
 

2014A1705   BL14B2 
 

Fe85.2Si1B9P4Cu0.8

Research on the Process of Nanocrystalline Formation of the Ultrafine Low 
Core Loss Soft Magnetic Material Fe85.2Si1B9P4Cu0.8 

 
a, a,  b, a, c, 

d, a 
Makoto Matsuuraa, Masahiko Nishijimaa, Kazuya Konnob, Kana Takenakaa, Shigeru Unamic, 

Hironori Ofuchid, Akihiro Makinoa 
 

a , b , 
cJFE , d  

aR & D Center for Ultra High Efficiency Nano-crystalline soft magnetic material, Institute for Materials 
Research, Tohoku University, bSendai National College of Technology, cJFE Steel Co. Ltd., dJASRI 

  
Fe85.2Si1B9P4Cu0.8 NANOMET®

Cu K XAFS Fe K XAFS Fe73.5Si13.5B9Nb3Cu1

FINEMET® Fe99Cu1 Cu K XAFS 10 K 20 K
FINEMET® Cu fcc fcc

bcc NANOMET®

NANOMET® Cu Fe99Cu1

bcc fcc NANOMET®

Cu Cu

 
XAFS NANOMET® 

 
 

2012 6

3

Fe85-86Si1-2B8P4Cu1 NANOMET®

NANOMET® Fe 93 - 94%
Bs 10 20 nm [1, 2, 3]

Fe P, Si, Cu

NANOMET®

1
2 1



 

2

bcc-Fe Si
Fe73.5Si13.5B9Nb3Cu1 FINEMET [4] FINEMET Cu

Nb
NANOMET® P Cu

P Cu
XAFS Cu
Cu Fe

Fe

 
NANOMET® Fe85Si2B8P4Cu1, Fe85.2Si1B9P4Cu0.8 FINEMET  

Fe73.5Si13.5B9Nb3Cu1 Fe99Cu1

16 m 25 m 5 mm XAFS BL14B2
Si 111 Cu K

19 SSD Cu K NANOMET® FINEMET
as-Q DSC 450 C 550 C 650 C FINEMET

300 K/min 0 s Fe99Cu1

1100 C 550 C 2 Cu K
X

EXAFS 10 K-20 K
Athena[5]

Cu K  

 
 
 
 
 
 
 
 

1 NANOMET® Fe85Si2B8P4Cu1, Fe85.2Si1B9P4Cu0.8 FINEMET Fe73.5Si13.5B9Nb3Cu1

as-Q Cu-K k3· k Fourier Fe85.2Si1B9P4Cu0.8

Cu fcc FINEMET® XAFS
[6] Cu

EXAFS as-Q Cu
fcc NANOMET® Cu

Fe85.2Si1B9P4Cu0.8 Cu
Fe85Si2B8P4Cu1 FINEMET® fcc Cu P Si

1 Fe85Si2B8P4Cu1, Fe85.2Si1B9P4Cu0.8

Fe73.5Si13.5B9Nb3Cu1 as-Q
Cu K-edge k3*  

k  

2 Fe73.5Si13.5B9Nb3Cu1 as-Q
20 K 450 C 550 C 650 C

Cu K-edge
k3*  k



 

Cu 0.8 P 3 Fe85.2Si1B13Cu0.8 fcc
Fe85.2Si2B12Cu0.8 Fe85.2B14Cu0.8 fcc

P Si Cu fcc
Cu fcc Cu

 
2 FINEMET as-Q 450 C 550 C 650 C Cu K k3· k Fourier

RSF Cu FINEMET®

Cu as-Q 450 C 550 C fcc
650 C fcc 2013B1715

2014A1705 NANOMET® Cu fcc
bcc- fcc

NANOMET® FINEMET® Cu
 

 
 
 
 

3 a NANOMET® FINEMET® DSC 300 K/min 3 b FINEMET®

250 C 600 C 3 b NANOMET®

FINEMET® Tc 330 C Tx1 574 C 480 C TCu

as-Q fcc-Cu
fcc-Cu

DSC 2 As-Q 450 C
550 C 650 C  

3 a Fe73.5Si13.5B9Nb3Cu1 Fe85.2Si1B9P4Cu0.8

300 K/min DSC
 

3 b Fe73.5Si13.5B9Nb3Cu1 DSC
250 C 600 C

 

4 Fe99Cu1 Cu 
K-edge k3*  k

 

5 Fe99Cu1 550 C 2
Cu K-edge

k3*  k
 



 

4 Fe99Cu1 Cu-K k3· k Fourier  
Fe Cu Fe

bcc- Fe99Cu1 bcc-
Cu bcc

 
5 Fe99Cu1 550 C 2 Cu-K k3· k

Fourier Fe99Cu1

fcc
Fe Cu bcc-Cu

fcc [7-9]
Cu bcc

fcc XRD TEM Cu
 

 
 

 
1  NANOMET® fcc Cu  
2  fcc Cu Cu Fe  
3  Cu fcc  
4  fcc bcc  
5  Cu  
6   
7  As-Q MRO  

 
 

[1] A. Makino et al., J. Apply. Phys., 109, 07A302-1 2011 . 
[2] A. Makino et al., Mater. Trans., 50, 204 2009 . 
[3] A. Makino, IEEE Trans. Magn., 48, 1331 2012 . 
[4] Y. Yoshizawa, S. Oguma and Y. Yamauchi. J. Appl. Phys., 64, 6044 1988 . 
[5] B. Ravel and M. Newville, Journal of Synchrotron Radiation, 12, 537–541 2005 . 
[6] S. H. Kim et al., Jpn. J. Appl. Phys. 32. Suppl. 32-2, 676 1993 .  
[7] P. J. Othen et al., Phil. Mag. Letters, Vol.64 1991 , p.383. 
[8] P. J. Othen et al., Phil. Mag. A, Vol.70 1994 , p.1. 
[9] /Vol.57 No.3 Dec. 2007 . 
 


