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|^�6>zÆ�È{, 3õ��4�z¾��¥Äg��Ñ
äk [220] ���ü¬¡%á�(�� CoCu

�MNÜ7B��
�, Ù Co ¹þp� 70%. ß�>fw�ºw«B��þ!ëY, äk�p��»', �� 300.

^5ÿþL²¤��� Co70Cu30 Ü7B��äk�p�
�å Hc// = 2438 Oe(1 Oe = 79.5775 A/m) Ú�p�
Ý/' S// = 0.76, �pu± ��� CoCu Ü7B���^5, ©ÛL²^5Ð�Ì��Ï´du�p Co ¹þÚ
p/G��É5. ÏL^5ÿþÚ�.O�, �� Co70Cu30 Ü7B��
�3�^zL§¥�lé¡÷.=Ä�
¥ó�., ¿l(���Ý©Û
 Co70Cu30 Ü7B��
���^z1�.

'�c: CoCu Ü7B��, >zÆ�È, ^5, �^zÅn

PACS: 75.50.−y, 75.75.+a

1 Ú ó

��^5B�á�3�p�Ý^;�!^1
;�±9pª^0��+�kX�©���Æ
¿ÂÚA^d�, ´Cc5ïÄ�9: [1−10]. �{
ü!k������^5B����{´|^>
zÆ�È�{3�z¾�� (AAO) ¥�È^5B
�� [1,2]. 3± �ïÄ¥, ��^5B��
�
�|¤Ì�´��½õ�^57á, c^¨�c^
��Ü7XÚ�B���CâÚå<��2�'
5 [3−10].

3 c ^ ¨ � c ^ á�� ï Ä ¥, k é õ '
u Co-Cu B � � � � �, � � õ ê � � 8 ¥
3 CoCu õ���^>{5�þ [3−7], 'u CoCu
Ü7B��
����é�. ùÌ�´du Co-
Cu 3���¹eéJ/¤Ü7, �k©z��
|^�²ï�>zÆ�È�{���Ñ CoCu Ü
7B��, �Ü7¥ Co ¹þ�� (��3 5%∼

50%�m) �B��^5�f (
�å��3A
z Oe(1 Oe = 79.5775 A/m) �m, Ý/'���
u 50%)[8−10], �
÷v ^ � ; á�� � ¦, J
p CoCu Ü7B���^5´�©7��.

�©|^�6>zÆ�È�{, ÏLN!�
Èëê��B���)�, ��Ñäk¡%á�
(� (fcc) �ü¬ CoCu Ü7B��
�, Ù¥ Co
¹þp� 70%, ^5ÿþL²§äk�p�
�
å Hc// = 2438 Oe Ú�p�Ý/' S// = 0.76, �
pu± ��� CoCu Ü7B���^5. |^ X
��û�¤!ß�>fw�º±9��þfZ�
^rO!�Ä�¬^rO�¤ìÿþ¿©Û
B
���(�Ú^5, ¿?�Úédd(�û½�B
����^zÅn?1
ïÄ.

2 �¬���5Uÿþ

|^>zÆ�È��{3 AAO ��¥���
� CoCu Ü7B��. AAO ��´3 0.3 mol/L �
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ú�M�¥, 3 40 V, 5 ◦C �^�eæ^�g�z
{��� [11]. AAO ����»�� 50 nm, �Ý�
� 15—20 µm. 3?1>zÆ�Èc, Äk3��
��ýíþ��� 300 nm þ� Cu ���>zÆ
�È�ó�>4.

ã 1 3 AAO ��¥�ÈB���)�Å�«¿ã (a) �$
>6�Ý; (b) �p>6�Ý

l Co-Cu ��(��ã�±wÑ, �� 500◦C
± e Co-Cu ´ Ø / ¤ Ü 7 � [12]. Ï d é J
| ^ � � � ² ï L § � � CoCu Ü 7, ,  |
^ � ² ï � > z Æ � È � { � ± � � æ�
� CoCu � M N Ü 7 [8−10]. d u Co � Cu �
�È> ��'��, 3Ó��È>Øe Cu2+

� � È �Ç¬ � � � u Co2+ � � È �Ç, Ï
d � � � ¹ e e � � � CoCu Ü 7 ¥ Co ¹ þ
þ é �, �
O \ Ü 7 ¥ Co � ¤ ©, ·� À
J�È>)�� 0.08 M CoSO4 + 0.008 M CuSO4

+0.5 M H3BO3 �L�M�, ¿3M�¥\\�½
þ�äÜJ (Na2EDTA) 5ü$ Cu2+ lf��È
�Ç. 3>zÆ�ÈL§¥B���)�L§û½

Ù(�A:, B���¤ØÅnÚ)�ÅnÌ�
�M�� pH �Ú>zÆ�È>Ø�'. Cu ��/
¤ fcc (�,  Co =�/¤8��ü (hcp) (�q
�/¤ fcc (�,�
¦üö/¤�MNÜ7(�,
À�´/¤ fcc (���È^�´�©7��. ¢
�L², ��ÈM�� pH ��$�, Co ´/¤ fcc
(�, Ïd¢�¥À��$� pH � 2.0. �â Cao
�<���(J [13,14], ØÓ��È>6�Ý��
B���)�Ån�ØÓ. Xã 1(a) ¤«, ���
>6�Ý¦�B��l�ø.Ü�þÅ��È)
�, ���>6�ÝK¦�B��l�9�¥%,
d	�SÅ��È)�, Xã 1(b) ¤«. '�ü«

)�Ån, �ö´)�¤+G(�Ó�Ú\�õ"
�3Ù¥ [15], Ïd�
¼�����(�� CoCu
Ü7B��, ����È>6�Ý´�©7��.
~��È>6�Ý�ÏLü$�È>Ø5¢y, �
ÈL§¥æ^����È>Ø −1.0 V.

n þ ¤ ã, ¢ � ¥ æ ^ � È > ) �
� 0.08 M CoSO4 + 0.008 MCuSO4 + 0.5 M H3BO3

+0.01 M Na2 EDTA(äÜJ) �·ÜM�, N!�
ÈM�� pH �� 2.0, |^ DJS-292A .> ¤À
��È>Ø� −1.0 V, 3 AAO ��¥?1�6>
zÆ�È, ��Ñ CoCu Ü7B��
�.

|^×£>º� X ��UÌ (EDS) ÿ½¤
��B���zÆ|©, |^ X- ��®¬û�
¤ (XRD) Úß�>fw�º (TEM) L�B���
(�Ú/m, ��|^��þfZ�^rO (Quan-
tum Design, MPMS-5s) ÿþB��3¿§e�^
5, |^�Ä�¬^rO (VSM) ÿþ�¬�
�å
�B���^|�ÝCz�5Æ.

3 ©Û�?Ø

ÏL EDS ÿ½��¬¥��Ô¹þ'� 70 :
30, ä k � p � ^ 5 Co ¹ þ. ã 2 � Ñ
3
��¥)�� Co70Cu30 B��
�� XRD ÿ
þ ( J. l ã ¥ � ± w Ñ: Co70Cu30 B � � =
3 75.16◦ ?k��û�¸, �â¸ O�Ñ¬�
~ê� a = 3.569 Å(1 Å = 0.1 nm), �u fcc Co �
¬�ëê (a = 3.544 Å), �´' fcc Cu �¬�ë
ê� (a = 3.615 Å), ù`² Co Ú Cu /¤ fcc (
���MNÜ7�, fcc Co ¬�(�¥�Ü© Co
�f���� Cu �f��, l¦�¬�ëê?
uü«�f�á�(��¬�ëê�m. �â±
 ���(J [9], Tû�¸� fcc CoCu �MNÜ
7� [220] û�¸, du�Ñy [220] û�¸,,	
ü�L« fcc (��û�¸þvkÑy, L²¤�
�� Co70Cu30 Ü7B��
�äkéÐ�J`
)���, �ü¬(�. du X ��û�¤��
&E�R��¡���(�&E, L²B��3
÷���þäk [220] ��(�, T��(��ü
¬ Co70Cu30 Ü7B��áÄg��.

ã 3 �Ñ Co70Cu30 Ü7B��3ØÓ���
Çe� TEM ì¡9ÙÀ«>fû�ì¡. lã 3
¥�±wÑB��þ!ëY, �Ý�� 15 µm, �
»Ä���, �� 50 nm, � AAO ����»��,
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dã��|^ AAO ��{��B��äkéÐ�
��5Ú��5, ¤���B��äkép��»
'�� 300. ã 3(b) ��ã�ü� Co70Cu30 Ü7
B���À«>fû�ãÌ (SAED), Ùû��:
éAu¡%á�(�� [001] ¬�¶, B���)
�÷ [220] ��, �þü�B��� SAED ãÑä
k�Ó�A:, Ñyü�a.�û��:, Ïd�
±(½ CoCu Ü7B���¡%á��ü¬(�,
ù� XRD �û�(J��.XRD Ú TEM ÿþ(J
þL²æ^þã�È�{��¤�� Co70Cu30 B
��/¤ fcc ���MNÜ7(�, ÏL��M�
��È>6�ÝÚlf��È�Ç¦�È�¸
½, �¦B��þ!ëY, äk�p��»'Ú Co

¹þ�/¤�����ü¬(�, ��·�ýÏ
�(J.

ã 2 Co70Cu30 Ü7B��
�� XRD ãÌ

ã 3 Co70Cu30 Ü7B��� TEM ì¡ (a) $�Ç; (b) p�Ç9ÙÀ«>fû� (�ã)

�
ï Ä Co70Cu30 Ü 7 B � � 
�� ^
5, | ^ SQUID ^ r O 3 ¿§ 300 K e ÿ þ

 Co70Cu30 Ü 7 B � � 
�3 Ø Ó θ e � ^
¢ £ � (θ ´	^ | � � � B � � 
�� � ¶
���m�Y�), Xã 4 ¤«. lã¥�±w
Ñ, �	^| H ²1uB��
���¶��
� (θ = 0◦), Co70Cu30 Ü7B��äk�p�
�
å Hc// = 2438 Oe Ú�p�Ý/' S// = 0.76,
´8c��L� CoCu Ü7B��¥^5�p
� [8−10,16,17]. �	^|��R�uB��
�
��¶��� (θ = 90◦), B��
��
�å
ÚÝ/'Ñ²w~�, ©Oü� Hc⊥ = 319 Oe
Ú S⊥ = 0.07, ¿�3÷���þ��Ú| Hk// �
�uR������Ú| Hk⊥, ùL²B����
¶��´ Co70Cu30 Ü7B��
��´^z��,
dd�±wÑ/G��É53B��^��É5
¥åÌ��^. B��
��^��É5��´d

^¬��É5!/G��É59�mó4�p�
^�Ó�^�(J. du Co70Cu30 B��
�/
¤ fcc CoCu �MNÜ7(�, d«Ü7(��^¬
��É5Uþ�Ý (K1 ∼ 6×10−2 J/cm3) �B��

��/G��É5Uþ�Ý (πM2

s ∼ 0.60 J/cm3,
Ms � Co70Cu30 Ü7����Ú^zrÝ) �'$
���êþ? [18], ^¬��É5��u/G��
É5. d	, duB����»Ú�må�'~�
�, Ïd�mó4�p�^�f. nþ¤ã, /G�
�É5´B��^��É5�Ì�å, du¤�
�� Co70Cu30 Ü7B��
�¥^5 Co ¹þ�
�� CoCu Ü7B��
�p, �äk�p��»
' (�� 300), läk�p�/G��É5, Ly
Ñpu± ��� CoCu Ü7B��
��
�å
ÚÝ/'.

d	, CoCu B���È¥É�^5 Cu ��9
�È^��K�, ¦Ù/¤ü�� fcc (�Ü7B
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��,  Co �Ù¦^5�� (X Fe, Ni) �J/¤
d«ü�(��Ü7, Ïd CoCu Ü7B��
�
�^5��Ó^�e� Co �Ù¦^5��X (Fe,
Ni) ¤/¤�Ü7B���^5p [19,20].

ã 4 Co70Cu30 B��
�©O÷²1 (–¥–) ÚR� (–•–) u
B���¶���^¢£�

ã 5 ¥ó�.�A«�¹«¿ã (a) þ!=Ä�.; (b) é¡
÷.=Ä; (c) �é¡÷.=Ä

B��^5�A:�ûu�^zL§¥¤�
Ì�^zÅn. �
L�^5B����^zÅ
n, l�©�§Ñu, ïá
�X��^z�=�
. [21−24], Ù¥¥ó�.�@�´)º^5B��
�^zÅn��k��^z�=�. [22]. ¤¢¥
ó�.Ò´òü�B��w¤ü¤�^ó�¥.
üÆâf, ���¥/âf�m�:�>, Ø�3
���p�^, ��3·^�p�^, du�âm
Ø�3���p�^, 3·^�p�^e¦��¥
üÆ�^Ýª�u÷¶�ü�. �â�âm�p�
^�rf, ¥ó�.�^z�=Ånq�±©¤n
«�¹: ��â�m�p�^�r�, �â��â

�^Ý3�^z��lþ!=Ä, Xã 5(a) ¤«;
��â�m�p�^�f�, ^Ý�l�é¡÷.
=Ä, Xã 5(c) ¤«; ��â�m�p�^?u¥
�rÝ�, ^Ý�lé¡÷.=Ä, Xã 5(b) ¤«.

±þn«^z�=Ån�ØÓ, Ly3
�
å Hc �	|Ú����mY� θ �'X�þ,

�å Hc � θ �Cz5Æ´�O^z�=Å�
���{ [23]. �
(½ Co70Cu30 Ü7B��

���^z1�, ¢�¥æ^ VSM 3¿§eé
TB��
�3ØÓ θ e�^¢£�?1
ÿþ.
ã 6� Co70Cu30 Ü7B��
��
�å Hc �
	|Ú����mY� θ �Cz5Æ. dã�±w
Ñ, � θ l 0◦ � 50◦ Cz�, 
�å Hc ÑkO\,
� θ > 50◦ �
�å×�ü$, �	|��ké�
��6'X, o�Czª³��þ!=Ä�¥ó�
.�~�� [22].

ã 6 Co70Cu30 B��
��
�å Hc �	|Ú����m
�Y� θ �Cz5Æ

� â � þ ! = Ä � é ¡ ÷ . ¥ ó � ., �
Ñ Co70Cu30 Ü7B��
�
�å� [22]�:

Hc =
( µ

a3

)
(6Kn − 4Ln)

=
πMs

6
(6Kn − 4Ln) , (1)

Ù¥, n ´ü�B��¥¤¹k¥.�â�ê8.
Ln Ú Kn ��©Ode�úª�Ñ:

Ln =

n−1
2 <j6 n+1

2∑
j=1

n − (2j − 1)
n(2j − 1)3

, (2)

Mn =

n−2
2 <j6 n

2∑
j=1

n − 2j

n(2j)3
, (3)

Kn = Ln + Mn. (4)

Ln ´ U � �� 0, 2, 4, · · · � ¥ � ^ Ý ¦ Ú,
Mn ´ U � �� 1, 3, 5, · · · � ¥ � ^ Ý ¦ Ú.
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Ms = 1300 emu/cc � Co70Cu30 Ü7����Ú
^zrÝ. ��¥��ê�u 10 ��, Ln Ú Mn Â
ñé¯, du¤���B���»'�p, n ��
�, Ïd��� n = ∞ O�
�å��. �âé¡
÷.=Ä�¥ó�.úª (1), O�Ñ Co70Cu30

Ü 7 B � � 
�÷ B � � � ¶ � � � 
�å
� Hc// = 2580 Oe, �¢�� (Hc// = 2438 Oe)
Ä�ÎÜ, Ù��Ø��U´du CoCu Ü7B�
��O�¤æ^� CoCu Ü7����Ú^zr
ÝÑkØÓÚå�. ,	�âé¡÷.=Ä�¥
ó�., O�Ñ3R�B�����þ�
�å
�Hc⊥ = 0 Oe, ,¢�¥uy3R�B����
�þ�3�½���
�å (Hc⊥ = 319 Oe), ùA
T5u^¬��É5. éu�þ!=Ä��é¡
÷.�.8cvkéÐ�){, ��â§�é¡÷
.�
�å�m�IÝ'X��, dT�.O�Ñ
�
�å��ué¡÷.=Ä�.O��(J, �
¢������, Ïd�±üØ�^zÅn��é
¡÷.=Ä��U. nþ¤ã, Co70Cu30 Ü7B�
�
���^zÅn��þ!=Ä�é¡÷.¥
ó�.�©ÎÜ.

Co70Cu30 Ü7B��
���^z1�´d
T�¬�/mÚ(�û½�. d TEM Ú XRD ã�
�, Co70Cu30 Ü7B����»��� 50 nm, �
Cu CoCu Ü7B���ü^Æº�, �B��þ
!ëYäkép��»', Ïdü�B���w¤
´ü¤�^ó�¥.üÆâf. B��äk�p�
/G��É5, �âmÌ�±·^�p�^�Ì,

ù¦�¤kü^Æ�ü�ªu��, þ÷B��¶
�, B��
���^z1�Ì�±üÆ�â�þ
!��þ!=Ä�Ì. �^5 Cu �\\~f
�
âm�^ó4f��p�^, ���â��â�^
Ý3�^z��l�þ!�é¡÷.=Ä.

4 ( Ø

nþ¤ã, �©|^�6>zÆ�È{ÏL
N!·���Èëê3õ��4�z¾��¥
��Ñ
 CoCu �MNÜ7B��
�, Ù¥ Co
¹þp� 70%. XRD Ú TEM ÿþL²�È¤�
� Co70Cu30 Ü7B��
�þ!ëY, äk�p
��»'�� 300, � fcc ü¬(�¿3÷���
äk [220] J`��, T��(��Äg��¤
õ. ^5ÿþL²TB��
�äk�p�
�
å Hc// = 2438 Oe Ú�p�Ý/' S// = 0.76, �
�L± ��L� CoCu Ü7B��
��^5,
ùÌ�uTÜ7B��
�¹k��� CoCu
Ü7B��
�p�^5 Co ¤©±9äk�p
�/G��É5. ÏL^5ÿþÚ�.O��
� Co70Cu30 Ü7B��
�3�^zL§¥�l
é¡÷.=Ä�¥ó�., ù«�^z1��ûu
T�¬�/mÚ(�A:o�, |^�6>zÆ�
È{��Ñäk�p^5� Co70Cu30 �MNÜ7
B��
�, ÷vÙ��^�;á���¦, ùé
±�c^¨�c^á��ïÄk��ë�d�.
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Abstract
CoCu solid solution alloy nanowire arrays which exhibit the face-centered cubic structure with strong [220] orientation along

the nanowire axes are fabricated for first time in the anodic aluminum oxide template by electrodeposition. The proportion of Co

ingredient in CoCu alloy nanowire arrays is up to 70%. Transmission electron microscopy revealts that the nanowire arrays are uniform

and continuous and have a large aspect ratio of about 300. The magnetic hysteresis loop demonstrates that the Co70Cu30 alloy nanowire

arrays have a large coercivity of about 2438 Oe and relatively large squareness of about 0.76 parallel to nanowire arrays which greatly

exceeds the value previousely reported. Good magnetic properties are achieved due mainly to the larger proportion of Co ingredient

than that in the normal CoCu alloy nanowire arrays and the large shape anisotropy. The results of magnetic measurement and the

calculations from formula demonstrate that the symmetric fanning mechanism of sphere chains model could be employed to explain

the magnetization reversal process which is related to the structure of the Co70Cu30 nanowire arrays.

Keywords: CoCu alloy nanowire arrays, electrodeposition, magnetic properties, magnetization reversal mecha-
nism
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