is 250 ℃ and the 
billet is not treated by homogenizing, the as-extruded 
AZ31 has the highest tensile strength and the value is 
370 MPa. When the billet is not treated by homogenizing, 
the tensile strength of as-extruded AZ31 will obviously 
decrease with increasing extrusion temperature. When 
the billet is treated by homogenizing, the tensile strength 
of as-extruded AZ31 will decrease in some sort with 
increasing extrusion temperature. 
 

 
Fig.3 Tensile strength of as-extruded AZ31 vs extrusion 
temperature 

Fig.4 shows curves of elongation of as-extruded 
AZ31 by the billets with and without homogenizing 
when extrusion temperature is different. It can be seen 
from Fig.4, the elongation of as-extruded AZ31 by the 
billet without homogenizing changes in a small range 
and it is not regular. However, the elongation of 
as-extruded AZ31 by the billet with homogenizing is 
higher than that without homogenizing. But it has 
downtrend when extrusion temperature increases. Grain 
growth is the reason causing this phenomenon. It also 
can be seen from Fig.4, when extrusion ratio is 35 and 
extrusion temperature is 250 ℃ , the elongation of 
as-extruded AZ31 by the billet with homogenizing comes 
up to 25%. This shows that, at the combined role of low 
extrusion temperature and large extrusion ratio, the 
toughness of magnesium can be effectively improved. 
 
3.3 Influence of extrusion ratio on extruded work- 

piece 
Fig.5 shows the mechanical properties of 

as-extruded AZ31 by homogenized billets at extrusion 
 

 
Fig.4 Elongation of as-extruded AZ31 vs extrusion temperature 
 

 

Fig.5 Mechanical properties of as-extruded AZ31 by 
homogenized billets at extrusion temperature of 350 ℃ 
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temperature of 350  ℃ with different extrusion ratios. It 
can be seen from Fig.5, when extrusion ratio increases, 
the elongation and tensile strength of as-extruded AZ31 
by the billet with homogenizing will obviously increase. 
It can be seen from Figs.3−5, when extrusion ratio 
increases, both the tensile strength and elongation of 
post-extrusion will obviously increase no matter the 
billet has been treated by homogenizing or not. 

Fig.6 shows the microstructures of as-extruded 
AZ31 by homogenized billets at extrusion temperature of 
350  ℃ with different extrusion ratios. It can be seen 
from Fig.6, when the extrusion ratio is 20, grains are 
relatively coarse and the average grain size is 4 µm; 
when the ratio is 35, grains are refined, but part of them 
are not refined, thus the grains are uneven; when the ratio 
is 50, grains are more refined, and moreover, the 
distribution of grains is uniform. This shows that the fine 
grain can improve the tensile strength and the elongation 
at the same time. Therefore, the effective method 
improving the mechanical properties of AZ31 magnesium 
  

 
Fig.6 Microstructures of as-extruded AZ31 by homogenized 
billets at extrusion temperature of 350 ℃ with extrusion ratio 
of 20 (a), 35 (b) and 50 (c) 

alloy is increasing the extrusion ratio. In other words, 
increasing the plastic deformation extent can effectively 
improve the the mechanical properties of AZ31 
magnesium alloy. 
 
4 Conclusions 
 

1) Elongation will increase and tensile strength will 
decrease when the as-cast AZ31magnesium alloy is 
treated by homogenizing. 

2) No matter the billets have been treated by 
homogenizing or not, the mechanical properties of 
post-extrusion are obviously improved by comparing 
with pre-extrusion. 

3) The elongation of post-extrusion by the billet 
with homogenizing is higher than that without 
homogenizing, but the tensile strength is lower than that 
without homogenizing. 

4) When extrusion ratio increases, both the tensile 
strength and elongation of post-extrusion will obviously 
increase no matter the billet has been treated by 
homogenizing or not. 

5) When extrusion temperature of billet without 
homogenizing increases, the tensile strength of 
post-extrusion will decrease obviously and the 
elongation of post-extrusion will change to a small 
extent. 

6) For the billet with homogenizing, the tensile 
strength of post-extrusion will decrease in some sort 
when the extrusion temperature increases. The 
elongation of post-extrusion will decrease obviously 
when the extrusion temperature is higher than 350 ℃. 
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