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Influence of B2 ordered structure on deformation texture
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Abstract: The formation of cold rolling textures in FeCo, CuZn and Fe;Al based alloys with B2 structure was analyzed

using X-ray diffraction technology. The difference of deformation textures obviously demonstrated the different behaviors

of plastic deformation in the alloys. The boundary energy of antr phase domains has important influence on the crystallo-

graphic behaviors of B2 ordered alloys during deformation. The activation of slip systems on the { 110} planes should be

the main deformation mechanism in B2 ordered alloys. The mechanical twinning on { 112} planes appeared frequently in

CuZn alloy with lower boundary energy of antr phase domains, while a rather typical rolling texture like that in BCC met-

als was observed in FesAl alloy with incomplete B2 structure, indicating that its boundary energy of antr phase domains

does not have important influence on the deformation mechanism similar to BCC metals.
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1 INTRODUCTION

Because of the special atom occupation in crys
talline lattice, the dislocation structure of inter
metallics is related to the formation of antrphase do-
main boundary, for which the crystallographic behav-
iors of the plastic deformation is different from that of
the conventional metals. In B2 ordered structure a
complete dislocation has very large Burger’ s vector,
which will be decomposed into two a/2{111) partial
dislocations connected by an antrphase domain
boundary. The two connected partial dislocations will
also move connectedly during the plastic deformation,
so that the ordered structure is basically not de
stroyed ", The connected moving of the couple par
tial dislocations will influence the plastic deformation
process, mechanical properties of the materials as well
as the formation of the deformation textures, on
which many details are still unknown so far.

The crystallographic process of plastic deforma-
tion and the formation process of the deformation tex-
tures in FeCo and CuZn alloys with B2 structure as
well as FesAl alloy with incomplete B2 structure were
observed and analyzed. The investigation will benefit
the application of intermetallic materials as well as the
physical metallurgical theory on plastic deformation
and recrystallization.

2 EXPERIMENTAL

High purity Fe, Co, Cu, Zn and Al were melted
in vacuum furnace and the ingots Fe-53% Co, Cur
47% Zn and Fe28% Al ( mole fraction) were ob-
tained. The FeCo ingot was annealed at 950 C for 2h

for the composition homogenization, and then forged
at 950 C into sheets with 5. 5mm thickness. Accord-
ing to Yamaguchi et al'”!, the forged sample was an-
nealed at 550 C for 10d and slowly cooled in order to
obtain the maximal ordered degree. After following
37% reduction rolling at room temperature, many
cracks were observed. The CuZn ingot with 22 mm
thickness was annealed in a box furnace at 650 C for
5h for the composition homogenization, and then
rolled at 700 C down to 8. 7mm. The hot rolled
sample was annealed at 440 ‘C in a salt bath for 5h
and quenched in order to obtain the ordered struc
ture. After following 40% reduction rolling at room
temperature many cracks were also observed. The
Fe;Al based alloy has B2 structure over 600 C,
therefore the FesAl ingot was 60% rolled at 600 C,
after which a deformed structure was obtained and no
recrystallization was observed. A 80% cold rolled
commercial IF steel sheet was taken in order to com-
pare the rolling texture with the intermetallics.

Using X-ray technology three incomplete pole
Figs. {110}, {200} and {112} of the rolling samples
were measured in the center layers of the rolling sam-
ples. Co tube was used for FeCo and Fe;Al alloys,
and Cu tube was used for CuZn alloy. The orientation
distribution functions (ODFs) were calculated accord-
ing to the series expansion method!”!.

3 RESULTS

Fig. 1 gives the ODF % sections of the rolling
samples. In general, all the samples have the rolling
texture characteristics of BCC metals. However in de-
tails there are obviously some differences. The rolling
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textures of the intermetallics with B2 structure are
actually different from that of BCC metals with A2
structure if the rolling texture in IF steel sheet is con-
sidered as the typical BCC rolling texture. Fig.2
gives the a, Yand Tfiber analysis of ODFs. In the a
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Fig.1 ODF % sections of B2 ordered alloys and IF steel
(a) —37% rolled FeCo; (b) —40% rolled CuZn; (c) —60% rolled Fe;Al; (d) —80% rolled IF steel
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= 09~ 909 all grains have a €110) direction parallel
to the transverse direction'®!. The three fibers
demonstrate the main characteristics of the orientation
distributions f ( %, @© %) and textures of the
rolling samples' *!.

The grain orientations in IF steel are accumulat-
ed around the a fiber, and especially in the area of @
= 0>~ 509 Fig. 2(a)), in which the orientation densi-
ty is relatively high and homogeneous. The orienta
tion density in Y fiber is also homogeneous, but very
low (Fig.2(b)). On the other hand, the rolling tex-
ture in Fe3zAl based alloy has the similar texture to the
IF steel (Fig. 1(c), (d)), indicating that its defor

mation mechanism is similar to the BCC metals. Orr

entation density peaks at {558} <110 i.e. ( %= 0,
@= 40~ 459, ®= 459 near {112) (110) were ob-
served in the two materials (Fig. 2(a)) .

In the afiber of FeCo alloy, the orientation den-
sity is not shown very high in area of ®= 0°~ 50-.
The grain orientations are accumulated more around
@= 350 and D= 55° as well as near D= 0°( Fig. 2
(a)), which correspond to {112} <110), {111}
(1107, as well as near {001} (110). At the same
time the { 111} fiber texture in the ¥ fiber is also
stronger than that in IF steel and Fe3Al based alloy
(Fig. 2(b)).

In the a fiber of CuZn alloy the orientation den-
sity in the area of ®©= 0>~ 50° becomes more inhomo-
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Fig. 2 Characteristics of deformation texture in cold rolled B2 ordered alloys
(a) —a fiber; (b) —Y fiber; (¢) —T7T fiber
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geneous. The grain orientations are accumulated gen-
erally around @= 0°, ®= 359 and D= 55° (Fig. 2
(a)), which correspond to {001} <110», {112} 110>
and {111} <110). At the same time the orientation
distribution in the Y fiber is very inhomogeneous, i.
e. the distribution is emphasized more around { 111}
(112> (Fig. 2(b)), of which the density value reach-
es 24. 5.

As above-mentioned, the rolling texture in the
alloys with B2 structure has the general characteristics
of that in BCC metals, and could be described briefly
by the a and Y fibers. However the orientation dis-
tribution of the alloys with perfect B2 structure is
quite different from that of BCC metals in the a fiber
(Fig.2(a)). Except CuZn alloy, the orientation den-
sity are homogeneously distributed in the Y fiber in all
other alloys (Fig. 2(b)). The distinguished { 111}
(112 component in CuZn alloy is related to its spe-
cial plastic deformation mechanism.

4 DISCUSSION

The texture components in Fig. 2 are those ob-
served frequently in rolling sheets of BCC metals.
The {001} <1107, for example, is the stable rolling
texture component in commercial purity iron, and the
{112} 1107, {111} {1107, {111} 112} etc could al-
so be observed in high purity IF steels'”'. But in gen-
eral it can be noticed that the orientation density in a
fiber demonstrates a continuous distribution with high
value in the area of @@= 0o~ 50°, which could also be
observed in the case of IF steel in Fig. 2(a). However
the alloys with B2 structure have quite different den-
sity and continuity in orientation distribution, though
the grain orientations are also accumulated in the a
and Y fibers (Fig.2(a)).

The rolling deformation simulations indicated!°!
that under the condition of stress continuity the
{112} {110) should be the most stable orientation in
BCC polycrystalline metals, and under the condition
of strain continuity the orientation near { 111} <112)
should be stable by means of activation of 5 indepen-
dent slip systems. If the strain continuity is a little
relaxed, the { 111} {110) could also become stable by
means of activation of 3 independent slip systems.
The theories are based on the fact that the plastic de-
formation is completed solely by the dislocation slips.

Both continuities of stress and strain will remain
in the actual plastic deformation of polycrystalline
metals'”!. But only the orientation {001} {100) and
{001} <110? could keep the both continuities simulta-
neously, in which 4 slip systems with the same orien-
tation factor are equally activated during which the
corresponding grains will undergo the identical strain
and stress to the external strain and stress of the
whole rolling sample. However the grain orientation
will deviate rapidly when the activation of the 4 slip

systems becomes a little unequal. Therefore in the
view of stress continuity the {001} {100 and {001}
(1107 should be only the metastable orientations dur-
ing rolling, especially the {001} {100) could be hardly
observed in rolling sheets'®. The {001} (110)
demonstrated higher stability only for example in the
low purity commercial iron because of the impurity
atom effect impeding the activation of dislocations and
the limitation of strain continuity'”'.

For most BCC pure metals the stress continuity
could remain if the grain orientations reach the stable
a fiber while the grains are deformed by the activa-
tion of two slip systems, in which the most strain
components are identical to that of the rolling sheet.
Supposing that the subscript 2 and 3 are transverse
direction and normal directions respectively, only the
strain component &3 is not identical to the rolling
sheet. In the case of ductile metals, the &3 can be
modified or compensated by the activation of addi-
tional slip systems in the boundary area under the re-
action stress, after which the continuity of &3 can be
obtained. If the dislocations could move also on the
{112} or {123} planes, the &;3 can be modified more
easily, which leads to a homogeneous and continuous
orientation distribution in a fiber. That is the case of
IF steel shown in Fig. 2(a), in which the orientation
distribution does not emphasize the {112} <110 very
much or is deviated obviously from the {111} <110),
which are the theoretically relative stable orienta
tions.

In B2 ordered alloys the boundary energy magni-
tude of antrphase domain induced by dislocation slip
decides the moving ability of superlattice dislocations
and the choice of slip planes'”. In the three B2 or
dered alloys FeCo shows the highest boundary energy
of antrphase domain, which has the lowest value on
{110} plane among the {110}, {112} and {123}'"".
Therefore it is commonly believed that the dislocation
slips should appear mainly on the {110} planes for
FeCo alloy. Basically the slips appear also on {110}
planes for the B2 ordered CuZn alloy''". The slip
mechanism leads to a bad ability of strain modification
in the boundary area, and only the orientations which
keep the continuities of strain and stress at same time
could demonstrate a high stability. The {001}
(110)"*! and the {111} {110), whose deformation is

conducted by the activation of 3 slip systems'®, be-
long to the orientations which show therefore higher
stability in FeCo and CuZn alloys, whose density
peaks approach the {111} {110) more than that of IF
steel (Fig. 2(a)). The similar analysis is also valid for
the higher stability of { 111} {112 in the two ordered
alloys than that in IF steel (Fig. 2(b)). The grains
oriented around {112} {110) have very good stress
continuity and stability during rolling'®, but the
strain &3 could be relatively high and incompatible,
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which could lead to the cracks during rolling, though
a density peak around {112} {110) is obtained.

CuZn alloy has very low boundary energy of antr
phase domain, which is about 30% lower than that of
FeCo alloy!'”. The antrphase domain boundary can
be an unstrained plane of mechanical twinning. If the
dislocation movement is impeded during deformation,
the twinning becomes possible in order to change the
grain orientation and promote the plastic deforma-
tion, especially the low antrphase domain boundary
will reduce the energy increase induced by mechanical
twinning. The calculation according to the crystallo-
graphy of plastic deformation indicates''?!, that for
{001} <1107 the orientation factor is rather low for
dislocation slip but very high for mechanical twin-
ning, and the twinning towards {221} {114) has the
highest orientation factor and the closest strain com-
ponents to those of the rolling sheet. In Fig. 2(¢) it
can be seen that the relative stable orientation {001}
(110 has been transformed into {221} (114), and
then moved into { 111} {112) nearby. Therefore the
very strong {111} {112} component is formed in
CuZn alloy (Fig.2(c)).

The Fe28% Al alloy has incomplete B2 struc
ture' !, which can hardly differ from the BCC struc
ture. a/2{111) dislocation could move rather inde-
pendently without the obvious limitation of boundary
energy of the antrphase domain, and the {112} as
well as { 123} could also be the slip planes' . There-
fore the deformation behavior of Fe-28% Al alloy is
very similar to that of BCC pure metals.

S CONCLUSION

The anti phase domain boundaries could be pro-
duced in B2 ordered alloys during cold deformation,
which results in the slips of dislocations basically on
the {110} planes. Therefore the {001} <110, {111}
(110> and {111} €112) texture components were
formed, which can provide roughly the continuity of
both strain and stress, in which the {111} <112)
component was more emphasized by the mechanical
twinning in CuZn alloy. The high stable {112} <110)
component maintaining the stress continuity could re-
sult in cracking during rolling. The structure charac
ters and the crystallographic mechanism of plastic de-
formation in Fe28% Al alloy with incomplete B2
structure are similar to those of BCC metals, there
fore Fe28% Al alloy has the similar rolling texture to
BCC metals.
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