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ABSTRACT The modifications of basal texture in AZ31 magnesium alloys processed by asym-
metrical rolling and equal channel angular rolling (ECAR) are investigated. Deformation mechanisms
are determined by microstructure observation and macro– and micro–texture measurements. Results
show that during asymmetrical rolling the basal texture is gradually rotated around TD (transverse
direction) by basal slip activated by shear strain on the rolling plane, whereas the prism texture is
induced by tension twinning activated by shearing parallel to the plane separating the two channels
during ECAR. So both the special processing techniques may improve the plasticity of magnesium
alloy. The effects of rolling reduction and annealing on textures are also studied and discussed.
KEY WORDS asymmetrical rolling, equal channel angular rolling, texture, twinning, AZ31

magnesium alloy
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� 1 � 6AB= : 78>9�:; AZ31 CBC?BDE@9FC 59A

11] BC96D<-./�<<3� !�'(3��G
(2��=, DE9�Æ�>@*789>=". E,�
�F !�'(3(23��G3��>9G ((47=H
�) (?1%@FGAHI�'($��, D<J@45
[5, 9—11] �1E>?*4FB���G3-;6D<-
./�<<H� !�'($HI(2-G, H/9IK
JIJCJ (EBSD) 4'/D?*4K7���J=.

1 L�MN
D<JE;9L; AZ31 � !. �MF/F (OG

FG) ,: Al 3%, Zn 1%, Mg PG.
NH, K-K4)/ 120 mm L, 10 mm M�L)

O, ?;MN�7=*0@ 300—450 NKIPO'7=
/ 1.4—1.8 mm M�P), CQ)3G, 20%; QO, '
J(P)?KR/7=3(47=$2787=. R/7
=��G, 10%; (47=98Q, � !6SR7'�
55T$)0'�)5TAL, E,>33P?�S(@
),T1'&/MU�QVT, (47=J;RS�(?
1, 1.05, CQ)3G, 10%, NHOR9(47=HU
N)3G (5%, 10% $ 20%) �GA; 2787=J;W
&/CS8, 115◦, /CXVW8X7, 2 mm, )OT
!>9, 400 N. *TO 2 </�*0�P�UYV4
5 [5, 9—11].

2; Siemens D–5000 XJQCJRY7HI(2,
IP;<, 24 mm×14 mm; 2; Zeiss Supra 55 Z[
JZ[IW>\\� HKL–EBSDST?K4'/D, K

7UI(2; EBSD FBIP-;IX]Y*0=\, 2
;L; AC–II IXV, I), 20 V, IXHZ, 60 s.

2 L�UV
2.1 �� W

W 1 []9R/7=3(47=$2787=O
AZ31 � !IPV1�'(. EW 1a, b >V, R/
7=$(47=IPX^53^%\_, XX ���)
Y^% (*T53^%Y)Y^%�`_V45 [12, 13]).
2N)3G (10%)3,(47=IPQ)Y^%GG1R
/7=HX_, Z&5 NH`@�UK,T1�QVT
2*^F114'�%�>,a114', @�9[/)
Y^%�4'&K, b�@?9)Y^%&/�;' [13].
2787=�IPX>]Rc:ZW[�53^% (VW
1c Q^[J\5). ���G3(47=�0:'(Q�
�%� (VW 1e Q^[J\5) Y��'(Q�^%'
5, _G)Y^%�?_%9�2`^`]�%��=;
�2787=�0:'(QNI]\'5^%���?
_%%� (VW 1f).
2.2 ^_�`

W 2 , 3 </�<<3IP�HI(2 (& X J
Q09YR;]8 α ≤70◦ ^X�Ga, �O*bW>a
]UR α ≥70◦ �Ga, cNH[] {0001}$ {101̄0}b
W), �Q(47=IP>Y]� T1(2 (�_IPT
1(2YQ`(2S_U:), d5QVTH:. J,'
1, WQ'[]R/7=IPQ�(2 (W 2a, b). >^
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Fig.1 Microstructures of AZ31 magnesium alloy samples under different rolling techniques

(a), (b) 10% reduction per pass, mainly compression twins

(c) lens–like tension twins as shown as arrows and compression twins, about 0.6 true strain per pass

(d) annealing 1 h at 300 f
(e) annealing 1 h at 450 f, small grains formed from deformation twins shown by arrow

(f) annealing 1 h at 300 f
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Fig.2 Textures of samples during different rolling technolo-

gies

(a), (b) conventional rolling, 10% reduction per pass,

max. intensity 10/2

(c), (d) asymmetrical rolling, 10% reduction per pass,

max. intensity 6/2

(e), (f) annealing after asymmetrical rolling, max. in-

tensity 2/2

(g), (h) equal channel angular rolling, about 0.60 true

strain, max. intensity 6/4

(i), (j) annealing after equal channel angular rolling,

max. intensity 4/2

]], R/7=O(R� \0�11(2, '5���
J=,11ee$_G {101̄1}^/ (&/)Y^%). (
47=OT1c@]\11(2dV' TD �;>, �H
e*c@�c14']\ (W 2c, d). >V(47=/9
UK,T1�V5T'IP&/9h7J;, 2:G%�
fg11*789, ?=911(2. �(47=0:O
]\(2?=, �(2ffU� (W 2e, f). 2787=
@bW�7'gSc@&/c14' (W 2g, h). 278
7=c@@?9114'�09, ]\9:89�%�>
i, 11(2Yc1(2g`, 5 53^%./. hO�
0:?=9(2 (W 2i, j).

W 3 , 400 N(47=H��G'HI(2�GA
(CQ)3GF_, 5%, 10% $ 20%). >V��G;:
211(2�0, �&/;>11(2�ih�S. �Z
&5 , )3G�;:XX="9jd'3�)5T, �
UK,T1�MUQVTe;U:, c'3�)Tk19
MUV5T�J;, &�hUR?=11(2�J;.
2.3 "fg#h$

R/7=IPQ`@\0� {0001}11(2, i_
*c14'%�. W 4a ,'5IP� EBSD 4'

/D (WQ, ji`], {0001}// 714', kilT
{101̄0}// 714', lilT {112̄0}// 714', 89
fS, 15◦; cmQlT 15◦ ^>4'S�%n, �mQ
lT 10◦ ^>%n, liQlT 5◦ ^>%n, kiQl
T 3◦ ^>%n, iiQlT 86◦〈112̄0〉 53^%n, j
iQlT 56◦〈112̄0〉 )Y^%n, clQlT 37◦〈112̄0〉
j^%n). %nWQ6:89%nL'Fmji.k%
n, b4'SFmWQ>V, IP4'SfghJFm, @
0—10◦ AX*c@nk (W 4c), 6lc�89%n�]
\ (11ee) 2(4'S6�. b4'WQ]], ^%
Y1m, 37◦〈112̄0〉 TS, �]\Y)Y^%*T [12,13].
J^, R/7=� AZ31 ),�XX��J=,11ee
$)Y^%. �(47=YR/7=2n, XX��J=
o,11ee$)Y^%, cd5U?lp.

2787=IPXFmj:G�53^%, �/\
.�c14', kopJ*c14'%,^%4', VW
5a(WQ3<io�n7NW 4a). �Q, lmii 86◦〈11
2̄0〉 �53^%TS�^%Gn 23.2%; ji114'%
� (\ {0001}// 71) n 31.8%; kic14'%� (\
{101̄0}// 71) n 17.3%, XX@114'%�X�/;
li {112̄0}// 71�%�n 12.3%, XX@;>�11
4'%�X�/. YR/7=$(47=21, 2787
=c14'e., 114'@_, DoJnGGFG1D
2p. c14'XXg,bW�7'gS, �U #)F
m@pq. b4'SFmWo>q`@:G53^% (W
5c). >V, 2787=H53^%hi:�J;, 6 ?
Kq7=H-.�5�[qrh�. rQ(47=$27
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Fig.3 Influence of strain on macro–texture of {0001} basal texture under asymmetrical rolling at 400 f

(a) rolling reduction per pass: 5%, max. intensity 6

(b) rolling reduction per pass: 10%, max. intensity 16

(c) rolling reduction per pass: 20%, max. intensity 14
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Fig.4 Orientation imaging analysis of sample under conventional rolling (10% reduction per pass)

(a) orientation map (grey color—basal oriented grains; blue color—{101̄0}//rolling plane, red

color—{112̄0}//rolling plane; black thick line— >15◦ misorientation, black thin line—

>10◦ misorientation; red line—>5◦ misorientation, blue line—>3◦ misorientation, pur-

ple line—86◦〈112̄0〉 tension twins, green lines—56◦〈112̄0〉 compression twins, thick red

lines—37◦〈112̄0〉 double twins)

(b) {0001} pole figure (grey points—basal orientations, blue points—{101̄0}, red points—

{112̄0})
(c) distribution of misorientation
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Fig.5 Orientation imaging analysis of the sample under equal channel angular rolling (true strain about 0.6)

(a) orientation map (b) {0001} pole figure (c) distribution of misorientation

87=%&/QVT, �IPX^���J=HUN.

3 st
bW 2 �HI(2Y7_h>^]]: (47= 

/9UK,71�QVT&/r'11ee, 2Z114
'nts�,;>�114'; �2787= /9Y7

'/:89� (rnUK,D/CS8�UFQ) QVT
&/53^%�/c1(2, u?11(2. J^, Do
��Hee$^/�1oc@UN.

W 6 [] 3 <��*p3�STFB. -;qe\
s�R/7=H, ),9SR7'55T$)0')5T
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Fig.6 Stress analysis of samples under different rolling technologies

(a) conventional rolling (b) asymmetrical rolling (c) equal channel angular rolling

(W 6a). ut[q,11(2�IP@6<ST[q3
[/11ee2.G%�>R114'tr, NH&/\
.�)Y^%. �E,)Y^%nu^ve, )Y^%�
muGiv, @HI(2>ruU]v. -;(47=H,
E,>337P�>?UN, c�1R/7=.9v7'
�QVT, dQVTv)0'w9Fm (W 6b), /Mv
?7P*V�r'V5TH: [6,7]. Ztr114'�:
G%�@QVTJ;3wh7vf>11*789, b�
^nt�*p?=11(2; :h)3G9:, E)T$
5T&/�x?11(2�11eewxk1yx?;
>11(2�r*'11ee. -;2787=H, ),
SR7'$)0'�)5T [12,13], @/Cy85'SR
S8UFQ*'�V5T (W 6c), 6z*'�5T25
,114'�%�v c ww53, K*w,53^%�]
\. &d, (47=$2787=#?=911(2, %5
p@*789>=",x�Æ�.

:GORTc, (47=$2787= *i66
Æ��/�*0. Y45 [1—4, 6—8] 21, D<J2
;���G3(?1^GE{��>9#\v, %��=
$(2?=�89*x, &d66Æ��z9o*x. =
L, KD<JY(�2787=(2Y2784)5<O
�(2 [1,4] 21>q, Do&/�'($(2c@UN,
Fo ;>�11(2, Oo c1(2. �Z&>� 
��>9UN./�, &6D</�*0&/�5T[q
2n.

E,��F�'($(23��G3��>9^G
((47=H�) (?1%@FGAHI�'($��, &
d, XSTx_](47=$2787=6D<-./�
<<3,x�'(3(2G���+=yy?*4�<J
Gz{FB.

4 Ut
(1) (47=���J=,11ee$)Y^%. (

47=/9UK,71�QVT./YR/7=[q3
2r�11ee, &/nt�=�;>11(2, b�?

=11(2; �2787=�XX��J=,53^%,
 E,D/CS8UFQ*'`@V5T./�, b�&
/9c1(2, o?=911(2.

(2) OCQ(47=H, h)3G�;:, ?=11
(2�ih�S. �Z& , MUV5T&/�11ee
we:�)3G./�r*'�11eeJ;k1.

(3) 0:>�z9?=��(2. �{z�%��=
 &��G\�3��^%_�yc. 0:O��%`/
M'5Z��^%`[/9?_%.
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