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1. Introduction

Hotrollingis a promising forming technique for titanium alloy
components, which can enhance its service performance. Du
et al. [1] revealed that rolling and solution treatment in the
o + P field led to the better ductility than that in the B field.
Chen et al. [2] investigated systematically the deformation
behaviors of the hot-rolled Ti-55511 alloys under different
reductions. It was found that the tensile strength and ductility
can be improved with increasing the thickness reduction,
which was attributed to the grain refinement and the frag-
ment of grain boundary a phase. The service performance of
titanium alloy is sensitive to the complex microstructural
characteristics after hot rolling. Li et al. [3] studied the effect of
rolling texture on the anisotropic tensile properties. Nasiri-
Abarbekoh et al. [4] investigated the simultaneous effects of
thickness and texture on mechanical properties anisotropy of
commercially pure titanium. Zhang et al. [5] also confirmed
that the inevitable rolling texture may cause the anisotropy of
mechanical properties. Especially, Lei et al. [6] analyzed
quantitatively the anisotropy mechanism along different
loading directions, which was partly due to the existence of
non-standard {0002} basal texture. Sahoo et al. [7] observed a
dominant basal texture in hot-rolled commercially pure tita-
nium samples regardless of the reduction percentages (50%,
70%, 80%, and 90% reductions). In addition, Warwick et al. [8]
observed that the initial « (0002) texture in B-annealed
Ti—6Al—4V alloy softened during rolling at 950 °C. In the B
phase, Chen et al. [9] found that the weakening of texture
components was accompanied by the occurrence of the dy-
namic recrystallization. Chen et al. [10] investigated the
texture evolution in the Ti—15Mo—3Al-2.7Nb—0.2Si alloy
during hot rolling at 1023 K. The electron backscatter diffrac-
tion (EBSD) analysis revealed that the formed dynamic
recrystallization grains rotated towards the preferential slip
systems with a rather large misorientation between them,
thereby leading to the weakening of deformation texture.

In general, classical Burgers orientation relationship (BOR)
will be maintained between « and the surrounding B grains,
i.e., (0001),//(110)s, <1120>,//<111>4 [11,12]. Leo Prakash et al.
[13] characterized that most primary o grains strictly obeyed
BOR with B phase despite the severe deformation of 77%
reduction in thickness, and the « rolling texture was deter-
mined by the B phase as well as the variant selection. Obasi
et al. [14] discussed the variant selection mechanism for
special B grain pairs with common <110> poles, which was
more prominent at the rolling temperature of 950 °C than
800 °C. Hence, in the material rolled at 950 °C, more o colonies
with common <0002> poles on both sides of a former B grain
boundary were observed. However, Gu et al. [15] suggested
that the BOR will be broken down if the primary « precipitates
and B matrix underwent simultaneously plastic deformation.
Consequently, their deformation textures were significantly
different. Obviously, to date, the previous studies are insuffi-
cient to reveal the orientation relationship evolution between
o and B phases during hot rolling process.

Furthermore, the initial texture component and texture
evolution can facilitate various slip modes in titanium alloy.

The slip behavior associated with the a phase (hexagonal-
close-packed, hcp) is particularly complicated, compared with
the B phase with body-centered-cubic (bcc) crystalline struc-
ture. The main slip systems of the o phase are basal <a> slip
(<1120>{0001}), prismatic <a> slip (<1120>{1010}), pyramidal
<a> slip (<1120>{1011}), and pyramidal <c+a> slip (<1123>
{1011}) [16]. Wang et al. [17] found that the initial <1120>{1010}
rolling texture resulted in the preferential activation of the
pyramidal <c+a> slip. Nasiri-Abarbekoh et al. [18] studied the
effect of strong basal texture on the activation of deformation
systems when the rolling reduction reached to 50%. In addi-
tion, the compressive loading exerted at the normal direction
(ND), rolling direction (RD), and transverse direction (TD)
caused consequently their respective deformation mecha-
nisms (e.g. basal <a> slip for the ND). Combining EBSD mea-
surement and Schmid factor analysis, Won et al. [19] further
explained that this deformation anisotropy was resulted from
the specific rolling texture. Nevertheless, the slip behaviors of
hot-rolled titanium alloys subjected to various thickness re-
ductions have been scarcely reported.

Therefore, in this work, a Ti—5.5Mo—7.2Al—4.5Zr—2.6Sn—
2.1Cr dual-phase alloy was hot rolled at 850 °C to 20%, 40%, and
60% reductions in thickness. The EBSD measurement was used
to analyze the microstructural characteristics as well as the
texture evolution. In particular, the coordinate deformation
behavior of two phases (« and B) was discussed by tracking the
BOR relations. Furthermore, the Schmid factor distributions of
individual slip systems were thoroughly analyzed, thereby
further revealing the slip behaviors of two phases.

2. Materials and methods

Prior to hot rolling, the titanium alloy (Ti—5.5Mo—
7.2A1-4.5Zr—2.6Sn—2.1Cr) was forged and subsequently heat-
treated (880 °C/0.5 h/FC + 740 °C/2 h/FC). A schematic of the
hot rolling process is shown in Fig. 1. The B-transus temper-
ature of this alloy was ~895 °C. Three specimens with
dimension of 40 mm x 40 mm x 20 mm (RD x TD x ND) were
cut and heated at 850 °C for 1 h in an air furnace. Afterward,
the specimens were unidirectionally hot rolled in the a + B
phase field to 20%, 40%, and 60% reductions in thickness (per
pass: ~10%). The specimens will be reheated to the preset
temperature for 2 min after two rolling passes. The rolling
speed was 0.16 m/s. Consequently, the rolled sheets at the
corresponding thickness of 14.4 mm, 10.8 mm, and 7.2 mm
along the ND were obtained.

The EBSD measurement was used to characterize the
microstructure and crystallographic orientation of the initial
and hot-rolled specimens. To relieve residual stress, the sur-
face layers were mechanically polished and electropolished in
the electrolyte of 6% HClO4,, 34% CH3(CH,)3OH, and 60% CH3;0H
(30's, accelerating voltage: 25 V). The EBSD scans on the RD-TD
surface were performed on a HITACHI S-4800 N scanning
electron microscope. The acceleration voltage and the step
size were 20 kV and 0.5 um, respectively. Subsequently, the
collected data was processed with Oxford HKL Channel 5
software package.
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Fig. 1 — A schematic of the hot rolling process.
crystallographic orientation, thus forming the macrozones
3. Results [20]. The equivalent circle diameters of the o and B grains are
. . . 4.88 ym and 5.29 um, respectively (see the corresponding
3.1.  Initial microstructure and crystallographic texture

Fig. 2 shows the initial microstructure and crystallographic
texture of the Ti—5.5Mo—7.2A1—4.5Zr—2.6Sn—2.1Cr alloy via
EBSD. Fig. 2(a) and (b) show the crystalline orientation maps
of the o and B phases along the ND, respectively (comprising
their histograms of grain size distribution, see the inset). The
microstructure feature of equiaxial primary « phase and
intergranular B matrix can be observed. The volume fraction
of the « phase is 63.9% and that of 36.1% for the p phase. The
considerable grain aggregates for the p phase exhibit similar

inset). Fig. 2(c) show three representative pole figures for each
phase, i.e., {0001}, {1010}, and {1210} for the « phase; {001},
{011}, and {111} for the B phase. The normal axis of the pole
figures is the ND of the sheet. The initial alloy develops a
main texture component that c-axes tilt ~40° from the ND
towards the RD. Compared with the o phase, there is more
random texture component in the p phase. Furthermore, the
texture components in the {0001} or {1210} pole figure overlap
with that in the {011} or {111} pole figure (see the rectangles or
triangles with different colors), which indicates that the BOR

Fig. 2 — Initial microstructure and crystallographic texture: crystalline orientation maps of the « phase (a) and B phase (b),
the corresponding texture pole figures and the 3D ODF distributions (c) and (d), respectively.
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relation between the o grains and adjacent B matrix is always
satisfied [21].

To further analyze intuitively the crystallographic orien-
tation of each grain by the Euler angle (¢4, ¢, ¢,), Fig. 2(d) show
the 3D orientation distribution function (ODF) distributions of
the o.and B phases. The Euler angle (o1, ¢, ¢2) can be converted
into the Miller index (h k )<u v w>, according to the following
expression [22]:

u h COS ¢, COS ¢, —Sin ¢, sing,cos¢  sing,sing
U k| =|—cose,sing,—sing, cos¢g,cose cosg,sing
w1 sing, sing cos¢

(1)

There are two main texture components of 1,(107, 76, 18)

and I1,(279, 45, 36) in the o phase. For the B phase, the random

spatial orientation distribution is pronounced in the Euler

space, for instance, [4(62, 47, 69), 115(212, 46, 21), and I114(318, 75,

45), which is consistent with analysis result of the pole figures
(see Fig. 2(c)).

3.2.  Microstructure and texture evolution after hot
rolling

Fig. 3 shows the crystalline orientation maps along the ND and
the hot-rolled pole figures for the o phase (i.e., {0001}, {1010},
and {1210}) at different thickness reductions. As shown in
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Fig. 3(a), the volume fraction of the o phase is 37.4% at 20%
reduction. Compared with the initial microstructure (see
Fig. 2(a)), the amount of « phase decreases significantly after
hot rolling at 850 °C. This is consistent with the progressive
decreasing tendency of «-Ti as the temperature increases
from 720 °C to 895 °C (see the equilibrium phase diagram in
Fig. 1). As shown in Fig. 3(b) and (c), when the rolling reduction
reached to 40% and 60%, the volume fractions of the o phase
are 35.4% and 36.9%, respectively. It can be concluded that the
value of phase fraction is not sensitive to the rolling reduction.
Furthermore, the histograms of grain size distribution with
respect to the a grains are extracted from respective crystal-
line orientation maps (see the inset). The equivalent circle
diameters relationship of the o grains at 20%, 40%, and 60%
reductions can be described as follow: 2.66 ym > 2.31 um >
1.99 um, which implies the occurrence of grain refinement
with increasing the thickness reduction. The significant
refinement behavior of hot-rolled o grains can also be traced,
compared with the value of 4.88 um in the initial state (see
Fig. 2(a)). In addition, at 20% reduction, the ND//<1210> is the
dominant texture component with the maximum intensity of
4.97 Multiples of Uniform Density (MUD). Afterward, the
grains rotate towards favorable orientations under rolling load
and, hence, the texture component with c-axes deviating ~20°
from the ND is gradually formed at 40% reduction. This typical
texture component is generally maintained but slightly

Max=4.97
1
2]

3
4

Max=6.78

Fig. 3 — The crystalline orientation maps along the ND with the insets showing histograms of grain size distribution (left),
and the {0001}, {1010}, and {1210} hot-rolled pole figures (right) for the o phase at different thickness reductions: (a) 20%, (b)

40%, and (c) 60%.
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randomized at 60% reduction. Therefore, the texture-
associated maximum intensity decreases from 6.78 MUD to
4.87 MUD.

Fig. 4 shows the crystalline orientation maps along the ND
and the hot-rolled pole figures for the  phase (i.e., {001}, {101},
and {111}) at different thickness reductions. Complementary
to the o phase (see Fig. 3), the volume fractions of the B phase
at 20%, 40%, and 60% reductions are 62.6%, 64.6%, and 63.1%,
respectively. Obviously, the phase fraction of the p phase is
more sensitive to deformation temperature (initial state:
36.1%) than rolling reduction, as shown by the aforemen-
tioned result for the o phase in Fig. 3. The histograms of grain
size distribution associated with the B grains are reproduced
by the EBSD maps (see the inset). The equivalent circle di-
ameters of the B phase at 20%, 40%, and 60% reductions are
2.88 um, 2.66 pm, and 2.48 um, respectively. The grain refine-
ment behavior also exhibits high universality in the B phase.
Through the comparison, it can be found that the mean
diameter of the B grains is significantly larger than that of the
o grains irrespective of initial and hot-rolled states. Further-
more, the ND//<001> texture component having the
maximum intensity of 9.91 MUD is the strongest at 20%
reduction. The existing texture components in the {0001}, and
{1210}, pole figures, as shown by the rectangles and triangles
in Fig. 3(a), are further labeled in the {011}; and {111}; pole
figures (see Fig. 4(a)). The one-to-one positional relationship is
not strictly maintained, indicating the deviation (~10°) of the
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BOR relation. Even at 40% reduction, more severe plastic
deformation will lead to the breakdown of the BOR relation
(see Figs. 3(b) and 4(b)). As shown in Figs. 3(c) and 4(c), this
incoherent boundaries between o- and B-Ti are still promi-
nent. The breakdown mechanism of the BOR relation will be
further discussed in Section 4.2. In addition, the lattice reor-
ienting response occurs in the f grains, thus gradually forming
the ND//<111> texture component (6.65 MUD at 60%
reduction).

A schematic of the lattice reorienting response at different
thickness reductions is shown in Fig. 5. The volume fraction of
the « phase (blue) decreases significantly after hot rolling and
fluctuates slightly with the increase of thickness reduction.
The equivalent circle diameters of the o grains and the sur-
rounding B matrix (red) exhibit a decreasing tendency. The
initial o texture with c-axes deviating ~40° from the ND to-
wards the RD is replaced by the TD//<0001> and RD//<0001>
transition textures at 20% reduction. Subsequently, the hot-
rolled texture that c-axes align ~20° away from the ND dom-
inates in the specimens with 40% and 60% reductions, while
the orientation distribution of the latter is broader. Further-
more, the splitting of texture component is commonly
observed in the B phase. Ultimately, the ND//<111> texture
component is relatively pronounced after the ND//<001>
transition texture (at 20% reduction).

To further reproduce the spatial distribution of orientation
clustering in the Euler space, Fig. 6 shows the 3D ODF

Max=9.91
2

00 B

Max=12.56

Max=6.65

Fig. 4 — The crystalline orientation maps along the ND with the insets showing histograms of grain size distribution (left),
and the {001}, {101}, and {111} hot-rolled pole figures (right) for the B phase at different thickness reductions: (a) 20%, (b) 40%,

and (c) 60%.
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Fig. 5 — A schematic of the lattice reorienting response at different thickness reductions.

distributions at different thickness reductions. Fig. 6(a) shows
the 3D ODF distributions of the a (left) and B (right) phases at
20% reduction. Considering the hexagonal crystal symmetry,
the o phase exhibits three texture components: 20%-1,(3, 87, 0),
20%-11,(90, 79, 0), and 20%-III,(181, 86, 0). Similarly, for the B
phase, the main texture components, such as the 20%-I4(45,
87, 0), 20%-115(137, 85, 0), 20%-111,(225, 86, 0), and 20%-1V,(315,
87, 0), can be ascertained. The unit cell models of individual
representative textures, whose colors are associated with the

unit triangle (the inverse pole figure), are fixed in a sample
coordinate system. Fig. 6(b) and (c) show the 3D ODF distri-
butions of the « (left) and B (right) phases at 40% and 60% re-
ductions, respectively. At 40% reduction, the o texture is
dominated by the 40%-1,(40, 19, 0), whereas inhomogeneous
distribution occurs in the p phase, i.e., 40%-15(110, 54, 36), 40%-
115223, 61, 45), and 40%-IlI4(338, 49, 54). This comparative
assessment of two phases is also demonstrated in the hot-
rolled microstructure of 60% reduction. There are the 60%-
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Fig. 6 — The 3D ODF distributions at different thickness reductions: (a) 20%, (b) 40%, and (c) 60%.
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15(5, 44, 30), 60%-115(54, 63, 36), and 60%-1115(117, 74, 45) texture
components in the B phase, along with considerable contri-
butions of the 60%-/V;(159, 59, 60), 60%- V(223 51, 66), and 60%-
VI5(282, 43, 51). The o phase, by contrast, has only three texture
components of the 60%-1,(17, 87, 45), 60%-11,(84, 33, 24), and
60%-111,(197, 84, 15). Furthermore, more severe rolling defor-
mation of 60% reduction causes the orientation dispersion
instead of traditional texture strengthening, which is in
accordance with the lower values of maximum intensity in
Figs. 3(c) and 4(c).

3.3.
rolling

Misorientation distribution evolution after hot

Fig. 7 shows the phase + grain boundaries maps as well as
misorientation distribution histograms at different thickness
reductions. The red and black lines in the phase + grain
boundaries maps denote low-angle grain boundaries with
<15° misorientation (LAGBs) and high-angle grain boundaries
(>15° misorientation), respectively. The blue lines indicate the
phase boundaries between «- and B-Ti. The grain boundaries
density, especially the LAGBs (marked by the red lines), in-
creases significantly with increasing the rolling reduction. Hu
et al. [23] also confirmed that the alloys preserved an enor-
mous number of LAGBs can readily accommodate plastic

deformation by amplifying dislocation glide. In addition, the
prominent LAGBs exists within B grain interior, while the
nearly clear o grains are apparent, implying that the § phase
has a considerable contribution to the rolling deformation, as
reported in previous study [24]. As shown in Figs. 3 and 4, the
volume fraction and equivalent circle diameter of the B phase
are always greater than that of the « phase in hot-rolled
microstructure. Therefore, the dislocation multiplication,
local entanglement, and successive substructure boundaries
are easier to be generated in the deformed B grains. Fig. 7(a)
shows the misorientation distribution histograms of the «
(center) and B (right) phases at 20% reduction. The fractions of
LAGBs in the o and B phases are 71.27% and 94.95%, respec-
tively. The higher value of the latter further quantitatively
affirms that the p phase undergoes main plastic deformation.
Fig. 7(b) and (c) show the misorientation distribution histo-
grams of the o (center) and B (right) phases at 40% and 60%
reductions, respectively. The fraction of LAGBs in the o phase
progressively increases and reaches a maximum value of
89.89% at 60% reduction. The B phase has an inverse
decreasing tendency (minimum: 86.57%), even lower than the
corresponding value of the « phase at 60% reduction. Germain
et al. [25] revealed that this phenomenon may be attributed to
the preferential recrystallization behavior of the B grains.
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(a) 20%, (b) 40%, and (c) 60%.
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4., Discussion

4.1. Schmid factor and relative frequency of slip systems
after hot rolling

Fig. 8 shows the Schmid factor maps and frequency histo-
grams of slip systems along the ND for the o phase at different
thickness reductions. The Schmid factor of the pyramidal
<c+a> slip, i.e., <1123>{1011} slip system, remains zero at
various thickness reductions, so it can be reasonably ignored
in the following discussion. Fig. 7(a) shows the Schmid factor
maps and frequency histograms of the <1120>{0001}, <1120>
{1010}, and <1120>{1011} <a> slip systems at 20% reduction.
The grains are color-coded as a function of the Schmid factor,
and red and blue represent the maximum and minimum
values (0.5 and 0) respectively. The Schmid factor of the
<1120>{0001} slip system is slightly lower than that of the
<1120>{1010} slip system.

The relative frequency of each slip system Vican be
calculated according to the following equation:

N
Viey /3y ®)
=1

where yirepresent the activated number of the slip system i. N
is number of available slip systems, which is 3 for the « phase
in this work.

Therefore, the relative frequencies of the <1120>{0001} and
<1120>{1010} slip systems are 32.81% and 44.43% at 20%
reduction, respectively. Fig. 7(b) and (c) show the Schmid
factor maps and frequency histograms of the <1120>{0001},
<1120>{1010}, and <1120>{1011} <a> slip systems at 40% and
60% reductions, respectively. Statistically, at 40% and 60%
reductions, the plastic contributions of the <1120>{0001} slip
system are 53.91% and 59.01%, respectively, which are greater
than those of the <1120>{1010} slip system (corresponding
value: 27.60% and 20.37%). Meanwhile, under the premise of
ND loading condition, the a grains will be reoriented towards
the favorable orientation for activating <1120>{0001} slip
system, while the Schmid factor of the <1120>{1010} slip
system decreases significantly (see the Schmid factor maps).
Zaefferer [26] has demonstrated that basal slip had a lower
critical resolved shear stress than prismatic slip. Therefore,
the <1120>{0001} slip system has the lowest critical resolved
shear stress and higher Schmid factor, thereby promoting its
significant strain partitioning in the o phase. For the <1120>
{1011} slip system, the relative frequencies of 20%, 40%, and
60% reductions are 22.76%, 18.49%, and 20.62%, respectively.
The dislocation movement along the <1120>{1011} slip system
is strongly impeded owing to the higher critical resolved shear
stress, even at the higher Schmid factor. Furthermore, the
insets show the magnified Schmid factor maps of typical
grains. The intragranular non-uniform distribution of the
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the ND for the B phase at different thickness reductions: (a) 20%, (b) 40%, and (c) 60%.

Schmid factor becomes pronounced with increasing the
thickness reduction, and a more detailed discussion will be
given in section 4.2.

Fig. 9 shows the Schmid factor maps and frequency his-
tograms of the <111>{110}, <111>{112}, and <111>{123} slip
systems along the ND for the B phase at different thickness
reductions. The Schmid factors are always at a higher level
among all slip systems, which is independent of rolling
reduction. In particular, the Schmid factors of each slip sys-
tem in several macrozones with ND//<111> orientation (e.g.
the white solid rectangles in Fig. 9(a)) are relatively lower than
that in other regions.

It is generally known that the Schmid factor of the slip
system i can be given as follow:

SF' =cos A cos & (3)

where 1 is the angle between loading direction and slip di-
rection; ¢ is the angle between loading direction and the
normal direction of slip plane.

In essence, these special grains having ND//<111> orien-
tation satisfy the angle relationship 6=90°and, hence, lower
Schmid factor occurs in local deformation zones. Further-
more, the relative frequency of the <111>{112} slip system
decreases monotonically from 54.75% at 20% reduction, while
the <111>{123} slip system shows an opposite tendency (20%
reduction: 30.12%). At 60% reduction, the relative frequencies
of the <111>{110}, <111>{112}, and <111>{123} slip systems are

19.58%, 29.17%, and 51.26%, respectively. The four considered
slip families of the <111>{123} slip system make significant
contribution to the plastic deformation of the B phase.

4.2.  Intragranular misorientation of hot-rolled « grains

To further analyze the heterogeneous distribution of the
intragranular Schmid factor in Fig. 8, Fig. 10 shows the local
orientation of three typical a grains at different thickness re-
ductions. The existing colors are dependent on the Euler angle
sites in the unit triangle. Fig. 10(a) shows the crystalline
orientation map along the ND and the corresponding {0001}
pole figure of a o grain at 20% reduction. The substantially
uniform Euler angle of (171.4, 82.5, 30.6) and a unique
orientation-associated position in {0001} pole figure can be
observed, indicating the limited localized grain rotation. As
shown in Fig. 10(b), when rolling reduction increases to 40%, a
new orientation (60, 137.6, 49.3) in a special o grain with an
initial Euler angle of (53.3, 139.9, 39.9) appears gradually (see
the bottom left-hand corner). This intragranular misorienta-
tion gradient results in a slight deviation of ~5° in {0001} pole
figure. Fig. 10(c) shows the crystalline orientation map along
the ND and the corresponding {0001} pole figure of a special o
grain with an initial Euler angle of (32.8, 44, 73) at 60% reduc-
tion. The localized distribution diversity of intragranular
orientation is very noticeable under more severe deformation
condition. As a result, three new orientations of (29.5, 55.8,
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65.9), (49.4, 48.3, 37.8), and (32.5, 62.5, 74.5) are expressed
precisely, thus facilitating the significant difference (~30°)
among directions in {0001} pole figure. The accumulated
intragranular misorientation satisfies the high-angle grain
boundaries criterion (>15° misorientation, marked by the
black lines), and the microstructural characteristics of
continuous dynamic recrystallization is visualized, as also
reported in the literature [27]. Chen et al. [28] found that the
formation of recrystallized grains resulted in a large deviation
of the BOR after 80% rolling reduction. Therefore, the one-to-
one positional relationship between «- and B-Ti, i.e.,, BOR
relation, will be easily broken down (see Figs. 3 and 4) due to
the continuous dynamic recrystallization behavior. On the
other hand, the intragranular misorientation, based on the
stress anisotropy caused by severe deformation, becomes
more and more significant, which leads to the heterogeneous
distribution of the Schmid factor.

5. Conclusions

In this work, a Ti—5.5Mo—7.2A1—4.5Zr—2.6Sn—2.1Cr titanium
alloy was hot rolled to 20%, 40%, and 60% reductions in
thickness at 850 °C. The complex BOR relations and slip be-
haviors were systematically investigated via EBSD measure-
ment. The main conclusions can be drawn as follows:

(1) The classical BOR relation is strictly maintained in the
initial microstructure and a slight deviation of ~10° can
be observed at 20% reduction. Subsequently, this rela-
tionship between «- and B-Ti will be gradually broken
when the thickness reduction reaches to 40% and 60%.

(2) A higher LAGBs density, volume fraction (at 40%
reduction: 92.77% and 64.6%, respectively), and a higher

equivalent circle diameter can be commonly observed
within hot-rolled B grains, implying that the prominent
strain partitioning takes place in the B phase. Further-
more, when the rolled sheet is loaded along the ND, the
<1120>{1010}o. slip system is relatively pronounced at
20% reduction (i.e., 44.43%). Under more severe defor-
mation, the o grains will rotate towards the favorable
orientation for activating <1120>{0001}e slip system,
thereby leading to the higher relative frequency of
59.01% at 60% reduction.

(3) At 60% reduction, there is an obvious intragranular
misorientation diversity, which can reasonably cause
the Schmid factor gradient.
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