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Component design theory for new type of
FeMB nanocrystalline soft magnetic materials
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(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The mixing enthalpy of the alloy systems of Fe and B with Cu, Mo, Ni, Cr, V, Ga, Nb, Hf and Zr was
calculated using Miedema theory. The excess Gibbs free energy, excess entropy and components activities at 1 600 K for
FeMB alloy systems were calculated using the ideal solution model. The results show that the formation enthalpy of
FeZrB alloy is the least among the above alloys systems. The excess Gibbs free energy is similar with the mixing
enthalpy. The excess entropy of FeMB at 1 600 K approaches zero, and the activities curves show infinitesimal deviation

from the ideal solution which can be neglected in practice.
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Table 1 Thermodynamic parameters needed in calculation!”

Element 1A% nli3

WS

v2'3/em®*  RIP T,/K

B 4.75 1.55 2.80 1.9 2349
Ni 5.20 1.75 3.50 1.0 1728
Cu 4.55 1.47 3.70 0.3 1358
Mo 4.65 1.77 4.40 1.0 2 896
Fe 4.93 1.77 3.70 1.0 1 811
Cr 4.65 1.73 3.70 1.0 2180
A% 4.25 1.64 4.10 1.0 2183
Nb 4.00 1.62 4.90 1.0 2750
Zr 3.40 1.39 5.80 1.0 2128
Hf 3.55 1.43 5.60 1.0 2 506
Ga 4.10 1.31 5.20 1.9 303
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Fig.1 Variations of mixing enthalpy with B content in binary

ordered compounds including B: 1—B-Cu; 2—B-Mo; 3—B-Cr;
4—B-Ni; 5—B-V; 6—B-Nb; 7—B-Ga; 8—B-Hf; 9—B-Zr
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Fig.2 Variations of mixing enthalpy with B content in binary

solid solution including B: 1—B-Cu; 2—B-Mo; 3—B-Cr; 4—

B-Ni; 5—B-V; 6—B-Nb; 7—B-Ga; 8—B-Hf; 9—B-Zr
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Fig.3 Variations of mixing enthalpy with Fe content in
binary ordered compounds including Fe: 1—Fe-Cu; 2—Fe-Ga;
3—Fe-Ni; 4—Fe-Cr; 5—Fe-Mo; 6—Fe-V; 7—Fe-Nb; 8—
Fe-Hf, 9—Fe-Zr
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Fig.4 Variations of mixing enthalpy with Fe content in

binary solid solution including Fe: 1—Fe-Cu; 2—Fe-Ga; 3—
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Fig.5 Variations of In y; with Fe content in binary solid

solution including Fe at 1 600 K: 1—Fe-Cu; 2—Fe-Ga; 3—

Fe-Ni; 4—Fe-Cr; 5—Fe-Mo; 6—Fe-V; 7—Fe-Nb; 8—Fe-Hf; 9
—Fe-Zr

1.0
09r
0.8+
0.7r
0.6
0.5
0.4r
0.3
0.2r
0.1F

Activity of Fe

1 1 1 1 1

010 20 30 40 50 60 70 80 90 100
x(Fe)/%

6 Fe 5ARIGEA 1 600 K B EFSIAN Fe 13548

th

Fig.6 Variation of activities of Fe with Fe content for binary

solid solution including Fe at 1 600 K
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Fig.7 Variations of mixing enthalpy with content of third
component in binary ordered compounds composing FeMB

(n(B)/n(Fe)=9/84): 1—Fe-Cu-B; 2—Fe-Ga-B; 3—Fe-Ni-B;
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Fig.8 Variations of mixing enthalpy with third component in
binary ordered compounds composed of FeMB (n(B)/n(Fe)=
9/84): 1—Fe-Cu-B; 2—Fe-Ga-B;3—Fe-Ni-B; 4—Fe-Cr-B;
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