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Table 1  Magnetism and crystalline amount of the samples

before and after pulse magnetic field treatment

Sample H/kA·m

-1

f/Hz t/s ω/% M

s

/A·m

2

·kg

-1

M

r

/A·m

2

·kg

-1

1 - - - - 192.3 18.48

2 24 40 300 4.014 200.6 1.724

3 22.4 40 300 3.809 205.7 5.191

4 24 40 240 3.802 202.1 8.793

5 24 35 300 3.873 200.7 8.577
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Fig.1  Unit cell of α-Fe 
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Table 2  Valence electron structures of α-Fe 

Fe:A8      R(1)=0.111 87 nm      n

c

=3.5955 

Bond name I

α

 D

nα

/nm 

n

D

α

/nm n

α

 ∆D/×10

-4 

nm 

Fe-Fe

An

D

 8 0.248 24 0.248 71 0.383 54 4.71 

Fe-Fe

Bn

D

 6 0.286 64 0.287 11 0.087 86 4.71 

β = 0.06      σ

N 

= 3      

3d

-Fe

m

α

= 2.608 88 µB 
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� 2  α-Fe-Si �� 

Fig.2  Unit cell of α-Fe-Si 

 

2

Fe -Si

C

0.286 64 nm

n

D =  

I

C 

= 0.5×6×2 = 6 

1 1

Fe -Fe

D

0.286 64 nm

n

D =  

I

D 

= 1×6×1 = 6 

α-Fe-Si��������      

1 2

3d 3d 3d

Fe Fe Fe

( 0.5 )

2

g

m m m= +  

α-Fe-Si��	
��������� 

1 2

3d 3d 3d

-Fe Fe Fe

( 0.5 ) / 2

2

g

m m m

α

= +  

������������� α-Fe-Si �����

�� � 3�!" 

���������	
���

#$ Fe

78

Si

9

B

13

%�&'(��)*�+,��

��-�.���/0��1����2345� 

3d -Fe 3d -Fe-Si Fe

3d -Fe -Fe-Si

( ) ( m ) /m m C C C

α α

α α

= ⋅ + ⋅���

 

5(�

Fe

C

α −

6

-Fe-Si

C

α

�α-Fe6α-Fe-Si 78��( Fe

�9�

Fe

C � Fe���9":#$;���(�

�)*��1+< C=���2345� 

-Fe-Si

-Fe-Si

A

-Fe-Si -Fe

A A

9 3

n

C

n n

α

α

α α

= × ×

+

 

-Fe -Fe-Si

78C C

α α

= −  

 

� ���α-Fe-Si �����	 

Table 3  Valence electron structures of α-Fe-Si 

Fe

1

:A10    R(1)=0.109 19 nm       n

c

=3.792 3 

Fe

2

:A8     R(1)=0.111 87 nm       n

c

=3.595 5 

Si:A5      R(1)=0.117 00 nm       n

c

=3.903 8 

Bond name I

α

 D

nα

/nm 

n

D

α

/nm n

α

 ∆D/×10

-3 

nm 

1

Fe -Si

An

D  8 2.482 4 0.246 93 0.451 25 1.32 

1 2

Fe -Fe

Bn

D  8 2.482 4 0.246 93 0.370 61 1.32 

2

Fe -Si

Cn

D  6 2.866 4 0.285 33 0.114 57 1.32 

1 1

Fe -Fe

Dn

D

 

6 2.866 4 0.285 33 0.076 60 1.32 

β = 0.06  σ

N 

= 610      

3d
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m
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Table 4  Computed results of the magnetic moment of the 

unit cell of amorphous phase α-Fe 

Fe:A9        R(1)=0.110 59 nm        n

c

=3.774 3 

Bond name 

I

α

 D

nα

/nm 

n

D

α

/nm 

n

α

 ∆D/×10

-3 

nm 

1

Fe -Si

An

D  8 0.248 24 0.244 89 0.402 61 3.35 

1 2

Fe -Fe

Bn

D  6 0.286 64 0.283 29 0.092 23 3.35 

β = 0.06        σ

N 

= 3        

3d

-Fe

m

α

= 2.414 88 µB 
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Table 5  Computed results of the magnetic moment of the 

unit cell of amorphous phase α-Fe-Si 

Fe

1

:A10        R(1)=0.109 19 nm        n

c

=3.972 3 

Fe

2

:A11        R(1)=0.107 52 nm        n

c

=4.207 4 

Si:A5          R(1)=0.117 00 nm        n

c

=3.903 8 

Bond name 

I

α

 D

nα

/nm 

n

D

α

/nm 

n
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 ∆D/×10

-3 

nm 

1

Fe -Si

An

D  8 2.482 4 0.243 95 0.505 92 4.29 

1 2

Fe -Fe
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D

 

8 2.482 4 0.243 95 0.351 63 4.29 

2

Fe -Si
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D  6 2.866 4 0.282 35 0.108 71 4.29 

1 1

Fe -Fe

Dn

D
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 3  α-Fe-B �� 

Fig.3  Unit cell of α-Fe-B 
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Table 6  Computed results of the magnetic moment of the 

unit cell of amorphous phase α-Fe-B  

Fe

1

:A13       R(1)=0.110 408 nm     n

c

=4.690 5 

Fe

2

:A12      R(1)=0.105 89 nm       n

c

=4.436 7 

Fe

3

:A10      R(1)=0.109 19 nm      n

c

=3.392 3 

B:A5        R(1)=0.079 80 nm      n

c

=2.897 0 

Bond name 

I

α

 D

nα

/nm 

n

D

α

/nm 

n

α

 ∆D/×10

-3 

nm 

1

Fe -B

An

D  4 0.182 59 0.181 39 1.084 23 1.20 

2

Fe -B

Bn

D  8 0.190 92 0.189 72 0.877 53 1.20 

1 2

Fe -Fe

Cn

D

 

16 0.264 17 0.262 97 0.211 57 1.20 

1 3

Fe -Fe

Dn

D

 

16 0.264 17 0.262 97 0.179 26 1.20 

1 2

Fe -Fe

En

D

 

8 0.270 00 0.268 80 0.165 16 1.20 

2 2

Fe -Fe

Fn

D

 

8 0.270 00 0.268 80 0.157 37 1.20 

3

Fe -B

Gn

D

 

16 0.325 94 0.324 74 0.012 25 1.20 

3 3

Fe -Fe

Hn

D

 

2 0.365 17 0.363 97 0.008 90 1.20 

2 2

Fe -Fe

In

D

 

4 0.365 17 0.363 97 0.007 19 1.20 

β = 0.071      σ
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= 9133        

3d

-Fe-B

m

α

= 1.753 31 µB 

 

 

 

 

 

 

 

 

 

 

� 4  α-Fe-Si-B �� 

Fig.4  Unit cell of α-Fe-Si-B 
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Table 7  Valence electron structures of α-Fe-Si-B 

Si:A4       R(1)=0.117 00 nm      n

c

=3.663 8 

Fe

2

:A14     R(1)=0.102 02 nm      n

c

=4.980 6 

Fe

3

:A13     R(1)=0.104 08 nm      n

c

=4.690 5 

B:A6       R(1)=0.079 80 nm      n

c

=3.000 0 

Bond name 

I

α

 D

nα

/nm 

n

D

α

/nm 

n

α

 ∆D/×10

-4

nm 

Si-B

An

D  4 0.182 59 0.182 43 1.593 93 1.61 

2

Fe -B

Bn

D  8 0.190 92 0.190 76 0.748 39 1.61 

2

Si-Fe

Cn

D

 

16 0.264 17 0.264 01 0.232 45 1.61 

3

Fe -Si

Dn

D

 

8 0.270 00 0.269 84 0.205 72 1.61 

3 2

Fe -Fe

En

D

 

16 0.264 17 0.264 01 0.152 88 1.61 

2 2

Fe -Fe

Fn

D

 

8 0.270 00 0.269 84 0.118 38 1.61 

3

Fe -B

Gn

D

 

16 0.325 94 0.325 78 0.010 03 1.61 

3 3

Fe -Fe

Hn

D

 

2 0.365 17 0.365 01 0.006 18 1.61 

2 2

Fe -Fe

In

D

 

4 0.365 17 0.365 01 0.005 41 1.61 

β = 0.071      σ

N 

= 2680    

3d

-Fe-Si-B

m

α

= 1.210 97 µB 
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Table 8  Magnetic moment and error of binary-phase alloys 

Sample ω/% m

3d

 (test)/µB m

3d

 (cal.)/µB Error/% 

1 0 1.928 87 1.894 99 1.76 

2 4.014 2.012 12 1.921 91 4.48 

3 3.809 2.063 28 1.920 53 6.92 

4 3.802 2.027 17 1.920 48 5.26 

5 3.873 2.013 13 1.920 96 4.58 
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Abstract: The amorphous Fe

78

Si

9

B

13

 alloy was treated by low frequency pulse magnetic field (LFPMF) and nanocrystallized at a low 

temperature. The microstructures and the magnetic properties of the untreated and treated alloys were analyzed by Mössbauer spectra and 

LDJ9600 vibrating sample magnetometer (VSM). The valence electron structures and the magnetic moment of the unnanocrystallized and 

nanocrystallized amorphous alloys were calculated using the method of Bond Length Difference (BLD) of the Empirical Electron Theory 

(EET) of solids and molecules. The error of the computed value in theory and experimental value of the magnetic moment is less than 7%, 

which satisfies the demand of first approximation, indicating that it can be realized that magnetic moment of amorphous alloy is calculated 

on the valence electron level. 
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 alloys; low frequency pulse magnetic field; valence electron structure; magnetic moment 
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