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Recrystallization of oligocrystalline tantalum deformed by cold rolling

H.R.Z. Sandirft*, J.P. Marting, A.L. Pintd®, A.F. Padilh&

@ Departamento de Engenharia de Materiais, FAENQUIL, P.O. Box 116, Lorena, SP 12600-970, Brazil
b Instituto Militar de Engenharia, IME, Rio de Janeiro 22290-270, Brazil
¢ Departamento de Engenharia Metagica e de Materiais, Escola Paithica, USP, 8 Paulo 05508-900, Brazil

Received 29 October 2003; received in revised form 10 September 2004; accepted 15 September 2004

Abstract

The recrystallization behavior of coarse-grained tantalum deformed at large strains is strongly dependent on its deformation microstructure.
In this regard, a longitudinal section of a high-purity coarse-grained tantalum ingot obtained by double electron-beam melting (EBM) was
straight cold rolled to thickness reductions varying from 70 to 92% followed by annealing in vacuum at 900 an@ fii2dcth. Microstructural
characterization was performed in cold rolled and annealed specimens using scanning electron microscopy (SEM) in the backscattered mode
(BSE), electron backscattered diffraction (EBSD), and microhardness testing. The recrystallization of individual grains is strongly dependent
on their initial orientation. Recrystallization kinetics varies noticeably from one grain to another. Even after annealing @tfo2QMh, the
microstructure of tantalum sections deformed to 92% predominantly consists of alternating bands of recrystallized grains with distinct size
distributions and a few elongated areas marking the presence of individual grains softened by recovery. Results also show inhomogeneous
in-grain and grain-to-grain spatial distributions of textures in the rolling plane.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction EBM ingots consists of a few coarse columnar grains whose
grain boundaries are almost parallel to the longitudinal ingot
Tantalum has a body-centered cubic (b.c.c.) crystal struc- axis. The grain size of electron-beam melted tantalum ingots
ture and displays an unique combination of physical and is commonly in the cm-range. A similar grain structure is
chemical properties like a very high melting point (29€3, found in VAR (vacuum arc remelting) ingots.
outstanding corrosion resistance, and high ductility even  Following EBM, conventional deformation processes like
at cryogenic temperatures. Tantalum and its alloys haverolling and swaging are carried out to get tantalum plates,
many applications including the manufacture of equipments sheets, rods, and other semi-finished products. Cold working
for chemical processing plants, and devices for electronic, is the preferred fabrication method to produce semi-finished
aerospace and military industrifgg. products because of tantalum’s poor oxidation resistance and
Electron-beam melting (EBM) is the most suitable tech- high affinity for interstitials at elevated temperatures.
nigue to produce high-purity tantalum because of its en-  There are several reasons to use high-purity tantalum
hanced refining capability. Interstitial impurities such as oxy- oligocrystals to investigate orientation effects on recrystal-
gen and nitrogen must be minimized (O <150 wt-ppm and N lization. First, because of its high purity, solute drag effects
<100 wt-ppmj to ensure high ductility and avoiding embrit-  on boundary migration during annealing are minimized. Sec-
tlement in tantalum. Electron-beam melting provides these ond, individual grains can be traced during deformation and
requirements. The microstructure of high-purity tantalum further static annealing easing the comparison of their behav-
iors. Third, the identification of the initial grains nucleated
* + Corresponding author. Tel.: +55 12 3150 9916; fax: +55 12 3153 3006, & deformation heterogeneities and grain boundary regions

E-mail addresshsandim@demar.faenquil.br (H.R.Z. Sandim). is easier in oligocrystals especially when annealing is per-
L Chemical requirements specified in ASTM B-364-92. formed at low homologous temperatures (e.g. 700-=€)0
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The nature of the cold-worked state determines the an-
nealing behavior in metals. In an earlier investigatj@h
the recrystallization of coarse-grained tantalum deformed by
cold swaging was found to be very inhomogeneous. The mi-
crostructure observed in the annealed state was very het-
erogeneous compared to the larger homogeneity found in
fine-grained tantalum. Individual grains did behave quite dif-
ferently during cold swaging displaying distinct deforma-
tion microstructures and work-hardening behaviors. Com-
monly found in coarse-grained materials are deformation
heterogeneities like deformation and shear bands. These het-
erogeneities contribute to increased differences in terms of
stored energy and act as preferential nucleation sites for
recrystallizatior[3,4]. As a result, grain size and recrystal-
lized volume fraction varied significantly from one grain to
another. Hence, banded grains are expected to display a het-
erogeneous behavior regarding further recovery and recrys-
tallization[5]. In the present paper, a coarse-grained tantalum
slab was straight cold rolled to large strains and annealed at
900 and 1200C in order to obtain distinct microstructures
in terms of recrystallized fraction. This work reports the de-
velopment of in-grain and grain-to-grain texture gradients in
the rolling plane of oligocrystalline tantalum.

L8]
2. Experimental |
() RD

The starting material was a 78 mm dlameter Ingot obtained Fig. 1. Sampling procedure used in the present work: (a) sectioning of the
by means of double electron-beam melting of tantalum scrap. tantalum slab prior to cold rolling; (b) longitudinal section showing the grain
Table 1presents the chemical composition of this ingot. The structure in the as-cast slab lying parallel to the RD. The dashed area in (c)
impurity contents are in agreement with ASTM-B-364-92. corresponds to a typical example of a bicrystal sampled in the rolled plate.
A 10 mm thick slab was carefully cut out from the ingot and

straight cold rolled in multiple passes to 92% thickness re- . )
g Ple b 0 Selected bicrystals were cut from these strips for metallo-

duction without intermediary annealing. In every part of this hic | tion. Vickers hard test ied out
article, RD represents the rolling direction, TD the transverse graphic INSpection. VICKErs haraness tests were carried ou

direction, and ND the normal direction of the rolled sheet. n deformed aqd a_nnealed SPECIMENS using a Io.ad of 100g.
Specimens in the deformed state (70, 80, and 92% reductionsi:'ﬂ.een determmaﬂons were made on gach specimen. Cha_n—
were cut out parallel to the RD and vacuum-sealed in quartz heling contrast Images of selected regions were obtamed n
glass. Three consecutive strips (10 mm wide) containing at? LEG 1450-VP scanning electro_n microscope op_eratlng at
least five bicrystals each were sampled from the rolled plate 3(_) kV. The EBSD scans were carne_d outin the “’””?9 pla_ne
after every reduction. The prior grain boundaries (referred with mapped_ areas varying according to the magnification.
to the as-cast condition) were aligned nearly parallel to the EBSD samplmg points were spac.ed from 8 tq,20 for the :
RD. Fig. 1shows a schematic representation of the sampling annealed specimens (correspondmg tothe map stgp siz€). Mi-
procedure adopted in the present work. One strip was use rotexture evaluation (pole figures, inverse pole figures and

for investigating the as-rolled structure. The two remaining orientation d'Str'bu_t'O_n fun_ct|on (O.DF)) was determined b_y
means of automatic indexing of Kikuchi patterns after suit-

able image processing in a TSL 3.0 system interfaced to a

strips were annealed at 900 and 12Q0for 1 h in vacuum.

Table 1 o . . .

Chemical composition of the EBM-Ta ingot used in this investigation Phl!lps XL-30 SEM operating at 20 KV with a conventional
, W-filament.

Impurity Content (wt-ppm)

W <55

Fe <45 3. Results

Al <30

Si <50 3.1. Starting material

N 5+3

© 65+ 10 The microstructure of the tantalum ingot consisted of

Ta Balance

coarse elongated grains with 40 mm in length and 10 mm in



H.R.Z. Sandim et al. / Materials Science and Engineering A 392 (2005) 209-221 211

width. Some grains in the central part of the ingot were up to gitudinal sections of cold deformed specimens is very inho-
150 mm in length. These grains are nearly parallel to the lon- mogeneous. The nature of the substructure developed varied
gitudinal direction. The aspect ratio of the grains in the lon- significantly from one grain to anothéfig. 2 shows the two
gitudinal section was about big. 1b shows the longitudinal  neighboring grains in 70% cold-rolled tantalysi. While
section of the EBM-Ta ingot used in this investigation. Froma grain A appeared structureless in SEM (electron channeling
practical viewpoint, the slab cut from the tantalum ingot con- contrast), grain B has been subdivided in a much finer sub-
sisted of only a few coarse-elongated grains arranged in par-structure. These distinct subdivision patterns were confirmed
allel. The initial thickness of the slab corresponds to the size by EBSD measurements. The distributions of the misorien-
of the individual grains. The hardness in as-cast tantalum wastations /) found in each grain are schematically shown in
foundto be 66 5 (VHN, 5kg). The orientation of individual ~ Fig. 2 Grain B has subdivided in a wide range of misori-
grains in the slab was not determined in the present work. entations with many boundaries having high angle character
(¢ >15). On the other hand, the misorientation distribution
3.2. Deformed specimens shows that low angle boundaries are predominant in grain A
(¥ <8).
Pure tantalumis very ductile and can berolled toverylarge  In-grain microstructural inhomogeneities are also found
strains at room temperature. The microstructure of the lon- in cold-rolled tantalum. Deformation heterogeneities are ob-
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Fig. 2. Longitudinal section of grains A and B in 70% cold-rolled tantalum (SEM, BSE). Histograms showing the distribution of misorientativessured
in longitudinal section of grains A and B. The grain boundary referred to as-cast structure is infb¢ated
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Fig. 3. SEM micrograph showing deformation bands subdividing a single grain in 70% cold-rolled EBM tantalum and corresponding pole figures indicatin
the orientation spread associated to banding.

served in most of the grainig. 3 shows the presence of 15°-{00 1}(1 1 0-oriented (rotated cube). Very coarse grains
a banded structure developed within a single coarse grain.growing towards grain A are also foungdl 1 0}-pole figures
The corresponding pole figures show the orientation spreadcorresponding to these grains and to the recovered grain A
associated with the deformation bands. Deformation bandsare also showrFig. 5a shows the orientation image mapping
result from the fragmentation of unstable grains into regions (OIM) of the recrystallized structure shownfig. 4. In this

of common orientations separated by narrow transition bandsfigure, it is evident that grain size varies in the recrystallized
(geometrically necessary boundaries). These regions deformstructure. Pole figures (ségég. 5c) show the orientation of
uniformly but with different combinations of slip systems. fine (left side of the OIM) and coarse-elongated (right side of
Large orientation changes are found across these bands. Thehe OIM) grains in the former grain boundary region. There
tendency of grains for banding can be related to size andare no significant changes in texture from one region to an-
orientation effect§7]. In the following section, further ex-  other.

amples of microstructural heterogeneity will be presented in  Fig. 6shows another example of how inhomogeneous the

selected bicrystals during annealing. annealing behavior is of two adjacent grains in the rolled
plate. The bicrystal shown in this micrograph consists of
3.3. Annealed microstructures grains E and F. The substructure of both grains is quite

different Fig. 6a). Grain E is subdivided in a finer sub-
During annealing, both recovery and recrystallization ki- grain structure. Measured Vickers microhardness values con-
netics are very inhomogeneous in cold-rolled tantaleign. 4 firm these differences in terms of the developed substruc-
shows the microstructure of grains A and B after anneal- ture in both grainsT{able 2. In consequence, grain E re-
ing at 1200°C for 1 h. Recovery was predominant in grain crystallized in full extent whereas grain F was softened
A whereas grain B was fully recrystallized. EBSD inves- by recovery after annealing at 1200 for 1h (Fig. &b).
tigation in the annealed state confirms that grain A is about Table 2shows the results of Vickers microhardness testing



H.R.Z. Sandim et al. / Materials Science and Engineering A 392 (2005) 209-221 213

RD
{1,1,0 A

D

7

recovered area

Grain A

Grain B

Fig. 4. Longitudinal section of the former bicrystal formed by grains A and B (referré&digto?) after 70% cold rolling followed by annealing at 1200
for 1h (SEM, BSE). Note large grains growing towards grain A and a fine equiaxed structure at the lower part of the mi¢gpgfadho}-pole figures
corresponding to the recovered region and to the coarse-elongated grains are also shown.

for other grains and their corresponding annealing behav- that longer annealing times could lead to a full recrystallized
iors. structure, however, nucleation appears to be absent in grain
Another example of microstructural heterogeneity in tan- H.

talum is shown irFig. 7. This figure shows three consecutive Orientation effects are also eviden#ig. 8 Two neighbor
grains identified as G, H, and I. Grain H is positioned be- grains display distinct annealing behaviors even after 92%
tween grains G and | and did not undergo recrystallization reduction followed by annealing at 1200 for 1 h.Fig. 8
upon annealing. On the other hand, grains G and | did recrys-shows the SEM micrograph of this particular region. The
tallize in full extent when annealed at 1200 for 1 h. The strong microtexture developed in the recrystallized region
presence of coarse-elongated grains growing towards grain H(lower part of this micrograph) i§111}(112 (a vy fiber

is similar to those observed Fig. 4. It is plausible to admit ~ component). The recovered region (upper part of the micro-
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Fig. 5. Orientation image mapping from EBSD data from the region showaigind: (a) OIM; (b) unit triangle with color scheme for orientations along the
RD; (c) pole figures showing the orientation of fine (left part of the OIM; indicated by red points) and coarse-elongated grains (right part of tiiécaiddt in
by blue points) in the mapped region.

graph) was found to b€00 1} (1 1 0) (rotated cube). There-  grains with a more equiaxed morphology dfel 1} (11 2-

spective pole figures determined from EBSD data are shownoriented.

in Fig. &b. Another representative example of texture heterogeneity
Even in regions where full recrystallization took place within individual grains is displayed iRig. 10 Once more

there are strong differences in terms of the developed tex-a sharp transition between two recrystallized regions within

ture in the annealed stateig. 9 shows how texture varies a single grain is present. Grain morphology also varies from

within an individual grain. There is a sharp transition divid- one side to another. The OIM referred to this micrograph is

ing two areas of the same micrograph. The region marked byshown inFig. 11 The orientation distribution function (ODF)

1 (left part of the micrograph) represents a collection of grains corresponding to the mapped area reveals the presence of ori-

with a slightly elongated morphology with texture centered entations mostly alongfiber (see ODF section for, = 45°).

on {111} (u vw). A pronounced orientation spread around Goss{110}(001) and cube{100}(001) components are

TD is evidenced in this region. In the right side of the figure, also present, but in a minor extent.
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Grain F
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Fig. 6. Longitudinal section of grains E and F: (a) 80% cold rolled; (b) annealed at C2f@0 1 h (SEM, BSE).

4. Discussion The first point to be addressed in this discussion is the
large heterogeneity of the deformation microstructure found
The tantalum ingot investigated in this work is a typical in coarse-grained tantalum after cold rolling. In an earlier pa-
oligocrystalline material. EBM and VAR are commonly used per[11], the microstructural heterogeneity of coarse-grained
to manufacture tantalum ingots. In this regard, understandingtantalum deformed by cold swaging to large strains was
the deformation behavior of this type of microstructure and demonstrated. This heterogeneity was associated with ori-
further annealing behavior is essential. In that sense, crys-entation effects occurring during grain subdivision. It has
tallographic texture plays a decisive role since it influences been shown that a few grains appeared to deform in a sta-
mechanical properties and further formability of tantalum ble manner producing structureless grains or coarse subgrain
sheets, especially in the manufacture of deep-drawn parts.structures (mosaic-like) in SEM. These grains developed only
There are only a few studies showing the presence of tex-very low misoriented dislocation structures which are much
ture gradients in plates processed from EBM- and VAR-Ta more susceptible to be softened by recovery than recrystal-
[8-10]. These papersreportthe effects of processing variableslize. In contrast, the majority of grains split up in strongly
on the resulting crystallographic texture of tantalum. These misoriented lamellae with high-angle character. These grains
variables included the amount of deformation, grain size, an- provide more favorable nucleation sites for recrystallization.
nealing temperature, and the nature of the forming process Orientation effects were also observed during recrystal-
used to manufacture Ta plates, i.e. direction and amount oflization of coarse-grained tantalum deformed by cold swag-
forging and/or rolling. ing[12]. Strong differences in terms of the misorientation de-
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Grain |

Grain H

Grain H

Grain G

Fig. 7. Longitudinal sections showing three consecutive grains G—-H-I in a 80% cold-rolled tantalum sheet followed by annealirgCatot 200 (SEM,
BSE). Note that recrystallization is absent in grain H.

Table 2

Results of Vickers microhardness testing of selected grains in cold-rolled tantalum and their respective microstructures after anneali@gat 1200
Grain Reduction (%) Microhardness (VHN-100 g) Microstructure after annealing atC2fi® 1 h
A 70 97+8 RV

B 70 134+8 RX

C 70 135+21 RX

D 70 112+13 RX

E 80 12718 RX

F 80 97+9 RV

G 80 122+9 RX

H 80 92+ 2 RV

| 80 160+ 6 RX

J 92 175+ 19 RX

K 92 151+ 30 RX

RX—recrystallized; RV—recovered.

veloped were observed in two neighboring grains using elec- a much higher stored energy compared to grain A. The pres-
tron backscattering diffraction (EBSD). The grain with the ence of many boundaries with high angle character explains
larger fraction of high angle boundaries recrystallized easily. why grain B recrystallized with ease and grain A did not.

In contrast, recrystallization was virtually absent in the other ~ The presence of large elongated bands parallel to the RD
grain because of the predominance of boundaries with low where recrystallization did not occur demands a more de-

angle character. These features are repeated in the rolled matailed discussion. These large bands mark the presence of
terial. From the results of microhardness testing (&dse 9 individual grains and correspond to stable orientations per-

and misorientation distributions shownHig. 2, grain B has sisting even after large straining, as showFiig. 8 They are
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als attributed to the presence of rotated-cube oriented grains.
(001)[11~ OJ-oriented tantalum single crystals displayed no
recrystallization even after annealing at higher temperatures
(1400°C) [16]. The use of transverse rolling was also re-
ported to promote undesirable rotated cupe@q1}(110)
components in tantalum platg 10]. Thus, the large struc-
tureless bands appearing figs. 4 and 6—&orrespond to
recovered grains. These findings are confirmed by micro-
hardness testing taken in structureless bands (grain A, for
example) suggesting that recovery was the chief softening
mechanism in these grains.

It is very well known that recovery and recrystallization
are competing mechanisms. In both cases, the stored energy
of deformation is the driving force for the transformation.
Assuming that nucleation is relatively uniform, growth of nu-
clei tend to be faster within grains or regions having higher
stored energies. Depending on the annealing temperature, the
final microstructure consists of regions where recrystalliza-
tion takes place faster while within other grains it seems to
be slower. This explains the presence of adjacent regions dis-
playing distinct behaviors in terms of recrystallization (vol-
ume fraction, texture, and grain size), as demonstrated in
Figs. 4 and 6-8

The recrystallization behavior of cold-rolled tantalum is
comparable with the one observed for coarse-grained nio-
bium processed by electron-beam melting. A high-purity
coarse-grained niobium bicrystal was 70% cold rolled in
multiple passes. Deformation occurred in an inhomogeneous
manner in both grains giving rise to abanded structure. In con-
sequence, highly misoriented boundaries were developed in
the microstructure in a wide range of misorientations, many
reaching about 55 These boundaries acted as effective nu-
cleation sites for recrystallizatiofl7]. Similarly, the pres-
ence of deformation heterogeneities (e.g. deformation bands)
orregions of localized deformation in the interior of the grains
(seeFig. 3) and in the vicinity of the prior grain boundaries
ease the nucleation of new grains at lower annealing temper-
atures in oligocrystalline tantalum. Considerable evidences
supporting these features are found elsewfiEe20]

The annealed specimens display a band-like structure al-
ternating fully recrystallized, partially recrystallized and re-
covered regions. This banded microstructure results from the
splitting of the majority of the former coarse grains into multi-
textural components. This peculiar microstructure has been
found in minor extent even in specimens annealed at 1200  reported for other metals like high-purity coarse-grained alu-
for 1 h. The EBSD data shown in this work confirms the pres- minum deformed by cold rollin§21]. This inhomogeneous
ence of orientation effects on recrystallization of the selected microstructure in the annealed state has been explained in
tantalum bicrystal as shown fig. 2 [6]. Grain A was found terms of the orientation-dependant mobility of grain bound-
tobe{00 1}(1 1 0-oriented. The rotated cube orientation has aries and oriented nucleation concepts. These differences in
a very low Taylor factor which gives rise to low-misoriented terms of the rates of static recrystallization and grain size can
regions and hence a very weak tendency to form potential nu-be related to orientation aspects of growth of nuclei/grains

Fig. 8. Micrograph showing the heterogeneous microstructure found in the
grain boundary region of a sample 92% cold rolled followed by annealing
at 1200°C for 1 h: (a) general view of the microstructure (SEM, BSE); (b)
pole figures corresponding to the recrystallized grains shown in the lower
part of the SEM micrograph{( 11}(112 texture, blue points) and the
recovered region{001}(0 1 1), red points) shown in the upper part of the
SEM micrograph.

clei during recrystallizatiofil3]. The{001}(110 (rotated
cube) and{001}(100 (cube) orientations in F&Si single

crystals are examples of sluggish orientations in terms of re-

crystallization14]. Raabe et a[15] have reported the occur-

in heavily deformed metals. Our results seem to be in agree-
ment with this proposition, i.e., that of the heterogeneous mi-
crostructure of rolled products results from the initial coarse-
grained structure. Taking into account orientation effects, itis

rence of large recovered areas in rolled and annealed bcc metexpected that the growth of nuclei/grains is favored in some
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{111}<uvw> - elongated grains (111)[112) — equiaxed grains

Fig. 9. SEM micrograph showing two adjacent regions within former grain K (92% cold rolled + annealing aCL&H0L h) where grain size and texture
vary from region 1 to region 2 (BSE). Note a sharp transition in the central part of this micrograph.

Fig. 10. Detail of a sharp transition dividing two recrystallized regions within former grain G (80% cold rolled + annealing @tf®0Q h). Grain size and
morphology vary significantly within the region delimited by this former grain (SEM, BSE).
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Fig. 11. Orientation image mapping from EBSD data from the region showigin10 (dashed rectangle) corresponding to the sharp transition between
texture components in former grain G: (a) OIM; (b) ODF showing the texture components and respective intensities found in the mapped refjleer. The

is predominant followed by weaker Gogs1 0} (00 1) and cube{1 00} (00 1) texture components. The unit triangle with color scheme for orientations along
the RD is also shown.
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cases while in others orientation pinning may affect the nu- found elsewhere within a gralid,24]. These volumes rotate
clei/grain growth rate leading to remarkable differences in during grain fragmentation and tend to develop distinct sub-
terms of grain size as shownhg. 11 A detailed discussion  structures during plastic deformation. Hence, the annealed
about this subject is given in Rg22]. microstructure shown ifrig. 9 reflects the development of

Another striking feature observed in the annealed speci- such distinct deformation textures within a graffig. 10
mens was the presence of coarse grains growing into recov-brings another example of texture gradients due to the oc-
ered areas. This is evident Figs. 4, 6 and 7Similar fea- currence of deformation banding within coarse grains. Grain
tures were reported in coarse-grained alumirj@dj. Ori- G has a clear boundary dividing two parts of the prior grain.
ented growth was the explanation proposed by Nes et al. These regions display different recrystallization texture com-
[21] to explain the presence of coarskl 1} (1 1 0-oriented ponents. This “boundary” is not related to the former grain
grains growing into the Brasf®®11}(211) component. In boundary.Fig. 11 shows that the desirable fiber compo-
aluminum the high mobility of thg[1 1 1}-tilt-boundaries nent is predominant in the middle of the OIM scan. Weaker
results in a planar growth selection of°401 1 1}-oriented components like Gosgl 10}(00 1) and cube{100}(001)
grains. During primary recrystallization of tantalum, growth are also present in the right side of the mapped area. De-
selection is the mechanism proposed to explain the disap-fects caused by inhomogeneous thinning of the sheet during
pearance of the rolling texturgl 12}(110 and the corre-  deep drawing are expected to take place in such microstruc-
sponding growth of111}(11 2 texture[23]. These orien-  ture.
tations have a 35(1 10 relationship, i.e. close to the 27 It must be noted that through-thickness texture gradients
(11 0-orientation relationship. The 2%1 1 Q-orientation were not evaluated in the present paper. Through-thickness
relationship in ferritic steels and b.c.c. refractory metals is texture gradients depend on strain history and were also re-
characteristic of very mobile high-angle boundaries with ported in fine-grained tantalum plat@s]. According to the
¥19a symmetry, which determines the final texture by a authors, these gradients could explain the effects of non-
growth selection mechanisf23]. The coarse grains grow-  uniform microstructures on inhomogeneous plastic behavior
ing into former grain A Fig. 4) display such morphology  of tantalum in rolled products.
probably because they exhibit a noticeable growth advan-
tage and also because of the lack of competing grains in
former grain A. The recrystallization texture of the elon-
gated grains is similar to the texture corresponding to the
fine-grained structure as shown kig. 5. However, these
coarse grains display-a30°-(1 1 O-orientation relationship
to the recovered grain A. These observations support the
selective growth mechanism for recrystallization in coarse-
grained tantalum.

The in-grain and grain-to-grain texture gradients found
in this material have to be considered for further processing
of tantalum sheets. In addition to a fine-grained structure, a
strongy fiber (11 3 (wvw), {111(112 0or{111}(110
texture components) is recommended for further deep draw-
ing of tantalum part§10]. The vy fiber in b.c.c. refractory
metals has a maximum &f. 1 1}(112 [23]. It comprises
orientations wherg(111} planes are parallel to the ND.
{100}{0vw) texture components belong to the so-called
o fiber and are not suitable for further deep drawing of
rolled sheets. The fiber is usually incomplete and com-
prises orientations with a commaf 1 0-direction parallel
to the RD.

Fig. 9reveals the presence of in-grain texture gradients.
EBSD, in this case, is very useful to detect differences in
texture in the grain-size scale. This is an advantage on con-
ventional X-ray diffraction techniques used to evaluate crys-
tallographic texture. There is a clear transition from one side
to another within the boundary of former grain K. In our Acknowledgements
view, this has probably to do with the occurrence of defor-
mation banding during fragmentation of coarse-grained ma-  Authors are thankful to FAPESP for the financial support
terials. Deformation bands are defined as volumes of con-(99/11756-0 and 00/12505-5). H.R.Z. Sandim is supported
stant orientation that differ significantly to the orientation(s) by CNPq (Brazil).

5. Conclusions

(a) The static recrystallization in oligocrystalline tantalum
deformed by straight cold rolling is strongly dependent
on the nature of the deformation microstructure exhib-
ited by individual grains. Orientation effects during grain
subdivision are evident in coarse-grained tantalum.

(b) The recrystallization kinetics in EBM-Ta clearly varies
from grain to grain. As a result, the microstructure of
the annealed specimens is very inhomogeneous and con-
sists predominantly of recrystallized areas with distinct
mean grain sizes and a minority of tiny elongated re-
gions softened by recovery. The heterogeneity observed
in the annealed microstructure of this coarse-grained
material can be predominantly related to orientation
effects.

(c) Recrystallization microtexture varies within and from
one grain to another. In the rolling plane the dominant
texture is they fiber ({1 1 1}//ND). The presence of tiny
recovered regions in the annealed plate is associated with
stable orientations like the rotated cup@01}(110),
which resist to recrystallization even at high annealing
temperatures.
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