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Intergranular Magnetic Coupling and Coercivity in Two-Phase Nanocrystalline Materials
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Bcc/amorphous two-phase nanocrystalline samples with
various volume fractions of the amorphous phase were
prepared from a melt-spun precursor amorphous Feq;Zr;B,
alloy. The coercivity of the sample at 77 K, well below the
Curie temperature of the intergranular amorphous phase
(T™ ~ 370 K), shows a tendency to decrease with
increasing the volume fraction of the amorphous phase
(Vam)- This suggests that the magnetocrystalline anisotropy
energy of the sample is diluted by the volume of the
residual amorphous phase when the intergranular coupling
is stiff. On the other hand, the coercivity at 450 K, well
above 7™, increases dramatically with increasing Vn.
This indicates that the intergranular magnetic coupling
above 7¢™™ depends on the intergranular distance. The
stiffness of ferromagnetic coupling in the intergranular
region above Tc*™ was estimated to be ~ 10 to 10" J/m?.
The coercivity at T ~ Tc*™ appears to vary as the - 6%
power of the spontaneous magnetization of the
intergranular amorphous phase when V,, is relatively
large.

Key words: nanocrystalline material, soft magnetic
material, magnetocrystalline anisotropy, exchange stiffness,
random anisotropy model
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Table 1 Mean grain size (D), volume fraction of the residual
amorphous phase (V), and coercivity (H,) of nanocrystalline

Feq,Zr,B, samples annealed at 823 K.
Annealing time D(nm) Vi H,(A/m)
60s 12.4(0.5) 0.53 (0.03) 56
180s 12.6 0.44 22
0.6ks 12.9 041 16
10.8 ks 12.7 0.38 11
108 ks 154 0.35 7.2
1080 ks 16.2 - 9.8
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Fig. 1 Temperature dependence of the mean
hyperfine-field for Feos Zr;B, in a rapidly quenched
state and after annealing at 823 K for 60 s.
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Fig. 2 Temperature dependence of the coercivity for
the samples listed in Table 1.
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Fig. 3 Coercivity at 77 K as a function of the volume
fraction of the residual amorphous phase V.

/SR H, DEIRIERIDERE L R D 55, 2V —ELD
bV RESR CAREI 2 AR B EREET 208 D 9dou
T, ERIBOZ5. L LUFig 413, BIFHEOF =V —SL ED
RETY, RMAT 4 7 FAERITHE LT 10 ~ 107 Jm? 52
EOMRHFREE IS > TWA T AR L CV5.

WIZ, RIFHEDXF o J — pUEE COBBER R DUV CBET
5. Fig 2 OENO LB, 24T BRESDIFRENT
KIUHOIHRRT 4 7 R ADEIART 45 T HE TR L E
3%, TEEETIE A€ Ag E12D05, Vo A MBS,
IS G T CRBRMEAR BAERDSE S SH0B) 2 ET 2 A B 0lE
ERIE ORI G Z Y, () RO A, (n=—-3) (2L
THETTHD. B (S RUZBNT Vi IVNEVIES, 4, HOE
ERRELRRDIZ0D, 1282 T~TE Th > THKO DA K
MR B0,

F o ) —RHED B RBHCOBBERIE TR, BRRfes 8=
0.36 2T,

T B
=0
Hr)= . (1__J ’ (6)
TC
1000 : ‘ — T
At4s0K A.’gzmwl v .
x 10-14 J/m2 -
oo (T >>T%™) A
g ,“:‘,’, -
4 x 104 J/me.
< 600 | |
b .‘. 3“"' .
= } 5x 10 ymé
S 400 P
(o) .
o
200 LT e |
1% 103 Jjm2
e : .
03 0.35 04 0.45 05 0.55
Vam

Fig. 4 Coercivity at 450 K as a function of the
volume fraction of the residual amorphous phase V,,,.
The broken lines represent the calculated coercivity
according to Eq. (5) with parameters of D = 12.5 nm,
K, =30kJ/m’, and 4., = 10" J/m”.
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Fig. 5 Plots of the coercivity H, relative to the power
172n8 (8= 0.36) for nanocrystalline Feq;Zr;B,.
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