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Abstract

This paper discusses the evolution of texture in a Ti—5Ta—1.8Nb alloy during the transformation of ‘deformed o + 3 — 3 — a+ 3’, characterized
using X-ray diffraction and Electron Back Scattered Diffraction techniques. It exhibited a deformation texture of type—[1 0 —1 0]//axial direction
(AD) for the wire, and a [0 0 0 2]//normal direction (ND) for the cold rolled sheet sample. On subsequent (3-homogenization treatment and cooling,
the initial deformation texture was replaced with a transformation texture of [1 1 —20]//ND for the sheet sample. The wire sample exhibited
a transformation texture with (11 —22) aligned near to the wire cross-section. A deformation texture was found to be essential to introduce

transformation texture.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Titanium alloys possess a good combination of weight,
strength, toughness, and corrosion resistance and find a broad
spectrum of applications in chemical [1], biomedical [2] and
nuclear [3] industries. This is achieved through appropriate
design of microstructures, as a result of a host of phase transfor-
mations in these alloys [4-6]. The transformation mechanism
of high temperature bcc 3 phase is highly sensitive to the com-
position of the alloy and the cooling rate [7]. Titanium alloys
can either be a (hep), o+ (hep+bece) or B (bec)—the a+ 3
type being the most preferred due to the best combination of
strength and toughness. Addition of refractory metals, such as,
tantalum and niobium to titanium has been reported to decrease
the B transus temperature (7), widen the two-phase (a+@)
regime [8,9], improve the corrosion resistance in nitric acid in
addition to imparting better mechanical formability behavior
[10,11].
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HCP metals, such as Ti, Zr and their alloys exhibit strong
tendencies to develop textures during forming operations,
recrystallization and phase transformation [12—14]. It is known
that crystal properties like anisotropy of the lattice, stacking fault
energy, c/a ratio and processing parameters like temperature,
mode and extent of deformation and strain rate dictate the defor-
mation texture in an alloy. Also, the transformation § — o in Ti
systems generally obeys the following Burgers crystallographic
orientation relationship (BOR) [15]: {110}g//{0001}, and
(111)p/(11-20)q.

Gey and Humbert [16] had reported that when commercially
pure Ti (CP, purity ~99.85%) is B annealed after unidirectional
deformation (such as cold rolling), the 3 phase inherits a strong
{112}{111) type of texture, while no specific § phase texture
was observed when there was no initial cold rolling. Gey and
Humbert [16] have also reported a {10—13} (1 —210) type
of texture after a 3 — o transformation for an initially rolled
titanium and a nearly random a product when not subjected to
the initial rolling. In other words, the type of texture that develops
in the product a phase during the transformation, ‘deformed
o — B — o, is governed by the texture of parent 3 phase, which
in turn depends on the deformation texture in the parent o phase.
However, evaluation of the high temperature 3 phase texture
involves either very special experimental technique, such as in
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situ hot stage electron back-scattered diffraction (EBSD) [17] or
computational methods, where assuming that BOR is obeyed,
the prior 3 texture is deduced from the texture of product « phase
[16,18,19].

It is known that deformation texture in Ti may be
altered by addition of alloying elements. Extensive litera-
ture [13,14,20-22] is available to confirm the various types
of textures that develop in titanium alloys, depending on the
alloy chemistry and thermo-mechanical treatments. It has been
reported in Ti binary alloys, that, addition of Ta (<15 wt.%) or Nb
(<3.6 wt.%) has little effect upon the a-deformation texture of a
cold-rolled sheet [ 13]. However, literature on textures developed
in Ti—-Ta—Nb ternary alloy systems is very scarce. Recently, the
study of transformation texture in a wire drawn Ti—5Ta—1.8Nb
alloy [23] has been reported by us. This alloy has excellent corro-
sion resistance, good formability and weldability characteristics.
Hence, it is being considered as an alternative to the presently
used commercial Ti grades and stainless steels for applica-
tions in highly corrosive media. The commercial exploitation
of this alloy largely depends on successful fabrication into var-
ious shapes such as sheets, tubes and wires. Understanding of
the microstructure and texture that develop in this alloy dur-
ing deformation and heat treatment is, therefore, crucial. Hence,
an extensive experimental investigation has been carried out to
study the texture that develops in a-f3 Ti—Ta—Nb system, during
room temperature deformation and the subsequent transforma-
tion of the high temperature 8 phase during cooling. This study
also aims to elucidate the texture evolution on a microscopic
scale and the orientation relationships between the parent and
product phasesina 3 — o + [3 transformation. The present paper
deals with two aspects of the Ti-5Ta—1.8Nb alloy, namely: (i)
development of deformation texture by different methods of cold
deformation like cold rolling and wire drawing and (ii) influence
of deformation texture on the subsequent transformation texture
of a deformed o — B — o + 3 system.

2. Experimental

The Ti—5Ta—1.8Nb alloy in the form of wires of 1.6 mm in
diameter was supplied by Nuclear Fuel Complex, Hyderabad,
India [24]. The chemical composition of the alloy is given in
Table 1. These wires were cold rolled to sheets of 0.26 mm in
thickness and 3.2 mm in width. The cold rolling, which was
nearly 83% was unidirectional and completed in four passes
without any intermediate stress relieving treatments. The rolled
sheets were vacuum-sealed (fle_5 Torr) in quartz tubes. The
samples were solution treated for 2h at 1273 K in the 3 phase
field and then cooled to room temperature by slow cooling (SC)
at a rate of 0.03 K/s.

Table 1
Chemical composition of the Ti—Ta—Nb alloy
Element  Alloy elements ~ Impurities (in ppm) Ti
(in wt.%)
Ta Nb Fe (6] N C H
Content 439  1.94 263 5015 47 125 9 Balance

Specimens for metallography were prepared by standard
preparation procedures. The final polishing was done using
0.25 um alumina slurry followed by etching using Krolls
reagent. Optical metallography was carried out using a Leica
MEF4A optical microscope. X-ray diffraction (XRD) studies
were carried out by a Philips PW-1730 X-ray diffractometer
using Cu Ko radiation on the alloy strips and powdered TiTaNb,
which will henceforth be referred to as the ‘powder’ pattern for
this alloy. The crystallographic orientation of the microstruc-
tural constituents (referred to as microtexture in this paper)
from a selected region of a specimen was studied using Elec-
tron Back Scattered Diffraction (EBSD) technique in a FEI
Quanta 200 HV Scanning Electron Microscope, attached with
a PEGASUS-EBSD analyzer. A final electropolishing using an
electrolyte of 20% perchloric acid in methanol, at —25 °C, for
45 s was employed to obtain the strain-free specimen surface,
suitable for EBSD studies. The microtexture studies were per-
formed on the flat rolling plane for the sheet samples and on the
cross-section for the wire specimen.

3. Results

This section presents the results on the texture that develops
in cold rolled Ti—-5Ta—-1.8Nb alloy during ‘deformed-a + 3 —
B — a+ B’ transformation, when the high temperature (3 phase
is slow cooled. These results are compared with that of specimen
with a different deformation history such as wire drawing and
one that has no prior history, i.e., cooled from liquid phase.

3.1. Microstructural characterization of initial and heat
treated alloy

The optical micrographs of the initial wire and cold rolled
alloy are shown in Fig. 1(a and b). A microstructure character-
istic of a heavy deformation showing elongated grains aligned
along the wire axis and rolling direction is seen. The presence of
[ phase could not be identified due to their low fraction and size.
The microstructure obtained after heat treatment in 3 phase field
and slow cooling is shown in Fig. 2, which is completely differ-
ent from the initial one. A well defined lamellar « and 3 structure
along with Grain Boundary o (GB-a) [8,23] is observed. Usually
such transformation products in Ti alloys are also accompanied
by development of texture, which is described in the subsequent
sections.

Fig. 3(a) shows the secondary electron micrograph of a
weld region, obtained by a manual gas tungsten arc welding
(GTAW) process, details of which are given elsewhere [25]. The
microstructure shows a typically martensitic product. It is impor-
tant to mention that the alloy has undergone two transformations,
namely Liquid — B, followed by a solid state transformation
B — o and hence does not possess any history of deformation.
The faster cooling rates during the (3 transformation lead to the
martensitic o’ instead of a Widmanstitten product. Fig. 3(b)
shows the X-ray diffraction pattern from the weld sample. The
peak positions and relative intensities closely match with the
JCPDS data for a-Ti [26], suggesting the absence of any pre-
ferred orientations.
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Fig. 1. Optical micrograph of Ti—5Ta—1.8Nb alloy. (a) L-D section of wire showing a fragmented grain structure, with grains elongated along the wire axis (WA)
and (b) alloy subjected to 83% unidirectional cold rolling showing a similar structure but with severe deformation (RD indicates the rolling direction).

Fig. 2. Optical micrograph showing the decoration of grain boundary o on prior
 boundaries with coarse lamellae of o and B in Ti-5Ta—1.8Nb alloy obtained
by slow cooling (SC) during B — « transformation.

3.2. Study of texture developed in Ti—-Ta—Nb alloy

The deformation and transformation textures exhibited by
the Ti—5Ta—1.8Nb alloy have been studied by X-ray diffraction
and EBSD techniques. Crystals with plane normal coinciding
with the sample normal are detected in the 6-26 geometry by

XRD. Therefore, the observation of an unusually high intensity
of a peak whose structure factor is otherwise low, together with
reduction of intensities of other peaks is a signature of crystallo-
graphic texture. Since XRD studies using 626 geometry does
not give a complete description of texture in a material, texture
of microscopic constituents (microtexture) has been carried out
using EBSD.

3.2.1. Texture analysis by XRD
3.2.1.1. Study of deformation texture in the Ti-Ta—Nb alloy.
The XRD patterns from the (length—width) surface section of
cold rolled and cross-section of the wire are shown in Fig. 4,
along with the XRD ‘powder’ pattern as reference. The inten-
sities are normalized with respect to the peak with maximum
intensity. It is observed that the most intense peak in the powder
pattern corresponds to (10 —1 1),. The relative peak intensi-
ties are in agreement with the JCPDS data for a-Ti [26], except
the peak at 38.4°, which shows an enhancement in intensity.
This enhancement is attributed to the overlap from (110)g of
100% intensity [27], which also confirms the -3 nature of the
alloy.

In contrast to the powder sample, the relative peak intensi-
ties for the deformed samples are significantly different. The

(b) a(0002),

a(t0To) B110)
| [a(t0T1)
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«(1072) a(1013)
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1

Fig. 3. (a) SEM micrograph of a weld showing a typical martensitic structure and (b) XRD pattern using Cu Ko incident radiation showing a nearly powder pattern.
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Fig. 4. XRD patterns showing the resultant deformation texture with two differ-
ent modes of deformation, namely unidirectional cold rolling (83% reduction)
and wire drawing. These are compared with the powder pattern.

strongest (100%) peak for the cold rolled sample is seen at
38.4°, which corresponds to (0002), as well as (110)g [27],
whereas the 100% peak for the powder sample is at 40.1° corre-
sponding to (10 —1 1)y. The low amount of 3 phase precludes
a significant contribution from the (1 10)g peak. Therefore, the
observed change indicates a preferential orientation of a grains
during deformation and may be referred to as the ‘deformation
texture’. The wire drawn sample shows maximum enhance-
ment of peak intensity for a different crystallographic plane,
namely (10 —10), [23]. The above results indicate that the
alloy acquires deformation textures dictated by the mode of
deformation, which in turn depends on the nature of applied
stress.

3.2.1.2. Effect of deformation texture on the B — « + B trans-
formation texture. The XRD patterns of the alloy with three
different histories such as (a) cold rolled (length—width sec-
tion), (b) wire drawn (cross-section) and (c) weld are shown in
Fig. 5. Of these, the weld specimen does not posses any defor-
mation history. The XRD pattern from the powder sample is
also included in this figure, for comparison. It is seen that the
single strongest peak is (1 1 —2 0),, for the cold rolled and trans-
formed (CRT) alloy, while it is (1 1 —2 2), for the wire drawn
and transformed (WDT) alloy. This is in sharp contrast to the
deformation texture observed prior to heat treatment (Fig. 4).
The weld exhibits a near powder pattern. This observation of a
unique peak in the CRT and WDT samples at 26 values with
minor structure factors is an indication of preferential crystallo-
graphic orientation—hereafter referred to as the ‘transformation
texture’.

The conventional XRD studies in 6-26 geometry give only
qualitative information on the type of texture. Further, “micro-
texture” studies in the CRT and WDT specimen were carried out
to measure quantitatively the texture components and to eval-
uate the microtexture mechanism, which are described in the
subsequent sections.
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Fig.5. XRD patterns from products of 3 — o + 3 transformation in TiTaNb with
different histories, such as cold rolling, wire drawing and melting. Comparison
with the powder pattern highlights the influence of prior deformation textures
on the transformation texture.

3.2.2. Study of micro-texture using EBSD technique

3.2.2.1. Analysis of microtexture in the WDT alloy. It was seen
earlier from the XRD study on the cross-section of the WDT
sample (Fig. 5) that a strong (1 1 —2 2),, peak appeared, suggest-
ing a transformation texture of type (1 1 —2 2),, aligned parallel
to the wire cross-section. An EBSD scan of the sample was car-
ried out on the wire cross-section to evaluate its microtexture
and to corroborate the results with the XRD information. It may
be mentioned here that only the orientations of the a-colonies
of transformed { structure and the GB-a were studied, since o
is the major phase in the alloy.

Fig. 6(a) shows the selected area crystal orientation map
(SACOM), depicting the type of crystallographic plane that are
aligned with the sample surface, i.e., wire cross-section; Fig. 6(b)
gives the color index for reading the grain orientation map. The o
lamellas within the colony share a common crystallographic ori-
entation. The GB-a phases share the orientation with one of its
neighboring colony, and thus, do not show as a separate grain in
the map. Two types of color concentrations, namely light green
and red are observed in the region.

The orientation data was analyzed to calculate the inverse
pole figure distribution for the axial direction, which is shown
in Fig. 6(c). The pole normals corresponding to the planes of a-
Ti that have significant peak intensities in XRD-powder pattern,
such as (10—11), (0001), (10—-10), (10—-12), (11-20),
(10—13)and (11 —22)are labeled in the figure. Two pole con-
centrations are observed, with the maximum intensity as 3.012.
The concentrations are not seen to be centered exactly on any
of the known crystallographic directions or the crystallographic
plane normals mentioned above. However, the (2 —1 —1 2) plane
normal is seen to be close (~8°) to the primary concentra-
tion. Apart from this, no other simple (hkil) plane normals
is observed to lie close to this primary concentration. This is
accordance with the XRD results where a strongest intensity of
(11-22)4 peak, and weak intensity of the other (hkil) peaks
was observed. The EBSD results show that the crystallographic
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Fig. 6. (a) SACOM of the cross-section of the wire sample illustrating the type of plane aligned with the wire cross-section (b) color Index for the SACOM and (c)
inverse pole figure for the wire axial direction depicting two near pole concentrations—crystallographic plane normals (closed circles) and directions (open circles)
have been labeled. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).

plane that preferentially align with the wire cross-section is not
exactly the (11—22), but some plane with irrational indices
close to it. In the inverse pole figure (Fig. 6¢), another concen-
tration near to the [0 00 1] is observed. Again, no (hkil) plane
satisfying XRD conditions occur near this concentration, and
even the (000 1) normal is seen to occur only at the periphery
contour of relatively low intensity. Hence, this component of
texture was evident only as a weak peak in the XRD analysis
(Fig. 5).

3.2.2.2. Analysis of microtexture in the CRT alloy. The phase
identification map for a- and B-Ti from a selected area in the
CRT sample is shown in Fig. 7(a), where they have been distin-
guished by different color codes (red and white, respectively).
The fine size of lamellar B-Ti phase is almost at the limit of
detection of the EBSD probe, which is ~0.2 wm. Thus, the
fraction of B phase identified in the phase identification map is
an under estimation of its volume fraction. The corresponding
SACOM is shown in Fig. 7(b), where the various orientations of
o and B-Ti are shown in shades of green and blue, respectively.
A careful examination of the figures reveals the presence of a
GB-a region, suggesting the presence of an intervening prior
B grain boundary. This implies that the mapped o + 3 phases
have transformed from two different 3 grains, say 31 and 32.
The product a-lamellae from B1 and B2 are marked as apg
and oy, respectively. It is observed that within each of the two
parent 3 grains, majority of o lamellae possesses a similar ori-
entation. Similar feature is also observed for the 3 lamellae,

although all of the 8 lamellae could not be crystallographically
indexed owing to their fine size, as explained earlier. The «
orientation also remains unchanged across the two 3 grains.
The presence of a lamellae with similar crystallographic ori-
entation on either side of the prior 3 grain boundary is also
a signature of preferential orientation in the alloy. The crys-
tallographic analysis of the room temperature (3 phase could
provide valuable information about the high temperature 3 tex-
ture. Hence, detailed crystallographic analysis has been carried
out for a and {3 phases, using pole figures. In literature, however,
the analysis of the (3 phase has mainly been done either through
numerical calculations [16,18,19] or high temperature EBSD
[17].

Identification of poles along major crystallographic axes cor-
responding to the individual « and {3 phases in the selected area
has been carried out by analysis of the EBSD data. Accord-
ingly, the poles corresponding to ag; and gz and B1 and 32 are
marked in Fig. 8(a and b), respectively. Fig. 8(a) shows the pole
density contours for the (000 2) and (1 1 —2 0) plane normal of
hep a-Ti phase corresponding to the SACOM in Fig. 7(b). A
dense concentration of (0 00 2) poles along the rolling direction
(RD) and (1 1 —20) along the sample normal direction (ND) is
seen in this figure. The alignment of o lamellae with (11 —20)
plane normal oriented along the sample normal is in good agree-
ment with the XRD data (Fig. 5). In addition, for the (1 1 —20)
a pair of pole concentrations at an angle of about 60° between
the ND and cross-direction (TD) was also observed. However,
all the three pole concentrations for the (1 1 —2 0) plane normal
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Fig. 7. EBSD images in an alloy solutionized in B phase field and slow cooled (a) phase identification map for a- and 3-Ti phases (color coded as red and white,
respectively) and (b) crystal orientation map of a- and B-Ti (coded as green and blue). GB-a denotes grain boundary «, which demarcates the boundary between
two parent 3 grains and ag; and agz denote a phases that evolved from the prior (3 grains B1 and 32, respectively. (For interpretation of the references to color in

this figure legend, the reader is referred to the web version of the article.)

can be attributed to the same set of lamellae, based on symme-
try considerations, suggesting that ag; and ag have identical
orientation.

Fig. 8(b) shows the pole density contours along the (1 1 1) and
(1 10) plane normals of the retained bcc B-Ti phase, correspond-
ing to the SACOM in Fig. 7(b). From symmetry consideration,
each B grain would give rise to four (1 1 1) pole concentrations.
In the present case, two sets of such pole concentrations are
observed, of which three form a triangle with the fourth nearly
at the centre. The two triangles have been identified and marked
in the figure. It is seen that the central pole is common to both
triangles and almost coincides with the centre of the pole fig-
ure, i.e., along ND. It is also seen that one of the triangles is
rotated with respect to the other by an angle §2 about the cen-
tral (111) pole. Similarly, for the pole figure corresponding to
(110), the (1 10) plane normal would give rise to six pole con-
centrations. Again two sets of (3 crystals can be identified, one
aligned along the rolling direction and another tilted away from
it. The absence of a peak corresponding to (1 1 1)g plane in XRD
pattern can be understood in terms of the very low relative inten-

sity of the (222)g peak due to high values of 26 (~107° with
Cu Ka radiation).

The above results have shown that orientations for agy and
agy nearly overlap with one another while those for 31 and 32
are inclined by an angle §2 with respect to one another. The «
crystals are aligned in such a way that their basal plane (000 2),,
normal lies along the rolling direction and the (1 1 —2 0),, plane
normal lies along the ND. On the other hand, the B crystals
are aligned in such a way that for both 81 and 32, one of the
(111) plane normal is parallel to one another and are aligned
along the ND. However, the misorientation between these two
crystals is such that 31 crystals have their (1 10) plane normal
aligned along the RD, while 32 crystals have them tilted from
the RD by an angle £2.

The results described so far can be summarized as follows:
(i) deformation texture exhibited by Ti—Ta—Nb alloy was depen-
dent on the mode of deformation, (000 2), for cold rolled and
(10—-10)y for wire drawing, which were completely altered
during the subsequent 3 — a+ 3 transformation, (ii) a prior
deformation history is essential to obtain a textured transformed
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Fig. 8. Pole figure contours computed from the SACOM. (a) Pole concentra-
tions along (0002) and (1 1 —20) plane normals for a-Ti phase and (b) pole
concentrations along the (1 1 1) and (1 10) plane normals for the 3-Ti phase.

product which was confirmed in a sample cooled from liquid
and (iii) EBSD results showed that product o had the same ori-
entation although the two adjacent parent 8 grains had different
orientations.

4. Discussion

The observed deformation and transformation textures are
summarized in Table 2. The basal plane (000 2),, type of defor-
mation textures have been reported for cold rolled Ti and other
hcp metals [13,28,29]. The wire texture of (10 —10), aligned
with the wire cross-section, or in other words, [1 0 —1 0],//AD
has also been reported in titanium [30] and zirconium alloys
[31]. Gey et al. [31] have observed a wire transformation tex-
ture of [1 1 —2 0], //AD in the zirconium alloy. Zeng and Bieler
[30] have reported a fiber transformation texture with [0002],
aligned parallel to the axial direction in Ti alloy. In contrast, in
the present study, EBSD microtexture of the wire cross-section
showed two texture components, one close to the (1 1 —22),
and another near to the (000 2),.

Widmanstitten transformation demands the cooperative
growth of a lamellae [32]. In Ti alloys this transformation results
in crystallographically aligned o, which introduces microtexture
within a colonies [23,33]. During the transformation, the GB-a
is the first product to form [34]. Next, to form are the colonies of
lamellar o, which nucleate along the GB-a and grow into the 3

Table 2
Effect of deformation texture on transformation texture

grains. It was shown in our earlier study [23] that the orientation
of the GB-a is same as that of the neighboring o colonies within
the parent 3 grain.

The present study showed the importance of prior deforma-
tion to obtain a textured transformed product. Whether cold
rolled or wire drawn, the final transformed product was tex-
tured. But the nature of transformation texture, viz., (1 1 —20)q
for the cold rolled and a (11 —22), component for the wire
drawn sample indicated that transformation texture is dictated
by the type of deformation texture which are (000 2),, for the
former and (1 0 —1 0),, for the latter. The above results together
with the observed random orientations when cooled from liquid
state suggest that an initial deformation is essential to obtain a
textured transformation product. This is because Burgers Orien-
tation Relation [15] is obeyed in Ti alloys [16,17,34] both during
the a+B — B and B — a+ 3 transformations, during heating
and cooling, respectively. Thus, a unique deformation texture
results in a unique texture for the high temperature 3 phase,
which in turn decomposes into product o phase following BOR,
which introduces transformation texture in the products.

The SACOM pattern from EBSD analysis of CRT specimen
has clearly shown that two adjoining prior 3 grains (1 and
B2) share a common (1 10) plane giving rise to an (1 1 —20)
orientation for the GB-a and a colonies on either side of the
parent 3/ boundary. As described in the previous section, the
two [3’s are misoriented with respect to each another by an angle
£2, which has been evaluated to be about 31°. The orientation
of a is observed to be same within both the prior 3 grains,
despite this misorientation. This suggests that the product « is
not affected by the misorientation of its parent grain. Analysis
of EBSD pole figures has shown that for the 31 grain, which
has the (1 1 0) plane normal aligned along the RD, the following
Burgers Orientation Relationship is strictly followed, i.e.,

(11 =20),,11(111)g, and (0002),,[(110)g,

However, based on observation of similar orientation between
al and o2, and a misorientation of about ~31° between B1
and {32, it is reasonable to say that the lamellar transformation
product of (32 grain does not strictly follow the BOR stated
above. In other words, this is a typical situation wherein the
orientation relation between a2 and 2 is such that,

(11 —20)40//(111)gy but (0002) o #(110),

A similar observation is reported by Bhattacharyya et al. [35]
in a+ 3 Ti-6Al-2Sn—4Zr—6Mo alloy when the GB-a to mini-
mize interfacial energy selects (000 1)y |[{110}g such that the
specific {110} is common to both prior 8 grains. It is neces-
sary to mention here that the orientation of agi, where BOR
is obeyed, has prevailed over that of ag>, where BOR is only

S. no. Mode of deformation o Deformation texture a Transformation texture
1 Cold rolling [0002]//Normal direction [11—20]//Normal direction
2 Wire drawing [10 —10]//Axial direction Major component close to (1 1 —2 2)//wire cross-section

3 Cooling from melt Not applicable

None (random)
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partially obeyed. This is explained on the basis of the diffusion
controlled transformation mechanism that operates in the SC
sample. The GB-a nucleates at the prior 3/ boundary follow-
ing BOR for any one of the two 3 grains (say (31). Further o
lamellae growing out of GB-a that has already nucleated with
preferential orientation maintains the same orientation although
this amounts to deviations from BOR (for 32). This is made pos-
sible by the diffusion distances, which are much larger during a
diffusional transformation than required for strict adherence to
BOR.

5. Conclusion

The influence of initial deformation on the transformation of
high temperature 3 — o+ 3 in a developmental Ti—5Ta—1.8Nb
alloy has been studied. The texture that developed during defor-
mation and transformation was studied using XRD and EBSD
analysis. The room temperature microstructure of  — o+ f3
transformation product is Widmanstitten o for slow cooling
rates and a martensitic o for faster cooling rates of welds.
Deformation texture developed by the alloy is [000 1],//ND
for rolling and [10—10],//AD for wire drawing, showing
that it depends on the mode of deformation. Deformation tex-
ture dictates the final texture during the a+f —f — a+f3
transformation—[1 1 —2 0]//RD and a (11 —22)//wire cross-
section component of transformation textures are obtained
corresponding to initial deformation textures of (11 —20),
(cold rolled) and (10 —10), (wire drawing), respectively. A
prior deformation is essential to obtain the final transformation
texture; sample cooled from melt results in a randomly oriented
product. Microtextural analysis showed a case where Burgers
Orientation Relation is only partly obeyed. This is understood
in terms of grain boundary o which being the first to form exerts a
strong influence on the orientation of subsequent transformation
products.
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