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éLN:e{����¬Ü7 Fe52Co34Hf7B6Cu1 ?1
ØÓªÇ�¥ª^óÀ?n, ^ß�>fw�º!;
d��Ì!�>f�vÆ·Ì��{ïÄ
?nc�Á���*(�9(�"�Cz. (JL², ²¥ª^óÀ
?n�, �¬u)
Ü©B�¬z, ¬zþ�^óÀªÇO\O\, �^óÀªÇ� 2000 Hz �, ¬zþ� 33.1%;

3|��¬�¬¥, �>f3aü� ¥��vÆ· τ1 � 150.5 ps, rÝ I1 � 77.7%, 3��É¥��vÆ· τ2

� 349.7 ps, rÝ I2 � 22.3%; �^óÀªÇ�O\, τ1, τ2 �¥y~��Czª³, �|��¬�', I1 k¤O\, I2

eü, τ1, τ2 �²þ� τ̄ �Ìü$.

'�c: Fe52Co34Hf7B6Cu1 �¬Ü7, ¥ª^óÀ, �>f�vÆ·, (��(�"�

PACS: 75.50.kj, 61.72.Cc, 78.70.Bj

1 Ú ó

¹ Hf � (FeCo)MBCu (M = Nb, Zr, Hf) B�
Ü7 (û¬¶� HITPERM) äk`É�p§^^5
U, 3p§+�äk2,�A^cµ, �¤��c
IS	ïÄ�9:�� [1−4]. HITPERM ��´Ï
L�¬Ü7 Fe(Co)-Hf-B-Cu 3¬z§ÝNC��
�ò»¬z���, ´�«B�¬�â�Ñ©Ùu
�{�¬1N�V�B�Ü7 [5−7]. 3�ïÄ¥
æ^LN:eEâ�� Fe52Co34Hf7B6Cu1 �¬Ü
7��, ¦^¥ª^óÀ?nC�éT�¬Ü7�
¬?1
óÀ^|?n, ÏL�¬ü�B�¬z/
¤ HITPERM B�Ü7. ��^�>f�vÆ·E
âïÄ
^óÀ?nÁ��(�"�Cz, �;d
��Ì¤!ß�>º��{�Ü, &?
^óÀë
êéB�Ü7(�9(�"��K�.

2 ¢�^�9�{

�¢�¤^�Á� Fe52Co34Hf7B6Cu1 �¬�

�d�I Hechigen úi�E� Edmund Bühler ý
�üDLN:e����, e�� 49 m/s, ^�
�þÝ� 25 µm, °Ý� 2 mm. æ^g��¥ª
^óÀu)ìé�¬?1?n, äN?n^�X
L 1 ¤«. ^óÀ?nc�Á���*(�9
(�"�Cz©O^ß�ª;d��Ì¤!ß
�>fw�º (TEM) Ú�>f�vÆ·Ì¤?
1ïÄ. Ù¥, ß�>º.Ò� HITACHI-800, \
�>Ø� 200 kV, >ºÁ�dV¡lfå~�ó
²��. ;d��Ì¤��Å���ð\�ß
�ª, Ë�� 57Co/Pd, ¢�Ì��Ýd¿§e
� α-Fe Ì5I½, ¿^ MSU8 §S?1O�Å[
Ü, [Ü°Ý χ2 → 1.0. �>f�vÆ·Ìÿþ
¤^��>f´±kÊî (kapton) ����.
�Ã1N 22Na , ÿþ¤^��¬d 6 �UÜ
¤, ^ü�ù��U¡r 22Na Y3¥m, /¤
�«n²£(��3ü�&ÿì�m, Æ·Ì¤
æ^¯ - ¯�mÎÜXÚ, �m©EÇ (FWHM)
� � 240 ps, Æ · Ì � ) Ì [ Ü æ ^ I S þ Ï
^� Positronfit §S.
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L 1 �¬ Fe52Co34Hf7B6Cu1 Á��¥ª^óÀ?n^�

�¬ |r /Oe ªÇ /Hz �m /s
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3 (J�?Ø

Fe52Co34Hf7B6Cu1 �¬3¥ª^óÀ?n�
�;d��Ì9Ùêâ[Ü�Ó�ÉU£ IS!o
?©� QS!�°[^| H 9¬zNÈ©ê Ci �
(J©OXã 1 (Ï?n��¬�;ÌA�aq,
�ã¥��Ñ 4 Ò�¬�Ìã) 9L 2 ¤«. 4 Ò
�¬ TEM ì¡Xã 2 ¤«. du?nc��¬Ü
7 Fe52Co34Hf7B6Cu1 ��>f�vÆ·Ìaq,
�ã 3 ¥��Ñ��Ì, �>f�vÆ·ÌäN)
ÌêâXL 3 ¤«.

d L 2 Ú ã 2 � �, 3 ¥ ª ^ ó À ? n �
�^e, �¬�¬u)
Ü©¬z, ¬âº��
� 10 nm, �¬zþ�^óÀªÇ�O\O\, �
ªÇ� 2000 Hz �, ¬zþ�� 33.1%. ù´du
�¢�NX�^óÀ�±� Fe Ä�¬JøüÜ©

Uþ, �´·^U EH , �´^�5U Eλ. �¬Ü
7¥�c^5�f^ÝÉ·^U EH ��^ (Ù
¥ EH = −µ0MsHp cos ϕ, ª¥ µ0 �ý�^�Ç,
Ms �gu^zrÝ, ϕ ��f^Ý�óÀ| Hp m
Y�), �f^Ý÷ Hp ����, =�¬Ü7�^

ã 1 Fe52Co34Hf7B6Cu1 �¬¥ª^óÀ?n��;d
��Ì

L 2 ¥ª^óÀ?n�Á��;d��Ì[Ü(J

�¬ Is/mm·s−1 Qs/mm·s−1 H/kOe Ci/%

1 0.0879 0.0069 310.53 9.0

2 0.0791 0.2786 314.29 11.9

3 0.0151 0.0445 314.60 15.3

4 0.0299 0.0159 314.55 33.1

L 3 ¥ª^óÀ?nc��¬Ü7 Fe52Co34Hf7B6Cu1 ��>f�vÆ·9�érÝ

SÒ τ1/ps τ2/ps I1/% I2/% τ̄/ps

0 150.5 ± 1.9 349.7 ± 8.9 77.7 ± 1.40 22.3 ± 1.35 194.9

1 148.6 ± 1.8 350.7 ± 10.3 80.66 ± 1.36 19.34 ± 1.31 187.7

2 143.6 ± 2.4 349.9 ± 10.3 78.40 ± 1.51 21.60 ± 1.44 188.0

3 141.8 ± 2.0 341.1 ± 10.4 79.79 ± 1.39 20.21 ± 1.33 182.1

4 142.6 ± 2.1 335.2 ± 9.7 78.86 ± 1.53 21.14 ± 1.46 183.2

100 nm

(a) (b)

ã 2 4 Ò�¬� TEM w�/m9ÙéA�À«û� (a) /m; (b) À«û�
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z, d��¬�¬�)^��  λ, du^�� �
�^|rÝ�O\O\, �����Ú [8], ¤±
3^|rÝØäCz�^óÀ��^e, �¬�^
�� ��3±Ï5/Cz, =�¬¥�f�)^
��Äy�, �¬É���^�5U Eλ ��^ (Ù
¥ Eλ =

3
2
λsσ sin2 θ, ª¥ λs ��Ú^�� , θ ´

^z��ÚAå σ ���Y�), ¤±^óÀ��
¬Ü7Jø�nÜUþ�

E = EH+Eλ = −µ0MsHp cos ϕ+
3
2
λsσ sin2 θ. (1)

3ù�nÜUþ E ��^e, �¬¥�f�Ð
©UþJp
, lü$
�¬¬z�/Ø³^,
Jp
ÄN7á��/ØÇ I , r?�¬B�¬z.

� � � � � � � � � � � � �� � �� � �� � �� � �� � 	
ã 3 Fe52Co34Hf7B6Cu1 �¬Ü7��>f�vÆ·Ì

�>f�vÆ·Ì²�Ø¤©�, æ^ 3 ©
þgd[Ü�{, )Ì��� 3 �Æ·¤©, áÆ
· τ1 (��� 140 ps), ¥�Æ· τ2(��� 340 ps),
�Æ· τ3 (��� 1800 ps), éA��érÝ©O
± I1, I2, I3 L«, Ù¥ τ3 �þ�L 1 ns, Ó� I3

þ�u 2%, T¤©8ÏuL¡!�¬SL¡
½ö��¬�m��Y�?�>f� (O-Ps) �
/¤Ú�v [9], ¿��>f?\�¬SÜ��
vÆ·�, Ïdé τ1, τ2 #?18�z, ¿O�
ÑÜ7¥1�!1�ü«Æ·¤© τ1, τ2 �²
þ� τ̄ , = τ = (τ1I1 + τ2I1)/(I1 + I2). ¥ªóÀ
^|?nc��¬� τ1 þ0u¬�X Fe ¥g
d«��>f�vÆ· (107 ps) Úü� ��>
f�vÆ· (170 ps) �m, éAX�¬Ü7¥�
� Bernal a� ;  τ2 KéA�þNÈ���Û

�gdNÈ [10]. Ù¥, 3|��¬�¬¥, �>f
3aü� ¥��vÆ· τ1 � 150.5 ps, rÝ I1

� 77.7%, 3��É¥��vÆ· τ2 � 349.7 ps, r
Ý I2 � 22.3%.

dL 3 ��, �ªÇ�O\, τ1, τ2 �¥y~�
�Czª³, ^óÀ?n��¬� I1 O\, I2 k¤
eü, τ̄ �Ìü$. (Ü;d��Ì�ß�>º�
¢�(J©Û��, |��¬3^óÀ��^eu
)
B�¬z, �/¤�B�¬Ü7¥�3�{�
¬!B�¬Ú.¡, .¡�)¬z��m�3�¬
.!¬���¬��m��., .¡¥�¹�þ�
�º��a� Ú����É, lÑy
#��
>fÐ¼¥%, �� I1 O\. 3�¬�NS, �3
Û��Ý�Þá, 3ÜAå«S, �f��Ý$u
²þ�Ý, T«��gdNÈ�éA, ¡� “Õ«”;
3ØAå«S, �f��Ýpu²þ�Ý, T«�
¡� “�«”, �±@��¬3¥ª^óÀ��^
e, du^�� ���^��Ä, ¦�f?1

�«��Nü, aü� gdNÈ~�, ØAå
«��f?\���gdNÈ —– ��É¥, Ü©
��É=C�aü� gdNÈ, ddÚå
�>
fÆ·� τ1, τ2 �~�, I2 k¤eü. �X^óÀ
ªÇ�O�, �f�Ä�ì�§Ý�O�, 3^|
rÝÚ?n�m�½��¹e, �f�é*Ñ�¿
©, 3dL§¥� ."���Ø�Ò�¿©, τ̄ �
^óÀªÇ�O\�Ìü$.

4 ( Ø

�¬Ü7 Fe52Co34Hf7B6Cu1 3¥ª^óÀ�
�^e, 3·^UÚ^�5U��^e, u)
B
�¬z, ¬zþ�^óÀªÇ�O\O\, ^ó
ÀªÇ� 2000 Hz �, ¬zþ� 33.1%; |��¬
¥, �>f3aü� ¥�Æ·� τ1 � 150.5 ps, r
Ý I1 � 77.7%, 3��É¥�Æ·� τ2 � 349.7 ps,
rÝ I2 � 22.3%; �¬Ü7 Fe52Co34Hf7B6Cu1 ²
^óÀ?n�, .¡�ÑyÚ\
#��>fÐ¼
¥%, I1 C�, �f3^��Ä�^e, ?1�«�
Nü, ¦ τ1, τ2, I2 ü$, I1 ,p; �^óÀªÇ�
O\, �f*Ñ�\¿©, τ̄ �Ìü$.
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Investigation of positron annihilation in
Fe52Co34Hf7B6Cu1 amorphous alloy treated by

intermediate frequency magnetic pulse∗
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Abstract
The effect of intermediate frequency magnetic pulse treatments on Fe52Co34Hf7B6Cu1 amorphous alloy prepared by melt-spun

technique is investigated. The microstructure and structural defects of the treated specimens are investigated by TEM, Mössbauer

spectroscopy and position annihilation lifetime spectra. The results show that the treated specimens by intermediate frequency magnetic

pulse are partially crystallized, the content of the crystallization phase increases with the increase of the magnetic pulse frequency, and

the crystalline volume fraction is 33.1% at a frequency of 2000 Hz. For the as-quenched amorphous alloy, the annihilation lifetime τ1

is 150.5 ps in the monovacancy-like free volume, and the relative intensity I1 is 77.7%. The annihilation lifetime τ2 is 349.7 ps in the

microvoid, and the relative intensity I2 is 22.3%. With the increase of the magnetic pulse frequency, the values of τ1 and τ2 of the

treated specimens decrease, I1 increases, I2 and τ̄ decrease compared with the as-quenched amorphous alloy.

Keywords: Fe52Co34Hf7B6Cu1 amorphous alloy, intermediate frequency magnetic pulse, positron annihilation
lifetime, structure and structural defects
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