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Nanocrystalline Alloys - Features

l two-phase structural and magnetic behaviour
l high saturation magnetization and permeability

l FINEMET: Fe-Cu-Nb-Si-B
l NANOPERM: Fe-Zr-(Cu)-B
l HITPERM: Fe-Co-Zr-(Cu)-B

l nanocrystalline grains
l origin of soft magnetic properties
l thermal stabilization of the structure

0.0 0.5 1.0 1.5 2.0 2.5
5x102

1x103103

5x103

1x104104

5x104

1x105105

5x105

 µ e

BS  (T)

ferrites
Si steel

Fe-Co

Co-am

Fe-am

nc-FINEMET

NANOPERM

HITPERM



June 13, 2006
© Marcel MiGLiERiNi MMiiiii

3
Kočovce, Slovakiams ms 

Motivation

l influence of Fe/B ratio on hyperfine interactions in 
nanocrystalline NANOPERM-type alloys

l system: Fe91-xMo8Cu1Bx:  x = 12, 15, 17, 20
l planar-flow casting 
l ribbons: 6-8 mm wide, 20 µm thick
l annealing in vacuum à nanocrystalline

l experimental methods:
l DSC
l XRD
l TEM, HREM
l Mössbauer spectrometry

l TMS, CEMS
l AFM, MFM

induction
coil

melt

quenching 
wheel

melt-spun
ribbon

tube



June 13, 2006
© Marcel MiGLiERiNi MMiiiii

4
Kočovce, Slovakiams ms 

DSC

l Fe91-xMo8Cu1Bx:
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X-Ray Diffraction
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TEM
Fe79Mo8Cu1B12

430 oC/1h 510 oC/1h 650 oC/1h

d ~ 5-8 nm d ~ 10-12 nm d ~ 10-13 nm
+ B2Mo2Fe
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TEM + HREM
Fe76Mo8Cu1B15
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Mössbauer Spectrometry

l Fe91-xMo8Cu1Bx

l as-quenched alloys
l TMS – no traces of 

crystallization
l non-magnetic and 

magnetic regions
l Tc áá x
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CEMS + TMS: as-quenched
Fe91-xMo8Cu1Bx
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As-quenched B12

Fe79Mo8Cu1B12

air side middle wheel side
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Structural relaxation
Fe79Mo8Cu1B12
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Amorphous State

l structural rearrangement
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Annealed alloys
Fe91-xMo8Cu1Bx
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Fitting Model

l amorphous (AM)
l non-magnetic regions
l magnetic regions

l crystalline phase (CR)
l interface regions (IF)
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Parameters TMS

Fe91-xMo8Cu1Bx

a.q. 400 500 600
0

20

40

60

80

100

          CR     AM
B12  
B15  
B17  

 

 

re
la

tiv
e 

ar
ea

  (
%

)

annealing temperature  ( oC)

28

30

32

34

36

          CR       IF
B12  
B15   
B17  

 

 h
yp

er
fin

e 
fie

ld
 (T

)

 

 

a.q. 400 500 600
0

20

40

60

80

100

  non-magn.  magnetic
B12        
B12        
B17        

 

 

re
la

tiv
e 

ar
ea

  (
%

)
annealing temperature  ( oC)

0.4

0.6

0.8

 

qu
ar

up
ol

e 
sp

lit
tin

g 
 (m

m
/s

)

 

 

0

10

20

30

 

 h
yp

er
fin

e 
fie

ld
 (T

)

 

 



June 13, 2006
© Marcel MiGLiERiNi MMiiiii

17
Kočovce, Slovakiams ms 

AFMFe91-xMo8Cu1Bx

x = 12

x = 15

x = 17

a.q. 650 oC.530 oC.450 oC.

a.q. 650 oC.530 oC.470 oC.

a.q. 650 oC.530 oC.470 oC.
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Conclusions

l Fe/B ratio affects the hyperfine interactions
l increase in TC with x (270, 316, 346, and 379 K)
l changes in amorphous rest after onset of crystallization

l polarization
l topological and/or chemical SRO

l identification of structural arrangement
l as-quenched state

l traces of bcc-Fe in x = 12
l wheel and air side of the ribbon (TEM, XRD, CEMS, AFM)
l structural relaxation (DSC, MS)

l nanocrystalline state
l evolution of hyperfine interaction in the amorphous rest (MS)
l identification of crystalline phases (MS, XRD, AFM, TEM + DSC)

l size (~10 nm), relative contents, Tx1, bcc-Fe + Fe0.875Mo0.125, Fe23B6, Fe2O3, 
Fe3B, FeO, Mo2FeB2 (P4/mbm, tetragonal but fcc-like)
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