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The microstructure and magnetic properties of FegoZrasNbsB1oCui, FegoZrsMn3Bi12Cuy and FegoZrsTizCuiBis
alloys were investigated. Using RALE software the basic parameters of transformers made from nanocrystalline
alloys with about 25% and 50% of crystalline phase were calculated. The transformer made from FegoZrsTisCuiB12
alloys after annealing at 773 K for 1 h shows the lowest core losses and highest efficiency.

PACS numbers: 81.05.Kf, 81.07.Bc, 81.40.Rs, 85.70.Ay

1. Introduction

Nanocrystalline Nanoperm-type (Fe-Zr-B—Cu) alloys
are interesting as materials for magnetic cores because
their good soft magnetic properties i.e. high susceptibil-
ity, low coercivity, low core losses and good frequency
characteristics connected with high saturation induc-
tion [1]. These materials usually obtained from amor-
phous precursors by proper heat treatment can be also
created in production process. It is well known that the
magnetic properties of Nanoperm alloys strongly depend
on the microstructure and chemical composition of pre-
cursor. Addition of such elements as Nb, Mn, Ti, Hf
and other metalloid atoms to Fe-Zr-B—Cu alloys during
fabrication leads to changes of their soft magnetic prop-
erties [2].

The aim of this paper is to study the evolution of mi-
crostructure and magnetic properties of Nanoperm alloys
as well as simulation of transformer parameters for design
of toroidal cores in a flyback transformer.

2. Experimental

Ribbons of nominal composition of
FeSQZr4Nb3B10Cu1, F680ZI‘4MI13B120111, and
FegpZr,TisCu; By with a width of 2.2 mm and thickness
of 0.02 mm were obtained by rapid quenching method
on a single roller with the same rotation velocity. The
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microstructure of the investigated samples was tested by
X-ray diffractometry and the M&ssbauer spectroscopy.
The Modssbauer spectra of all samples were analysed
using a Normos package. The low field magnetic
characteristics, i.e. magnetic permeability, maximum
induction, and core losses were carried out for ribbons
by a transformer method using a completely automated
setup. The results obtained from magnetic measure-
ments were used for calculation of basic parameters of a
transformer with the help of RALE software.

3. Results and discussion

Room temperature X-ray diffraction patterns
and Mossbauer spectra of the FegoZrsNbsBigCuy,
Feg()ZI'élh/[Il3B1201].17 and Fe80Zr4Ti3Cu1B12 alloys in
Fig. 1 showed that only sample containing Ti was
amorphous in the as-quenched state whereas the as-
-quenched Nb- and Mn-containing sample were partially
crystalline (about 25% of the crystalline phase). The
Méossbauer spectrum of the FeggZryTizCu;Bis alloy
in Fig. 1lc displays a broad structure characteristic
of an amorphous ferromagnet. After annealing at
725 K for 1 h the amount of the crystalline phase
in FeggZrsTizCuiB1o, was comparable to that of the
Nanoperm-type as-quenched alloys containing Nb and
Mn atoms. Further annealing of the FegoZryNbsB1oCuy,
FeSOZr4Mn3B12(]u1, and FegoZr4Ti30u1B12 alloys at
673 K for 0.5 h, 773 K for 0.5 h and 773 K for 1 h,
respectively, leads to creation of about 50% of a-Fe
crystalline phase. All Mossbauer spectra in Fig. 2
consist of broad, overlapped lines assigned to disordered
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amorphous matrix and sharp narrow lines confirming a
presence of bce Fe crystals.

TABLE I
Basic transformer parameters.

Volt—ampere rating, S 50 V A
frequency, f 1 kHz

input voltage, Uy 250 V
output voltage, Us 26 V
output current, I 2 A

current density, J ~ 3.5 A mm 2
flux density, B 05T

Magnetic properties of Fe-Zr-B—Cu alloys strongly
depend on their microstructure |[3]. All investi-
gated samples show rather poor soft magnetic prop-

J

erties in the as-quenched state. The annealing
of the FeSQZI‘4Nb3B1()CU1, FegoZI‘41\/[IlgB12(]1117 and
FegpZryTizCuyB1s alloys improves their magnetic prop-
erties and frequency characteristics for all investigated
samples.  The as-quenched Mn- and Ti-containing
ribbons exhibit the saturation magnetic flux density
(Bs) of about 1.0 T whereas By for the as-quenched
FegoZr4Nb3B1gCu; ribbon is equal to 1.3 T. An increase
of the crystalline phase up to about 50% leads to growth
of Bg to values of 1.6 T, 1.4 T, and 1.3 T for the sam-
ples containing Mn, Ti, and Nb, respectively. It is worth
noticing that the FegyZr,TizCu;Bio alloy shows better
characteristics of core losses vs. frequency in compari-
son with the F682ZI'4Nb3B10CU1 and Fegozr4Mn3B12Cu1
alloys.

TABLE II
Transformer parameters obtained by simulation (Bmax = 0.5 T and f =1 kHz).
Material composition | Annealing condition Core weight | Core losses | Total losses | Efficiency
[ke] (W] Wl i
as-quenched 0.145 0.29 2.02 95.88
FeasZt:NbsByoC (nanocrystalline)
1
673 K/0.5 h 0.145 0.17 1.87 96.16
(nanocrystalline)
as—quenche.d 0.145 0.24 1.96 96.00
FeaoZraMnaB1aCuy (nanocrystalline)
773 K/0.5 h 0.145 0.11 1.80 96.30
(nanocrystalline)
(as—quen;hed) 0.145 0.14 1.84 96.24
amorphous
FesoZra TizCuy Bra 723 K/1h 0.145 0.14 1.84 9623
(nanocrystalline)
7713 K/1 h 0.145 0.07 1.76 96.40
(nanocrystalline)
Fe73Cu1NbsSiisBio optimal annea}mg 0.145 0.13 1.83 96.25
(nanocrystalline)
Fe-3.2%Si ol 0.162 1.73 3.44 93.21
crystalline

Based on the results and characteristics obtained
for the Fe82Zr4Nb3B10Cu1, F€80ZI‘4M1’13B120111, and
FegoZryTizCu;Byo alloys (Fig. 3), we have performed
simulation of parameters of magnetic cores in a fly-
back transformer with the help of RALE software. All
simulations of parameters for toroidal cores were per-
formed for partially crystallized samples with about 25%
and 50% crystalline phase fraction. The basic trans-
former parameters and results of simulations obtained
for Bpax = 0.5 T and f = 1 kHz are presented in Table I
and Table II, respectively.

(

Finemet and Fe-3.2%Si polycrystalline alloy are in-
cluded in Table II as well. From this table it is seen
that the flyback transformer made from a nanocrystalline
FegoZrsTizCu;Byo alloy obtained by annealing of the
amorphous ribbons at 773 K for 1 h shows the lowest
core losses and the highest efficiency. Its parameters are
better than those for the transformer with the core made
from Finemet Fe;3Cu;Nb3Sii3B1g alloy subjected to op-
timal annealing and from polycrystalline Fe—3.2%$Si alloy.
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Fig. 1. °"Fe transmission Mossbauer spec-
tra of as-quenched FegaZrysNbsB1oCuy (a),
F630ZI'4M113B120111 (b), and FQSUZI'4T13CU1B12 (C)
alloys.
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Fig. 2. °"Fe transmission Mossbauer spectra of an-
nealed Fe822r4Nb3B10Cu1 (CL), F680ZI‘4MII3B120111 (b),
and FegoZr4T13Cu1B12 (C) alloys.
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Fig. 3. Relation between core losses and induction
at frequency of f = 1 kHz for nanocrystalline
F682Zr4Nb3Blocu1 (a), F680ZF4MH3B120111 (b), and
FegoZraTisCuiBi2 (c¢) alloys with about 50% of crys-
talline phase.

4. Conclusion

In conclusion, heat treatment of the FeggZr,TizCu;B1o
alloy at 773 K for 1 h produces nanocrystalline al-
loys with proper microstructure and excellent soft mag-
netic properties for a design of low power trans-
formers. FegoZrsNb3B1gCuy, FegoZryMn3zBi5Cuy, and
FegyZr,TizCu;B12 nanocrystalline alloys show better ef-
ficiency and core losses than classical transformers with
cores made from polycrystalline Fe-3.2%Si alloy.
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