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(8k>,^Bbu,�B|, 8k 650093)	 � H�N Ce ��� AZ31 LÆk~n���AAk�1ke'. �?�l: o, Ce Q℄&N AZ31 LÆ+Z=~n��� (TDRX) k=, XodNLÆ~n����A, yB�6.VN`g�1. EBSD ���l, � AZ31–1.0Ce()L�[, %) LÆ+, K (0001) `g�1�, XI�N
m (0001) `gG (101̄0) 8gk�-����, _l Ce ko,e℄N�8Bk�`gTW�. Ce ko,%`kGLÆk1��|o, "�X\k?!, _l�`gTWke℄%��%�1k�Vk#.
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ABSTRACT The effects of Ce on the dynamic recrystallization (DRX) and texture of AZ31 mag-
nesium alloy during hot rolling were investigated. It was found that the twin DRX is suppressed in
AZ31–1.0Ce alloy, the DRX is accelerated and the basal texture is weakened significantly by adding
1%Ce (mass fraction) into AZ31 alloy. The EBSD results show that besides (0001) basal texture,
there is an apparent peak intensity between (0001) and (101̄0) in AZ31–1.0Ce alloy, which means the
activation of non–basal slip system. The addition of Ce does not result in a decrease of c/a ratio. On
the contrary, the c/a ratio is slightly increased by adding of 1%Ce. It indicates that the activation of
non–basal slip system does not stem from the change of crystal structure. The activation of non–basal
slip and the corresponding basal texture weakening are attributed to the change in atomic binding
states and stacking fault energy.
KEY WORDS AZ31 alloy, Ce, dynamic recrystallization, texture, c/a ratiodM�%l���H� �", vQ��;wHFx;wJEnit, �vDvÆ��:�D3Dvl$ÆTrlA9:lh��. q�`�\ldM�4�)\<x�5, a<�4�Z�At\1�lUb�j4n<���, R�, <�dM�GD;wQ(3?%, �$dM�lhTeh` ' [1−3]. ��9dM�jnÆ>�o���ly4, H�9RlH��7�W, �WlH�

* �s+VC[=!x.H�~`Æ)p 2008890 G~rAE�.C`Æ)p 2007E031M B:QdG#$� : 2009–01–02, Qd<�#$� : 2009–04–21J�t
 : A�!, s, 1984 z=, aL=

(awt"M�l��, Yw3�5M�lf;H"; [3]; ��, jndM� hcp l�u�2$M���9BB,\9>�Rl (0001) ah�2, 	W�-l�T>7wG [4,5]. bR, +Jw/Wah�2, t"dM��-lf;�9wGMq��9dM�I�l t�U.

Agnew n [6] l Chino n [7,8] I�O�~u (YH Ce n) �dM��9�2lf(, Æ��~uw3�7/Wah�2, 	wb0wM�~u��O Mg l�&�2, H	�=;�p, V�f^O�ah (9h��h) UX�. q�l7�~u�dM��2f(lI�  �*, �>u7n�~u�dM�,lI�a�i



r 8 � �� m : Ce ��
 AZ31 bK}m���j�0jd& 925�,��F�Wl<o;w [9,10]�"�-*� [11−13] n�h, ��~u�dM��9BB,l�o���l�2�hlI�89v�g. �.hO�#��� (OM)�3iv� (SEM)�w�Y (EDS)�X :!L:Y (XRD)lvD�2: (EBSD) nEMR�, I�O�~u Ce� � AZ31 dM��o����O8�2\l�8�2lf(, psO�o����Wl�2/Wl?.

1 t�So�\ZEMHhlM�na>� (*M�\, %, �z) �
Mg–3.0Al–1.0Zn–0.5Mn(AZ31) l Mg–3.0Al–1.0Zn–

0.5Mn–1.0Ce(AZ31–1.0Ce). Hh.TP Mg, Al l Zn}%M�, Mn H Ce � \ Al–10Mn H Mg–30Ce ,rM�l9Jp-. M�&WR�=e�X7�,, �=��� 750—770 �.<y� 400 �/12 h )�WN?R, 2p.>
40 mm×10 mm×20 mm l�'PO. �'C�;��C�N�, �;>eC� 20 r/min. �'�PO�vFX,t " 400 �, egT�'�>RDm�:^YN?, ����83POR, � 400 �vFX,p 
5 min, ��:�UgT�'. �EM/�:O 4 'gTl�', �9MVT� 15%, 29%, 39% H 50%.M���H�83� XL30 ESEM–TMP 7 SEM6�:; h GADDS (Bruker AXS) 7 XRD s/s 4gTPO,6,�l (0001) ah�2h}\l<oPOl�&6\�; .h EBSD /MPOl���2, 3i*8� 0.6 µm, 3i�r6�� 70 µm×50 µm. �Ot" EBSD 3i*M, 3i�h Gatan Model682 7=D2DY�PO�h�:��.

2 t�gb
2.1 ~{Æ��P} 1M AZ31H AZ31–1.0CeM�� 400�/12h)�WN?Rl SEM,. j}0�, )�WN?Rl AZ31M�,�l9M Al–Mn #FD; �� AZ31–1.0Ce M�,, ��	��J�O`M�~WM�FD. 7n Ce �dM�<oH�lf(Zl`M�g [9,11,12], Ce p-R\��	��9>�? Al4Ce l5? Al10Ce2Mn7 K.�~WM�FD [12], �p�I�l83��U$.} 2 ��O AZ31 H AZ31–1.0Ce M�l ��9H�, RD �K�'�., ND �O�PO�hl�..j}0�, ��'�9H�, K.M�,)Æ>O[>�9, [�?��?��;8l�Fu�R~2&- n�	 (} 2a H b); ���#zl�9M�, AZ31–1.0CeM�,l[�\M{9n AZ31 M�,l\M, �Mjn�~ Ce lp-f^O AZ31 M��9Cl�ahUX�l�>l [6−8].�9M� 29% C, �#,�i,l�r ([�	

z 1 5'n AZ31 G AZ31–1.0Ce LÆ SEM +
Fig.1 SEM images of AZ31 (a) and AZ31–1.0Ce (b) alloys

after solution–treatment at 400 � for 12 hHHI�	) +IJ��0l�o����F. } 2c H
d ,w{lK�(zl���9F�r, 0\,J, [>�o��� (TDRX) �F�#�W`l�Fu,l[�	N9F8`; H��o��� (CDRX) �F��	��9F8`, &KHI�	?�*I�?�) [15,16]; RC�9l`�FH�o���l0�F/Z.hA�'gTl�9Ml�p, `�F\M(�u9, �o����F\M(���, �F4y��W. �
AZ31 M�,, jn[>��, `M����F\ TDRX�J�[�	69F8`; �� AZ31–1.0Ce M�,, HI�	N`M;w�Jl�~WM�FDX�O�o���9F (particle stimulatd nucleation, PSN), `Ml����F\ CDRX �J��	N9F8`, +} 2eH f lK. `mp- Ce R^'O AZ31 M�, TDRX.�9M� 50% C, AZ31 M�jn�9M(3, �o����:(3F�, H�,8l`�auH�Z�, �9H�h()� (} 2g); �� AZ31–1.0Ce M�,, �9H��)�l��)�FE[� 5—15 µm ln2����F (} 2h), �o���BBa���; jR0�, CepeO AZ31 M�l�o����B.} 3 M AZ31–1.0Ce M��(z�9MCl SEM,. V},0\,J, hA�9Ml4y�p, ��	��;w�Jl�? Al4Ce l5? Al10Ce2Mn7 �~WM�FD (} 3a)��'GlKh�+IJ�QÆ (+} 3cH
e ,w{l�), &h��Q��i>E[� 1—3 µm l�0FD. �1$i��	6l�0FD, wX���	6lH��o��� (CDRX) �F9F (PSN)[1,15−18],
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z 2 'y�8LB AZ31 o AZ31–1.0Ce LÆ���8G���
Fig.2 Microstructural evolution of hot–rolled AZ31 (a, c, e, g) and AZ31–1.0Ce (b, d, f, h) alloys with thickness

reduction ratio of 15% (a, b), 29% (c, d), 39% (e, f) and 50% (g, h), respectively�e^'[>�o��� (TDRX) �F9FHpe�o����BlKh.

2.2 �`} 4 )JO AZ31 H AZ31–1.0CeM�� 4 gT� 9RPO,6,	l (0001) ahh}. 0\,J, � 4gT�9R 2 .M��� RD–TD h69>O (0001)ah�2, a AZ31–1.0Ce M�lI`hf� (5.601) �
AZ31 M�lI`hf� (6.262) 0, ah�2�m�q



r 8 � �� m : Ce ��
 AZ31 bK}m���j�0jd& 927�

z 3 AZ31–1.0Ce LÆ'y�8LBk SEM +
Fig.3 SEM images of AZ31–1.0Ce alloy with thickness reduction ratios of 0% (a), 15% (b), 29% (c), 39% (d) and

50% (e)

z 4 AZ31 G AZ31–1.0Ce LÆ� 4 fS�8QON+5+� {0001}`gg|
Fig.4 {0001} pole figures of AZ31 (a) and AZ31–1.0Ce (b) alloy specimens at the center range with thickness

reduction ratio of 50%/W.} 5 )JO 2 .M�� 4 'gT�9Rl EBSD�	}l�l�h}. EBSD 3iliel�	}H�Yl�#H�83U$, m AZ31 M�,8l`5la uH�Z�, �9RlH�h()�, �� AZ31–1.0CeM�,, �9H��n2�0l����F. j�h}0�, �K.�9M�,�9>O (0001) ah�2, a
AZ31–1.0CeM�lah�2iem�/W. �i7=l
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z 5 AZ31 G AZ31–1.0Ce LÆk EBSD ��|k�g|
Fig.5 Surface grain boundary maps measured by EBSD (a, c) and inverse pole figures (b, d) of AZ31 (a, b) and

AZ31–1.0Ce (c, d) alloy specimens with thickness reduction ratio of 50%ML (0001) ah�, � AZ31–1.0Ce M�,YJ�O�n (0001) ahH (101̄0) 9hrl�.���� (} 5cH d), ��, �'����p�ahUX�f^l7.

3 ℄}�xp
3.1 Xw�il

Ce lp-^'O AZ31–1.0Ce M�l TDRX, peOM�l�o����B, +} 2 lK.V} 3 0\,J, �~WM�FD��'GlKh��i> 1—3 µm l�0FD, M��9C, g��1�~WM�FDlE[�`("nf(	℄��, ajn	��	��`M�Jf(O�	l?o —— H�	��J�	℄0d�/�>�"Gi,�, 	℄0deU{B�CÆ>/{HM&, 4>	℄
HF�	, F�	�U*>�>`���	, I->�>%l`���	l����F, m��	6Zll`M�~WM�FDwX�
CDRX �F9F [1,14−18], V��e^' TDRX �F9FHpe�o����BlKh.�U��X�J, �ahUX�{HM��9ClUX���, ��H�9+�n)�, V��pÆ>���l>l�9M, �D�o���BB. a�UX��9l hcp Mg M�<`, ahUX�+�l9>l 〈a〉 	℄
(a M�&6\, 〈a〉 	℄M Burgers FM� a/3〈112̄0〉l	℄) (_�1�E�69>	℄
lF�	; j} 4H} 5 ,l�h}0\,J, Ce p-Rf^O�9BB,l�ahUX�, V	℄��<,, �ahUX�+�l9>l 〈c+a〉 	℄ (c � hcp Mg M�lUU'�&6

\, 〈c + a〉 	℄M Burgers FM� √
c2 + a2〈112̄3〉 l	℄) � 〈a〉 	℄+)_Æ>/HH~UX, V�+)_�1�E�69>F�	l	℄
 [17−19]. �M Ce p-RX�O CDRX 9F (^' TDRX �F9F) lpe�o����BlU�U'wb.

3.2 �`��'BB,dM�u{9> (0001)〈101̄0〉 ah�2, ah�2U�h�'gTH�9M�p�4y��,�.�2H�Mjnf;�9BB,ahUXH (101̄2)�h;<[�l$ [2,7,8,15]. V} 4 l (0001) ahh},0\,J, Ce p-R, ppel�o���BB (} 2)#�, �9Rl (0001) ah�2�/WO; V} 5 lKl�h},0\,J, L (0001) ah�, YJ�O�nah (0001) H9h (101̄0) �rl�.����, jn
(0001)ah�2Mjnf;�9BB, (0001)ahUXH (101̄2) �h;<[�l$, �����`mO��9BB,, L (0001) ahUXH (101̄2) �h;<[���l�9oJ�, J�Os�.�9oJ (�ahUX��)[6−8], xB� [6–8,15] n7nM�ulp-�dldM��9;wlI�`m: Ce p-Rf^OM�l�ahUX�.

Ce p-Rf^OM��9Cl�ahUX�, M
AZ31–1.0Ce M�ah�2ie/WlI*�wb. jn hcp �XlwD{P�7T2�� (c/a) �f(, bR(�hlhr&lUXh)p c/a �l7. Agnew[6] n#�: M�u Y _ Li lp-w��M�l�&6\



r 8 � �� m : Ce ��
 AZ31 bK}m���j�0jd& 929��, $ c/a }p, HdM�l�&�=;t", V�f^�ahUX�.� 1 MxB XRD /ilEMM�l�&6\�, 0\,J, wp Ce R, c/a &al}p, #�Y℄l�".�H� [7, 8] �gl:YU$, `m (c/a) �&�f^�ahUX�l*�wb. 0\VK'�h<?� Ce p-f^�ahUX�lwb: (1) (* Ce lwD	�{`n(n Mg lwD	�, 6(�dauBl Ce wD��O Ce wDH Mg wD�r\l Mg wDH Mg wD�rlwD�Mo (atomic blinding states)[8,20], �.��0w\f^dM��9Cl�ahUX�; (2) Ce lp-t"OM�l1℄w [7], 1℄w�", wH9Æ	℄��_nZi, 	℄��wG��, �O"0H^	℄~UXjah>-�ahlf^w}p, V��ahUX�UX+p)_.R 1 AZ31 G AZ31–1.0Ge LÆ;n�%5[
Table 1 Lattice parameters of as–cast AZ31 and AZ31–1.0Ce

alloys

Sample a, nm c, nm c/a

AZ31 0.321239 0.520578 1.62053

AZ31–1.0Ce 0.320875 0.521090 1.62397

4 gp
(1)����BB,, Celp-^'O AZ31–1.0CeM�l[>�o���lÆ>; � 4 gT�'R, AZ31M�H�,8l`�auZ�, �9H�h()�, ��

AZ31–1.0Ce M�,, �9H��)�l��)�FE[� 5—15 µm ln2l����F, Ce peO AZ31 M��o����B.

(2) �'BB,,AZ31 H AZ31–1.0Ce M��9>O�Rlah�2, a AZ31–1.0CeM�lI`hf��}, ah�2�/W; � AZ31–1.0Ce M�,, L (0001)ah�, YJ�O�n (0001) ahH (101̄0) 9hl�.����, Ce p-Rf^O�ahUX�.

(3) Ce lp-H AZ31–1.0Ce M�2�� (c/a) ℄l�", c/a �(M�ahUX��f^l*�wb.Tm|�
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