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Abstract: The hot deformation behavior of extruded AZ80 magnesium alloy was studied through hot compression tests performed at
temperatures ranging from 250 to 450 °C with strain rates varying from 0.001 to 10 s '. The flow stress was corrected due to the
deformation heating. The Zener—Hollomon parameter (Z parameter) and processing map were established to describe the hot
deformation behavior. The results indicate that the applicable deformation should be conducted at the strain rate of 0.1 s ' and the
temperature range of 350—400 °C. Besides, the relationship between the microstructure evolution and Z parameter was also
discussed. High temperature and low strain rate result in a low Z parameter, which leads to full dynamic recrystallization (DRX) and
large DRX grain size in the microstructure. Considering processing map and microstructure, the hot deformation should be carried

out at the temperature of 400 °C and the strain rate of 0.1 5.

Key words: AZ80 magnesium alloys; hot deformation; processing map; Z parameter

1 Introduction

Due to the advantages such as high strength and low
price, AZ80 magnesium alloy becomes a commercial
alloy and therefore great attention is paid to it by many
researchers and scientists [1-3]. However, it exhibits
poor workability at room temperature because of the
hexagonal  close-packed  crystal  structure [4].
Consequently, hot deformation process which can
activate non-basal slips is applied to it [5]. A number of
studies have been carried out on the hot workability of
Mg—Al-Zn alloys [6—9]. Researchers investigated the
effect of initial grain size on dynamic recrystallization
(DRX) [10] and study shows that initial grain size has
little influence. However, Z parameter has great impact
on DRX grains. Z parameter is related to mechanisms of
DRX, grain boundary strengthening and twinning and
causes different DRX grain sizes. There are also some
other related research hotspots. For example, LOU et al
[11] reported the extensive cross slips near grain
boundaries and abundant twins at the early stages of
plastic flow in AZ80 magnesium alloy during DRX.

Many studies were carried on as-cast Mg—Al-Zn

magnesium alloys. But deformation of some machine
components made of AZ80 magnesium alloy will usually
be conducted by die forging. In order to improve the
workability of die forging, blanks need to be
pre-deformed through extrusion and open die forging. In
this study, extruded AZ80 magnesium alloy is used in the
compression experiments so that it accords with the die
forging process. The aim of this study is to establish Z
parameter and processing map of extruded AZ80
magnesium alloy and observe the microstructure under
different deformation conditions, therefore the hot
deformation condition for extruded AZ80 magnesium
alloy can be determined.

2 Experimental

The initial material was the extruded AZ80
magnesium rod with a diameter of 110 mm. The initial
microstructure is shown in Fig. 1. Obviously, full
recrystallization occurred and the average grain size was
about 20 pum. Cylindrical specimens were machined
along the extrusion direction from the extruded rod to a
height of 12 mm and a diameter of 8 mm. The hot
compression tests were conducted on a Gleeble—1500
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magnesium alloy

thermo-mechanical simulator. Specimens were heated to
a pre-set temperature within 60 s, held for 3 min and then
compressed to a total true strain of 0.7 at temperatures
ranging from 250 to 450 °C and strain rates from 0.001
to 10 s'. The graphite lubricant was applied to
specimens and platens. The microstructure was observed
in the longitudinal section of compressed specimen using
an optic microscope (OM) and transmission electron
microscope (TEM). The specimens for OM were
grounded, polished and etched in an acetic picral solution
containing picric acid. The specimens for TEM were
ground, twin-jet electropolished and observed using
TecnaiG*20 and JEM—2100F TEM.

3 Results

3.1 True stress—strain curves

Deformation heating results in a higher temperature
than the pre-set one, which leads to a lower flow stress
than the actual stress under isothermal conditions.
Therefore, it is necessary for experimental data to be
corrected. The temperature increase is calculated as
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where 7 is the adiabatic correction factor, [ode is the
mechanical work, p is the density, c, is the specific heat
capacity, and pc, is the heat capacity or volume specific
heat capacity. The adiabatic correction is the same as the
report by LIANG et al [12].

Taking deformation heating into consideration, the
true stress—strain curves under different conditions are
shown in Fig. 2. The full lines represent the uncorrected
curves and the dotted lines represent the corrected
curves. The stress—strain curves show a typical flow
behavior of DRX. The occurrence of DRX is recognized
by the peak due to the dynamic softening effect [13,14].
At lower strain rates of 0.001 and 0.01 s ', the stress
undergoes a peak stress and decreases gradually. Since
time is limited for recrystallization nucleation and grain

growth, the stress peak is less obvious at a higher strain
rate. Besides, an increase in strain rate or a decrease in
temperature causes an increment in peak strain, while a
decrease in temperature or an increase in strain rate leads
to an increase in peak stress. Apparently, the flow stress
is sensitive to strain rate and temperature.

3.2 Z parameter
Z parameter correlates flow stress, strain rate and
temperature and can be calculated as [15]

0 Ao, ao <0.8
Z = éexp[ﬁ} = f(o)=14,exp(fo), ao =21.2 (2)
A[sinh(ao)]", forallo

where & is the strain rate, o is the peak stress, n is the
stress exponent, Q is the activation energy, R is the gas
mole constant, 7 is the thermodynamic temperature,
a(=p/n’) is the stress multiplier, and A4;, A5, 4, n' and £ are
the material parameters. The power law description is
suitable for creep with low stress. The exponential law is
perfect at high strain rates and low temperatures. In a
wide range of stress, the hyperbolic sine law is the proper
equation. Taking natural logarithms of equation (2), the
following expressions can be derived:

In Z=In A+nIn[sinh(ao)] 3

By calculation, the values of a, n and 4 are 0.008,
5.324 and 22.360, respectively. By substituting all the
parameters, In Z can be obtained as

In Z=22.360+5.3241n[sinh(0.008)] 4)

InZ is linear with respect to In[sinh(ao)], as shown
in Fig. 3.

3.3 Processing map

Based on the dynamic materials model, processing
maps contribute to evaluating the microstructure of
material with different processing parameters [16].
Processing maps consist of power dissipation efficiency
map and instability map. The efficiency of power
dissipation (#') is defined as [17]

,  2m

n=—-: (5
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Strain rate sensitivity (m) is defined as
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where G is the power dissipated in plastic work (most
converted to heat) and J is the dissipater power
co-content related to metallurgical mechanism.

Generally, the relationship between stress ¢ and strain
rate £ can be described as
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Fig. 3 Plot of In Z against In[sinh(ao)]
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Fig. 2 True stress—strain curves of AZ80
magnesium different
temperatures at strain rates of 0.001 s ' (a),

0.01s'(b),0.15"(c), 15" (d)and 105" (e)

alloy under

Ino =a+blné+c(né)® +d(Iné) (7)

In the power dissipation efficiency map, different
domains represent different mechanisms, such as
dynamic recovery, DRX, void formation, wedge
cracking and intercrystalline cracking. As for the
instability map, the dimensionless parameter ¢ is derived
by instability criterion and defined as [18]

Gln( ’:’_J
gZL

Olné

+m<0 (8)

In regions with negative £, flow instabilities such as
adiabatic shear bands and flow localizations occur.



Hui-zhong LI, et al/Trans. Nonferrous Met. Soc. China 23(2013) 3180-3185

The processing maps of as-extruded AZ80
magnesium alloy obtained at strains of 0.1, 0.3, 0.5 and
0.7 are presented in Figs. 4(a)—(d), respectively. The
efficiency of power dissipation is presented by the
counter number and the shaded regions indicate the flow
instability. Obviously, processing map is significantly
influenced by strain. Different strains lead to different
domains of flow instability. At the strain of 0.1, flow
instability occurs at temperature below 350 °C. As strain
reaches 0.3—0.5, the flow instability occurs at high strain
rates. As strain reaches 0.7, flow instability also occurs at
temperatures higher than 375 °C, mainly at both high
strain rates and low strain rates. The power dissipation
efficiency generally decreases with increasing strain,
especially at high strain rates. Besides, power dissipation
efficiency varies dramatically with strain rate at lower
temperatures but changes slightly at high temperatures.
The peak power dissipation efficiency is almost equal to
0.45 at 300 °C and strain rate of 0.001 s ' at different
strains.

Considering both the power dissipation efficiency
and stability, thermal deformation of AZ80 alloy should
be conducted at the temperatures of 350—400 °C with the

strain rate of 0.1 s .
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3.4 Microstructure evolution

Figure 5 shows the microstructure of extruded AZ80
magnesium alloy after hot compression under different
deformation conditions. The volume fraction and grain
size of DRX are significantly affected by the deformation
temperature and strain rate, which directly determines
the Z value according to Eq. (2). At high temperatures
and low strain rates, the value of Z is relatively low while
Z value is higher at low temperatures and high strain
rates. Figures 5(a)—(e) indicate the microstructure
evolution of extruded AZ80 magnesium alloy at the

strain rate of 0.1 s

at different temperatures. At a
certain strain rate, an increase in temperature contributes
to decreasing Z value, and a more adequate proceeding
of DRX and a larger volume fraction of DRX grain can
be observed. Figures 5(¢) and (f) show the microstructure
evolution at the temperature of 450 °C with the strain
rates of 0.1 s and 0.01 s ', respectively. Obviously, a
lower strain rate results in a lower Z value, which leads
to more completed DRX and a larger grain size. At 400
°C and 0.1 s, complete DRX can be observed, which is
supposed to be the best deformation condition. At 450 °C
and 0.01 s', Z value is very low, the DRX grains coarsen
significantly and the grain size is generally very large.
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Fig. 4 Processing maps at strains of 0.1 (a), 0.3 (b), 0.5 (c) and 0.7 (d)
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Fig. 5 Optical microstructures of extruded AZ80 Mg alloy under different deformation conditions: (a) 250 °C, 0.1 s'; (b) 300 °C,
0.1s57";(c)350°C, 0.1 s"; (d) 400 °C, 0.1s"; (¢) 450 °C, 0.1 s"; (f) 450 °C, 0.01 "

Fig. 6 TEM images of extruded AZ80 magnesium alloy compressed at 300 °C and 0.001 s ': (a) Dislocations around twin;

(b) Dislocations around boundary; (c) Sub-grain around twin

Figure 6 shows the TEM images of extruded AZ80
magnesium alloy. In Figs. 6(a) and (b), dislocations
around twin and grain boundary can be both observed. In
Fig. 6(c), sub-grains are formed around twin.
CHANGIZIAN et al [19] reported that the initial grains
can be divided by twins and denser dislocation tangles

around twins can provide favorable sites to form
sub-grains with low-angle grain boundaries, which will
grow into new DRX grains with large-angle grain
boundaries. The observation indicates the mechanism of
twin dynamic recrystallization in magnesium alloys and
accords with the previous report [19].
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4 Conclusions

1) The Z parameter for extruded AZ80
magnesium alloy can be expressed as InZ = 22.360 +
5.3241n[sinh(0.0080)].

2) Efficiency of power dissipation stays relatively
gently at high temperatures. The instability usually
occurs at temperature lower than 350 °C. The hot
deformation conditions for extruded AZ80 magnesium
alloy are the temperature of 400 °C and the strain rate of
0.1s™".
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