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ABSTRACT

The textures of the cold-rolled and annealed Ni;TiyNb, sheets have been studied using the ori-

entation distribution function (ODF) method. The results indicated that the cold-rolled sheet showed a dominant
{100j, face texture, and its recrystallization textures could be described with {001} (100),. Moreover, when the
cold-rolled sheet was annealed at 700 or 850 C, there occurred abnormal coarsening, thus forming a new kind of

annealing texture {001} 110),.
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1 INTRODUCTION

It is well known that some of the proper-
ties of a polycrystalline material depend on the
texture. Especially for shape memory alloys
(SMAs), because there exists definite orienta-
tion relationship between the lattices of the
austenite ( ) and the martensite ( M ), the
shape memory effect (SME) of polycrystalline
materials is closely related with the texture.
Although people have tried to improve the
SME and superelasticity of the TiNi SMAs
through controlling the texture types, a great
quantity of works need to be done further.
Nowadays, only a few papers have been re-
ported on the textures of the SMAs, and the
pole figure method is the predominant means
used for texture analysis!' ), The orientation
distribution function (ODF) method is the
most effective modern method for texture anal-
So far, few people have used the ODF
technique to analyse the textures in the TiNi
SMA sheets. The Ni,;Ti,,Nb, alloy with good
prospects is a SMA of wide hysteresis effect,
developed by Raychem Company of America in
1986, The purposes of this paper are to
study the textures of the alloy sheet by means

ysist’,

of ODF, and to discuss the effect of annealing
temperature on the textures.

2 EXPERIMENTAL

The test alloy with the nominal composi-
tion (at.-%) 47Ni44Ti9Nb was melted by a
vacuum induction furnace. After having been
homogenized at 850 C for 2h, the alloy ingots
were made into sheets of 1. 5 mm thickness
through hot forging and cross hot rolling, next
annealed at 850 C for 0. 5h, then cold rolled
into sheets of 1. 0 mm thickness. Six kinds of
samples at different conditions were prepared
for texture measurements (Table 1).

Table 1 Samples at different conditions

for texture measurement

No. condition

R as cold-rolled

Al  cold rolled+300 C, 30 min+FC~
A2 cold rolled+400 ¢, 30 min+FC*
A3 cold rolled+550 C, 30 min+FC”
A4 cold rolled+700 C, 30min+FC"*
A5 cold rolled+850 C, 30 min+FC*

* ; FC ~-furnace cooling.
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The pole figure data were collected on a
Philip PW 1700 X-ray diffractometer using
CuK, radiation. The incomplete pole figures in
the range @< 75° were measured using the step
scanning method.

From ref. [7], it is known that the M,
temperature of Ni,; Tiy Nby alloy is — 90 C,
and its main constitutional phase is the TiNi
phase with B2 structure. Therefore, for the
six kinds of samples shown in Table 1, the re-
flection method was used to determine the
{002}, {110}and {112} incomplete pole fin-
gures of the B2 phase, then Roe method was
used to calculate the ODFs?,

3 RESULTS AND DISCUSSION

For bcc phases, the orientation character-
istics of their dominant textures are mainly re-
flected on the ODF cross-section patterns with
Euler angles ¢ = 0 and ¢ = 45°. Therefore, on-
ly these ODF cross-section patterns were given
in this paper.

Fig. 1 shows the constant ¢ cross-section
patterns of the grain orientation distribution of
the B2 phase in the cold-rolled sample. It can
be seen that although the one-way cold-rolling
was adopted for the alloy sheets, the textures
of the cold-rolled sheets retained the charac-
terstics of those of the cross hot-rolled sheets

Fig. 1

due to the fact that the reduction of the cold-
rolling is much smaller than that of the cross
hot-rolling and the dominant texture is {001},
face texture. In addition, there also exists
(110), face texture with small polar density.
Figs. 2~6 show the constant ¢ cross-sec-
tion patterns of the cold-rolled samples after
annealing at 300, 400, 550, 700 and 850 C,
respectively. It can be seen that annealing
changes the texture type of the alloy sheets,
and with the changing annealing temperature,
the texture type changes correspondingly.
From Fig. 2, it can be seen that after an-
nealing at 300 C, the {001}, face texture van-
ishes, the polar density of the (110), face tex-
ture decreases, and plate texture forms with
(101)[0107, and (553)[1107, as predominant
orientations. Moreover, from the ¢ = 0 cross-
section pattern, it is clear a cubic texture
{001} <100, tends to form after annealing at
300 C. When the annealing temperature
reaches 400 'C (Fig. 3), the regions with maxi-
mum polar density correspond to (105)[010],
and (501) 0107 textures. It is obvious that
these textures are unstable, and they will be
transformed into cubic textures with increas-
ing temperature. From Fig. 4, it can be seen
that when the annealing temperature is raised
up to 550 C, there occurs substantive change
in the texture type. Fig. 4(a) indicates that
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Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample R
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that this sample is typical of the cubic texture
{001} ¢100),, while Fig. 4 (b) indicates that
the two regions with maximum polar density
correspond to (001)[150], and (001)[1507,
textures. If using low indices to express high
indices roughly, they can all be expressed
with {001}¢100),. This means that the tex-
ture of Sample A3 is typical of the cubic tex-
ture.

Fig. 5 shows the constant ¢ cross-section

[J \

2. 5

patterns, of Sample A4. It is clear that when
annealed at 700°C, there occur drastic
changes in the main constituents of the tex-
tures. The cubic texture {001} (100}, was
damaged and the regions with the maximum
polar density corresponding to {001} (100),
transforms to (115)[552], and (105) [541],
plate textures. As compared with Sample A4,
there occur no big changes in the main compo-
nent of Sample A5 annealed at 850 C (Fig. 6)

Fig. 2 Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample A1(300 C, 30 min)
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Fig. 3 Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample A2(400 'C, 30 min)
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Fig. 4 Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample A3(550 'C, 30min)
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Fig. 5 Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample A4(700 C, 30 min)

6), only the four corresponding regions with
maximum polar densities in the ¢ = 0° cross-
section pattern of Sample A4 converge into
two regions along ¢ angles and there forms the
predominant {105} ¢(551), texture. Further-
more, the intensity of the (115)[5527, texture
decreases slightly. If using low indices to ex-
press the textures roughly, the {105} (551),
and (115)[5527, textures can all be expressed
by {001}¢110),. Thus, it can be considered
that the texture of Sample A5 is {001}(110),.

In addition, it should be noted that by com-
paring the constant @cross-section patterns of
Sample A4 with that of Sample A5, it can be
seen that the orientation distribution patterns
are very similar, which indicates that the
dominant texture components of the two sam-
ples are of no essential distinction, namely the
same,

Gorelik™ indicated that the complex de-
formation in rolling can be expressed condi-
tionally by the tension along the rolling direc-



Co2- TRANSACTIONS OF NFsoc Mar. 1995

[\

2.0 2.0

P =45 V

o | 20
IRl
0 0

Fig. 6 Constant ¢ cross-section patterns of B2 phase
grain orientation distribution in Sample A5(850 C, 30 min)

tion and the compression perpendicular to the
rolling plane. When a bcc metal is under ten-
sion, its(110) direction is parallel to the ten-
sile axis, namely the rolling direction. This
means that when the metal is rolled the com-
pression direction is perpendicular to a plane
containing (110) directions. Because of sym-
metry of lattices of bcc metals a couple of e-
quivalent planes of the (110) group perpendic-
ular to each other participate the slip at the
same time. The {110}{(111) system is the pri-
mary slip system of bcc metals, slip firstly
takes place on the {110} planes in the (111>
directions, finally in the (100} directions. For
the other pair of {110} planes, the slip also
takes place in the (001) directions perpendicu-
lar to former directions. This implies that the
slip should take place on the planes containing
two (001) directions and a (110) direction.
The {001} planes can satisfy this condition,
thus the planes must be perpendicular to the
compression axis, namely parallel to the
rolling plane. This is the origin of the stable
{001}<110) texture found in bcc metals. How-
ever, when the bcc metals are deformed lots of
slip systems are set in motion, thus there ex-
ist several types of textures. The test alloy is
mainly composed of the ordered B2 phase,

whose deformation was completed using the

cross hot rolling and one-way cold rolling. Be-
cause the reduction of hot rolling is larger
than that of cold rolling, there occur no pre-
ferred orientations on the rolling plane.
Therefore, the {001}, planes of most B2 phase
in the test alloy parallel to the rolling plane,
the (110), planes of a few grains also parallel
to the rolling plane.

After annealing, the materials with de-
formation textures usually exhibit preferred
orientations, namely there form the so-called
recrystallization textures or annealing tex-
tures. There are two kinds of theories!® on
the formation of the recrystallization textures:
One is the directional nucleation theory which
believes that in recrystallization only those
sub-grains with most favourable orientations
can grow and act as recrystallization nuclei,
finally become recrystallized grains basically
of the same orientation. The main shortcom-
ing of this theory is that it cannot explain the
texture development in recrystallization fre-
quently met in practice. Therefore, it is not of
universal significance. The other is the direc-
tional growth theory which believes that sub-
grains with any orientations all can form crys-
tals, but only those with the most favourable
orientations have highest growth rates and the
grains with other orientations were eliminated
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in growth competition because of small grain
boundary migration rates. Therefore, the re-
crystallization textures are determined by the
orientation along which the grains grow
fastest.

If the materials with deformation textures
are annealed, developments of texture are
likely to be as follows: (1) The deformation
texture retains after annealing. (2) The de-
formation texture will completely or partially
be replaced by annealing textures composed of
one or several different components. In many
cases, the textures forming in the early stage
of the recrystallization are replaced by other
textures which appear at the late stage of the
(3) The deformation tex-
tures will be replaced completely or partially

recrystallization.

by new grains of arbitrary orientations. This
case is not as general as the former two. By
summing up the above-mentioned experimen-
tal results, it can be found that the directional
growth theory plays an important role in the
development of textures.

When annealed at 300 or 400 C, the main
components of the textures are at the unstable
stage in the development of textures. Because
the annealing temperatures were low, there
merely occurred polymerization and sub-grain
merging. In spite of this, there still occur
large changes in the textures. When annealed
at 550 C, there occured complete recrystal-
lization, and the grains with {001} {(100) ori-
entation had highest interface transfer rates
and formed a typical recrystallization texture,
e. g. cubic {001} <100), texture. This also
shows that the recrystallization temperature of
the Ni; Ti,;Nb, alloy is in the range of 400~
550 C, which is consistent with the guess
proposed by Piao et al ' .

When the annealing temperature is raised
up to 700 C or 850 C, because these tempera-
tures arc much higher than the recrystal-
lization temperature of the alloy. besides re-
crystallization, a few grains abnormally grow
in the process of annealing. This kind of grain
growth is a process that the large grains with

small curvatures swallow up the small ones

with large curvatures. At this time, the
grains with {001} (110) orientation appears
speed-up growth, thus forming a new kind of
annealing texture —secondary recrystallization
texture {001} (1T0>p.

4 SUMMARY

The main texture component of the cold-
rolled Ni,;Ti;;Nb, sheet is {001}, face texture.
Annealed at 300 or 400 C, the recovery pro-
cess led 1o the texture change. Annealed at
550 C, recrystallization occurred in the cold-
rolled sheet, and formed a typical recrystal-
lization texture {001} (100>,. When the an-
nealing temperature was raised up to 700 or
850 C . besides recrystallization, a few grains
abnormally grow, thus forming secondary re-
crystallization texture {001}¢110),.
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