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ABSTRACT The evolutions of the microstructure and texture of AA1050 alloy cold rolled to
large strains have been investigated using electron channeling contrast (ECC) imaging and electron
backscattered diffraction (EBSD) techniques. It is found that the microstructure evolves from a cell–
block structure at low strains into a lamellar structure at high strains, within which most of lamellar
boundaries (LBs) are parallel to rolling direction (RD). Two mechanisms contribute to the microstruc-
ture transition, i.e., a gradual reorientation of the cell–block boundaries toward to RD due to the cold
rolling deformation (Mechanism I, which is the dominant importance) and the realignment of bound-
aries to RD as a result of the shearing introduced by S–bands structure (Mechanism II). During this
process a significant number of high angle boundaries (HABs) is created, about 47% HABs originate
from deformation–induced boundaries at 90% reduction. The number of HABs increases and the spac-
ing decreases with the increase of strains. The texture evolves into typical cold rolling deformation
texture components of Brass+S+Copper, and the intensity of the texture increases with the increase
of strain.
KEY WORDS aluminum alloy, cold rolling, electron backscattered diffraction (EBSD),
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(lamellar boundaries, =4 LBs) O
, 3 LBs P$}/%Z RD[8−11]. BEv�, l�;L���'Æ-XP�f!℄ S–bands O
 [8,9], s� S–bands lPL��{q[U�Z LBs O
℄#6. lq��:�, GNBs �
IDBs �x
LR�kfU��℄8&�� [12−14], 3O
(j℄8�zKji�&	℄�/&', |M: B~L� [9]���H& [5] �9�N&_.5� [15] 2d� PS ���*&	 AA1050 {qX�aL���℄
LR�O
℄8�, ��;K5�, �>2d AA1050 ��Y{qXPL����Æ!yO
�y
℄8���.

1 O[53\9&	
 AA1050 Iq�, ?_!n� 5.5 mm.Iq�a�{qg 40% "a� 300 �/2 h �(#6�EjO^!y. r"jmi{q~ 10%—96%. ��<q��:�℄/�L�xC, �YFq�2�(j l/d (3�, l 
:-℄q�v;℄KCA3n, d �:-q�5"℄/m!n) �<l 2.5 #V.Fq��#"℄:-4/%Z�L� (ND–RD L�)H:-�;9n, RkR}!~ 4000�", R 10%��pe`LAhP*�, h0 20 V,h� 0.8 A,[;g�
2 min. H"l FEI Nova 400 1vVQ�hb�Rh��wVt|Æ-#�, r"R Oxford Instrument ℄
HKL Channel 5 EBSD �{)�pLA^℄^wD�.

2 O[B<^QL
2.1 U;heC81Z(l5� [15] �, AA1050 ��Y{qX�aL��

(10%—50%) �, P$}^~vY}�, #6f!℄	t!yO
, ; GNBs ℄ RD 6 ±(30◦—40◦) 6I. ~ 1
 AA1050 ��Y{q 70% "f!℄�Æ!y. rGo�, lEL���, �aL���℄	t!yO
utJHrG=ÆbÆ-X. \9v�, �aL���℄�Æ!yO
7
CwZ^~D�℄��JHJl. |M, ~ 1�^~ 1 � 3 }�6�!�#G,℄ GNBs O
, T/�}
� , ^~ 1 &B! GNBs \m/%Z (111) �℄/�, ÆB! GNBs��/%Z"K\℄ (1̄11)%D�/�; ^~ 3 ℄�! GNBs k�/%Z"K\℄ {111}�℄/�. t^~ 2 (Cube D�) &$#6\m_
℄	�!yO
, �;3&$℄	�=KJP, D�/J�.

Cube D�℄s�lu℄	�!yO

")�(#67
℄ Cube y
℄	>bI [16]. BEv�, TZ^w℄�j, $}^~&$℄R��E+�X℄ RD /%, M~
1 �A^ A s`.~ 2 
 AA1050 ��Y{qX 80% L��"f!℄�Æ!y. rGo�, �aL���℄	t!yO
�EAT, ^~&$℄R�[B"� RD +�, 4 ND ℄R�;hJ 70% {qL���. {qX 90% ", kP$}^~&$℄R�\m/%Z RD, #6�PL���f!℄ LBs O
, M~ 3 s`, taL���℄f!	t!yO
F T'Æ-X. [B"{qX 96% [℄�Æ!y℄{q 90% [�m, J�P�℄f!℄ LBs O
, R
LBs ℄R�;h[B"A�, D�/[B"nP, M~ 4as`. lEPL���, B�P�℄ LBs O
�, 'Æ-X�;L���℄f!!y S–bands O
 [8], M~ 4a��S��5s`. T~ 4b ℄zP!yrGo�, LBs �3&$��K℄ IDBs ℄ZPL���℄f!!y7�
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 x
Fig.1 Typical deformation microstructure of AA1050 after 70% reduction (grain orientation represented by Euler

angles (ϕ1, φ, ϕ2); grain 1—(124.209◦, 23.648◦, 47.554◦), grain 2—(62.915◦, 14.416◦, 27.942◦), 14.4◦ to

Cube, grain 3—(98.742◦, 29.593◦, 74.245◦); two sets of GNBs in grains 1 and 3, cell structure in grain 2

with Cube orientation, region A showing boundaries in grain parallel to RD)
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S 2 AA1050 zp 80% e �
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Fig.2 Typical microstructure of AA1050 after 80% reduction (more boundaries in grains turned to RD, and cell

boundaries decreased)

S 3 AA1050 zp 90% �
 x
Fig.3 ECC image (a) and EBSD orientation map (b) of AA1050 after 90% reduction (more lamellar boundaries

(LBs) appeared; misorientation angles across the LBs were measured along line AB; thick and thin lines

represent boundaries with misorientation larger than 15◦ and 2◦, respectively)M�O
 (bamboo structure).

AA1050��YTaL��{qXPL��[, �Æ!y℄8�
T�aL���f!℄	tO
�PL���℄f! LBs O
�E��℄�:, �>U����,�: (1) TZ[B"q��#, GNBs �E�jX℄ RD

/%, M{qX 80% [rÆ-XP$}^~&$℄R�℄ RD s6℄In <15◦ (B~ 2), s�,�
�>��,�; (2) �aL���℄ GNBs T�Z S–bands ℄?9%R�E��℄ RD /%℄O�, s�,�l{qX
96% [JHrGÆ-X (B~ 4). l���:�, �zD
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Fig.4 Low (a) and high (b) magnified deformation microstructures of AA1050 after 96% reduction (S–bands and

LBs structures formed)�℄^~℄��n�?��z, M~ 1 �^~ 3 ℄�Æ!y
	tO
, GNBs ℄ RD 6 30◦ ℄6I; tA^
A ℄R�Ea℄ RD /%�. sl �aL���Æ-X℄�Æ!y℄8�CwZ^~D�℄��lPL���z:Jl. \92dv�, du�&��p{qXPL����Æ!y℄8��U �M�, �Æ!y8���℄�D Al[9] �D Ni[8,11] {qX�\L��℄�Æ!y�m.

2.2 /A2DN1X,`DN?F� 1 
 AA1050 {q�:�PInR� (high an-

gle boundaries, =4 HABs) ℄/mR�;h�4 ND�Q�X℄PInR�j#rL�℄�& (HABs ℄/m;h
Tr� EBSD Q�℄A^i�{4O�). rGo�, rL�℄n9, HABs ℄/m;h
�EA�℄, ;lu�L�x�&�UMX��, {qX 90% L��[�
1.30 µm. l�#�:�, HABs ;h℄\)|�
�Z_)|, l l{q�#�:� HABs �ZvdZb_^R, 'v�Z�#XV℄PInR�. HABs ℄j#4
ND �Q�℄O�?
l� 1 �, rGo�, �aL��{q[, HABs �>vdZ?_^R, rL�℄n9, �#

XV℄PInR�℄�|�En9, X 90% L��[, Bb_^R�, g� 47% (=16/34) ℄ HABs 
T�#XV0Y℄.

2.3 e81Z(� 2 
 AA1050 {q"y
rL�℄�&. rGo�, &	?_fUJ7℄ Cube y
, a{q�#"�>#6f!℄ Brass+S+Copper q�y
. rL�℄n9, Cube y
�EAN, tq�y
�En7, T�#XM 90% [, q�y
℄��MX 48.8%. q�y
rL�℄�&�b℄�D Al[9] �D Ni[11] {q"℄y

B�℄, R{qXPL��[q�y
℄��Ja, s℄�\9sR&	?_�U℄J7 Cube y
l�#�:�P$}��U�&6q�y
U�. rB, l{q�#�:�, ?_y
p&	"�s#6℄y
fU{2P℄M�.~ 5 
 AA1050 {qX 90% [4 ND ℄ LBs D�/�y
!}℄}!. rGo�, P$} LBs gZPInR�, BEv�, 'UB�$}gZ�InR�. s�
LBs F�z℄y
!}4 ND }�6/%���℄w.Q` (fine volume element), ;rL�n9, �zy
!* 1 AA1050 �yzpK���3 ND y�OHmQ�:g.l{�Q�i"

Table 1 Average values of HABs spacing and HABs numbers along ND for cold rolled AA1050

Reduction True von Mises HABs spacing, µm HABs number

% strain strain Predicted Observed All HABs number Original grain Deformation–

(>15◦)∗ (>15◦)∗∗ (line scan length, µm) boundary induced

0 0 0 – 17.94 38 (600) 38 0

10 0.11 0.12 16.15 14.52 41 (600) 41 0

30 0.36 0.41 12.56 11.51 19 (200) 19 0

50 0.69 0.80 8.97 7.21 50 (437) 45 5

70 1.20 1.38 5.38 3.46 29 (105) 18 11

80 1.61 1.85 3.59 2.79 31 (65) 17 14

90 2.30 2.65 1.79 1.30 34 (40) 18 16

* Measured based on deformation geometry and original grain boundaries

** Measured based on several EBSD maps using line intercept methods
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Table 2 Volume fractions of different texture components during cold rolling

Reduction Volume fraction, %

% Cube Goss Brass S Copper Others Brass + S + Copper

0 39.5 1.6 2.0 10.3 4.0 42.6 16.3

10 41.0 2.2 1.7 10.8 4.6 39.7 17.1

30 34.6 2.8 1.1 18.7 7.2 35.6 27.0

50 16.0 1.0 3.7 17.4 3.3 58.6 24.4

70 9.5 5.2 7.3 17.1 6.0 54.9 30.4

80 8.3 1.6 7.5 26.1 10.1 46.4 43.7

90 2.0 6.1 8.5 28.7 11.6 43.1 48.8

S 5 3} 3a � AB �P�\ LBs Q�\C�.�oKx	\| 
Fig.5 Misorientation angles across the lamellar boundaries measured along line AB in Fig.3 and distribution map

of the corresponding textures (texture components shown in different shadow graphs and the variants of the

same texture component shown by different numbers at its end)}s
�w.Q`℄j#�;hkA�. T{qX 90%L��[, �zy
!}f!℄T 1—3 �w.Q`
6.

3 BL
(1) AA1050 �Y{qXPL��[, �Æ!yTaL��℄	t!yO
��6f!℄+,�R�O
, 3&$℄ LBs *�℄ RD /%. �#[�>Jl����,�,1TZq��# (,� I)�T�Z S–bandsO
℄?9%R (,� II), HtV� GNBs �E+�X℄ RD/%, ;G,� I ��.

(2) �#�:�, TZ^~℄}�#6P�℄PInR�, rL�℄n9, PInR�℄;h�EA�, j#�Enr. T{qX 90% L��[, Bb_^R�, g�
47% ℄PInR�vdZ�#XV℄R�.

(3) q��:�, #6f!℄q�y
 Brass+S+

Copper, ;37nrL�℄n9t�En9.+GVW
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