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Annealing Textures and Grain Size of Tantalum Sheet
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Abstract

In this study, the development of annealing textures in cold rolled and annealed tantalum sheets was analyzed using
electron backscatter diffraction. At 900°C, the textures of the recrystallized grains in the partially and completely
recrystallized microstructures displayed significant similarities. The average diameter of the recrystallized grains with -
fiber orientations exceeded that of grains with different orientations, and the average growth rates were unrelated to the
orientations after an initial stage of recrystallization. Additional cold rolling and annealing was done for controlled initial
microstructures and textures inherited from various processes of prior cold rolling and annealing. This second cycle of the
process resulted in stronger textures with major y-fiber orientations as a result of the enhanced vy-fiber orientations in the
preceding textures. A coarse-grained prior microstructure resulted in a weaker annealing texture than a fine grained one
regardless of the stronger previous texture, which was occasioned by the sub-structures of the minor orientations at local

deformation inhomogeneities such as sharp in-grain shear bands.

Key Words : crystallographic texture, tantalum, annealing, recrystallization, grain size

1. M
&= (texture) =2 419 (preferred
orientation)= &/ ¢ ol é(nlsotropy)—o— 3=
H4& oA &8

bolt} [1-2]. £3]
o] d ¥ (annealing) <

% ZZ o] 7}&LA

=
st A-57F wrh diEAQl g2 s F2 T4
g e Wik gd 2 ood® $ o<111> 2F
whako] wHAje] =2 Whek(plane normal direction, ND)

of Az HPsA widet= e

Fa g

2~
\:r'—‘T

Er’
re
_|_4
]I>_44 L 00{‘ Tl

CRESE

1L @AY HA ARdTa

2. BFA

3. e AE VEsEd

# Corresponding Author : Korea Institute of Materials Science, E-mail:
firice@kims.re.kr, ORCID : 0000-0002-5002-4428

AR = i S 1 M 2 s
(cubic crystal) =< ] 2]
@3 Zstel 71ogt [4] =
7173 (grain-oriented electrical steel)= ©1d
<100> W9(Goss W) ZAAHe wHAAY
(abnormal grain growth)ell ]3] w9 733+ 3 g2 o]
uhasl | 2} 8}-8 o] 18k (easy magnetization direction) <!
<100> Wake] ¢F<d wek(rolling direction, RD)2. = ¢]
Hjgkell 7ilste] Wkr]e] HAEL A= deY &
_9_;]_'7 o]r/]_ [5_7]

5 (tantalum, Ta)S %
‘43 7HA Y, 3] (rare)

drawing) “d
e o= g A
Z{011}

R

523k ;}a‘_x}- sl oLx%/erJr o]
w42 7hgel] E = (bulk) E

go] Aela sao mjo Aol [8]. 1%
¥ E ¥ E}Z(sputtering target)o]t} [9] B8 o]
U(liner) 5o oA Jej2% &85 91#“:1, o]


mailto:firice@kims.re.kr

248 R I C IS

2ol Aloj7b Fag Aow dHA 9l

= S8l AAstE @
" (body-centered cubic)® =
I} FARE JdEAds 7=

(e}

o] = A=A oldd T A

4 (recrystallization) A olA] Al A A==

A k9ol wujgkel A (oriented nucleation) [19-20]

2 3k A (oriented growth)ol]l [21-22] 7|03t

o= sjAet, ol ofd® HFxA e AA

e B T8 2 B wAERA QA 5§
IS T o= E:] A [2-3]. 17
St o

nol= Az

=
(i
o
QL
£y
5y
r—?L Olﬂ ll_l —H | ﬂ‘
LENEER
2 L, i
A +
o
N
%
BN
2
IS

900°Cel| 7\1 5 30, 60 & FAISEAU, 1200°C°ﬂ/\1
FHgoEN ANAA & =
A715 Aofsidltt (12 4 H o dH).
900°C-60 + 2 1200°C-120 ¥ ojds A|dHo <
B g2 0.8 mm7bA] A=F o+l F, 1100°Ce]
Al 60 & frAlstal et (23 ol #oojd
).
oFel A F=Hd w@EE AA
2 FAFxg FAHdE  Faked 3] A electron
backscatter diffraction, EBSD)< ©]-&3}3ith A9
H(NDF RDE Essh= W) 7IAldnF § -30°C
‘@ﬂﬂ 3Me] SAb-mehE £ NS o] &3l Ml
Oq‘j}o}"ﬂu} X*?Sﬁoﬂﬂ}oﬂt Struers AFS] Lectropol-55
o] 83k, 32V, f<F 20 (4wl LF AHA ©9), 60
% iZﬂOﬂfﬂ 23] 03_%‘0 Ftors dd 9l

1:1] /\ﬂ =z X] l]— =)

F{N

Z1AlAntol]l ogt W WH S-S A3t Hitachi
AFe] SU6600 AR A Aol zkEl EDAX A9
Hikari 7= 7](detector), = JEOL A}e] JSM-7001F
FARAAEE ol F2E Oxford Instruments A}
NordlysNano A=7]E €83 EBSD Hlo|HE +F
a3t

EBSD H|o]Elo] thegh 413} Al Zkstell = Oxford
Instruments AF2] Channel5 2 E ¢Joj¢} MATLAB™
7]Hke] @ 3 4 (open source) A~EE ool MTEXE
[23] &&3t¥ o, HadxZ HINE 93 WHEx
3+~ (orientation distribution function, ODF)2] 7| 4kel =
WIMV [24] <& 28313t ODF+= Bunge®] 74 <]l
2= oA (Euler) ZF [1] (g1 @ ¢) 082 TAH 33
Qo] F7F Ao Sudow yeEd o, Hel Ak
Fie]l Fa W7t BAEHE =450 A o] T
g3kt Fig. 12 sid dHoA e Fa
e [25]. ODFe] AlE]Ads ¢8f Hlulz
EBSD 54 WA e] Aastlown, 0.3-8 mm’e]
WA o] FHA 400 7N o) AAA -] L
ST

o M 9
(oo1)[110] (oon)[010] T (001)[110]

1]
A-fiber:
ND//<111>

o,

rlo

2

2

L IV i A =)
oo o mlo -

‘ o-fiber:
RD//<110>
(112)[110]
nie]
1121 T
y-fiber:

ND//<111>
(110)[001]

aine11]

Mmnriz]

(10)[110]

90

Fig. 1 Representative orientations in a body-centered
cubic metal sheet represented on the @,=45°
section of the Euler space (The Euler angles o1,
® and @2 are defined by Bunge’s notation. RD:
rolling direction, ND: sheet normal direction)
[25]

3. 8

Fig. 2= Hzx9 vAxA3 Jdx4S etk
Z27] Aol AFHES 291 yme HF AFS 7}
Hom, <110> "rgko] RDo| H3P sk - f-(fiber)
91k <111>0] NDell B33 y-AfF FAE A



A} oy JFeHa A4 27 249

H~l

v 3baba 9Tk 900°C-60 2 1200°C-120 ¥ o]d @ 3t A
Fig. 29 27 mAzd 2 Adzde 14 ¢ 27} gl 2 ojdwF F uHEA o] WEE

R ojdg el 23} Fig. 3 & Fig. 40l Z2F vrERd 1 s} o]z2H¥ =4¥ ODFZ Fig. 5-60] e

r2

A x4z Hgtzz o2 wW3let) Fig. 3(a)-(c) 2 Fig. Zrzre] w24 T Hy AAY A4S 86.6%
4@)-(c)5 &3l 900°CN Al AAgGe] Faeo] e v 101.7 pmSl o™, o] mAFzZo] wr} 2 AAY
Az Az Wat 448 = 5 Ut 60 Hoz P4 A HTHom Ho wAs 2F
B ojdy T A4 SEFHA, 7] vA Hap Ze y-AH HeE 4 5 gk

ZA 3} AL Fat 27 285 ume] S59E 24 StHO = Fig. 2(b)ol el FHzxo HFxzAd
o2 T MAZAS 48 § g FA A4 v s Aate y-AH WS 7HXE Fig. 3(c) 2 (d)9
4o A8 g F y-AAH A 7F AskE A, wkie o- A=A 22 4 2 oIy F Fig 69 o] H
Af 2 <100> W3Fo] NDol sk Al WelE ot AstE y-AR H9E AASIGITE o2 o
A FalAE AS FAFE 5 A AHHES 2 dy »axAe 7] J¥FxFd dig &S

5 Fi gelgk 4 o

o} gFA1717] $18k 1200°C, 120 <] oI H
A

3yl Al 2ol g g A
i, o] weo] H A AL 134.7 umoll °] =5 4. 11 =
t}. o] T E8lar, Fig 4d)eE
9o Aatel= ws- 4.1 L F MEAH Yo wE FEx
II tll-l_‘él- j.l%
S - Fig. 3(a)-(b)y= 4™ F AZAAe] FEHo= 3l
[T 9 vz et ueka] Aade] A
NN me AAFHe gREA 27 g 5 A
[N Hog BAgonn AAY AFzA FA 7|7

— el FZe 5= Sl oldl AAAHE FES Sl

3(111)1121] (ain[iiz] :

GOS (grain orientation spread)®} i+ BC (band
Fig. 2 Initial microstructure and texture: (a) EBSD contrast) & Ul #o] &3}t

image quality (1Q) map, (b) orientation GOS+= EBSD &4 ©lo]g AoA WE ZAHHE
distribution function (ODF) on the ¢,=45° = 7% SAHY wHe e A8 AL
section of the Euler space with contour levels W] Abol o] xpolE Hpdh gho =AM, s AA
in multiples of random distribution (Note: the g U Fel A 97 24k AEE YERdT [26]

sample directions accord with those of the whebA] A 9 (dislocation)ol] €3k o] Wzt A
subsequent rolled and annealed specimens. o gl AAAHAAE vig FS @S 7HAA |
Please refer to the electronic version of this . GOS+= EBSD 54 Ao =4 47E 7 (step
article for full color information.)

@

Fig. 3 Microstructures after 1st cycle of cold rolling and annealing at (a) 900°C for 5, (b) 30, (c) 60 mins and (d) at
1200°C for 120 mins (Note the different scale bars)
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Fig. 4 Textures after 1st cycle of cold rolling and annealing at (a) 900°C for 5, (b) 30, (c) 60 mins and (d) at 1200°C
for 120 mins (Please refer to the electronic version of this article for full color information.)
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Fig. 5 Orientation distribution on the microstructures after the 2nd cycle of cold rolling and annealing (Please refer
to the electronic version of this article for full color information): (a) inverse pole figure map showing the
crystal directions parallel to (a) the sheet normal direction (IPF-ND) and (b) the rolling direction (IPF-RD) of
the finer-grained prior microstructure, (c) IPF-ND and (d) IPF-RD of the coarser-grained prior

microstructure
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Fig. 12. Goss-oriented shear bands which would develop Goss-oriented recrystallization: (a) BC map, (b) IPF-ND
map, (c) orientation distribution of the matrix and (d) of the shear bands indicated by the arrows in (b) on
the ¢,=45° section of the Euler space (Please refer to the electronic version of this article for full color
information.)
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