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Abstract. The hot compression deformation behavior of AE42 magnesium alloy was investigated at 

the temperature range from 250 to 450 ℃, the strain rate range from 0.001 to10 s
-1

 and the maximum 

reduction of 60 %. The relationships between flow stresses, deformation temperatures and strain rates 

of AE42 magnesium alloy were analyzed. The constitutive equation at elevated temperature was 

given. The results show that the flow stress decreases with the increasing of deformation temperature 

and the decreasing of strain rate, which can be described by a constitutive equation in hyperbolic sine 

law as  =A[sinh(ασ)]
n
exp(−Q/RT), and can also be described by Zener-Hollomon parameters, 

calculated A, α, n and Q are 4.64×10
12

 s
−1

, 0.0151 MPa
−1

, 7.34 and 173.29 kJ/mol, respectively. The 

dominated soften mechanisms of the AE42 magnesium alloy transform from dynamic recovery to 

dynamic recrystallization with increasing of the temperature and decreasing of the strain rate.  

Introduction  

Magnesium and its alloys have been attractive for components in various automobile and 

aerospace applications due to its light density, high specific strength [1]. The consumption of a large 

amount of magnesium alloys in the automobile industries is an effective strategy for improving fuel 

efficiency of vehicles [2]. In the passed two decades, AE magnesium alloys are developed by Dow 

Chemical Company of USA which contain the aluminum and rare earth elements [3], they have high 

tensile strength at both room temperature and elevated temperature, better creep resistance (more than 

200 ℃) than commercially available magnesium alloys (e.g. AZ91 alloy) and corrosion resistance. 

They have been used in gearbox [4-7]. However, the major limitation for the application of 

magnesium alloy is its poor formability at or near room temperature due to magnesium only has two 

independent basal slip systems. The ideal hot workability of the AE alloys is an important reason for 

the extensive application of the AE magnesium alloys. Therefore, Therefore, it is very important to 

understand magnesium alloys behavior at hot compression condition for the researchers of metal 

forming processes (hot extrusion, forging and rolling) which non-basal slip systems could be 

activated. 

Although a large amount of investigation invested into the hot compression behavior of 

magnesium alloys, there is little research focusing on the behavior of AE42 magnesium alloy. The 

aim of present work is to investigate the hot compression deformation behavior, analyze the flow 

stress behavior in terms of strain rate and deformation temperature sensitivities and calculate 

constitutive equation of AE42 magnesium alloys. 

Experimental procedures 

The composition of AE42 (wt%) is shown in Table.1. The ingots of the AE42 alloy were machined 

to cylindrical specimens with 10 mm in diameter and 15 mm in height. The specimens were 

homogenized for 12 h at a temperature of 400 ℃. Hot compression tests were performed on a 

Gleeble-3500 thermal simulation machine at temperatures of 250, 300, 350, 400 and 450 °C and the 

strain rates of 0.001, 0.01, 0.1,1 and 10 s
−1

, respectively. And the heating rate is5 °C/s. Before the 

compression tests, the specimens were held at testing temperature for 60 s to achieve uniform 

temperature throughout the specimens. It ensures the uniform temperature in the specimens  Graphite 
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lubricant was used to reduce friction between the die and specimen. The specimens were deformed up 

to a true stain of ~0.6, and quenched in water immediately after hot compression. 

The deformed OM samples were sectioned parallel to the compression axis along the direction of 

centerline and polished according to the standard metallographic specimen preparation procedure and 

as-cast OM samples is etched with 8% nitric acid-ethyl alcohol reagent. The microstructure of the 

alloy was observed by optical microscope (OM, LEICA DMI 3000M). 

Tab. 1 Chemical composition of AE42 Mg alloy (wt %) 

Element Al Si Ce La Mn Zn Mg 

Fraction 4.38 0.023 1.59 0.36 0.33 0.039 Bal 

Result and Discussion 

The OM Microstructures and True Stress-stain Curves 

The initial microstructures of as-cast and as-homogenized AE42 Mg alloys are shown in Fig.1. The 

as-cast alloy exhibited a typical cast microstructure. It is consist of α -Mg and Al11Re3 phases at the 

grain boundaries as shown in Fig.1 (a). It can be see that the second phase does not disappear but 

more homogenize after the homogenization heat treatment than that of as-cast state. 

 

Fig.1 Optical images of the microstructures of the AE42 magnesium alloy: (a) as-cast and (b) 

as-homogenized 

 

Fig.2 True stress-stain curves of AE42 magnesium alloy under different temperature and stain rate: 

(a)stain rate 0.01 s-1 and (b)temperature 450 ℃ 

Because true stress-strain curves at varied conditions have similar trend, therefore the true 

stress-strain curves at the temperature of 450 ℃and at stain rates of 0.01 s
-1

 was chosen to discuss the 

phenomena and forming mechanisms of the AE42 in these curves as shown in Fig.2. The flow stress 
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increases sharply with increasing strain in the initial stage of the deformation process due to working 

hardening caused by dislocation pile-up, reduplication, and tangle [8], until it reaches a peak stress 

where dynamic softening occurs caused by the dislocation rearrangement and the counteraction of 

dislocations [9], and the flow stress tends to become steady owing to the dynamic balance between 

working hardening and softening. The softening is attributed to the dynamic recovery (DRV) and the 

dynamic recrystallization (DRX) [10]. The flow curves exhibit typical flow behavior with the 

interaction of working hardening and dynamic softening. The effects of temperature and stain rate on 

flow stress are dominant parameters for all experimental conditions. The flow stress decreases with 

temperature increasing and stain rate decreasing. The rates of hardening and softening with stain vary 

according to deformation temperature and stain rate. The effect of work hardening is more noticeable 

at low temperature and/or high stain rate [11]. On the other hand, a dynamic equilibrium between 

hardening and softening occurs at very initial stage of deformation at high temperature and/or low 

stain rate [12]. 

Constitutive Equation of Flow Stress  

The power law (Eq.1), the exponential law (Eq.2), and the hyperbolic sine law (Eq.3) have been 

applied for description of the relationship between the strain rate and flow stress [13] in this paper. It 

is found that the relationship between stress and stain rate in low stress level can be described as 

follows [14]: 

)exp(
''

RT

Q
A

n
 

                                                                      (1) 

Where A' and n' are the material constants;  is the stain rate; σ is the flow stress; R is the mole gas 

constant with the value of 8.314 J/(K·mol-1); T is the temperature; Q is the deformation activity 

energy which is the critical parameter and reflects the difficult degree of hot deformation process. In 

the high stress level, the constitutive law can be expressed as in [15]: 

)exp()exp(
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Q
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                                                                      (2) 

Where A" and β are also the material constants. 

The Arrhenius relationship [16] is suitable for over a wide range of temperature and strain rate. 
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                                                           (3) 

Where the stain stress exponent n can be expressed by the stain rate sensitivity m (n=1/m); and 

n=β/α. 

To simplify the equations, get the natural logarithms of both sides for Eq.1-3. Then we have: 
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Based on Eq. 4 and Eq. 5, ln  vs. lnσ and ln  vs. σ curves were plotted in Fig. 3 and Fig. 4, and the 

slope of curves were used for obtaining the values of n' and β, respectively. The values of n' and β can 
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be obtained for different deformation temperatures by liner fitting method, and the mean values of n' 

and β can be calculated as 11.4325 MPa
− 1

 and 0.1727 MPa
− 1

, respectively. 

  

Fig. 3 Relationship between lnσ- ln               Fig. 4 Relationship between σ- ln  

The hot compression activation energy Q serving as indicator of deformation difficulty degree in 

plasticity deformation and can be calculated by the following equation [17]: 
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                                                      (7) 

From Eq. 6 and 7, the slopes of ln  vs. ln[sinh(ασ)] curves can be used for obtaining the value of n 

shown in Fig. 5, and the slopes of sinh(ln(ασ)) vs. 1000/T is shown in Fig. 6. The calculated mean 

stress exponent n=7.6782. The mean of the slopes in Fig. 6 was also calculated and it is 2.7145. 

        By substituting the mean values into Eq. 7, the Q value can be calculated, and it is 173.2914 

kJ/mol which higher than that of lattice self-diffusion in magnesium alloys [15]. 

     

Fig. 5 Relationship between lnsinh(ln(ασ))- ln   Fig. 6 Relationship between ln(sinh(ασ))-1000/T 

Zener and Hollomon found that Z parameter is depended on deformation temperature and the stain 

rate[18], They proposed that a materials flow stress could be described as a function of stain, stain 

rate, and temperature. The constitutive law can be expressed by a Zener-Hollomon parameter Z[19, 

20].  
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                                        (8) 

By logarithmic transformation of Eq. 8, the following expression is obtained: 
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))nln(sinh( α+lnA=ln σZ                                                                                         (9) 

The relationship between lnZ and ln[sinh(ασ)] can be plotted as shown in Fig. 7. The values of A 

and n can be easily calculated as 4.64×10
12

 and 7.336 from the data of Fig. 7, respectively. And the 

correlation coefficient is 0.96. Then the Z-parameter constitution equation for AE42 alloy can be 

described as: 

))nh(α7.336ln(si+29.0158=ln Z                                                              (10) 

 

Fig. 7 plot of lnZ-ln(sinh(ασ)) 

The α is calculated using n'=11.4325 MPa
−1

 and β= 0.1727 MPa
−1

 as above mentioned, thus α 

=β/n'=0.0151. Finally, substituting the values of α, n, A and Q into Eq. 3, the hyperbolic sine 

constitutive equation for AE42 magnesium alloy during high temperature compression is: 

 
)

173291
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                                            (11) 

To verify the three constitutive equations whether suitable for AE42 magnesium alloy or not, a 

comparison between the measured and predicted stress for three constitutive equations are carried out 

as shown in Fig. 8. It can be seen that the hyperbolic sine law constitutive equation is more suitable 

for AE42 magnesium because the predicted values and the measured values agree with very well. The 

correlation coefficients of the power law, the exponent law and the hyperbolic sine law constitutive 

equation are 0.87, 0.98, and 1, respectively. The results indicate that the proposed the hyperbolic sine 

law constitutive equation can be applied allover stress range for the AE42 magnesium alloy tested in 

this paper. 

Summary 

The hot compression behavior of AE42 magnesium alloy was investigated by mean of isothermal 

compression in the temperature range of 250-450 °C and strain rate range of 0.001-10 s−1. The 

following conclusions have been drawn: 

The flow stress-stain curves exhibit a peak stress in the initial stage of the deformation due to working 

hardening, and then stress reaches a steady stage due to equilibrium of working hardening and 

dynamic softening. The deformation temperature and stain rate affect the flow stress significantly. 

The flow stress increases with the strain rate increasing and/or the deformation temperature 

decreasing. 

It is found that hyperbolic sine law is more suitable for AE42 magnesium alloy. The calculated stress 

exponent and activation energy are 7.34 and 173.29 kJ/mol, respectively. The activation energy of 

AE42 is slightly higher than that of lattice self-diffusion of pure magnesium. The constitutive 

equation for AE42 is: 
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Fig. 8 comparison between predicted and measured σ values:(a)the power law (b)the exponent law, (c) 

the hyperbolic sine law 
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