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The soft magnetic properties of nanocrystalline
Fe-Zr-Nb-B alloys, which are mixtures of Fe-Zr-B alloy
with negative magnetostriction and Fe-Nb-B alloy with
positive magnetostriction, were investigated. The magne-
tostriction and grain size of the Fe-Zr-Nb-B alloys show
values intermediate between those of Fe-Zr-B and
Fe-Nb-B alloys. The soft magnetic properties are strongly
affected by the Zr + Nb amount and Zr/Nb ratio. The best
soft magnetic properties have been obtained for the
Feys sZr;NbyBy s alloy. This alloy simultaneously exhibits
a high permeability of 60,000 at 1 kHz, a high saturation

magnetic flux density of 1.64 T, and zero-magnetostriction.

The alloy also exhibits a very low core loss of 0.09 W/kg
at 1.4 T and 50 Hz, which is far lower than that of Fe-Si-B
amorphous, as well as good thermal stability of the core
loss. Nanocrystalline Fe-Zr-Nb-B alloy is therefore suit-
able as a core material for pole transformers.

Key words: nanocrystalline alloy, melt-spun ribbon, soft
magnetic properties, high saturation magnetic flux density,
low core loss, zero-magnetostriction
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Fig. 1 Compositional dependence of (a) saturation mag-
netic flux density (B,), (b) mean grain size (D), (c) mag-
netostriction (), and (d) permeability (u.), for nanocrys-
talline (FegyZr;B3),.(FegsNb;By), alloys after annealing at
optimum conditions.
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Fig. 2 Pscudo-ternary diagram of permeability (u.), mag-
netic flux density at 800 A/m (Bgy), magnetostriction (A,)
and mean grain size (D) for nanocrystalline Fe-(Zr, Nb)¢B
alloys after annealing at optimum conditions.
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Fig. 3 Pseudo-ternary diagram of core loss (W) and coer-
civity (H.) for nanocrystalline Fe-(Zr, Nb)sB alloys after
annealing at optimum conditions. The gray area indicates
the compositional range for obtaining permeability of
more than 50,000,
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Fig. 4 Core loss (W) at 50 Hz as a function of maximum
induction (B,,) for nanocrystalline Feg,Zr;B3, Feg,Nb;By,

and FeyssZr,NbBgs alloys and amorphous Fe.SiyB);
alloy.
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Table 1 Sample thickness (f), mean grain size (D), saturation magnetic flux density (B,), permeability (u.), coerciv-
ity (H.), magnetostriction (A;), and core loss (W) of nanocrystalline Fe-M-B alloys and Fe-Si-B amorphous alloy.

t D B S uc* H c }"s W**
(um) (nm) (T) (A/m) (10 (Wikg)
Feg,Zr,B; 22 13 1.70 30,000 5.8 -1.1 0.21
Feg,Nb,B, 21 9 1.52 51,000 4.8 0.6 0.14
Feys sZr,Nb By s 22 11 1.64 60,000 3.0 -0.1 0.09
Fe,B,5Si, (amor.) 20 1.56 10,000 35 27 0.28
* 1 kHz, 0.4 A/m
**50Hz, 1.4 T
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Fig. 5 Change in core loss (W) at 1.4 T and 50 Hz as a
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