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ABSTRACT The microstructure and texture in both the annealing and cold–rolled conditions of
140 µm Ta–7.5%W alloy foils were investigated by TEM and orientation distribution function (ODF)
analysis. It is found that the main texture components of the annealing and cold–rolled Ta–7.5%W alloys
are {001}〈110〉, {113}〈110〉, {112}〈110〉 and {111}〈110〉. In the cold–rolled Ta–7.5%W alloy foils, the
dislocation cell structures were formed in both {001}〈110〉 and {113}〈110〉 orientations. There were a
lot of equiaxed cell structures with an average size of 500 nm in the grains of {001}〈110〉 texture. The
microband structures were developed in the {111}〈110〉 grains, which are distributed parallelly in the grains
with a mean space length of 200 nm. The microbands consist of GNBs and IDBs. In the GNBs, there
were a set of high density parallel dislocations with the spacing of about 5 nm.
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5A�38 〈111〉 +757:+#�>0ÆB; BCC

+#�5AB�86 Schmid 8?, 7@A89-B

.:B)C�9&/:;&+; BCC ��� Peierls

B8 10−2–10−3µ ;<5 (µ �<9C1), 1>2.

) (FCC) +#� 2–3 ==1>; BCC ���D&-

B89$>?E6��!/�/
��0�:98
7�9���, ��*����, ?8&(�@@A

 �:B:;"�Æ&�=& [13,14],.;,/
��
A�0�#2.)��&(C?���0Æ!

<BDE:987��;�� Ta–7.5%W(+1

8=,3C)��0���0Æ, 77��#8FFA
 ��&(B��D��8FG&(A �(=�

:H�H�, 34.5/0 )>���IE�>!

DA<B��, EF0/
��?��;@����
�J�KL, AÆ:B6G#2.)�����&(

/6!

1 ;<=>
CEFHM�GGD Ta–7.5%W ��IE, 0

��EIJA 1200 F�H@@, FGG.I��

140 µm � Ta–7.5%W ��?�!FG>H&(1

KG8 5%–10%, LMH@@NH�?&(1KG8
50% @O!J 140 µm � Ta–7.5%W ��?�8P

NGK3ÆB 1200F@@ 1 h,HL0#FF&(M

G 70 µm Ta–7.5%W ��?�!

NII1CE6JG, KQRO8 140 µm �

70 µm M9?��F>)CÆBLR, ROJS

10 mm×10 mm!ODF(orientation distribution func-

tions, LC8KO=) 8M%DAI8 Ta–7.5%W �

�?�F>�{110}�{200}�{211}N=:OTNI
(NII1;< α=0◦–75◦, β=0◦–360◦), UKIVP

GN�� p̂(α, β), ÆBP:+L6LG.PKN�

� ρ (α, β), NI=PJWX�0M (.)XQ0M

�) L6L, CE Bunge QYO=8M<>=ZQ

G [15] 7�RP=-�LC8KO= (ODF), AJ

Cmn
l R=2�[ lmax=22!SJNRSO8 JEOL

2010 0ÆB, P0N\ 200 kV!NRROTQ8

MTP–1 TSTQ]0ÆB, NG^EUUV: TV:

VR =1 : 5 : 94, ND� 200 mA!

2 ABCDE
2.1 FGHI

0 BCC�����ÆBFG&(L, B8 BCC

���(=U!WSXS"�! R7Y%:9T
ZLC[H�����_B(=U! 8�FGH

�! !H��3DALC8KO= ODF VW\!

:Z��FGH�UX α � γ `]H�, α `]H

�% 〈110〉 YB9FC�:RZLC, γ `]H�%

〈111〉YB9V>GC�:RZLC [16]!8 EulerN

H BungeR^�,W φ2=45◦ �[>I�U-$ BCC

FGH��JXa_, �I 1a `�!I 1b �I 1c

8WY$$ 140 µm Ta–7.5%W ��?�ROFF

4L`(=�H�8 ODF �W φ2=45◦ �[>I8

M",!UI�3\$, FG4L���`(=�H

�8b8a, 77Z% α `]� γ `]H�, #�7
7%{001}〈110〉�{113}〈110〉�{112}〈110〉�{111}〈110〉
�H�:8, Z�:b�{110}〈110〉 H�:8, =

1/c, FGL�H�[+�[0�!7/, 8J

1200 F@@� 140 µm � Ta–7.5%W ��?��Z

(=$:b�{223}〈223〉 H�:8!
I 2 Y$$FG4L Ta–7.5%W ��?�� α

`]� γ`]M9LCd0�LC��&+C?!X
I 2a � α LCd�3\$, FFc�@@c� Ta–

7.5%W ��?�e α LCd8 φ=0◦�20◦�35◦�50◦

L8W$�$ 4 =\V, _]%d8 M9Kc�
���77Y8{001}〈110〉�{113}〈110〉�{112}〈110〉
�{111}〈110〉 e9H�:8, 8 φ=80◦ �Z)$�

$7/:=S\, #�H�:8�{110}〈110〉!01
�3:�, FFL� Ta–7.5%W ��?�� α LC

d0]LC�LC��#:@@c��`f�, f%

8{001}〈110〉 �LC���`^9!XI 2b � γ L

Cd�3\$, FFc Ta–7.5%W ���{111}〈110〉
H��LC��1@@c�{111}〈110〉 7�, /FF

c Ta–7.5%W ���{111}〈112〉 H��LC��1
@@c�{111}〈112〉 79!U;�3:�, @@L�

Ta–7.5%W ��?�JFF&( 50% L, ���(

=$:!XSg"�Vh[�����&(, :!+

^:;$iÆ, �j$ 9H��&+!
2.2 TEM LFMN

I 3 Y$$FFc 70 µm Ta–7.5%W ��?�

&(A �8+#�:CLC@;�XS"�!U

I��3\$, &(L���@;$J1XS,  !

XS77(=$M9:H, 8W�XS\"� (dislo-

cation cell structures) �W7 (microbands) :H, ?

8:CLC�+^�@;$"�]W*J�XS"

�, 77%.� !:CLC�+^8FGA �
!B:C�j�!U9!B:C,  !+^8&(A

 �Q_�5AR=1�5AR^_^H:C, .;

@;�XS=1�(=�XS"�_B:C!

I 3a Y$$FFc Ta–7.5%W ��?�

8{001}〈110〉 LC�+^�(=�XS"��

#0-�NOkJ_R (SADP), UI�3\$,

8{001}〈110〉 LC0(=$J1�PK�XS\:
H, \_0J1XS`", /\5`a`�XS, X
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Q 1 (a) abcb� φ2=45◦ 5deg�5Rl@3Schmg; (b)140 µm Ta–7.5%W 4�n 1200 a

id 1 h e?b5@3; (c)Ta–7.5%W 4�<>6? 50% e?b5@3

Fig.1 (a) The φ2=45◦ section of Euler space showing the major components of the α and γ fibers; (b)

the annealing texture of material annealed at 1200 a for 1 h; (c) the cold rolling texture after

50% reduction

Q 2 Ta–7.5%W 2; α oj (a) f γ oj (b) kpqkpfccl

Fig.2 The orientation density of α–fibres (a) and γ–fibres (b) of Ta–7.5% W alloy

S\�JS8 500 nm @O!0Dm��NOkJ
_R��$$S�d�8�, d2 !r(�XS\

NH_Y8TS�LC], LC]8 0.5◦ @O!U
;�E��8{001}〈110〉 LC0(=�XS:H=
0gs!/8 Ta–7.5%W ��?��{111}〈110〉 L
C0, �I 3b `�, JFGL, ��$$:+�&(

:gs�, U!he&([�t8, I��3\.:

!�XS���W7, 8 !W7NH�m��=0

gs����XS`"m! !W7g=YB, W7

NH�Hi8 200 nm @O!0Dm��NOkJ
_R8M�3\$, {111}〈110〉 LC�FGRO�k
J_R��d�8�*J,  d28&(A �, D

m��+#:;$heiÆ, W7NH�LC]�f

10◦ @O!I 3c �$$FFc Ta–7.5%W ��?�

8{113}〈110〉 LC�+^�(=�XS"��#0
-� SADP, UI�3\$, 8;LC077(=$
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Q 3 <>n 70 µm Ta–7.5%W 2;4g�hokp?b5pi=3
Fig.3 The dislocation microstructures of the 70 µm cold–rolled Ta–7.5%W alloy at different orienta-

tions, (a) the dislocation structures in {100}〈110〉 and the corresponding SADP; (b) the dislo-

cation structures in {111}〈110〉 and the corresponding SADP; (c) the dislocation structures in

{113}〈110〉 and the corresponding SADP

Q 4 uU>pq R[110] 5 Ta–7.5%W 2;�hokp5hg, j�>eip�hg5�vV2, T qjp

Fig.4 Pole figures along (a) [001], (b) [110], and (c) [111] in Ta–7.5%W alloy rolled along R[110]

*����XS,  !XS:=$:=jG(�XS
\"�, \�j�8 500 nm @O, k�8 200 nm @
O, 8\5`a\:.XS!0Dm�ÆBJ;<�

NOkJ8M�3:�, kJd:;$-1�8�,

 d2 !XS\NHY8TS�+#LC], LC

]JS8 1◦ 35!01�3:�, {100}〈110〉 LC
0�XS��`�{113}〈110〉 �{111}〈110〉 )C0
�XS���!

2.3 HICDE
U0>H�8M�w, Ta–7.5%W ��?�8J

50%FF&(L77(=${001}〈110〉�{113}〈110〉�
{112}〈110〉 �{111}〈110〉 e9H�:8!TEM :H
SO22, ��8 !:C�LC0(=$:C�X

S"�!:kr�, 8#2.)��&(A �, .

T&( ��:C, XSlZ$�:9�>lH [17]!

8FFA �, 8��-&� 1%–4% >, (==0

:x�XS=gQm�XSsk; n-&� 2%–50%

>,(=XS\,8:8 �0_Lm9+#XC; n

-&� 6%–70% >, (=W7, W7%:9nK"
�, k�8 0.2–0.5 µm, �3ooT=+^;<, +

p�Lm9+#�XC, X LS [>0V\, #<F

C= 20◦–40◦; n-&f. 40%–95% >, 8(=$

W7�+^�(=<97!X<+0Vd, <97%

lS0<9-&��0��m�,  9<97:H�
3%+#��, _�3%`975A�:�, .;8

lS0_�3%m+#��,  <yZ+^�LC�

n, Lm9+#��5+�Kc, :kX LS [>0

V\_%<FC= 20◦–40◦[18]!7�tDA�� IF

1 [19],:�8 αH�:8�,8{100}〈110〉H�oq
U-$J1J�XS\"�, \NH�LC]*S,

8{112}〈110〉 .{111}〈110〉 NH� α H�:8�+
^�@;$W7"�, X LS [>SO,  !W7<

FCpq8 0◦–35◦!8 γ `]H��+^�%UW

7:=, 8 LS >0SO<FC= 0◦–35◦, �!+^

p::rs:<979t, <97< RD)C= 25◦–

45◦, 8 γ `]+^�*2SO.XS\rg+!<

B��:�, 8FF� Ta–7.5%W ��?��, �

��{100}〈110〉 LC�{113}〈110〉 LC#(=$X
S\"�, ?8{100}〈110〉 )C077(=J��P
K�XS\"�, /8{111}〈110〉 LC(=$W7:
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Q 5 <>n 70 µm Ta–7.5%W 2;4g�?b56g=3
Fig.5 The microband structures of the cold–rolled 70µm Ta–7.5%W alloy foils, (a)parallel microbands

and the GNBs; (b)IDBs; (c)the sketch of the microband; (d)the magnification of GNBs

H,  < IF 1�(=�:H8a!
�ur8 !:C�LCB(= !]z r

J�XS"�sq89$FG&(� BCC ��, D

rB$�sb�mrj?x�tXS,  8XSAt

�*9 [20]!Ta–7.5%W ��JFGL, DA{113}7
P�kJ_R�3\$, 8D7P�kJ_R��d
�f�21�8�, d28{113}〈110〉 LC0RO�
@;$:81�he-&0�, u% :J30vÆ
XS\�(=�J;<�XS{tÆB8l@;/
0!8{111}〈110〉 )C0, +^�B(=�LC]m

�, U{111}7Poq�kJ_R��d�8� �
�3\$8{111}〈110〉 RO�Y8 10◦–15◦ �LC

], d28DRO�u0$J1�-&�,  ��|

7�}�iÆVÆBh[!
8FGA �,:k�J��`!�B8�eT

F>GC N �\-B, U9vw@;�eTFC R

xx9uC T �0-B, �:=:S�eTuC T

�0-B [20]!<BKQGK3, .�%FG?7, ?

�*Q, f� 140 µm, �3r�;>?�`!�-

B%Y>-&Kc�-B, yeT?�I�)C0

�9&0�w��r77�-&81!nFGeT
(001)[110])C>, vxvwB, �3r�;>+#f

!z:)C0�\-B,  >+#�`MG�wx�

XS-�e9{vw1, 8W� a/2[111], a/2[111],

a/2[111] � a/2[111]!y8;> Ta–7.5%W ���

`����5AR^#/0E, 78 9xy3, U

I 4a �3\., 8<9)C0Y8:=eH0M�,

A?8 N–R(110) 0Y8sH0M��Y>-&K
c!CR09 (113)[110] LC0+^�FG, 8<9

)C0Y8:=sH0M�, A?8 N–R >0Y8

sH0M��Y>-&Kc!H/, 09 (111)[110]

LC0+^�FG, 8\GB3, Y8:=<9)C

�NH0M�,  A:< N–R >�Y>-&+#�

0M�=z�!�3\$, nFG)C� (001)[110]

>, f�8 (001) � (113) F>0BY8S;<�s

H0M��-BKc, 01 (001)[110] � (113)[110]

FG, (001)[110] `Y8�0M���[�!.;, 8

(113)[110] FG3Y8:!he�-&0�m, /8

(001)[110] FG3`�SO. R��Æ!0>8M

�",��8 (001)[110] � (113)[110] FG3RO
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�:;�<9�3DA8F>�S�+#iÆVO
=,.�8:=)C0�iÆ�3DA#y�4�)
C0�iÆVhWO=, ?#4,%:R�!/09
(111)[110] FGVd,  ]|7*J�+#iÆVh
[`@;�-&, zHM9{vw1 b = a/2[111] �

b = a/2[111] XS�hC0E�3TS+#iÆ!3
0{zd2, 8{100}〈110〉 �{113}〈110〉 LC0�+
^8FGA �, ::8|7(=�LC]�XSW

7"�, u%8{111}〈110〉 LC0, RO�|7(=

 9W7"�Vh[+#&(�+#iÆ!
:k�lS���, � Al�Ni�Fe �, nFF

.�9-&13, ����+^5eB@;J1�X

S,  !XSB(=\{ (cell blocks, {M CBs) "

�, \{"�J+^||, \{5eUXS\:=,

XS\{NH�$h[=}\{NH�-&/(=

�A>M�`|^~XSA> (geometrically neces-

sary boundaries, {M GNBs), XS\NH�A>%

U��&(A �wx�5AXS<~XS�Qg

0E/(=, M�o;XSA> (incidental disloca-

tion boundaries, {M IDBs)[21]!I 5a �$$FFc

70 µm Ta–7.5%W ��?��(=�W7:H, �3

\$ !W7:HUYB� GNBs � IDBs :=, 8

MGYB� GNBs NH(=$*� IDBs(I 5c), #

�|dG+2 GNBs, }dG+2 IDBs!GNBs 0(

=�XS��:�, GNBs M}(#�LC]:J,

/ IDBs 0�XS��~9, #M}(#NH�LC

]S!0 GNBs ÆB}JSO�3:�, 8 GNBs �

-�::=gYB�XS, XSNH�Hi*S, f

� 5 nm@O (I 5d)! 9����C~XS:=�
A>^HBYA>M~�(#@;:J�LC]!

3 A E
1. FFc�@@c� Ta–7.5%W ��?��

77(=${001}〈110〉�{113}〈110〉�{112}〈110〉 �
{111}〈110〉 e9H�:8!

2. FFL� Ta–7.5%W ��?�� α LCd

0]LC�LC��#:@@c��`f�, f%

8{001}〈110〉 �LC���`^9; 8 γ LCd0,

FFL� Ta–7.5%W ���{111}〈110〉 H��LC
��:@@c7�, {111}〈112〉 H��LC��:@
@c79!

3. FF� Ta–7.5%W ��?��, 8���

{100}〈110〉 LC�{113}〈110〉 LC#(=$XS\
"�, ?8{100}〈110〉 )C077(=J��PK
�XS\"�, XS\�JS8 500 nm @O; /

8{111}〈110〉 LC(=$W7:H,  !W7g=Y

B, W7NH�Hi8 200 nm @O!

4. W777U GNBs � IDBs M9XSA>"
�:=, GNBs �-�::=gYB����XS,

XSNH�Hi8 5 nm @O!
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