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The effect of initial grain size on dynamically recrystallized grain size (DRX grain size) is examined in AZ31 magnesium alloy with four
kinds of initial grain sizes. When the average grain size after the high-temperature compression test is plotted against Zenner-Hollomon
parameter (Z-parameter), initial grain size dependence on DRX grain size appears only in the specimen with large initial grain size in the low Z

region, but not in the specimen with small grain size or in high Z region. When the grain size measured only in recrystallized region is plotted
against Z-parameter, initial grain size dependence on DRX grain size does not appear. From these results, it is concluded that there is no initial
grain size dependence on DRX grain size when the DRX proceeds to some degree, because the DRX grain size becomes constant for a given Z-
value. The initial grain size dependence on DRX grain size observed in the low Z region would be related to the rotation of basal plane
perpendicular to the compression axis during deformation before the DRX grains have been developed sufficiently.
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1. Introduction

Recently, there has been a significant increase in the use of
magnesium alloys as a structural material because of the
lightness of magnesium. Especially, the use of magnesium
alloys is increasing in many components of mobile electronic
appliances such as cellular phones and notebook computers.
This is not only due to the low density of magnesium but also
its high modulus, heat dissipation, electromagnetic shielding,
and ‘‘metallic feel’’ such as luster that gives a sense of
quality.1) Die casting and injection molding are the main
method of manufacturing such components,2) however,
plastic forming technologies such as hot drawing and hot
forging with high productivity have been developed to form
thinner walls of the components without defects.3,4) In the
drawing process, it has been clearly demonstrated that the
critical strain rate increase with the refinement of grain size in
AZ31 magnesium alloy at 523K.5) Thus, grain size refine-
ment of magnesium alloys is essential not only for the
development of superior mechanical properties at room
temperature such as higher strength, toughness6,7) and
ductility,8) but also for the higher productivity.

In general, dynamic restoration behavior is dependent on
the stacking fault energy (SFE) and lattice diffusivity.9,10)

Recent studies have found that the stacking fault energy
(SFE) of magnesium alloys is smaller than that of a typical
light metal, i.e. aluminum.11–14) This suggests that grain
refinement by dynamic recrystallization (DRX) readily
occurs in magnesium, and thus, hot deformation accompa-
nied by DRX should be a promising method for refining
microstructures. To date, the grain refinement due to DRX
during hot deformation has been demonstrated in conven-
tional Mg-Al-Zn alloys.15–28) It has been reported that
dynamically recrystallized grain size (DRX grain size)
decreases with an increase of Zener-Hollomon parameter
(Z-parameter)29) in several magnesium alloys.19,24,27,30,31)

Watanabe et al. have reported that there is initial grain sizes

dependence on DRX grain size in AZ61 magnesium alloy.19)

However, there have little reports on such initial grain sizes
dependence on DRX grain size in other magnesium alloys. In
the present study, DRX behavior in AZ31 magnesium alloy
with different grain size was examined in order to investigate
the initial grain size dependence on DRX grain size.

2. Experimental Procedure

The material used in this study was a commercial AZ31
magnesium alloy. Four kinds of specimens with different
grain size were prepared by annealing after extrusion. The
initial grain size of each specimen was 7, 20, 38, 60 mm,
respectively. The microstructure of the specimens is shown in
Fig. 1. The grains were almost equiaxed in all the materials
examined. Although the grain size distribution may be
different in each specimen in Fig. 1, the analysis is conducted
assuming that DRX occurs similarly in all the grains in this
study. Compression test samples with diameter of 6mm and
height of 8mm were prepared such that the compression
direction coincidence with the extruded direction. Uniaxial
compression tests were conducted at a temperature range
between 473 and 573K, and at a strain rate range of 3� 10�4

to 3� 10�2 s�1. Deformation was carried out to the true
strain of 1.0. The samples were quenched within 5 s after
testing so as to retain the microstructure. The metallographic
analysis was carried out by optical microscopy (OM) and
orientation imaging microscopy (OIM). The grain size, d,
was measured by the linear intercept method (d ¼ 1:74l; l is
the linear intercept size) from the OM images. The average
grain sizes, dav, is estimated from whole area of the image.
In the estimation, grain size distribution is not considers.
The DRX grain size, drec, is estimated only from the region
of dynamically developed grains.

3. Results and Discussion

Figure 2 shows the optical microstructure of specimens
deformed to " ¼ 1:0 in AZ31 alloys: (1) initial grain size*Graduate Student, Osaka Prefecture University

Materials Transactions, Vol. 49, No. 9 (2008) pp. 1979 to 1982
#2008 The Japan Institute of Metals

http://dx.doi.org/10.2320/matertrans.MAW200829


50µm

(c)

50µm

(d)

(b)

20µm

(a)

10µm

Fig. 1 Typical microstructure of undeformed specimens of AZ31 alloy with initial grain sizes of (a) 7 mm, (b) 20mm, (c) 38 mm and

(d) 60 mm.
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Fig. 2 Optical microstructure of specimens deformed to " ¼ 1:0 in AZ31 alloys: (a) initial grain size of 20 mm and deformed at 523K and

at a strain rate of 3� 10�2 s�1, (b) initial grain size of 20mm and deformed at 573K and 3� 10�4 s�1, (c) initial grain size of 38mm and

deformed at 523K and 3� 10�2 s�1 and (d) initial grain size of 38 mm and deformed at 573K and 3� 10�4 s�1.
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of 20 mm and deformed at 523K and at a strain rate of
3� 10�2 s�1, (2) initial grain size of 20 mm and deformed
at 573K and 3� 10�4 s�1, (3) initial grain size of 38 mm
and deformed at 523K and 3� 10�2 s�1 and (4) initial grain
size of 38 mm and deformed at 573K and 3� 10�4 s�1,
respectively. DRX occurred in all the conditions examined
and the average grain size (dav) was estimated to be
4.8, 11, 5.4 and 29 mm, respectively. In Fig. 2(a) and (c),
non-recrystallized region was partially observed in both
conditions but the dav was almost the same in the two
conditions. In contrast, the grains were almost equiaxed in
Fig. 2(b) and (d) but the dav was much different in the
two conditions.

Figure 3 shows the relationship between dav and Z-
parameter (¼ _"" expðQ=RTÞ) in all the specimens examined,
where Q is taken to be the activation energy for the lattice
diffusion of magnesium, 135 kJ/mol.32) The data reported by
Watanabe et al.19) are also plotted in the figure. The dav
decreases as the Z-value increases. The relationship between
Z and the DRX grain size, d, may be given by

Zdm ¼ A ð1Þ

where m is the grain size exponent and A is a constant. The
relationship varies depending on the Z-value and the initial
grain size. In the low Z region, the dav is highly dependent
on initial grain size, i.e., the dav is larger when the initial
grain size is large. When the initial grain size is large, the m
value is estimated to be about 3, which is in good agreement
with the value reported in some previous works.19,24,27,31)

However, the m value increases with decreasing initial grain
size to be about 8. In the high Z region, there is no initial
grain size dependence on dav, and the m value is also about
8. This value is close to the m value of 6 reported recently in
hot compression tests in AZ31 alloy with an initial grain
size of 35 mm.28)

Figure 4 shows the relationship between the grain size
measured in recrystallized region (drec) and Z-parameter in
AZ31 alloy. The result exhibits approximately single straight
line, and no initial grain size dependence on drec is found.
The m value is estimated to be about 6, which is in good
agreement with the m value obtained in the high Z region in
Fig. 3. This value is also in good agreement with the m

value obtained in the extruded AZ31 alloy with initial grain
size of 80 mm extruded at 513 and 613K and at a strain rate
of 0.1 s�1 to a strain of 3.7 in our previous result.33)

From the results shown in Figs. 3 and 4, DXR seems to
proceed to some degree where the DRX grain size become
constant in high Z region or in the specimen with small
grain size even in low Z region. In contrast, DRX grain
seems not to be developed sufficiently in the specimen with
large grain sizes in low Z region even at the strain of 1.0.
This trend is in good agreement with the previous result
that the AZ31 alloy with larger grain size need more strain
for the fraction of recrystallized region to be saturated.21)

This result would be related to the rotation of basal plane
of magnesium perpendicular to the compression axis during
deformation, because kink band by which new grains are
evolved are formed roughly perpendicular to the basal
plane.21)

Figure 5 shows a typical OIM map and an inverse pole
figure from the direction of the compression axis of AZ31
alloy with initial grain size of 60 mm deformed at 523K and
at a strain rate of 3� 10�4 s�1 to the strain of 1.0. It is
clearly shown that the [0001] direction is highly oriented
parallel to the compression axis. Similar results are obtained
in all the specimens examined that the [0001] direction is
highly oriented parallel to the compression axis at the strain
of 1.0.

From these results, it is shown that there is no initial grain
size dependence on DRX grain size when the DXR proceeds
to some degree, because the DRX grain size becomes
constant for a given Z-value. In such a case, the grain size
exponent, m, in eq. (1) is about 6 independent on the initial
grain size. The initial grain size dependence on DRX grain
size observed in the low Z region would be related to the
result that the rotation of basal plane perpendicular to the
compression axis occurs during deformation before the
DRX grains have been developed sufficiently in the specimen
with large grain sizes even at the large strain of 1.0, and that
the larger grain size remains in comparison with almost
constant grain size of drec. Detailed analysis on the change
in orientation distribution and the volume fraction and size
of drec with strain will be conducted to understand the
mechanism in future works.
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Fig. 3 The relationship between average grain size and Z-parameter in

AZ31 alloy.
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Fig. 4 The relationship between the grain size measured in dynamically

recrystallized region and Z-parameter in AZ31 alloy.
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4. Conclusion

In this study, the effect of initial grain size on DRX grain
size is examined in AZ31 magnesium alloy with four kinds
of initial grain sizes. When the average grain size is plotted
against Z-parameter, initial grain size dependence appears
only in the specimen with large initial grain size in the low
Z region, but not in the specimen with small grain size or
in high Z region. When the grain size measured only in
recrystallized region is plotted against Z-parameter, initial
grain size dependence does not appear. From these results,
it is concluded that there is no initial grain size dependence
on DRX grain size when the DRX proceeds to some degree,
because the DRX grain size becomes constant for a given
Z-value. In such a case, the grain size exponent, m, in
eq. (1) is about 6 independent on the initial grain size.
The initial grain size dependence on DRX grain size ob-
served in the low Z region would be related to the rotation
of basal plane perpendicular to the compression axis during
deformation before the DRX grains have been developed
sufficiently.
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Fig. 5 A typical OIM map and an inverse pole figure from the direction of

the compression axis of AZ31 alloy with initial grain size of 60m

deformed at 523K and at a strain rate of 3� 10�4 s�1.
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