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�©ÏLÔ�áÒ{ÚüDQ�{©O��Ñ�X�	/Á�Ú�¬^�Á�, XÚïÄ
Dè7á Y

é Fe78Si9B13 Ü7�¬/¤Uå9Ù^^5U�K�. (JL², �þ Y �� Fe-Si-B �¬Ü7¥� Fe ���J
pTÜ7��¬/¤Uå¿r?Le��«��). � Y ¹þ� 3 at.%�, Ü7äk����¬/¤Uå, Ù�.
þÝ� 313 µm, �A��¬Le��«°Ý�� 65 K. TX��¬Ü7äk`û�^^5U, Ù
�å (Hc) þ$
u 200 A/m, Y ¹þ� 1 at.%�, �Ú^aArÝ (Bs) ����� 1.67 T.

'�c: cÄ�¬, Dè��, �¬/¤Uå, ^^5U

PACS: 75.50.Gg, 75.50.Kj

1 Ú ó

Fe Ä�¬Ü7äkp�Ú^aArÝ!$

�å!pF¡5Úp>{Ç�`:, ®Åì�OD
Ú�7g¡, ¤�#��CØìc�á�. 8c�
þ¦^� Fe Ä�¬Ü7Ì�´ Fe-Si-B X�Ü7,

Ù¥�a7á|�o¹þ�� 20%, �C�¬¤©,

�ÙØ�3Àæ=CÚLe��«, �UÏLJp
e%�Ç (> 105 K/s) 5¼�, ���Á�Ä�´�
�!��½®"G��¬Ü7, ù4�/��
 Fe

Ä�¬Ü7�A^. ¯¤±�, Ü7z�±wÍJ
pcÄÜ7��¬/¤Uå [1−10], �Ü7z  
±ã+ Fe ¹þ��d,  Fe ¹þ�ü$Ï~¬�
�Ü7�Ú^aArÝ�eü, éÜ7�^^5U
E¤Ø|K� [11−14] , ÏF"ÏL�þ����
�=�¢y�¬/¤Uå�wÍJp, Dè���
´äkù«A5�É'5. ,�õêDè��
Ñ�3^Æ(�, 3/¤Ü7�  ¬��^5M
zÚ^��É5��) [12,15,16]. �Dè Y ��Ø
äkù«^Æ(�Ú�c^5 [15] , Ïd�©¦^

Dè Y ��Jp Fe-Si-B Ü7�¬/¤Uå�V\
��, ïÄ Y \\þé� Fe78Si9B13 Ü7��¬/
¤UåÚ^^5U�K�.

2 ¢��{

¢�^ Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%)

Ü 7 Ò ¼ d X Fe(99.99 wt.%), Y(99.9 wt.%),

Si(99.99 wt.%) Ú ¥ m Ü 7 Fe2B(99.99 wt.%) u
ý��gÑ>l¬¥Lõ¤,�(�Ü7¤©þ
!, z�Ü7¼²Êg�ELõ. LõÐ�Á�, �
|u>l¬¥|^Ô�áÒ¤	/Á�, ,�|K
^ý�üDQ�Ån¤°Ý� 6 mm, þÝ� 35 µm

�^�.��yLK�Ü7�6Ä5, áÒ�Q�
§Ýþ�L:±þ�� 300 K.

	 / Á � î � ¿ m, ² � � ! � 1 ! @
¡ (Vp�:V�2Y = 4 ml:96 ml) �, 3 1 Æ w�
º (OM) e * 	 Ù w�| �, ¿ ^ X � � û �
¤ (XRD) é	/Á�kàÜ©?1Ô�©Û, (½
�¬��.þÝ; æ^�«×£9þ¤ (DSC) ©Û
^�Á��9Æ5U, ,§�Ç� 10 K/min; |^
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�Ä�¬^rO (VSM) ÿÁ^�Á���Ú^a
ArÝ BS, 
�å HC ÚÐ©^�Ç µ.

3 ¢�(J�©Û

3.1 Y ¹¹¹þþþééé���¬¬¬///¤¤¤UUUååå���KKK���

�¬Ü7duÙ¤©Ú�*(��þ!5±
9Ø�3¬.�A:, '¬N(�äk�Ð�|
@¡Uå, ²zÆ@¡�31Æw�ºe*	�,

ÙL¡E�±1�. ã 1 � Fe78−xYxSi9B13(x =

0, 1, 2, 3, 4, 5 at.%) Ü7	/Á�kàÜ @¡��
w�(�, �±wÑ, Á�c�ã�1���¬«,

��ãôÚ�V,�Ü©¬z«. �
?�Úy¢
	/Á�kà1�«���¬(�, òÙg�N�
e�?1 XRDÔ�©Û. ã 2 ´¼�� X ��û
�ã�, Ù¥�vkkb�¬z¸Ñy, ��3û
Ñ�¸, L²¤©ÛÁ�þ����¬�(�. Ï
d, d1Æw�º*	����¬�.º�´��
�, Ù��uL 1 ¥. �±wÑ, �X Y ¹þ�O
\, �¬�.º�¥yk4O24~�ª³, ��
�Ñy3 Y ¹þ�u 3 at.% �,� 313 µm.

ã 1 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) 	/Á��1Æw�|� (a) x = 0; (b) x = 1; (c) x = 2; (d) x = 3; (e) x = 4;

(f) x = 5

157502-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 157502

L 1 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) �¬Ü7��.º�ÚA�§Ý

¤© �¬�.º� /µm Tc/K Tg/K Tx/K ∆Tc/K

Fe78Si9B13 107 693 — 802 —

Fe77Y1Si9B13 233 664 798 838 50

Fe76Y2Si9B13 250 633 809 860 51

Fe75Y3Si9B13 313 605 815 880 65

Fe74Y4Si9B13 192 591 883 902 19

Fe73Y5Si9B13 171 568 — 924 —

ã 2 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) 	/Á�
kàÜ � XRD ãÌ

é þ Ý �� 35 µm � Fe78−xYxSi9B13(x =

0, 1, 2, 3, 4, 5 at.%) � ¬ Ü 7 ^ � ? 1 � � \
9 DSC ©Û, (JXã 3 ¤«, Àæ=C§Ý Tg

Ú¬zm©§Ý Tx IuÙ¥. �±wÑ, n�
Ü7 Fe78Si9B13 vk²w�Àæ=C:. � 1—

4 at.%� Fe � Y ¤���, Ü7�3²w�Àæ=
Cy�, �� x = 3 �, Ü7äk���Le��
«°Ý, = ∆Tx = 65 K. ��, �X��þ�O\,

Le��«CÄ, � x = 5 �, Àæ=Cy���.

L 1 ��ÑTX�Ü7�Øp§Ý Tc Ú¬zm©
§Ý Tx, �X Y ¹þ�O\, Tc Ú Tx ©O¥üN
4~Ú4O�ª³. é'n�Ü7 Fe78Si9B13, ·
þ Y �\\�±OrÜ7�9½5, �� Y ¹
þ�L 3 at.%�, Ù ∆Tx wÍ~�, L²Ü7�9
½5:ìeü, ù�ª³�1Æw�ºe*	�
�Ü7�¬/¤Uå� Y ¹þ�Czª³��.

ã 3 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) �¬^�
3 10 K/min ,§�Çe� DSC � (�Þ©OI«Øp§
Ý Tc!Àæ=C§Ý Tg Ú¬zm©§Ý Tx)

Dè7á Y Ü©�� Fe78Si9B13 Ü7¥� Fe

¦Ü7��¬/¤Uå±99½5u)Cz, Ù
�ÏÌ��±8(�±eü:. Äk, Y � O �m
äkér��Úå, �þ Y �\\UÀzÜ7L
N, ³��þ!/Ø (/¤� Y ��zÔ>u/Ø
�Uå�é��), ù³7JpLe�N�½5
Ú�¬/¤Uå [17]. Ùg, l�fº��Ú·Ü
ó��Ýw, Y �\\�k|uJp�¬/¤U
å. 3 Fe-Si-B-Y Ü7X¥, �|���f�»©O
� rY = 0.182 nm, rFe = 0.124 nm, rSi = 0.117 nm,

rB = 0.090 nm[18], Y � Fe, Si, B ��f�»�©
O� 47%, 56%, 102%, Y �\\O\
���»©
Ù�þ!5ÚÜnz, Ó��M3¬�¥���f
Uü$ü�Ð©¬z��½5 [19]; d	, Y-Fe,

Y-Si, Y-B �·Üó©O� −1 kJ/mol, −73 kJ/mol,
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−50 kJ/mol[18], L² Y �Ù¦|�m�3r��^
å, Y �\\Or
Le�N�ÿÀzÆá§kS
Ú�ÅæÈ�Ý, ü$
LN¥�f�*ÑUå,

¦�Ð©¬z��ÛÑÚ)��±³�, �¬��
½5\r. � Y ��þ�L 3 at.% �, Ü7�L
e��«°ÝÚ�¬�.º�� Y �O\~�,

�U´du Y ¹þLp�, :eL§¥/¤#�¥
§kS(�, éÙ�¬/¤Uå99½5�)Ø
|K�. �éÙ¦cÄ�¬�ïÄL² [20], õ�Ü
7X¥, Y é Fe ���þ��3 1.5—2 at.% �m,

\\þLõ (�u 4 at.% ) ò��#�X Fe17Y2 Û
Ñ, �zÙ�¬/¤Uå.

3.2 Y ¹¹¹þþþééé^̂̂^̂̂555UUU���KKK���

ã 4 ´ Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%)

�¬Ü7^��^¢£�. á��^aArÝ3$
^|e�^|rÝ�O\:ìþ,�Åì�
��Ú, ¥yÑ;.�^^5U. L 2 �Ñ
^
���Ú^aArÝ Bs, 
�å Hc ÚÐ©^�
Ç µ. �±wÑ, Ù Bs 3 1.31—1.67 T �m, Hc

þ$u 200 A/m, µ 3 2500—8000 �m. �¬^
�3 Y ¹þ� 1 at.%�, Bs Ú µ þpun�Ü
7 Fe78Si9B13, äk���, ©O� 1.67 T Ú 7121,

Ù��X Y ¹þ�O\, Bs Ú µ Åì~�.

Fe ÄÜ7äk^5Ì�´d Fe �W÷� 3d

>f�û½�. ����f�p�C�,�·�å
l�, ÙS d �>f�3���mS/¤U«,

�)���U¦����-���f^ÝÓ�ü
�, l/¤^Æ [21], Ïd, ��5ù, �X Fe ¹
þ�~�, Bs ¥yü$�ª³. ,, 1 at.% � Y �
� Fe �, Ü7� Bs pun�Ü7 Fe78Si9B13, �
U´duDè7á Y �3�W÷� 4d >f�, Y

�\\K� Fe Ø	>f�����^. ,	, �
f�»��� Y �� Fe �� Fe �²þ�fål
UClÚå>f�U«�Cz, ¦��-��
S�^ÝO�, Bs ÏdO�. � Y ¹þ�L 1 at.%

�, Fe ¹þü$±9d Y \\Úå Fe �fmå\
��� d �>f��m��p�^~f, ¦���
-��S�^Ý~�, Bs ü$. du Hc é�¬Ü
7��^�±9^��þ�¦'���, 3 Hc '
�$�, ó²þ�Ø��Ï�¬��Ù3���
�S�3ÅÄ, �oN5`, TX��¬Ü7Ñä
k 200 A/m ±e�
�å, LyÑ`û�^^5U.

ã 4 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) �¬^�
� B-H �

L 2 Fe78−xYxSi9B13(x = 0, 1, 2, 3, 4, 5 at.%) �¬Ü7�^5Uëê

¤© �Ú^aArÝ Bs/T 
�å Hc/(A/m) Ð©^�Ç µ

Fe78Si9B13 1.60 175 4329

Fe77Y1Si9B13 1.67 75 7121

Fe76Y2Si9B13 1.53 164 5460

Fe75Y3Si9B13 1.38 167 3854

Fe74Y4Si9B13 1.34 68 2981

Fe73Y5Si9B13 1.31 79 2610
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4 ( Ø

1. · þ Y � � Fe � w Í J p Ü 7 Fe-

Si-B � � ¬ / ¤ U å, Fe78−xYxSi9B13 (x =

0, 1, 2, 3, 4, 5 at.%) Ü7��¬�.þÝÚLe�
�«°Ý3 Y ¹þ�u 3 at.% �c� Y ¹þ�
O\O�, x = 3 �äk���, ©O� 313 µm

Ú 65 K; Ù��X Y ¹þ�?�ÚO\, �öþ¥
eü�ª³. Øp§ÝÚ¬zm©§Ý� Y ¹þ�

O\©O¥yüN4~Ú4O�ª³.

2. �þ Y �� Fe �, Ü7 Fe78−xYxSi9B13

(x = 0, 1, 2, 3, 4, 5 at.%) ELyÑ�Ð�^^A5,

pu 1.3 T ��Ú^aArÝÚ$u 200 A/m �

�å. 1 at.% � Y �� Fe �Jp�¬Ü7��
Ú^aArÝÚÐ©^�Ç, ¦Ù©O� 1.67 T

Ú 7121. Ù�� Y ¹þ�UYO\, �öþÅ
ìü$.
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Influence of Y addition on the glass forming ability
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Abstract

Addition of rare earth elements can significantly improve the glass forming ability of Fe-based alloys. But the magnetic domain

that most of the rare earths possess themselves always worsens soft magnetic properties of the alloys. By contrast, the rare earth element

Y does not have this kind of magnetic domain itself, and is an ideal candidate to add to the Fe-based amorphous alloys as soft magnetic

materials. In order to systematically study the effect of partial substitution of Fe in Fe78Si9B13 alloy with rare earth element Y on glass

forming ability and soft magnetic properties, a series of wedge-shaped specimens and amorphous ribbons are prepared by copper mold

suction casting and melt spinning respectively. It is found that the replacement of Fe by minor Y enhances the glass forming ability of

the alloy. When 3 at.% Fe is replaced, the critical thickness and supercooled liquid region of the amorphous alloy reach their maximum

values, 313 µm and 65 K, respectively. The amorphous alloys have excellent soft magnetic properties: coercive force (Hc) all bellow

200 A/m and saturation magnetic induction (Bs) all above 1.30 T. Specially, Bs reaches a maximal value, 1.67 T, when 1 at.% Fe is

substituted.
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