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Fig.1  XRD patterns of ribbons pre-annealed at different 

temperatures 
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Fig.2  Particle size distribution of powder broken from the ribbons pre-annealed at different temperatures: 

(a) as-spun, (b) 400 O, (c) 450 O, and (d) 480 O 

 

�7�ãDELMñVB|��	§¿¹º	�$¨

MñV��� Fox � Flory e?	|2��ÄõB�

���2�«Y�XY`�	�� V

0

r �`�	

�� V

f

�|2���¿$

[15]

���¡¢£��

[16]

	�

�B+ä34��	¤����k4;o	|2��

��B�§¿¹º¨Mñ�mB=pq��k|2�

�®ÈB�²³��S�ÂB� 

���������	
���� DSC ������� 

b 3�Åe]LMãDE¼��	 DSCC6�2

b�sB��ãDELM	fVB/0X���r1

450 Ó�WãDE	��1 500 Ó�lf?½ 2¢�

ò	>@iB�1 480 ÓãDE	��Ú1VL¥�

1 ¢4;>@i�/0��r1 400B450B480 Óã

DE	��BÒ 1 4;i¦LM� 527.3~532.3 ÓB

Ò 24;i¦LM1 676.1~688.2 Ó»ð�ÉÊ[4, 7]

§¨B��1Ò 1 4;LM<©�*$ α-Fe(Si)ÐÑ

4B1Ò 2 4;LM<©�*$+mno�ª�l

«B��ãDELM	fVB/0��	Ò 1 4;i

¦LM�T

p1

�Â;e&B1 530 Ó¬Bk�ãDE

¶Ò 1 4;LM~�e�ò��Ò 2 4;i¦LM

�T

p2

��½®¯�V	�°B.$Ì4;LM	LM

B�∆T=T

p2

–T

p1

��&�hkBÅ 450 ÓãDE	� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

´ 3  pzµYZHIJ?@C DSC¾¿ 

Fig.3  DSC curves of the ribbons pre-annealed at different 

temperatures 
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Fig.4  XRD patterns of ribbons annealed under different processes 
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Fig.5  TEM images of ribbons annealed under different conditions: (a) annealed at 540 O, (b) pre-annealed at 400 O and annealed at 

540 O, (c) pre-annealed at 450 O and annealed at 540 O, and (d) pre-annealed at 480 ºC and annealed at 540 O 
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Fig.6  Particle size distribution of powder by ball-milling the ribbons without pre-annealed (a); pre-annealed at 400 O (b), 

450 O (c), 480 O (d) and annealed at 540 O  
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Abstract: Finemet-type Fe
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Si

15

Nb

3

B

8

Cu

1

 ribbon cores were prepared through adding pre-annealing treatment before crystallization 

annealing at 540 ºC, and the effect of pre-annealing temperature on the microstructure, mechanical properties, thermodynamic property and 

soft magnetic properties of iron core ribbons were studied. Results show that with an increase of the pre-annealing temperature, the 

toughness of the pre-annealed and the final crystallization annealed ribbons gradually decreases; and the second crystallization peak 

temperature shifts toward the higher temperature, although the difference among the first crystallization temperatures of the amorphous 

ribbons by pre-annealing treatment at different temperatures is not obvious. Namely, the pre-annealing expands the crystallization 

annealing temperature range for the amorphous ribbon, which is beneficial to more stable and high performance amorphous nanocrystalline 

ribbons. The grain size of the additional pre-annealed ribbons is more uniform than that of the direct crystallization annealed ribbons, 

which is in the range of 8~15 nm for the ribbons by additional pre-annealing at 450 °C. The amplitude permeability and total loss density 

of iron cores with pre-annealing treatment have been significantly improved compared with those of directly annealed samples, particularly, 

the core pre-annealed at 450 ºC has the largest amplitude magnetic permeability (µ

a

=8.6×10

4

, f=10 kHz) and the smallest AC total loss 

density (P

0.5/10k

=8.73 W/kg), which are increased by 16.0% and decreased by 17.0%, respectively. 

Key words: amorphous-nanocrystalline ribbons; melt-spinning; heat treatment; microstructure; magnetic properties 
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