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|^�6>zÆ�È�{3�z¾��¥��
��(�� FexCo1−x(06 x 60.51) ��Ü7B��
�.X
��û�(Jw«, ü� Co B��� (100) J`��� hcp (�,FeCo Ü7B��K¥y (110) J`��� bcc (
�, 
�û�¸�B��¥ Fe ¹þ�O\�$�Ý £. ¿§^5ÿþ(Jw«, FeCo Ü7B��äk�Ð�^A
5. � Co B���',Fe �Ú\Uõ
 Co B���^5U, ¦Ù¥yÑ���
�åÚ�p�Ý/'. æ^��=
Ä�.Úé¡÷/Ån�¥ó�.©OO�
 FeCo Ü7B���
�å, uyÙ^z�=Ån�é¡÷/Ån�
¥ó�.�ÎÜ.
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1 Ú ó

C
c5, ��^5B�á�¥yÑØÓu¬
Ná��`ÉA5, ¦Ù3^5êâ�; [1]!^>
ì� [2] Úã^>{Daì [3] ��¡�d3A^

É�<��2�'5. ����^5B�á�~^
��{kzÆí��È{!©fg|C{Ú��
{�, Ù¥��{��~^. �'Ù¦��á�, �
4�z¾ (AAO) ��ÏLUC�z^��±k�
���»!�må!�É�Ý±9äk�Ð�9
­½5�`:
~�^5����^5B�á�.
|^ AAO ����^57á9ÙÜ7B����
{éõ, Ù¥±>zÆ�È�{��B����¤
õ. >zÆ�È©��6>�ÈÚ�6>�Èü«,

�6>�È�'�6>�È��B���ö�
L§�\{ü.

ü�7á���B�(�nÜ
B�á�Ú
7áá��`ûA5, äkÕA��*(�, 3
å!9!1!>!^��¡þLyÑ`É�5U.

<�|^ AAO ��®²¤õ��Ñ�«^57á
ü�B��, X Fe[4], Co[5] Ú Ni[6] �. Cc5, d
u÷*¬N7áÜ7LyÑ�`û5U, <�m
©ÅÚ'5^5Ü7B���ïÄ.Peng �< [7]

3 AAO ��¥|^óÀ>�È{¤õ��
�
»� 50 nm � Fe70Co30 Ü7B��
�, ¿ïÄ

ÿÁ§Ý�B��
�å�'X;Thongmee �
< [8] |^�6>�È{��
äkØÓ�(�
� NiCo Ü7B��, ¿?Ø
>)�|¤�>6
�Ýé NiCo Ü7B��¬N(��K�; /�u
�K| [9] |^�6>�È{3 AAO ��¥¤õ
��
 FeNi B��
�, ��
�'¬N�p�

�åÚ����^'. �´±þ�K|éuÜ7
B��¥^z�=ÅnÑvk?1�\�?Ø, 

^z�=Ån�ïÄéuB��^A5kX­�
¿Â. Äud, �ó�æ^�6>zÆ�È��{
3 AAO ��¥��
 FeCo ��Ü7B��
�,
¿é�¬?1ý�ò»?n. ÏL(ÜB����
(�Ú^ÿþëê, ©O|^��=ÄÅnÚé¡
÷/Ån�¥ó�.©Û
Ü7B��
��^
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z�=L§.

2 ¢��{

|^�g�4�z{3ú�M�¥���È
B��¤I� AAO �� [10]. ��L§3·�k
c�ó��¥®k�[Øã [11]. �d�kØÓ�
´, 3�g�z(åcæ^�FüØ{~�{	
� [12], z� 10 min òó�>Øü$ 3 V, ��>Ø
ü� 6 V, �Ñ��^�lfY�EÀW, �ª¼�
¢�¥¤I� AAO ��.

¢�¥^u�� Co B���>)�d 0.23
mol/L � CoSO4·7H2O Ú 0.6 mol/L � H3BO3 |¤,
pH �� 2.5. �� FexCo1−x Ü7B���>)
�d 0.046—0.105 mol/L � FeSO4·7H2O, 0.125—
0.184 mol/L � CoSO4·7H2O, 0. mol/L � H3BO3

Ú 1 g/L |�É�|¤, pH �Ó� 2.5. ¢�¥�±
>)� Fe Ú Co olfßÝØC, � 0.23 mol/L.
? 1 � 6 > � È � > Ø Ú ª Ç © O � 12 V
Ú 50 Hz, �È�m� 15 min, ��ò�ÈÐ�
�¬3 2.0×10−4 Pa �ý�^�e?1 500 ◦ ò»
?n 2 h, ,�g,e%�¿§�Ñ. ÏLN!M�
¥ Fe2+ Ú Co2+ ��éßÝ5���X�ØÓ|
©� FexCo1−x Ü7B��
�.

æ^×£&�w�º (SPM NanoScope IV ) *
	���L¡/m, æ^×£>fw�º (SEM S-
4800) Úß�>fw�º (TEM H-7650) *	B�
��/m, Ü7B��¥����|©d X ��U
Ì¤ (EDS) 5uÿ, æ^ X ��û�¤ (XRD) é
B����(�?1L�,FeCo Ü7B��NX�
^5^ÔnA5ÿþXÚ (PPMS-6000) ?1ÿþ.

3 (J�?Ø

ã 1(a) � AAO � � L ¡ SPM ã, ã 1(b)
� AAO î�¡� SEM ã. lã¥�±w�,AAO

��äkR�u��L¡�5K8��ü�É, �
�»º�þ!, �»�� 50 nm, �må� 120 nm.
ã 1(c) �l AAO ��©lÑ5� Fe0.51Co0.49 ü
�B��� SEM ã. �±w�B��o[þ!, L
¡1w, �»� AAO ���»��, �� 50 nm.
B � � � � Ý Ï L N � � È � m 5 � �, � ¢
�¥B����Ý��3� 3 µm, �»'� 60.
ã 1(d) � Fe0.51Co0.49 B��� TEM ã. lã
¥�±w�B��3 TEM L�L§¥�3XM
)y�, ù`²
�6>�È���B����
Õt, B���U´d�
��âë�
¤. Ï
L DES ÿ½ØÓ>)�|©e�È FexCo1−x X
�Ü7B��
���é|©, ²ÿþB��|
©©O� Co,Fe0.27Co0.73,Fe0.35Co0.65,Fe0.41Co0.59,
Fe0.51Co0.49.

ã 2(a) � FexCo1−x X � Ü 7 B � � 
 �
� XRD ãÌ. lã¥�±wÑ, ¤k� FeCo �
�Ü7B��ÑäkN%á� (bcc) (�, ¿¥y
Ñ (110) J`��A5. 
éu Co B��K¥y
Ñ8��æÈ (hcp) (�� (100) J`��. ·��
�, Fe Ú Co ��f�»�~�C, 
��¤ FeCo
Ü7�ü|��mA�Ã�pM, Ï
3��ÈL
§¥, N´/¤��.�MN [13]. äk hcp (�
� Co B���´^z¶÷ (001) ��, 
¢�¥¤
��� Co B��LyÑ (100) J`��, ¤±·�
íä Co N´÷B��9)�, 
 Fe �È�B��
.. Ïd7á Co (¬�É� Fe (¬p�¿���
7á Fe ¬N/¤á�(�, 
Ø´/¤aq~5
¬N� hcp (�. ã 2(b) � FeCo X�Ü7B��
3 45◦ NC (110) û�¸��ã. lã¥·�wÑ,
�X Fe ¹þ�O\, ¸ �$�Ý £, L²d�
�¬¬�~êC�, ùÌ�´duO � Fe �f
�»�u Co ��f�»¤E¤�. L 1 �Ñ
�
â FexCo1−x X�Ü7B��ÏL X ��û�(J
O����J`�����¬¡måÚ²þ¬â
��� Fe ¹þ�Cz�¹.

L 1 FexCo1−x X�Ü7B��(�9^5ëê

x ¡må d/Å ¬âº�/nm Hc// / Oe Hc⊥/ Oe nØ� Ms/ (A/m)

0.51 2.016 42 2326 382 1.57×106

0.41 2.015 42 2266 478 1.53×106

0.35 2.010 35 2160 578 1.50×106

0.27 2.007 36 2142 400 1.47×106

0 2.167 50 1293 527 1.42×106
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ã 1 (a) � AAO ��L¡ SPM ã; (b)AAO ��¿¡ SEM ã; (c)Fe0.51Co0.49 ü�B��� SEM ã; (d)Fe0.51Co0.49 B�
�� TEM ã

ã 3(a) ´ Co B��3¿§ 300 K e�^¢£
�. H(//) Ú H(⊥) ©O�L	\^|²1ÚR�B
����. ã 3(b) ´ Fe0.51Co0.49 �¬3 300 K e
�^¢£�. lã¥�±wÑ,Co � FeCo ��Ü7
B��Ñäk��²w�^��É5, ´^z��
²1uB����¶��, ��z¾�¡��R�.
duB��äk�p��»' (�� 60), ��Ù/
G��É5��u^¬��É5, Ï
´^z��
÷B���¶��.FexCo1−x X�B���^5ë
ê�L 1 ¤«.

ã 4 � FexCo1−x X�Ü7B��
��
�
å (Hc) 9Ý/' (Mr/Ms) �B��¥ Fe ¹þ�
éA'Xã. lã¥·��±wÑ,FexCo1−x X�
Ü7B��
��'ü�7á Co B��5`ä
k���
�åÚÝ/'. ¦+¬N FeCo Ü7´
^^á�, �´du FeCo Ü7B��äk���
/G��É5, � x=0.51 �Ù²1B�����

�å�� 2326 Oe, Ý/'� 0.95. 
 Co B�
�, Ù²1B�����
�å�k 1293 Oe, Ý
/'� 0.86. d XRD (J��, �(��8��

æÈ (hcp) � Co B��äk (100) J`��. é
u hcp (�� Co B��5`, ^¬��É5U
�Ý K1 �� 4.5×105J/m3, 
/G��É5U�
Ý Ks(πMs

2) �� 6.4× 105J/m3, B��¥�3X
^¬��É5Ú/G��É5�¿�, l
��o
�^��É5~� [14]. ,��¡, ü�7á Co B
��SÜ�é FeCo Ü7B��SÜ(�þ!, "
���, l
��B��äk���
�å. ±þ
(Jw« FeCo B��
�äk4Ð�R�^A
5. �X FexCo1−x X�Ü7B��¥ Fe ¹þ�O
\, ²1ÚR�B�����
�åÄ�ØC, �
©z¥���(JØÓ [15,16], ·�ò3e¡�Ñ
äN?Ø.

¯¤±�, á���^!
�åÚ^¢£�Ñ
�6u^z�=L§. �
�Ð/
)B���^
A5, ·�k7�ïÄÙ^z�=L§. �âL 1
¤«, ²1B�����¬â���CuB���
�» 50 nm, �±@�B��d�ëG���¥/
�â|¤. ù´du�6�È�u)3K�±Ï,
N´/¤�âG��ÈÔ¤� [17]. ÏL�^O�
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(Jw«, �á¥/(�� Fe Ú Co üÆ�.�»
©O� 8.4 nm Ú 11.4 nm, �´éud¥/�â|
¤�B��5`, �â�ò^U�u�á¥/(�
SÜ�ò^U, �Ò��B��¥¥/�â�üÆ
�.�»�u�á¥�üÆ�.�» [18]. ¤±, é
u·���¬, �±@�z�B��3/GþÑ´
d�X��üÆ¥/�â|¤, B��
�¥yÑ
ü¶^��É5. Ïd, ·�|^¥ó�.�)º
B���^z�=Ån [19]. �.Xe: z�B��
d�X�äkü¶^��É5�üÆ¥/�â|
¤, ¥ó¥z���¥/�âäk:�>, ¿��
Ñ¥�m����p�^. Äuþã�., ©O|
^��=ÄÅnÚé¡÷/Ån5ïÄ^5B�
��^z�=L§. éu��=ÄÅn, ²1B�
����
�å [20] �

HC =
µ

a3
6Kn = πMsKn, (1)

ã 2 (a)FexCo1−x X�EÜB��
�� XRD ãÌ; (b)(110)
¸ ���ã

éué¡÷/Ån, ²1B�����
�å [20]

�

HC =
µ

a3
(6Kn − 4Ln) =

πMs

6
(6Kn − 4Ln) , (2)

Ù¥

Ln =
(n−1)/2<i6(n+1)/2∑

i=1

n − (2i − 1)
n(2i − 1)3

, (3)

Mn =
(n−2)/2<i6n/2∑

i=1

n − 2i

n(2i)3
, (4)

Kn = Ln + Mn =
n∑

i=1

n − i

ni3
, (5)

ã 3 (a) Co B���¿§^¢£�ã; (b)Fe0.51Co0.49 B��
�¿§^¢£� (1 Oe=79.5775 A/m)

ã 4 FexCo1−x X�EÜB��
�ØÓ��
�å (Hc) 9
Ý/' (Mr/Ms) �B��¥ Fe ¹þ�éA'Xã
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µ ´üÆ¥/�â�^ó4Ý, a Ú n ©O´ü�
B��¥¥/�â��»Úê8, Ms ´B���
�Ú^zrÝ.

ã 5 |^äk��=ÄÅnÚé¡÷/Ån�¥ó�.O�
Ñ� FexCo1−x X�EÜB���
²1��
�å (Hc) �
B��¥ Fe ¹þ�éA'Xã

ã 6 ü«Åne Fe0.51Co0.49 EÜB��²1��
�
å (Hc) �B���»'�Cz­�

FeCo X � Ü 7 B � � 
 � � � Ú ^ z r
Ý Ms ��XL 1 ¤«. B���» a � 50 nm,
B���Ý� 3 µm, ¤±ü�B���¥ê8�
uÙ�»' (n ≈ 60). Äu±þëê, ·�©OO
�Ñ��=ÄÅnÚé¡÷/Åne FexCo1−x X

�B���
�å, (JXã 5 ¤«. lã¥�±
wÑ, éu FeCo X�Ü7B��5`, é¡÷/
Ån�¢�(JÎÜ�éÐ, 
�å� Fe ¹þ�
O\Ä��±ØC. d±þ�.��, éu�Ó�
»'� FeCo X�Ü7B��, 
�å���¬�
Ú^zrÝk', 
¢�¥ FeCo B����Ú^
zrÝCzØ�, XL 1 ¤«. �´éu Co B�
�, nØO��¢�(J�3�½ �, ù�U´
Ï� hcp (�� Co B��äkér�^¬��É
5, ���.Ø
O(. ,	, �
�Ð/�y¤À
��nØ, ·���
ØÓ�»'� Fe0.51Co0.49

X�B�� (n≈ 60,30,20,12,5), ¿O�
ü«Ån
e�
�å, Xã 6 ¤«. ÏL'��±�Ñ, ��
»' n >20 �, ¢�êâ�é¡÷/'�ÎÜ. 

� n <20 �, ¢�(J'nØO�(J�éõ. ù
« �´N´n)�. �B���»'���, �
¬�^¬��É5ÚAå��É5C�ØU�Ñ,
�âäkü¶^��É5�b�Ø2¤á. Ïd,
éu�p�»' (n >20) � FeCo B��
�5`,
^é¡÷/Ån�¥ó�.�£ãÙ^z�=L
§´Ün�.

4 ( Ø

�©|^�6>zÆ�È��{3 AAO ��
¥��
�� FexCo1−x ��Ü7B��
�. 7
á Co B��� (100) J`��� hcp (�,FeCo �
�Ü7B���äk (110) J`��� bcc (�.
^5ÿþ(Jw«, �'uü� Co B��,FeCo Ü
7B��äk���
�åÚÝ/'. éu�p�
»'� FeCo Ü7B��, Ù^z�=L§�é¡
÷/Ån�¥ó�.ÎÜ�éÐ. �B���»'
���, �¬�^¬��É5ÚAå��É5ØU
�Ñ, �âäkü¶^��É5�b�Ø2¤á.
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Magnetization reversal in FeCo binary alloy nanowire
arrays∗

Zhao Rong1)3) Gu Jian-Jun1)2)3) Liu Li-Hu1)3) Xu Qin1)3) Cai Ning1)3)

Sun Hui-Yuan1)3)†

1) ( College of Physics Science & Information Engineering, Hebei Normal University, Shijiazhuang 050016, China )

2) ( Department of Physics, Hebei Normal University for Nationalities, Chengde 067000, China )

3) ( Key Laboratory of Advanced Films of Hebei Province, Shijiazhuang 050016, China )

( Received 6 April 2011; revised manuscript received 11 May 2011 )

Abstract
Arrays of FexCo1−x(0 6 x 60.51) binary alloy nanowires are fabricated into the (anodic aluminum oxide) AAO template pores

by AC electrodeposition. The XRD pattern indicates that the crystallite structure of Co nanowire is hcp with existence of strong (100)
orientation along the nanowire axis. While the crystallites structure of FeCo binary alloy nanowires is bcc with existence of strong
(110) orientation along the nanowire axes. The peaks shift toward the lower angle when the Fe content of nanowire increases. At room
temperature, magnetic measurement results show that FeCo alloy nanowires exhibit excellent magnetic properties. The introduction of
Fe improves the magnetic property of Co nanowire compared with that of the Co nanowire. FeCo binary alloy nanowire has a larger
coercive force and squareness ratio. The coercivity of the FeCo alloy nanowire is calculated by using a magnetization reversal model
based on “chains of spheres” with coherence rotation mechanism and symmetric fanning mechanism. The magnetization reversal
mechanism is supported by “chains of spheres” with symmetric fanning mechanism.

Keywords: alloy nanowire, AC electrodeposition, magnetization reversal
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