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The relationship between the mechanism of high temperature deformation and the evolution behavior of microstructure and the texture
during deformation, which has been found in various solid solution alloys, is clarified. It is shown that the preferential dynamic grain growth
(PDGG) mechanism proposed by the authors can explain the behavior of microstructure change as well as texture change of all studied alloys
without contradiction. The essential aspect of the PDGG mechanism is the preferential growth of crystal grains with the orientation stable for
deformation and with low Taylor factor in the given deformation mode. It is concluded that the Taylor factor corresponds to dislocation density
and stored energy during the high temperature deformation of solid solution alloys when viscous glide of dislocations is the rate controlling
process. The possibility of the occurrence of the PDGG mechanism in materials other than solid solution alloys is also discussed.
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1. Introduction

Various phenomena —such as solute atmosphere dragging
of dislocations, grain boundary sliding, and dynamic
recrystallization —appear at high temperature deformation
depending on temperature, grain size, strain rate and the
amount of strain. These phenomena generate microstructures,
dislocation structures, and textures that are different from
those formed by room temperature deformation. Okayasu
and Fukutomi found a change in texture accompanying
microstructure change in a uniaxial compression of Al-
3.0 mass%Mg solid solution alloy.! The uniaxial compres-
sion deformation led to the formation of (011) (compression
axis) texture at the beginning of the deformation, followed
by a transition to (001) (compression axis) texture in the later
stage of the deformation. The formation of (001) fiber texture
by high temperature uniaxial compression has been reported
for Al-2 mass%Mg by Chen and Kocks.? They concluded
that the formation of (001) texture was attributable to
dynamic recrystallization by enhanced nucleation around
TiB, particles.

The transition process of the texture from (011) to (001)
has been studied in detail by Okayasu, Takekoshi and
Fukutomi;® they concluded that the texture change from
(011) to (001) should be attributed to grain boundary
migration enlarging the (001) oriented regions. It has been
pointed out that dislocation structure caused by the solute
atmosphere and orientation stability contributed to the
preferential growth of (001) oriented grains. Based on a
series of investigations conducted on Al-3.0 mass%Mg, Al-
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5.0 mass%Mg and Al-10 mass%Mg,*> a hypothesis on this
phenomenon, namely the simultaneous change of micro-
structure and texture during high temperature deformation,
was proposed and experimental examination was conducted
on solid solution alloys with FCC and BCC structures. It
was found that the hypothesis was applicable irrespective of
crystal structure.

The hypothesis®” consists of two assumptions: (1) the
texture transition accompanying change of microstructure
results from the preferential growth of grains with specific
orientation driven by the stored energy difference between
neighboring grains originating from dislocations, and (2)
growing grains are stable for the deformation in the given
deformation mode. In order to find the low stored energy
grains, it was assumed that the Taylor factor corresponded
to stored energy. It was thus expected that texture change
occurs when low Taylor factor orientation is stable for the
deformation and different from the usual deformation texture.
The experimental results on Fe-3.0mass%Si with BCC
structure was in consistent with the hypothesis, and the
hypothesis was named the preferential dynamic grain growth
(PDGG) mechanism.*”)

Thus the PDGG mechanism was developed on the basis
of experimental results. However, the mechanism is not yet
understood enough in relation to the deformation mechanism.

In this paper, previously reported experimental results as
well as recent outcomes are considered and the generality
of the PDGG mechanism is explored. Then, the relationship
between the mechanism of high temperature deformation
and PDGG mechanism is discussed. Finally, the deforma-
tion conditions in which PDGG mechanism operate is
discussed.
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2. Experiment

In this paper, the results of uniaxial compression
deformation and plane strain compression deformation in
FCC solid solution alloys (Al-3.0mass%Mg, Al-5.0
mass%Mg, Al-10.0 mass%Mg, and Fe-Mn-Si-Cr®) and a
BCC solid solution alloy (Fe-3.0 mass%Si®) are given. For
comparison, experiments were conducted for commercial
pure aluminum AA1050” and Al-3.0 mass%Mg-0.2Sc,
which consists of o phase with Al;Sc precipitates.

Screw-driven type testing machines (DCS-2000 and AG-X
50kN, Shimadzu Co., Ltd., Kyoto, Japan) equipped with an
infrared ray furnace were used for the deformation test.
Cylindrical specimens for uniaxial compression and rec-
tangular specimens for plane strain compression were
prepared using a spark erosion machine. The aspect ratio
of the cylindrical specimens was 1.5 for all specimen sizes.
The diameter of the specimens for uniaxial compression was
12 mm in most cases. All the specimens were homogenized
in the single phase state before deformation. Details of the
experiments are available elsewhere.>® Figure 1 shows the
configuration of the specimens and tools for plane strain
compression deformation. After deformation up to the target
strain, the specimens and the tools were removed from the
furnace and quenched in water.

Texture measurements were conducted on the mid-plane
sections of the specimens by the Schulz reflection method
using Cu Ko radiation. The {111}, {001} and {011} pole
figures were measured, and the orientation distribution
function (ODF) was calculated by the Dahms-Bunge
method” or the ADC method.'? Textures were investigated
on the basis of pole figures and inverse pole figures
calculated from the ODF and the ¢, section of the ODF.
Electron backscatter diffraction (EBSD) measurements were
conducted to evaluate the positional distribution of the
texture components.
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Fig. 1 Tools and a specimen for the high temperature plane strain
compression.

3. Results

3.1 Characteristics of the phenomenon elucidated by
uniaxial compression experiments on Al-3.0
mass % Mg solid solution

3.1.1 Effects of strain and deformation temperature on

texture formation

Figure 2 shows the effect of strain on the texture
development of Al-3.0mass%Mg during the uniaxial
compression deformation in the « single phase state.') The
tests were conducted at 723 K with a strain rate of 5.0 x
10~*s~!. The development of a fiber texture was confirmed
by pole figures. These inverse pole figures depict the
distribution of the compression axis density. The mean axis
density was used as a unit to draw the contours.

At the early stage of deformation, such as —0.6 in true
strain, the area of high axis density appears at (001) as well
as at (011). The maximum axis density exists at (011), i.e.
the main component of the fiber texture is (011), which
usually appears in the uniaxial compression of metals and
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Inverse pole figures showing the density distribution of the compression axis after deformation at 723 K with a strain rate of

5.0 x 107*s~! up to various amounts of strain. The mean axis density was used for drawing the contours.
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Fig. 3 Effect of deformation temperature on the density distribution of the
compression axis.

alloys with FCC structure after room temperature deforma-
tion. It can be seen that the main component of the texture
changes from (011) to (001) with increasing strain. After the
deformation up to —1.4 and —1.7 in true strains, the axis
density at (011) is lower than that at (001). The axis densities
at (001) are 4.75 and 6.05 times the mean axis density for
strains of —1.4 and —1.7, respectively. The axis densities at
(011) are 1.90 and 2.08 for the same strains. Thus, the main
component of the fiber texture changed from (011) to (001)
with an increase in strain.

Uniaxial compression deformation was conducted with a
strain rate of 5.0 x 10~*s~! up to approximately —1 in true
strain at 573K, 623K, 673K, and 723 K. Figure 3 shows
the density distribution of the compression axes after the
deformation at 573 K, 623 K and 673 K. The result at 723 K
has already been presented in Fig. 2(b). It appears that the
change of the main component of the texture from (011) to
(001) is enhanced by an increase in temperature; deformation
temperature also affects the texture development.

3.1.2 Microstructure change causing texture evolution

The axis density distribution given in Fig. 2 and Fig. 3
shows distinct characteristics of orientation change. The axis
density contours between (011) and (001) are not continuous.
Obviously, this means that the change of the main texture
component from (011) to (001) is not caused by the lattice
rotation originating from the crystal slip deformation, but
rather by mechanisms generating large orientation change
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Fig. 4 Cross section of Al-3.0 mass%Mg and Al-10mass%Mg deformed
at 723 K with a strain rate of 5.0 x 10™*s~! up to approximately —1 in
true strain. The colors express the orientation of the compression axis.

discontinuously, such as twinning, nucleation of new grains,
and migration of existing grain boundaries.

In order to identify the mechanism of the orientation
change during the deformation, EBSD measurements were
conducted on the cross section of the deformed specimen.

Figure 4 shows the microstructure of Al-3.0 mass%Mg
and Al-10mass%Mg deformed at 723 K with a strain rate
of 5.0 x 10~*s~" up to approximately —1 in true strain. The
arrow indicates the compression direction. The colors
correspond to the orientation of the compression axis given
in the standard stereographic triangle. Whereas the crystal
grains of Al-3.0mass%Mg become horizontally-elongated
shape, the grains of Al-10 mass%Mg appear to be equiaxed,
and their grain boundaries are uneven. With respect to
orientations, the grains in the Al-3.0 mass%Mg are a mixture
of (001) and (011) oriented grains, while (001) oriented
grains make up the majority of grains in Al-10 mass%Mg.
These characteristics of the microstructure suggest that grain
boundary migration drives the development of the (001)
texture, and that the migration is enhanced by an increase
in solute concentration. In order to confirm this consideration,
Al-3.0 mass%Mg with Al;Sc precipitates was prepared by
heat treating Al-3.0 mass%Mg—0.2 mass%Sc alloy, and the
effect of high temperature deformation on the development of
microstructure and texture was studied.

Figure 5 shows a cross section of the Al-3.0 mass%Mg
with Al;Sc precipitates after the same deformation as that
of Al-3.0mass%Mg and Al-10mass%Mg alloys given in
Fig. 4. The crystal grains are a mixture of (001) and (011)
oriented grains, similar to the grains in the Al-3.0 mass%Mg.
It is seen that the frequency of (011) grains in Al-
3.0 mass%Mg—0.2 mass%Sc alloy is higher than that in Al-
3.0 mass%Mg alloy shown in Fig. 4.

In order to elucidate the effect of Al;Sc precipitates on the
microstructure change quantitatively, the aspect ratio (i.e., the
ratio between the grain size along the vertical direction and
that along the horizontal direction) of the crystal grains was
evaluated. For comparison, the aspect ratio of a spherical
grain after uniaxial compression deformed up to —1.0 in
true strain was calculated by assuming constant volume. The
results are given in Table 1. The aspect ratio of Al-3.0
mass%Mg is 0.73, which is much larger than the value of
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Fig. 5 EBSD observation conducted at the cross section of Al-3.0
mass%Mg—0.2 mass%Sc alloy after uniaxial compression at 723 K with
a strain rate of 5.0 x 10~*s~! up to approximately —1 in true strain. The
colors express the orientations of the compression axis same as Fig. 4.

Table 1 Aspect ratios of crystal grains of Al-3.0 mass%Mg and Al-3.0
mass%Mg with Al;Sc precipitates after uniaxial compression up to
approximately —1 in true strain. The deformation was conducted at 723 K
with a strain rate of 5.0 x 107#s~!. For comparison, the geometrical
calculation for a spherical grain is given.

Aspect ratio
Calculation 0.22
Al-3.0mass%Mg 0.73
Al-3.0mass%Mg-0.2mass%Sc 0.33

0.22 derived by the calculation. On the other hand, the ratio
for Al-3.0mass%Mg with Al;Sc precipitates is close to
the value derived by the calculation. This means that grain
boundary migration occurs extensively in Al-3.0 mass%Mg
alloy, while the migration is limited in Al-3.0 mass%Mg with
Al;Sc precipitates. Thus, it is concluded that the change of
the main component of the fiber texture from (011) to (001)
can be attributed to the extensive grain boundary migration
which expands the (001) oriented regions.

Figure 6 shows the inverse pole figures of Al-3.0
mass%Mg with Al;Sc precipitates after the deformation at
723K up to —1.0 in true strain. The main component of
the texture is (011) irrespective of strain rates. After the
deformation with the strain rate of 5.0 x 10~*s~! up to —1.0
in true strain, the axis density at (001) is 2.06 as shown in
Fig. 6(a). In the case of Al-3.0 mass%Mg shown in Fig. 2(b),
the axis density at (001) is 2.84 which is much higher
than that of Al-3.0 mass%Mg with Al3Sc precipitates. This
indicates that the development of (001) is reduced when grain
boundary migration is suppressed by the precipitates. Thus,
the change of texture from (011) to (001) is attributed to grain
boundary migration.

3.2 Generality of characteristics found by the uniaxial
compression experiments on Al-3.0 mass % Mg alloy
Al-5.0 mass%Mg alloy was subjected to plane strain
compression deformation, and the characteristics of its
microstructure and texture were compared with those of the
Al-3.0mass%Mg to determine whether the phenomenon
occurs generally in solid solution alloys and in deformation
modes other than uniaxial compression.
Figure 7(a) shows the ¢, = 0° section of ODF for Al-
5.0mass%Mg after plane strain compression deformation
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Fig. 6 Inverse pole figures showing the density of the compression axis
after uniaxial compression up to —1.0 in true strain at 723 K with three
different strain rates.

at 673 K with a strain rate of 5.0 x 10™*s~! up to —1.0 in
true strain. The coexistence of texture components known
as B ({011}(112)) and Cube orientations ({001}(100)) can
be observed. The former is one of the texture components
of rolling texture; deformation texture develops in this
deformation state.

Figure 7(b) shows the ¢, = 0° section of ODF for Al-
5.0 mass%Mg after plane strain compression at 723 K; this
is SO0K higher than that of Fig. 7(a) with the same strain
rate and strain as in Fig. 7(a). The formation of a sharp cube
texture is confirmed.

Thus, it was concluded that the new texture, namely cube
texture in this case, developed during high temperature
deformation after the development of the usual deformation
texture. The same phenomenon occurs as with Al-3.0
mass%Mg.

4. Discussion

4.1 Summary of the experimental results for the
uniaxial compression deformation of Al-3.0
mass % Mg described in section 3

The characteristics of the change in microstructure and
texture can be summarized as follows.
(1) The change in microstructure and texture begins after
the deformation up to a certain amount of strain.
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Fig. 7 (a) ¢, = 0° section of ODF for Al-5.0 mass%Mg after plane strain compression at 673 K with a strain rate of 5.0 x 10
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true strain of —1.0. (b) ¢, = 0° section of ODF for Al-5.0 mass%Mg after plane strain compression at 723 K; this is 50 K higher than that

of (a) with the same strain rate and strain as in (a).

(2) The change occurs depending on deformation temper-
ature and strain.

(3) Expansion of the (001) region by grain boundary
migration is the process that induces the change in
microstructure and texture.

(4) An increase in solute concentration enhances the
microstructure change from horizontally-elongated
shape grains to equiaxed shape grains and the change
of texture from (011) to (001).

In addition, the following characteristics have been
reported in the previous papers.

(5) In pure aluminum, no change in microstructure and
texture was seen.”

(6) The changes of microstructure and texture occur when
the predominant mechanism of high temperature
deformation is considered to be the solute atmosphere
dragging of dislocations.”

(7) Strain rate also affected the occurrence of the change in
microstructure and texture.'?

4.2 The mechanism generating the phenomenon with
characteristics summarized in section 4.1
4.2.1 Development of (011) texture at the initial stage of
deformation
Since the specimens are in the annealed state before the
tests are conducted, there exists little driving force for the
grain boundary migration before the deformation. Therefore,
until the stored energy inside the grains reaches levels that are
sufficient to cause the grain boundary to migrate, deformation
proceeds without any accompanying grain boundary migra-
tion. Thus, (011) texture is initially developed by crystal slip
deformation, followed by the development of (001) texture.
4.2.2 Deformation mechanism driving the preferential
growth of (001) oriented grains; the Taylor factor
as an indicator of the stored energy in grains
At high temperatures, two mechanisms are known to be
the major rate controlling processes in deformations when
dislocation movement is the basic process of deformation:

recovery and solute atmosphere dragging. The former and
the latter typically occur in Al'Y and Al-Mg alloys,'¥
respectively. As described in point (6) of section 4.1, it
was found that changes in microstructure and texture occur
when solute atmosphere dragging dominated the dislocation
motion.

It is known that the strain rate can be described by the
following equations for high temperature deformation,
depending on the rate controlling process of dislocation
movement:

& = apbx'? (D
& = Bp,bv'? (2)

Equations (1) and (2) hold when the dislocation motion
is dominated by recovery and solute atmosphere dragging,
respectively. Here, &, o, p, b, and x in eq. (1) are strain
rate, geometrical constant, generation rate of mobile
dislocations, magnitude of Burgers vector, and mean free
path of dislocations, respectively. 8, pm, and v in eq. (2) are
geometrical constant, density of mobile dislocations, and
velocity of dislocations, respectively.

It is well known that dislocations form subgrain structures
when recovery is the rate controlling process in deformation.
Dislocations are waiting to become mobile in this case,
because the internal stress is 100% of the applied stress.'®)
Equation (1) gives only the generation frequency of the
mobile dislocations; this equation provides no information on
the density of existent dislocations in the grains.

In the case of eq. (2), the density of dislocations inside
the grains can be estimated. One of the characteristics of
solute atmosphere dragging is the uniform distribution of
dislocations during the deformation due to the effective
stress:'¥ almost all the dislocations are mobile. When
dynamic recovery extensively occurs, subgrain structure
develops and the stored energy originating from energy of
dislocations is reduced.'® In contrast, when dislocations are
distributed homogeneously, no significant reduction of stored
energy occurs, because individual dislocations are isolated. In
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this circumstance, the amount of stored energy is considered
to be closely related to the dislocation density p, in the
crystal grains.

Due to the continuity of the deformation throughout
adjacent crystal grains, the summation of shear strains of the
activated slip systems—and hence the dislocation density
in the individual grains—varies depending on the crystal
orientation and deformation mode. In previous papers,®” it
was assumed that the Taylor factor corresponded to the
dislocation density in each grain, and indeed the experimental
results were consistent with this assumption.>®

However, no theoretical explanation has been shown on
the correlation between the Taylor factor and the stored
energy.

The Taylor factor M is defined as the ratio between the
summation of shear strains in the activated slip systems and
the strain for the given deformation mode. Equation (3) is
the definition of the Taylor factor for uniaxial compression:

v > ldyil
de

where de and dy; are the incremental compression strain
and the incremental slip on the individual slip systems,
respectively. A large value of M indicates large slips in the
slip systems; the number of dislocations contributing to the
deformation thus increases.!®)

The value of the Taylor factor is not usually considered to
correspond directly with the density of existing dislocations
in the grains during deformation, because the strains are
merely the results of dislocation gliding; not all the
dislocations causing the deformation might be present in
the grains during the deformation.

However, in the case of eq. (2), almost all the dislocations
are mobile and hence p, in eq. (2) is the density of
dislocations in crystal grains. In this case, Taylor factor is
related to the dislocation density during the deformation as
follows. The numerator of the right side of eq. (3) can be
rewritten as eq. (4), using the dislocation densities p,; and
the incremental mean free paths dx; of the individual slip
systems.

3

D ldvil =) pmibdx; “)
Thus, Taylor factor can be given by eq. (5).

. P ibdXi
M= 2, o - )
&

The dislocation density p,, in eq. (2) and the weighted
average of mean free paths X can be obtained by egs. (6) and
(7), respectively.

o= Y o ©
& — Zi PrmidXi
Zi Pmi

The substitution of (6) and (7) into eq. (5) results in
eq. (8):

(N

Mde = p,,bdx. ®)

Equation (9) is the time derivative of eq. (8).

de ) dx
M i Meé = p,,b oI OmbV ©)

Equation (9) shows that the Taylor factor directly reflects
the amount of existing dislocation in the grains.

Thus, it was concluded that grains with low Taylor factor
orientation were in the low stored energy state, and expanded
by consuming high Taylor factor grains during deformation.
As reported by Chin et al.,'® the Taylor factor for uniaxial
deformation is 2.449 at (001), which is much smaller than
3.674 at (011) and (111), and hence (001) oriented grains
consume (011) grains.

4.2.3 The development process of {(001) texture

Figure 2 shows that the (001) component increases
monotonously with increasing strain. As is well known,
when deformation proceeds by means of crystal slip, crystal
lattice rotation occurs toward the stable orientation for the
given deformation mode. The stable orientation for uniaxial
compression of FCC crystals is (011); hence, if (001) is
unstable for the deformation, crystal rotation of (001)
oriented grains towards (011) occurs, and the development
of (001) cannot be observed. However, eight equivalent slip
systems can operate for (001), contributing to the remaining
of (001) oriented grains. That is, (001) is the quasi stable
orientation and therefore (001) grains become the majority of
the grain structure.

4.3 The preferential dynamic grain growth (PDGG)
mechanism
Based on the considerations outlined in 4.2.1, 4.2.2 and
4.2.3, the preferential dynamic grain growth mechanism is
redefined as follows:

(1) The homogeneous distribution of dislocations due to
solute atmosphere dragging enhances the orientation
dependence of stored energy during the deformation.

(2) The Taylor factor corresponds to the level of stored
energy. Thus the grains with low Taylor factor
orientation can grow preferentially.

(3) When stable or quasi stable orientation for the
deformation in the given deformation mode is at the
same time an orientation with a low Taylor factor,
texture is formed by high temperature deformation.

5. Applicability of the PDGG Mechanism

The PDGG mechanism can be applied to alloys
irrespective of their crystal structures. As noted in the
point (1) of section 4.3, a homogeneous distribution of
dislocations is an essential condition for the occurrence of
the PDGG mechanism. Thus, if uniform distribution of
dislocation is brought about by mechanisms other than solute
atmosphere dragging for solid solution alloys, the occurrence
of the PDGG mechanism is expected even in pure metals. It
is thus appropriate to discuss the applicability of the PDGG
mechanism.

One of the characteristics of the PDGG mechanism is
that it enables the texture formed by high temperature
deformation to be predicted by two steps: (1) Finding the low
Taylor factor orientation for the given deformation mode and
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Fig. 8 ¢, =0° section of ODF for Fe-Cr—Si-Mn alloy after plane strain
compression at 1173 K with a strain rate of 5.0 x 10~*s~! up to a true
strain of —1.8.

(2) estimating the stability of low Taylor factor orientation
under the given deformation mode.

5.1 Texture prediction by the PDGG mechanism and its
experimental verification with FCC alloys other
than Al-Mg alloy

A prerequisite for the PDGG mechanism is the uniform
distribution of dislocations during the deformation. In the
case of alloys, solute atmosphere dragging produces the
uniform distribution of dislocations as described above. From
this perspective, size effect is an important factor for the
occurrence of the PDGG mechanism in solid solution alloys.

Two kinds of FCC alloys with large size effects were

therefore investigated: Al-Cu alloy” and Fe-Cr-Si-Mn

alloy.® Figure 8 shows the results for Fe-Cr—Si-Mn alloy;
the ¢, = 0° section of ODF after plane strain compression
deformation is shown. Cube texture is observed, with
orientation density higher than 16 times the random level.

The Taylor factor calculation for the plane strain compression

deformation of FCC materials” showed that the Taylor

factor for cube orientation is low, consistent with the result

in Fig. 8.

5.2 Texture prediction by the PDGG mechanism and its
verification by uniaxial and plane strain compres-
sion deformation of BCC materials

Figure 9 shows the orientation dependence of the Taylor
factor of BCC crystal for uniaxial compression deformation,
assuming that {110}(111), {110}(111) and {123}(111) are
the active slip systems.!” The almost minimum Taylor factor

2.12 appears at (001). The deformation texture of BCC

crystals for uniaxial compression is well known to comprise

fiber textures with (001) and (111) as preferred axes.'®

Because (111) is the maximum Taylor factor orientation,

the PDGG mechanism predicts the development of (001)

from the viewpoints of the Taylor factor and the stability for

deformation. Thus, fiber texture with the main component

(001) is expected.

Then, the texture of Fe-3.0 mass%Si alloy with BCC
structure was studied experimentally. The uniaxial compres-
sion deformation was conducted at 1173 K with a strain rate

011

Fig. 9 Orientation dependence of the Taylor factor for the uniaxial
deformation of BCC crystals. Slip systems {110}(111), {112}(111) and
{123}(111) are taken into account.'”

0.73 111

001 011

Fig. 10 Distribution of compression axis density of Fe-3.0 mass%Si after
uniaxial compression deformation at 1173 K with a strain rate of
4.6 x 107357 up to —0.98 in true strain. Mean axis density is used as
a unit for drawing the contours.

of 4.6 x 1073s7! to —0.98 in true strain. Figure 10 shows
the axis density distribution after the deformation. The
maximum axis density exists only at (001), consistent with
the prediction.

Figure 11 is the ¢, =45° section showing the Taylor
factor for plane strain compression deformation. In this
figure, so-called « fiber and y fiber, which make up the rolling
texture, are depicted by a thick line and a thick broken line
with the contours of the Taylor factor. On the basis of this
figure, the PDGG mechanism is expected to lead to the
development of {001}(110), i.e., an orientation satisfying
the requirement for both low Taylor factor and stability for
the deformation.

Figure 12 shows the result after plane strain compression
deformation of Fe-3.0 mass%Si at 1173 K with a strain rate
of 5.0 x 107*s~ ! up to —1.0 in true strain. The formation of
the {001}(110) texture is confirmed.

5.3 Deformation conditions for the occurrence of the
PDGG mechanism
Figure 13 shows the effects of deformation temperature
and strain rate on the axis density at (001) (the axis density
of the main component of the fiber texture predicted by
the PDGG mechanism, hereafter denoted as P(001)) and at
(011) (hereafter denoted as P(011)), as investigated using
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Fig. 12 ¢, =45° section showing the orientation distribution after plane
strain compression deformation of Fe—3.0 mass%Si at 1173 K with a strain
rate of 5.0 x 107*s™! up to —1.0 in true strain. Formation of {001}(110)
texture is confirmed, which corresponds with the prediction by the PDGG
mechanism.
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Fig. 13 The relationship between the pole density at [001], strain rate, and
deformation temperature. The solid line curves show 2, 4, 6, 8, 10 and 12
times the mean pole density. Deformation conditions giving the develop-
ment of [001] texture with 4 times and 2 times the mean pole density are
marked by (D and @), and (@ respectively.

¢, = 45° section showing the Taylor factors for plane strain compression deformation of BCC materials. Slip systems {110}(111),

commercial AI-Mg alloy AA5182 containing 4.5 mass%Mg
after uniaxial compression deformation up to —1.0 in true
strain. The maximum axis density at (001) is 12 times that
of the random state in the range of deformation conditions
shown here.

Figure 13 shows the important characteristics of the
microstructure change accompanying the texture change
during high temperature deformation: the texture develop-
ment depends on both strain rate and temperature, and not
on the function of flow stress. That is, the so-called Zener-
Hollomon parameter is not useful in understanding this
behavior. The same characteristics were also found in Fe—Si
alloy.® Figure 13 indicates that the deformation at low
temperature and high strain rate does not result in changes
of microstructure and texture. Calvillo ef al. have reported
the same trend on Fe—2mass%Si;'? they carried out plane
strain compression at 1173 K with a strain rate of 3.6s~! and
reported that the texture consisted of « and y fiber with
elongated grain structure in the mid-thickness layer.

The numerical values above the filled circles in Fig. 13
express the flow stress at a true strain of —1.0. The solid lines
are contours corresponding to P(001) shown at the left
end of each line. From this figure, strain rates giving
P(001) =4 and 2 at 713K are determined as (D and @ for
4, and @ for 2. The strain rates for O, @ and @ are
determined as 4.0 x 107*s™!, 5.0 x 1073s7!, and 3.5 x
1072571, respectively.

In Fig. 14, deformation conditions D, @, and @
evaluated in Fig. 13 are plotted for a grain size of 100 um
in a high temperature deformation mechanism map reported
for Al-5mol%(4.53 mass%)Mg alloy.??) Figure 14 shows that
the microstructure change accompanying the texture change
occurs primarily in the region where solute atmosphere
dragging of dislocations is the predominant mechanism of
deformation. At the same time, this phenomenon is found
to also occur where power law creep is the dominant
mechanism of deformation, which suggests that the PDGG
mechanism can operate when dislocations move under more
or less the viscous effect of the solute atmosphere, even
though the dominant rate controlling process is recovery.'®
That is, the PDGG mechanism might occurs to some extent
whenever effective stress'® exists.
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Fig. 14 Deformation conditions where the PDGG mechanism is active
are plotted in the deformation mechanism map for Al-5mol%(4.53
mass%)Mg at 713K as reported by Ito and Mizoguchi.??)

6. Conclusions

The preferential dynamic grain growth (PDGG) mechan-
ism, which was previously proposed to explain texture
change accompanying microstructure change during high
temperature deformation, was theoretically and experimen-
tally investigated.

Because the PDGG mechanism can predict the texture
on the basis of the orientation stability for deformation in a
given deformation mode and the Taylor factor, experiments
were conducted on solid solution alloys with FCC and BCC
structures in two deformation modes: uniaxial compression
and plane strain compression. Without exceptions, the
experimental results were confirmed to correspond to the
prediction.

It is shown that the Taylor factor reflects the dislocation
density in the grains when the strain rate can be described by
the following equation:

é = Bp,bv (2)

A comparison of the experimental results investigating
the conditions for the occurrence of the PDGG mechanism
with the high temperature deformation mechanism map
suggests that the PDGG mechanism works whenever
effective stress exists. From this perspective, the PDGG
mechanism is considered to occur in various materials and
deformation conditions.
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