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Fe73.5−xSi13.5B9Cu1Nb3Mnx (x = 1, 3÷15) amorphous alloys were stud-

ied by means of Mössbauer spectroscopy, as-quenched and after annealing.

The basic alloys show stronger magnetic ordering for small values of x, than

for larger x. The initially amorphous phase and the final nanocrystalline

structure were determined with X-ray diffraction. The alloys were shown, by

scanning calorimetry, to suffer different phase transformations, when heated.

PACS numbers: 75.50.Bb, 75.50.Ww, 75.60.Ej

1. Introduction

Iron-based alloys, like Fe73.5Si13.5B9Cu1Nb3 finemet, consist primarily of
amorphous-magnetic phase. After appropriate thermal treatment the alloys are
transformed to the mixture phase where iron-silicate nano-crystals are embedded
in an amorphous residual matrix [1, 2]. In previous papers the temperature de-
pendence of structure and magnetic properties of Fe73.5−xSi13.5B9Cu1Nb3Mnx=0

were analysed [3, 4]. The Mössbauer spectroscopy (MS) shows multiple narrow
lines, which represent structurally different crystallographic sites assigned to the
iron-silicate grains, superimposed on a broadened feature ascribed to the residual
amorphous phase [5–8].

2. Experiment

The 30 µm amorphous ribbons of Fe73.5−xSi13.5B9Cu1Nb3Mnx (x = 1, 3÷15)
were quenched from master alloys by a melt-spinning technique.
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In the MS transmission experiments the 57Co:Rh source with activity of
about 100 mCi was used. The numerical analysis of the Mössbauer spectra was
performed with RECOIL packet. The MS measurements were supplemented by
X-ray diffraction (XRD) patterns measured with Philips PW 1830 Cu Kα gen-
erator, differential scanning calorimetry (DSC) with Setaram TG DSC-111 and
electron diffraction spectroscopy (EDX) with Link300 ISIS Oxford Instruments.

3. Results and discussion

From the thermal study of the original finemet (x = 0) [2–4] two fractions:
amorphous and crystalline were identified and characteristic parameters were de-
termined. The amorphous structure of the alloys can be demonstrated by absence
of any XRD lines up to TFeSi−cryst ≈ 480◦C. It is known that the heated sample
remains ferromagnetic and amorphous up to the Curie temperature T am

C = 328◦C.
It remains paramagnetic up to crystallisation temperature Tcryst = 480◦C (XRD)
[4] or 513◦C (vibrating sample magnetometer, VSM) [2] or 483◦C (MS), 527◦C
(DSC), 532◦C (VSM) [5], when magnetisation appears again as a consequence of
crystallisation to five Fe–Si crystal-ferromagnetic structures [6]. The crystalline
grain size starts from d ≈ 10 nm at 480◦C and remains constant up to 630◦C when
the size increases rapidly [4]. Also the volume ratio of crystalline to amorphous
fraction increases from 0% at 480◦C up to 80% at 630◦C when further three Fe–B
crystal structures are formed.

The present set Fe73.5−xSi13.5B9Cu1Nb3Mnx (x = 1, 3÷ 15) is considered as
one of the possible variation of the finemet basic composition.

For the samples the averaged surface composition of as-quenched (a-q) alloys
and after annealing (a) was determined at room temperature T0 by EDX. The re-
sults are reasonably well correlated with nominal composition of the glasses except
for samples with high Mn content. Since B was not detected, the composition was
scaled to Fe nominal atomic content.

The measured Mössbauer spectra of a-q alloys at T0 are typical of the amor-
phous structure, with broad line widths caused by hyperfine parameters distribu-
tion related to many nonequivalent iron sites. The samples became less and less
ferromagnetic as x increases. The spectra were analysed by fitting sextets with
distribution of hyperfine field Hhf associated with distribution of nonequivalent
Fe-sites. The average 〈Hhf〉 and the average centreshift 〈CS〉 are shown in Fig. 1a
as functions of Mn content x. The 〈Hhf〉 decreases and asymptotically tends to
〈Hhf〉 = 0 at x ≈ 17, whereas 〈CS〉 remains nearly constant.

Also distributions of Hhf regularly change as functions of Mn content x, as
is shown in Fig. 1b. We can resolve, and draw in Fig. 1a, a strong-field component
(HH) and a weak-field contribution (HL) which becomes dominant at large x. For
unspecified reason the x = 13 distribution breaks slightly the regularity. Struc-
ture of the Hhf distributions suggests magnetic inhomogeneity of the structurally
amorphous initial phase. The HL may be attributed to more diluted, amorphous
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Fig. 1. (a) The average hyperfine fields 〈Hhf〉 (solid line) and centre shifts 〈CS〉
(dashes). High (HH) and low (HL) fields. The solid symbols are the reference data

points. (b) The distribution of Hhf as functions of x for a-q samples at T0.

Fe solution. The HH component may be considered as precursor of the crystalline
fractions created in annealing.

Fig. 2. (a) DSC temperature scans with resolved peaks marked by i÷v. (b) The peak

positions as functions of x (open symbols) with the reference data points (filled).

The DSC scans, at the 10 K/min heating rate, were performed in order
to resolve phase transformations regions, Fig. 2a. More or less precisely we can
define five (i÷ v) characteristic exothermic peaks in the heat flow, indicating phase
transformations. In consequence, Fig. 2b presents for all x the peak positions Ti÷v

for the corresponding enthalpy change. Experimental points are supplemented
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with 2-point regression curves. Symbols at x = 0 mark TC and Tcryst from [2–4].
• and 4 mark Tcryst and filled ¦ marks TC from [9] measured at x = 1, 3, 5. Two
crystallisation temperatures for x = 5 from [10] are shown separately.

4. Conclusions

Fe73.5−xSi13.5B9Cu1Nb3Mnx=1,3÷15 alloys were studied by means of MS,
DSC, XRD, EDX as-quenched and after annealing. Mn doping significantly de-
creases the Curie temperature of amorphous matrix, but moderately the crystalli-
sation temperatures. The hyperfine field for as-quenched alloys is stronger for
small values of x, whereas the centre shift remains nearly independent of x.
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[2] T. Szumiata, B. Górka, A. Zorkovská, P. Sovák, J. Magn. Magn. Mater. 288, 37

(2005).

[3] J.Z. Jjang, J. Magn. Magn. Mater. 154, 375 (1996).

[4] Y. Hujsheng, T. Guochao, X. Xiotao, X. Zuxiong, M. Ruzhang, J. Magn. Magn.

Mater. 138, 94 (1994).
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