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Grain growth in AZ31 alloy after uniaxial compression
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Abstract: The grain growth morphology, kinetics and texture change after uniaxial compression at 430 °C of an extruded AZ31
alloy were studied. The samples were loaded following two routes insuring two initial textures of the samples with compression
direction parallel and normal to the extrusion direction. For both initial textures, a stable grain size is attained upon isothermal
annealing and the grain growth kinetics can be described by: d" =dy +k+ with an n value of around 15. The annealing texture with
grown grains is a retained hot deformation texture without emerging or strengthening other components. Abnormal grain growth is

not observed for annealing time up to 10 000 h at 450 °C.
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1 Introduction

The improvement of the superplasticity (SP) of
wrought AZ31 alloys has been the subject of thorough
research activities during the last decades. SP can be
achieved via grain refinement using thermomechanical
processing. However, Mg-based alloys are subjected to
grain growth at high temperature, which reduces SP. The
prevention or even inhibition of grain growth may be
essentially indispensable to attain SP by retaining the
critical conditions for superplastic flow in Mg-based
alloys[1].

It was reported that static and isochronal annealing
of hot deformed magnesium alloy AZ31 resulted in grain
coarsening without texture change relative to
recrystallization[2—5]. Such normal grain growth took
place upon moderate annealing, while abnormal grain
growth took place upon severe annealing[4]. Significant
texture changes after severe heat treatments in an AZ31
alloy was observed. In particular, grains with a
{1120} axis perpendicular to the sheet surface tended to
grow abnormally at the expense of grains with other
orientations [4]. The formation of very large grains or a
large scatter of the grain size in a material due to the
abnormal grain growth could drastically deteriorate the
properties of the material[6].

Isochronal annealing and texture changes of an
AZ31 alloy hot deformed by compression at 300 °C were
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characterized through SEM/EBSD analysis[5]. The main
conclusion drawn by these authors is that the annealing
processes in hot deformed magnesium alloys with initial
grain structure obtained by continuous dynamic
recrystallization (CDRX) is controlled by a process of
grain coarsening without the evolution of the preferred
orientations  produced by  continuous  static
recrystallization (CSRX). However, isothermal and
prolonged annealing investigations of grain growth
kinetics in hot rolled AZ31 have not been analyzed yet.
A systematic study of the morphology and kinetics of
normal and abnormal grain growth and the texture
evolution in hot deformed and annealed AZ31 alloys is
lacking.

Recently, in Aachen group[7—11], a special
consideration was confined to the deformed and
recrystallized microstructure and texture of extruded
AZ31 alloy. This work seeks to gain insight into the type
of grain growth, kinetics and the texture evolution in a
commercial AZ31 alloy hot deformed by uniaxial
compressing for different initial textures and annealed at
450 °C.

2 Experimental

The material used in this study is an extruded
commercial AZ31B alloy provided by Otto Fuchs KG
(Germany). The chemical composition is Mg-2.92%Al-
0.84%Zn-0.33%Mn-0.02%Si-0.004%Fe-0.001%Cu-
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0.001%Ni (mass fraction). Cylindrical (d 15 mmx25 mm)
specimens were machined from the extruded rod in two
different orientations with the compression axis parallel
and perpendicular to the extrusion axis (Fig.1). Two
types of samples with different starting texture labelled
CDOED and CD90ED were then obtained. 0 and 90
stand for the compression direction (CD) parallel and
normal to the extrusion direction (ED), respectively.
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CDOED CD90ED

Fig.1 Schematic diagram of sample cutting for uniaxial
compression test

Uniaxial compression tests were performed on a
ZWICK-1484 electro-mechanical testing machine. The
temperature, strain rate and final true strain were fixed to
430 °C, 10*s™" and 1.4, respectively. The experimental
equipment and procedure were described in Refs.[7—11].

The two post specimens
different shape changes and textures after deformation.

deformation show

The macrotexture was determined in the center plane by
measuring incomplete pole figures (5°< a <75°) in the
back reflection mode using CoK, radiation from an
X-ray-texture goniometer. A set of six pole figures
( {1010} , {0002}, {1011}, {1012} {1120} and
{1013}) were measured. The initial and final textures
(CDOED and CD90ED before and after deformation and
post deformation annealing) were represented by the
recalculated (0002) pole figures.

Microstructural examination was performed by
optical microscopy. Surface preparation consisted of
grinding with progressively finer SiC paper followed by
mechanical polishing using diamond solution with
particle sizes ranging from 1 to 3 um. Revealing of the
grain structure was achieved by subsequent etching in a
solution of acetic picral at room temperature. Average
grain sizes were calculated from the optical micrographs
by linear intercept method.

3 Results and discussion

Microstructure and texture evolution of the as
extruded- and post deformed-alloys were described and
analyzed in details in Refs.[10, 12], and the main results
are summarized below.

3.1 Microstructure and texture of as extruded alloy
Figs.2(a)-(b) show the microstructures of the as

extruded alloy with starting texture labelled CDOED and

CD90ED, respectively. Fig.2(a) is characterized by a

Fig.2 Optical micrographs of AZ 31 alloy: (a) As extruded CDOED; (b) As-extruded CD90ED; (c) As deformed CDOED;

(d) As-deformed CD90ED
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typical hot extrusion microstructure with clusters of
recrystallized grains surrounded by large grains. Fig.2(b)
shows the starting microstructure of CD90ED specimen
(extruded condition) which comprises long bands
parallel to the extrusion direction in addition to small
recrystallized grains present between those bands. The
mean length of the bands was 1-2 mm and the width
ranged between 100 and 200 um. The loading direction
was normal to these bands.

The corresponding texture of both samples is

presented in Fig.3 by the recalculated (0002) pole figures.

The extruded material shows a typical extrusion fibre
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texture. The basal planes are parallel to the compression
direction in the CDOED specimen and perpendicular to it
in the CD90ED specimen. In the extruded samples, the
basal planes are parallel to the extrusion direction while
the c-axis is perpendicular to the extrusion direction and
lying radially among the circles of the cylindrical
extrusion geometry.

3.2 Microstructure and texture of as deformed alloy
The uniaxial compression test resulted in shape and

texture changes. Fig.4 shows that the round shape

geometry of the sample is retained upon the deformation
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Fig. 3 Texture of the AZ31 alloy: (a) Extrusion CDOED; (b) Extruded CD90ED and 430°; (c) Deformed CDOED; (d) Deformed
CD90ED

b

CD90ED

Fig.4 Photos of AZ31 samples deformed by uniaxial compression at 430°C and annealed at 450°C, true strain and strain rate of
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of the CDOED sample (basal planes parallel to the
compression direction before deformation). This is an
evidence of an isotropic plastic flow of the material in its
all radial directions. The shape of the CD9OED sample
changes to elliptical proofing that more flows exist in the
“a” direction than in the “b” direction. The loading
direction is normal to the front page. Different initial
textures result in different macro morphology due to a
competing mechanism of slip and twinning. The
activation of crystallographic slip on basal and non-basal
planes as well as the activation of twinning is easier for
some initial orientations than for others[13].

Figs.2(c) and (d) show the microstructures of the as
deformed alloy with the starting texture labelled CDOED
and CD90ED, respectively. Microstructures of all
samples show fully recrystallized equiaxed imputable to
discontinuous  recrystallization (DRX) that was
established to happen during uniaxial compression even
at lower temperature[11].

Fig.3(c) shows that the CDOED samples have a
weak final texture after uniaxial compression
deformation that contrasts totally the initial texture. The
evolution of the texture after uniaxial compression
deformation showed strong dependence on the
temperature and the strain rate[10, 14]. As assumed by
AL-SAMMAN et al[10], such weakening seemed due to
the activation at 430 °C which is a relatively high
deformation temperature of the three possible slip
mechanisms, that are <a> basal slip, prismatic <a> slip
and <c+a> pyramidal slip. Fig.3(d) shows a basal texture
with a strong single peak for the CD90ED sample. This
texture was stable even after full annealing at high
deformation temperature[15].

In contrast to CDOED, the texture is sharpened,
indicating that basal slip is the preferred deformation
mechanism for this sample at temperatures ranging from
200 to 400 °C as pointed out in Ref.[10].

3.3 Microstructure, kinetics and texture of grain

growth

Figs.5(a)—(f) present the microstructure evolution of
the CDOED and CD90ED samples aging at 450 °C.
Micrographs are obtained along the plane perpendicular
to the compression direction in the center of the samples.
Microstructures of all samples show fully recrystallized
equiaxed grains at all ageing conditions. There is a
relatively broad range of grain sizes and shapes of
samples annealing for 1.5 h which becomes narrower for
longer annealing time. The average grain size increased
with increasing annealing time. The changes in the mean
grain size of AZ31 alloys with the two initial textures are
shown in Fig.6. The grains coarsen upon annealing in a
continuous process is called normal grain growth. After
an initial transient period of growth, the microstructure

reaches a quasi-stationary state. The difference of the
mean grain size value of the two samples does not
exceed 10% of the initial grain size. The initial texture
prior to deformation shows negligible effect on the final
grain size of the samples.

In Ref.[16], the kinetics of normal grain growth
under isothermal annealing conditions is expressed as:

d" =d} +kt (1)

where dr is the recrystallized grain size, k is a
temperature-dependent constant and # is usually referred
to the grain growth exponent. The values of the grain
growth exponent n deduced from Fig.6 are equal to 14
and 15 for the CDOED and CD90ED samples,
respectively. These values are much higher than the
tabulated ones for different metals and intermetallic
systems[17—19], implying that grain growth kinetics in
AZ31 alloy is rather complex.

In previous works, grain growth of hot rolled TRC
AZ31 alloy with different reductions and annealing
temperatures was investigated at 400 and 450 °C[20].
Annealing of the hot rolled samples resulted in normal
grain growth with quite similar range of grain size values.
A stable grain size was also attained and the grain
growth kinetics was described by Eq.(1) with » ranging
from 5 to 8. In previous works, the basal initial texture
was retained after annealing with total absence of
another texture.

Previous microstructural and texture analysis did
not reveal any appearance of abnormal grain growth or
secondary recrystallization as observed in similar AZ31
and AZ61 alloys[4—5]. Even if the alloys studied are
similar, the thermomechanical routes producing the
initial state for the grain growth annealing are totally
different. Grain growth of annealed alloy cut directly
from the received material in as extruded state were
analyzed[4—5] . A net through thickness texture gradient
existed in their material. In the outer surfaces, basal and
{1120} prismatic components predominated; in the
{1010} and {1120}
components predominated. A pure predominantly basal

mid-layer, basal, prismatic
texture was observed neither in the outer surface nor in
the mid-layer. Upon annealing, in the mid-layer, grains
with {1120} prismatic planes parallel to the sheet plane
grew normally at the expense of randomly oriented
grains; while in the outer surface, abnormal growth of
grains with {1120} prismatic planes occurred.

In the present study, the samples were cut from the
extruded material and deformed by hot uniaxial
compression. The extruded material shows a typical
extrusion fibre texture with {0002} basal planes lying
parallel to the extrusion axis (i.e. fibre axis perpendicular
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Fig.6 Grain growth kinetics of AZ31 alloy deformed by
uniaxial compression at 430 °C and annealed at 450 °C

to the c-axis) as shown in Fig.3. Upon annealing both
samples, the texture does not change deeply contrarily to
the observations in Refs.[4—5], and as evidenced in
Figs.7(a)-(f) and accompanying pole figures (not
presented here), there was no trace of the development of
the {1120} prismatic component or others. We noted a
decrease of intensity of the basal poles for the CD9OED
samples.

Many metals and alloys with intermetallic particles
(with volume fraction between 0.01 and 0.1) can develop
the abnormal grain growth but precise conditions of its
occurrence or inhibition are still unclear[16, 21]. The six
factors that influence the occurrence of abnormal grain
growth were discussed, from an initially uniform grain
size distribution in materials containing unstable and
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Fig.7 Evolution of grain growth texture at 450°C versus annealing time of AZ31 alloy after uniaxial compression at 430°C with
initial texture CDOED for 1.5 h (a), 24 h (c¢) and 7 d (¢) and CD90ED for 1.5 h (b), 24 h (d) and 7 d (f)

stable particles[22—23]. Among the factors, three are
difficult to estimate directly, they are 1) the presence of
grains that are able to grow abnormally, 2) the rate of
decrease in pinning force and 3) grain boundary energy
per unit. In the present study, the abnormal grain growth
may be restrained due to 4) the mobility in AZ31 alloys
with such Al and Zn solute content and particle
dispersion. Potential reasons may be a higher degree of
segregation and lower solubility, i.e. higher solute
concentration in the boundary, which would increase the
solute drag and Zener drag, and thus impede the effective
mobility of the boundary. Among the intermetallic
particle phases that exist in the AZ31 alloys are the
unstable  Mg;;Al;,, stable AlMn, FeMn and
Mg,Si[24-25]. The former may be potentially

responsible for Zener drag.

5) The critical radius (approximately identical to the
mean grain radius). The smaller the critical radius is, the
smaller the relative decrease is in pinning force, which is
necessary for abnormal grain growth. Very fine grains
pinned by very fine particles (may significantly increase
the susceptibility to abnormal grain growth). This is far
from the case here that d is 20—30 um and the particle
size of the stable intermetallic phases d, present in
Mg-Al based alloys is found to be 1 um[26].

6) The distribution width (n = Ripa/R., Where R,y is
the maximum radius of grains and R, is the critical radius)
and the broader distributions will be less susceptible to
abnormal grain growth. Fig.8 presents the histograms
of grain size and a relatively broad lognormal
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Fig.8 Mean grain size of AZ31 alloy deformed by uniaxial
compression at 430 °C and annealed at 450 °C for different
time: (a) CDOED; (b) CD90ED

distribution with standard deviation ranging from 12 to
18 um for a mean grain size ranging from 20 to 30 pm
and the minimal and maximal value of 2 and 120 pm,
respectively are evidenced. Such features may be the
possible causes of the inhibition of the abnormal grain
growth in AZ31 alloy hot deformed by uniaxial
compression at 450 °C.

4 Conclusions

1) The grain growth of hot deformed and annealed
AZ31 alloy was investigated at 450 °C for two initial
textures. Uniaxial compression of the extruded alloy
leads to a weak and a strong basal texture for initial
samples with compression direction parallel and normal

to the extrusion direction, respectively.

2) Annealing of both the hot deformed samples
produces normal grain growth. A stable grain size is
attained and the grain growth kinetics is obtained.

3) The annealing texture following grain growth is a
retained hot deformation texture without emerging or
strengthening of other components. Abnormal grain
growth is not observed for annealing time up to 10 000 h
at 450 °C.
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