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|^ X ��Ú^5ÿþïÄ
 Co77Zr18−xMo5Bx Ü7���(�Ú^5. ¢�uy, 3 Co-Zr-Mo Ü7¥
V\·�¹þ� B, �±¦Ù
�åwÍJp, � x = 2.0 �, ��Ñäkî8�� Co-Zr Ä[^Ü7��
�
å Hc = 7.0 kOe (1 Oe = 79.5775 A/m) �¯|��. �X B ��V\, Co77Zr18−xMo5Bx Ü7���¬âÅì[z,

¿�â Henkel plot �.O��Ñ^^� fcc-Co �M^� Co5Zr ��m���ÍÜ�^ÅìOr. Ü7���
�
åÌ�ÉM^� Co5Zr ��¬âº���, ¿�X¬âº��~�k,p�ü$. ,��¡, Co77Zr18Mo5 Ü7�
��
�åÅn��^zØ/Ø�., V\ B ����
�åÅnC�Æ9¹S�.. ÏL X ��û�Ú9^©Û
uy, B ��¿vk?\� Co5Zr ��¬�¥, 
´�3u�¬�¥.

'�c: Co77Zr18−xMo5Bx ��, 
�å, Co5Zr �, ��ÍÜ�^
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1 Ú ó

X8, #.[^á��uÐÌ�8¥3Dè[
^Ü7�¡ [1−3]. � Nd-Fe-B �^5U®²�C
ÙnØ�4� [4−6]. Ïd, 7LuÐ#.�p5U
�Dè[^Ü7, Co-Zr Ä[^Ü7B´Ù¥��.
Co-Zr Ä[^Ü7�ïÄ�Ð´l^^á�m©
�, �XLN^|��ó²�uÐ, Co-Zr Ü7�
M^5UÅÚÉ�<��­À. �C��c5, <
�Ý\
�þ�ó�5Jp Co-Zr ÄÜ7�M^
5U. 2003 c, Saito[7] ÏL¯|ò»��{��Ñ
p5U Co-Zr-B Ü7��, Ù
�å�� 4.43 kOe
(1 Oe = 79.5775 A/m), ��^UÈ� 4.75 MGOe.
2005 c, Chen � [8] ��Ñ
�å� 4.1 kOe, �
�^UÈ� 5.1 MGOe � Co-Zr-B B�Ü7��.

dd�� B ���V\éuJp Co-Zr ÄÜ7�
M^5Uké��Ï. �´, ù
ïÄ��9��
f B 3 Co-Zr Ä[^Ü7¥¤å��^. 2009 c,
Zhang � [9] ÏL3 Co-Zr Ü7¥V\ Mo |^¯
|ó²��Ñ Co5Zr ü�, y²
3 Co-Zr Ä[
^Ü7¥ Co5Zr ��M^�, �ÑÙ
�åÅn
�/Ø�., ¯| Co77Zr18Mo5 ���
�å Hc

p� 4.1 kOe. �©ÏL^ B O� Co77Zr18Mo5 ¥
� Zr, ��Ñp
�å Co77Zr18−xMo5Bx Ü7�
�, ¿é��f B é¯| Co-Zr-Mo-B ����|
¤!^5U±9�(�¤å��^?1ïÄ.

2 ¢��{
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98.6%� CoB Ü7, Uì¶Â Co77Zr18−xBxMo5(x =
1.0, 1.5, 2.0, 2.5, 4.0) �', |^ý�>l¬�EL
õ 4 g��Ñ¤©þ!�Ü7¼. �ÑÜ7¼»�,
�� 3 g C\���»º�� 0.6 mm �pX�=
+¥, +��D¡�må�� 2 mm, Ä¬Ný�Ý
� 6.0×10−3 Pa, ¿�í�o, ���Øå� 0.8 atm
(1 atm = 1.01× 105 Pa), Lõ>Øæ^ 4 kV, Q��
Ý� 40 m/s, ��°� 2 mm!þ� 25 µm �Ü7�
�. |^ D8-ADVANCE . X ��û�¤ (XRD) é
��?1Ô�©Û, ¿^ Scherrer úªO�²þ¬
âº�. |^ Lake Shore úi)���Ä�¬^r
O (��^|� 20 kOe) é�¬?1^5ÿþ. 9^
©Û (TMA) ¢�3 500 Oe �	|e?1, §Ý�
�� 30 ◦C—550 ◦C, ,§�Ç� 10 ◦C—20 ◦C/min.

3 ¢�(J�©Û

¯| Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5
Ú 4.0) ��� XRD (JXã 1 ¤«. lã 1 �±w
Ñ, Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5 Ú 4.0)
^�¥�¹ fcc-Co Ú Co5Zr ü�. �¯| Co-Zr-
Mo ���q, Co5Zr ��û�¸�r, ?�Ú`
²
 Mo é Co5Zr �äk­½�^. Ó��X B
¹þ�O\, ¬Nû�¸cÙ´ Co5Zr �� X 1
A�û�¸Åì°z. � x = 4.0 �, ®²��C
��¬�û�¸.. �â Scherrer úªO���
� Co5Zr ��²þ¬âº�� 23, 20, 16, 12 Å. �
±wÑ, Co5Zr ��¬âº��X B ¹þ�O\Å
ì~�, ùL² B 3 Co-Zr-Mo-B Ü7¥å�
¬
â[z��^. ÏL*	 Co5Zr �� X 1A�û�
¸¸ uy, Ù¸ Ø� B ¹þCz
UC. Ó�
d¯| Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) �
�� M -T ­� (ã 2) �±wÑ, Co5Zr ��Øp§
Ý� 450 ◦C, ¿��X B ��¹þ�O\vk²w
Cz. ,��¡, �âk' Co-Zr-B XÜ7���,
B �U/¤ Co3ZrB2 �, ¿��k3 700 ◦C ±þò
» 30 min ��âUÑy, 
3�²L9?n�¯|
��¥ Co3ZrB2 �vk�uy [10]. �â·�� X
1û�ãÌ, Co3ZrB2 ��vkÑy. Ïd, B �
fQvk?\� Co5Zr ��¬�¥�vk�/¤
#�, 
�U�3u�¬�¥. 3 Co-Zr Ú Co-
Zr-B Ü 7 ¥ Co5Zr � � Ø p § Ý � 500 ◦C[10],

 Co77Zr18−xMo5Bx ¯|��¥ Co5Zr ��Ø
p § Ý ´ 450 ◦C[9]. 3 Co77Zr18Mo5 ¯ | � �

¥, Mo �f?\�
 Co5Zr ��¥O� Co �
 ��� Co5Zr ��Øp§Ýeü� 450 ◦C[9], ù
� Co77Zr18−xMo5Bx ¥ Co5Zr ��Øp§ÝÄ�
��. �� Co-Zr-Mo-B Ü7��¥ Co5Zr Øp§
Ý�eü´dV\� Mo ��E¤�. Co-Zr Ü7
¥ Co5Zr ��Øp§Ýd Co-Co, Co-Zr �m��
��^û½. ��¡, �^5�f Mo ��O� Co
¦�^5�f�ê8ü$; ,��¡, du Mo ��
f�»' Co �, Mo 3 Co5Zr �¥Óâ Co � �
¦� Co5Zr �¬�)ä [9], l
E¤ Co-Co, Co-Zr
�fmålO\. 3ùü«�^e, Co5Zr �¥o
����^~fl
��
ÙØp§Ýeü. ��
f B vk?\� Co5Zr ��¬�¥, 
�3u�¬
�¥, é Co-Zr-Mo-B Ü7��¥ Co5Zr ��Øp
§Ývk²wK�.

ã 1 Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5 Ú 4.0) Ü7�
�� XRD Ì

Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5, 4.0)
Ü7��
�å Hc Ú'^zrÝ σs � B ¹þ
CzXã 3 ¤«. lã 3 �±wÑ, 
�å� B
¹þ�O\Åì,p, � x = 2.0 �
�å��
��� Hc = 7.0 kOe. � Co77Zr18Mo5 Ü7��
�', V\ B ��Ü7���
�åJp
 71%;
ù�ê��®�����
�å Hc = 6.8 kOe
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�k¤Jp [11]. ùL², 3 Co-Zr-Mo Ü7¥V
\·�¹þ� B �±¦
�åwÍJp. ã 4
� Co77Zr16Mo5B2 Ü7��3¿§e�^¢£�,
­��~²w¿�'�Ú^zrÝ σr/σs �u 0.5,
L²3Ü7��¥�3��ÍÜ�^ [7]. �X B
¹þ�?�ÚO\, 
�åÅìü$, � x = 4.0
�, Hc = 0 kOe. �â XRD (J�±uy¯|�
�®²���¬z. d�, du�¬��¥�f�
�ÃSü�, Co5Zr �Ú fcc-Co ���, Ïd¯|
��Ø�3
�å. ,��¡, σs �X B ¹þO\
��,p, � x = 4 ������ σs = 62 emu/g.
Friedel �.�Ñ [12]: éu Co-T -B (T = Zr, Mo) Ü
7, �X B é T ��O�þ�O\, p-d >fm (B
Ú T �m) �,z�^¬¦ d-d >fm (Co � T �
m) �,z�^~f, l
¦� T ��éu Co ÄÜ
7'^zrÝ�³��^ü$, ùÒ)º
 Co-Zr-
Mo-B ���'^zrÝ σs � B ¹þO\Åì,
p�¢�(J. |^üY{�Ñ Co77Zr16Mo5B2 ¯
|����Ý� 8.4 g/cm3, ²LO���¯|��
���^UÈ� 1.3 MGOe. ¦+ Co77Zr16Mo5B2

¯|���
�å�Ù¦�Dè[^á��'k

é�Jp, ���^UÈI�?�Ú�Jp. ù
Ì�´Ï�¯|���^zrÝ��, Ïd�
?
�ÚJp Co77Zr16Mo5B2 ¯|���^5U, I�
Jpá��^zrÝ.

ã 2 Co77Zr18−xMo5Bx (x = 0.5, 1.0, 1.5 Ú 2.0) M -T ­�

3 Co-Zr Ä[^Ü7¥, Co5Zr ��M^�,
fcc-Co ��^^� [10]. 3 Zhang � [11] ���¯
| Co80Zr18−xMoxB2 ��¥, ��
�å¿vk
Ñy3¹k Co5Zr ��õ� Co80Zr14Mo4B2 ^�
¥, ¿@�
�å�CzÌ�É Co5Zr �¹þ�

ã 3 Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5 Ú 4.0) Ü7�
�
�å Hc Ú'^zrÝ σ � B ¹þCz­�

ã 4 Co77Zr16Mo5B2 Ü7��3¿§e�^¢£�

ã 5 Co5Zr ��¬âº��
�å� B ¹þCzª³ã

��, 
�å���Ñy3¹k·�¹þ Co5Zr
��^�¥. ,
ùéu¯| Co-Zr-Mo ��
�
å���Ñy3äkü� Co5Zr � Co77Zr18Mo5

Ü7���¢�y�´)ºØÏ�. ,	, Xã 1
¤« Co77Zr18−xMoxB2 ^� Co5Zr �Ú fcc-Co �
� X 1A�û�¸��é¸r� B ¹þO\¿
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vku)²w�Cz, 

�å%Cz�~²
w. dd��, Co5Zr ��¹þ¿Ø´K�
�
å�Ì�Ï�. Saito[7] @�, Co-Zr X[^Ü7

�å�ûu Co5Zr ��¬âº�. Xã 5 ¤«, ¯
| Co77Zr18−xMoxB2 ���
�å� Co5Zr �²
þ¬âº��~�kO��~�. 3 Stroink � [13]

���¯| Co-Zr-B ��¥, 
�åÑäk�Ó
�Czª³. ù`², Co5Zr ��¬âº�â´K
� Co-Zr-Mo-B 
�åÌ�Ï�. ·��Ñ(Ø: ^
��f B O� Co77Zr18Mo5 ¥� Zr �, �,^�
¥ Co5Zr ��¹þk¤ü$, �Ù²þ¬âº�
� B O�þ�O\Åì~�; 
�åÌ�É Co5Zr
��²þ¬âº�K�, �X¬âº��~�kÅ
ìO�, � B �¹þ x = 2.0 �, Co5Zr ���
�
å��Z¬âº�, Ïd3d�¼�
�å���,
�X B ¹þO\�� Co5Zr �¬âº��u
�
å��Zº�, l
��
�åeü.

¬â�m���ÍÜ�^�±^ Henkel plot
5£ã. ÙL�ª�

δm(H) =
Md(H) − Mr + 2Mr(H)

Mr
,

Ù¥ Mr(H) ���\þ^|��^, Mr ����
Ú^z���^, Md(H) ����Ú^z���
\þ^|��^, δm(H) ��`²�3���p�
^, δm(H) �KKL²�3ó4�p�^. δm(H)
¸���`²¬â�m���ÍÜ�^�r [14].
ã 6 �3 40 m/s ��e��� Co77Zr18−xMo5Bx

(x = 1.0, 1.5, 2.0, 2.5) Ü7��� δm(H) ­�. �
±wÑ, Ü7��� δm(H) ¸�ÑØ� 0, `²�
¬�¬â�m�3��ÍÜ�^. Ó� XRD w«
^�¥��3^^� fcc-Co �ÚM^� Co5Zr �,
�±`²¯|��¥���ÍÜ�^´3 fcc-Co
Ú Co5Zr ��mu)�. ,��¡, δm(H) �¸�
�X B ��¹þ�O\ÅìO�. ��@�, ¬â
º��[�, ��ÍÜ«�3�Ná�¥¤Ó�N
È¹þ��, K��ÍÜ�^�²w [15]. ÏdÜ7
��¥^M^��m��ÍÜ�^�Or´du
V\ B ��¬â[z�^E¤�.

Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) Ü
7���z
�å�^|CzXã 7 ¤«. 3
	 \ ^ | � � � 
 � å � ^ | C z � ú, 

�^|��
�åNC�, �z
�å:ìþ
,. Äu±þ©Û, ·�@� Co77Zr18−xMo5Bx

(x = 1.0, 1.5, 2.0, 2.5) Ü7���
�å´dÆ

æ¹S���. �´, �z
�å3é°�^|
��Sþ,, �k�	\^|��é��
�
å â � � � Ú. Ó � Wohlfarth[16] � Ñ, é u þ
! Æ æ ¹ S X Ú, δm(H) A T ð � u ". é u
¯| Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) ^
�, ^M^��m�3�r���ÍÜ�^, `
²�¬¥�Ææ¹S�^´�þ!�. ,��¡,

ã 6 Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) Ü 7 � �
� δm(H) ­�

ã 7 Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) Ü7���
z
�å�^|Cz

Co77Zr18Mo5 Ü7���
�åÅn´�^zØ
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/ØÅn [6]. 3V\ B ����Ù
�åÅnC�
�þ!�¹S�.. Äu±þ¢�êâíÿ�¬�
å�
Æ9¹S��^.

4 ( Ø

ÏL^��f B O� Co77Zr18Mo5 ¥� Zr,
3 v = 40 m/s ��e��Ñ
�åp� 7.0 kOe Ü

7��. é B ��3¯| Co-Zr-Mo-B ��¥�^
ïÄuy: 1) B ��Ì�å�
¬â[z��^,
��¡, du¬â�[z¦�¯|��¥ fcc-Co �
� Co5Zr ��m��pÍÜ�^Or; ,��¡,
�X B ��¹þO\, Co5Zr �²þº�Åì~�,
�Ù����
�å�A���, 
�åÑy��;
2) B ��¿vk?\� Co5Zr ��¬�¥�, 
´
�3u�¬�¥, �¬�å�
Æ9¹S��^.
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Abstract

The phases and magnetic properties of Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5, and 4.0) are studied by X-ray diffraction

analysis and magnetic measurements. Proper addition of Ti could improve the magnetic properties of Co-Zr alloy significantly. The

largest value of Hc = 7.0 kOe (1 Oe = 79.5775 A/m) is obtained in the Co77Zr16Mo5B2 melt-spun ribbon. The grain size of Co5Zr

phase decreases with the increase of B content, which contributes significantly to the enhancement of exchange-coupling effect. The

coercivity values of the Co77Zr18−xMo5Bx (x = 1.0, 1.5, 2.0, 2.5) melt-spun ribbons are affected mainly by the grain size of the

Co5Zr phase. The coercivity value first increases and then decreases with the decrease of the Co5Zr phase. On the other hand, the

coercivity mechanisms of Co77Zr18−xBxMo5 (x = 1.0, 1.5, 2.0, 2.5) melt-spun ribbons are found to be of the pinning type.

Keywords: Co77Zr18−xMo5Bx melt-spun ribbons, coercivity, Co5Zr phase, exchange-coupling effect
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