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Maossbauer Measurements for a Nanocrystalline
FG44CO44ZI‘7B4CU1 A”Oy

M. Kopcewicz, A. Grabias, M. A. Willard, D. E. Laughlin, and M. E. McHenry

Abstract—A two phase microstructure, consisting of nanocrys- Fe—Co—Zr—B—Cu alloy ribbons. By transmission Mdssbauer
tallites surrounded by an amorphous matrix, was produced by a measurements, the bulk properties of the ribbon are accessed
melt spinning processing route. Alloys of this type have extrinsic hije the surface effects are isolated by conversion electron

properties that are dependent on the relative amounts of the amor- .. . .
phous and nanocrystalline phases. One method for examination Mbssbauer spectroscopy (CEMS). Finally, the radio frequency

of the properties of the nanocrystalline and amorphous phases is (If) MOssbauer technique is used to examine the anisotropic
by Mossbauer spectroscopy. This paper examines ribbons with magnetic effects of the hyperfine field.

the composition of Fa4Co447Zr7B4Cuy, both as-spun and after

annealing at 650°C for 1 hour. Three Méssbauer techniques Il. EXPERIMENTAL METHODS

were used to examine these materials, including: transmission

measurements, conversion electron Mdssbauer spectroscopy, and Samples with composition EeCoyZr7B,Cu; (HITPERM)
radio frequency Mdssbauer. The transmission spectrum for the \yere produced from high purity elemental components by

annealed HITPERM alloy is composed of two superimposed _: — . - .
sextets corresponding to the nanocrystalline FeCo and retained single wheel melt spinning, as described in [8], [9]. Ribbon

amorphous phases. The ri-Méssbauer results fail to show collapse S@mples were ?nnealed at 630 for one hour in an argon
of the sextet, indicating a large magnetocrystalline anisotropy of atmosphere. Méssbauer measurements were carried out using a

the nanocrystalline phase. constant acceleration spectrometer witff @oRh source. Data
Index Terms—HITPERM, Mossbauer, nanocrystalline soft analysis was performed by the histogram method of Hesse and
magnetic material. Rubartsch [10] with constraints introduced by Le Caer and
Dubois [11].

Transmission Méssbauer measurements and CEMS were per-
formed by the standard methods. Radio frequency Méssbauer
OSSBAUER spectroscopy has been an effective tomleasurements were conducted with a radio frequency magnetic
in the characterization of Fe-based and FeCo-baskeld (61.3 MHz) and field amplitudes between 0 and 20 Oe.
nanocrystalline soft magnetic alloys [1]-[6]. Previous worbata fitting of the spectra was accomplished for all data except
on FeCo-based nanocrystalline soft magnetic materials hdkie rf-M6éssbauer spectra. No reasonable theory quantitatively
revealed high magnetization and permeability to high terdescribes the rf-Mdssbauer data, however, qualitative interpreta-
peratures (above 600C). The average grain sizes were nedions give important information about the magnetic anisotropy.
30 nm for the standard annealing procedure. However, theThe transmission spectrum for the as-cast ribbon shows a
residual amorphous phase hypothesized to remain at the gtaioadened sextet that is typical of an amorphous ferromagnetic
boundaries was not readily seen by conventional transméloy [Fig. 1(a)]. The hyperfine field distribution was extracted
sion electron microscopy (TEM) due to its small fractionfrom the spectrum by the Hesse—Rubartsch method and is
intergranular distribution, and poor contrast. High resolutiotharacteristic of an amorphous ferromagnet [Fig.")1(dt
TEM has been used in previous work to provide confidena®nsists of a main broad peak (0.8 mm/s) with average hy-
in the existence, quantity, and distribution of the remainingerfine field, (H,}, of 29.3 T. The width of the distribution,
amorphous phase [7]. This work provides clear evidenceP(H), was ~4.6 T. This value of(H} ) is quite large
of the residual amorphous phase by fitting two sextets witompared with NANOPERM (RgZr;B4Cu ) and FINEMET
discrete hyperfine field values to the collected data of anneal@k;3 5Si 3. ;BgNbsCuy) alloys. This is due to FeCo as a basis
for the alloy composition. Typical Fe-based alloys reveal much
. . smaller(Hpy).
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Fig. 1. Mdossbauer data for a kh&€o0442r,B4Cu; as-cast ribbon sample.
(a) Transmission spectrum.Jadyperfine field distribution. (b) and (c) CEMS
spectrum for dull and shiny sides of the ribbon, respectivelf) dmd (¢)
CEMS hyperfine field distribution for dull and shiny sides of the ribbon,
respectively.
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total spectral area. The amorphous phase makes up the majorit
of the spectrum, with(H,, ) of 28.2 T andAP(H) ~7.2 T
[Fig. 1(c)].

The transmission spectrum for the HITPERM alloy annealed
at 650°C for 1 hr is composed of two superimposed sextets 1.000
[Fig. 2(a)]. The first sextet corresponds to the FeCo nanocrys-
talline phase, with narrow lines (0.4 mm/d),,; ~35 T and -8 -4 0 4 8
isomer shift of§ = +0.02 mm/s (relative to the Fe standard). Velocity [mm/s]

The second sextet has broad lines (0.8 mm/s) and is relateditp2. Mossbauer data for a F&€044Zr-B4Cu; ribbon sample annealed at
the retained amorphous phase. This phaseH),a,s ~ 30T 650°Cfor 1 h0L_1r. (@) Trans_mission spectr_um. (b) and (c) CEMS spectrum for
andé = +0.05 mm/s. The spectral area fractions were 81,58 and shiny sides of the ribbon, respectively.

and 18.5% for the nanocrystalline phase and amorphous phases,

respectively. The spectrum recorded after the sample was exposed to the

The CEMS spectra for the annealed sample showed gred@dDe field [Fig. 3(d)] is almost identical to that of the starting
extent of crystallization on the surfaces than in the bulk of traloy [Fig. 3(a)]. However, the increase of the rf field intensity
sample [Fig. 2(b) and (c)]. Both surfaces of the annealed ritp 12 Oe did not induce further narrowing of the spectrum, but
bons show similar characteristics. There is a paramagnetic caraused partial crystallization of the amorphous alloy [Fig. 3(e)].
ponent that accounts for about 3% of the spectral area witiThe spectra recorded after this experiment clearly shows partial
guadrupole doublet splitting of 0.35 mm/s. The origin of thisrystallization. The parameters of the new sextet show a relative
phase found only on the surface is not easily identified. The stiraction of 35% crystalline phase with/, ; of 34.8 T with an
face seems to be full crystallized without retained amorphoisomer shift o6 = +-0.01 mm/s. The retained amorphous phase
phase present. makes up the remaining 65% and had#, ) of 30 T.

Transmission Mossbauer measurements were made foFurtherincrease in the rf field intensity did not induce signifi-
as-cast and annealed ribbons exposed to a rf-magnetic fietht narrowing of the spectrum but instead increased the degree
with a frequency of 61.3 MHz. Each set of data was collected crystallization [to 85% nanocrystalline phase in Fig. 3(h)].
at fixed field amplitudes of 4, 6, 8, 12, 16, and 20 Oe. AfteFhe spectrum in Fig. 3(g) recorded during sample exposure to
each rf field exposure, an additional experiment without the ttie 20 Oe rf field consists of only marginally rf-narrowed sextet
field was collected as a control. corresponding to the crystalline FeCo phase. In the center of the

As seen in Fig. 3, the rf field was not able to collapse thepectrum, a single line appears, which may correspond to very
magnetic hyperfine structure to a quadrupole doublet. Collapseft nanocrystals that exhibit the complete rf-collapse effect.
of the hyperfine field for Fe-based amorphous alloys is generallfis single line is not found in the spectrum recorded after the
possible by the same experiment. 20 Oe rf field.
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0.99 . ¢ B8 Qe . Fig. 4. Mossbauer data for a h&0442r,B4Cu; ribbon sample annealed at

650°C for 1 hour with a rf-magnetic field applied with frequency 61.3 MHz.
1.00 (a) No rf-field. (b) Field amplitude of 8 Oe. (c) Field amplitude of 12 Oe.

1.00
(d) Field amplitude of 16 Oe. (e) Field amplitude of 20 Oe. (f) No rf-field.

extent of crystallization on the surfaces of the ribbons than the

no rf ribbon bulk. The rf-Méssbauer results reveal that the nanocrys-

0.98 Y field . . . .
PP ST S thiviuhe e , o.96 talline FeCo phase has a fairly large magnetic anisotropy.
-8 -4 0 4 8-8 -4 0 4 8 However, a small fraction of the nanocrystalline grains are
Velocity [mm/s] very soft and rf-collapse is possible in this case. The larger

Fig. 3. Mossbauer data for a F€0,Zr-B,4Cu, as-cast ribbon sample with aNiSotropy of the FeCo phase is expected for these alloys due

a rf-magnetic field applied with frequency 61.3 MHz. (a) No rf-field. (b) Field0 the compositional (magnetostriction and magnetocrystalline

amp:!Iuge ‘:flg ge- f(cl)\l F"ff'f(_’ %mp“tg‘_jﬁdOf 8 I('?ed (d)f z'\'ooorf'f'er'l'd’-\l (e)f ]f'?c'jdanisotropy) and microstructural (larger nanocrystallite size)
m . - . m . - . . . . . .

ampitude o . (7) Nortfield. (g) Field amplitude o e. () Nortfield. o e o, Optimization of alloy processing can provide improved

erformance.
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