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ABSTRACT Some features of microstructure and texture development during annealing in Tr25AF10Nlr

3V- 1Mo sheet, in which the microstructure was composed of hexagonal a, phase and B phase were investigat-

ed. The result shows that texture of a, phase is mainly {324} (1 121 >, and Bphase is { 111}  uvw 7 before

and after annealing. The structures transformed into stable state by annealing, i. e. B phase transformed into

@, phase at temperature 850 C or 950 C, or a, phase transformed into B phase at temperature 1 050 C.

Meanwhile, a, phase took shape of equalkaxial structure. During annealing, recrystallization was almost not

found and so recovery was the principal procedure. a, phase was tendentiously distributed around grain bound-

ary of Bphase in which a higher boundary energy should exist.
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1 INTRODUCTION

TizAFbased intermetallic compound is a
new kind of material which has potentiality of
various applications because of its low density,
high ratio of strength to density, good high-tem-
perature strength and oxidation resistance. Some
of the alloying elements such as Nb, V and Mo
were added into TizAlFbased intermetallic com-
pounds, by which the B phase existing at high
temperature could be maintained to room tem-
perature and combined with hexagonal a phase
into two-phase microstructure. This microstruc
ture improved the plasticity at room tempera

ture. So a Tr25AF10Nb-3V-1Mo alloy system

which has good synthetical properties was in-
vented - !

The properties, volume fraction, distribu
tion state and texture of second phase have sig-
nificant effect on synthetical properties of parent

phase based alloy, 1. e. the synthetical properties

of alloy could be finally modified by means of
heat-treatment or thermo mechanical treatment
with which the distribution state, volume frac
tion, even properties and texture of the second
phase were changed. It is the two-phase feature
of Tr25AF10 Nb-3V-1Mo alloy that makes it
possible to adjust the microstructure and texture
to satisfy the requirements of working and appli-
cation of the alloy. As shown above, it is neces
sary to study the regularity of microstructure and
texture changes in two-phase Tr25AF10Nb-3V-
IMo alloy. In this paper, the features of mr
crostructure and texture during annealing of

rolled Tr25AF10Nb-3V-1Mo sheet were dis

cussed.

2 EXPERIMENTAL

Tr25AF10Nb3V-1Mo sheets were about
0.425 mm thick after about 10% cold-rolling re-
duction. The sheets were heated at 850, 950
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and 1050 C for 2 h respectively in vacuous fuse
furnace, and then the samples involved in vacu
ous fuse were cooled to room temperature. Mt
crostructure of samples before and after anneal
ing were examined by scanning electron mi
croscopy. The {2000}, {0002}, {2021},
{2022}, {2240} and {2242} pole figures of a,
phase and { 110}, {200} and {112} of B phase
were determined using X-ray reflection tech-
nique, and the ODFs ( Orientation Distribution
Function) were calculated by Bunge method' !

3 RESULTS

Fig. 1 illustrates the microstructure of sam-
ples before and after annealing. It is exhibited

Fig. 1

that the microstructure is composed of two phas
es, i. e. hexagonal a, phase and P phase'"?
(Fig. 1). The roughly continuous matrix with
light color is B phase, and the structure with
dark color is a; phase distributed homogeneously
and slightly elongated in rolling direction, ex-
pressing the characteristic of rolling deforma
tion. Each dark color area is always a small area
composed of a phase, which is named here as ”
phase bulk” temporarily. Both the volume and
size of the a, phase ”phase bulk” would vary af-
ter annealing at different temperatures. The
shape of the phase bulk would tend to be
changed into equakaxial structure (Fig. 1b-d).
The size of a ” phase bulk” was slightly
increased after annealing at 850 C (Fig. la, b).

Two phase structure of Tr25AF 10Nb-3V- 1Mo sheet

before and after annealing
(a) —cold rolled; (b) —850 T annealing; (¢) —950 C annealing; (d) —1050 C annealing;

N. D —normal direction of plane; R. D —rolling direction
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As annealing temperature was further increased
to 950 'C, amount of new ly-precipitated a, phase
appeared between the particles of a, phase. Not
only were the volume fraction and dimension of
@ phase bulk increased but also a» phase was
gradually transformed into equalkaxial structure
(Fig. Ie). At 1050 C, the a, phase was trans
formed into equakaxial structure, but fine dis
persed > phase did not exist. The volume frac
tion of a, phase was decreased (Fig. 1d). As
shown in Fig. 1d, a phase was tendentiously
distributed at houndary of B phase.

Textures before and after annealing ex-
pressed by ODFs are shown in Fig. 2 and Fig 3.
The figures are ? (from 0° to 60°) sections for
a phase and #; (from 0 to 90°) sections for B
phase with 5° interval. The values of ¢, as well
as ® for a phase and @, for B phase were located
in range of 0° to 90°. The density demonstrated
the amount of orientated grain accumulated.

In rolled sheets, the textures in @ phase

were dominantly( ¢ = 90°, ¢= 25", ¢ = (")
i.e. about {1124} <1121, but the texture in
which {0001} was parallel to rolling plane is ob-
served in small amount ( % = 0° section with
low @
nificant texture change in a, phase after anneal-
ing, and the dominant texture { 1124} <1121
was still maintained. The orientation density
near { 1124} <1121 ) after annealing at 950 C
was higher than that at other temperatures ( Fig.
2c) .

The texture in B phase was mainly a fibre

value) . Fig. 2b to Fig. 2d show no sig-

texture in which {111} was parallel to rolling
plane, i.e. ( ¢ = 0"~ 90°, ¢= 55, &=
45°) {111} Cuvw ? texture ( Fig. 3a). This tex-
ture could be discovered in cold-rolled TF steel
sheet'*! or warm-rolled Fes;Al based sheet!>1. A
significant texture change in B phase was not
found and the texture was still {111} fibre tex-
ture after annealing. But the density of {111}
texture was strengthened slightly( Fig. 3b) after

Fig. 2 ODFs of a, phase (levels: 2, 4, 6)
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Fig. 3 ODFs of B phase
(a) —cold rolled (max= 8.3, levels: 3, 6); (b) —950 C, 2h (max= 9.1, levels: 3, 5, 7, 9)

Fig. 4 Phase diagram of Ti;AF
B phase stabilizing element

annealing at 950 C.

4 DISCUSSION

It was shown that with increasing elements
stabilizing B phase, such as Nb, the equilibrium

percentage of B phase increases and can even
reach 100% . Phase diagram as shown in Fig. 4
roughly exhibits the relationship between the
volume fraction of B phase and the elements
which make B phase stable!®'. If the samples are
heated at higher temperature and then cooled
rapidly, the transformation of high temperature
B phase to a, phase is so incomplete that a
metastable microstructure will be achieved, in
which the volume fraction of ax  phase is less
than equilibrium value. The sheets used in this
study were just in this metastable state. Because
of the nonequilibrium state, @, phase will precip-
itate from B phase during annealing at 950 ‘C and
grow up (Fig. le¢). In addition, a great amount
of dispersed a, phase precipitate so that the vol
ume fraction of d, phase is obviously increased
(Fig. 1¢). All of these indicate that the volume
fraction of two phases has a significant deviation
from that at equilibrium. The primary precipita
tions of a» ” phase bulk” are most brought to e
quakaxial microstructure, which indicates that
the energy in o/ P phase boundary promotes the
microstructure change. A higher temperature is
necessary to complete the transformations, since
both of the equalaxial process and precipitation
behavior are controlled by diffusion. Clearly,



Vol.6 Ne?2

Texture in Tr25AF10 Nb-3V-1Mo Sheet

0’710

850 C is not high enough to complete these
transformation in the alloy (Fig. 1b). According
to Fig. 4, there is a significant change in equilib-
rium volume fraction between a, phase and B
phase when the temperature reaches 1 050 C.
The equilibrium volume fraction of a» phase has
been decreased to less than that present in the
sheet, which results in decreasing of a, phase af-
ter annealing. It can be estimated that the a
phase precipitates along the grain boundary of B
phase at 1 050 'C, near solvus curve of B phase
and it becomes coarser (Fig. 1d). Then a, phase
can not completely precipitate from supersaturat-
ed B phase in following air cooling, so the de
creasing of a> phase is obhserved at room tempera
ture (Fig. 1d).

The stored energy induced by cold deforma-
tion will become the driving force of recrytalliza-
tion. No significant recrystallization was ob-
served in various annealing microstructures. The
elongation of @, phase grains in primary structure
is not intensive, which shows that cold deforma
tion is not high enough to induce recrytalliza
tion. Examination on two phases textures also
shows no significant change in the orientation
distribution ( Fig. 2, 3), i. e. the evidence for
significant migration of high angle boundaries is
not discovered so that a typical recrystallization
during annealing did not occur in the alloy. The
increase of orientation density near { 1124}
(11217 may be related to newly-precipitated a,
phases which precipitate tendentiously on the
primary @, phase oriented around { 1124}

(1121). Generally, the Bphase has good plastic-
ity so that it increases the alloy ductility signifr-
cantly. Tt can be therefore deduced that B phase
has experienced more cold-deformation and poss-
eses higher defect density. During annealing, a
recovery process at least occurs in P phase. By
recovery, the defect density in cold-rolled grains
stably oriented around {111} {uvw ) is reduced,
the lattice distortion is released, so orientation
density in { 111} Cuvw 7 is increased ( Fig. 3).

S CONCLUSION

The cold roll texture in Tr25AF 10Nb-3V-
1Mo alloy sheet is mainly {1124} {1121) for a,
phase and {111} {uvw ) for B phase. There are

no significant texture changes in both phases af-
all of the

chemical energy for phase transformation, the

ter annealing. During annealing,
phase boundary energy, the grain houndary en-
ergy and the stored energy could drive the mr
crostructure changes. The chemical energy in-
duces phase transformation between a, phase and
B phase. The phase houndary energy brings a;
phase into equalaxial structure. The grain
houndary energy of B phase makes a, phase dis-
tribute along the B phase grain houndary. The
stored energy was not high enough to induce re-
crystallization. But there should be a relatively
higher defect density in B phase which experr
enced more deformation and then texture
{111} {uvw ? became sharper after recovery.

It is the various driving forces for mr
crostructure changes that makes it possible to ad-
just the microstructures by means of working or
obtain  dif-

required  in

heat-treatment  procedures  to

ferent  mechanical properties

Tr25AF10Nb-3V-1Mo alloy.
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