Journal of Physics: Conference
Series

OPEN ACCESS You may also like

Codeposition of Nanocrystalline Co-Ni

Study of structural and magnetic properties of Co- caausisasedon remvia-

methylimidazolium Bisulfate and Ethylene

SUbStItUted (Fe100-x COX)78S|9Nb38 9CU1 a”oys Glycol System for Hydrogen Evolution

Reaction
Xinkuai He, Zhengyang Sun, Qingtian Zou
etal.
To cite this article: S N Kane et al 2009 J. Phys.: Conf. Ser. 144 012078 . . )
- Modulation of magnetoresistance and field
sensitivity of Co—ZnO nanocomposite film
by microstructure controlling
Yiwen Zhang, Bo Li, Zhong Wu et al.

View the article online for updates and enhancements. - Review of magnetic nanostructures grown
by focused electron beam induced
deposition (FEBID)

J M De Teresa, A Fernandez-Pacheco, R
Cordoba et al.

c " — - DISCOVER

how sustainability

The 3 : intersects with
Electrochemical & |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.16.51.3 on 08/05/2024 at 19:47


https://doi.org/10.1088/1742-6596/144/1/012078
https://iopscience.iop.org/article/10.1149/2.0171916jes
https://iopscience.iop.org/article/10.1149/2.0171916jes
https://iopscience.iop.org/article/10.1149/2.0171916jes
https://iopscience.iop.org/article/10.1149/2.0171916jes
https://iopscience.iop.org/article/10.1149/2.0171916jes
https://iopscience.iop.org/article/10.1088/1361-6463/ac0ad3
https://iopscience.iop.org/article/10.1088/1361-6463/ac0ad3
https://iopscience.iop.org/article/10.1088/1361-6463/ac0ad3
https://iopscience.iop.org/article/10.1088/0022-3727/49/24/243003
https://iopscience.iop.org/article/10.1088/0022-3727/49/24/243003
https://iopscience.iop.org/article/10.1088/0022-3727/49/24/243003
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstioT0JYxUKCh-ek1gj3hOAE7smeaon73WIFs8QZs5LjHN-5LITumAb20OPTGMeNIHBZXYwi8zIqeCVvgjnla0If7HAOLr3UA3uKhWmza8O87v4yDg1NEQOwtcCxDpfz7p24wy3neniJwz-YdHNt0qEpJw-JMap-rFz-94VR54jAm8w8zsRSpvIKfyrqe_8f_XDI6pDEfDMcxqTaGThv5uiZtHiTnDa4dY5GmfxJiz8v3JWXgh4PAufn2zebzyT8DV15KTXqEr_NGnySN0MLbg0CBWG2WHVzAja30Y_ls3xbV-dd6AQoLyLM3norgq7TQkQOnhBhT30CCUC_wtkyxtDew_2iQ&sig=Cg0ArKJSzDR5Sk2y6xK4&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

The 13th International Conference on Rapidly Quenched and Metastable Materials IOP Publishing
Journal of Physics: Conference Series 144 (2009) 012078 doi:10.1088/1742-6596/144/1/012078

Study of structural and magnetic properties of Co-substituted
(Fe100xC0y)78SIsNb3BoCu; alloys

S.N.Kane'?, S. S. Khinchi®, F. Mazaleyrat®, Z. Gercsi® A. Gupta®
andL.K.Varga’

!Department of Physics, Pohang University of Science and Technology,

Pohang 790 784, South Korea

“On leave from: School of Physics, D. A. University, Khandwa road Campus,
Indore-452017, India

*Department of Physics, I. E. T., D. A. University, Indore-452017, India

“SATIE umr CNRS 8029, ENS de Cachan, 61, Av. President du Pdt. Wilson,
94235 Cachan, France

®National Institute for Materials Science, Sengen 1-2-1, Tsukuba 305-0047, Japan
®UGC-DAE Consortiunfor Scientific Res., Khandwa road, Indore-452001, India
'Res. Inst. Sol. State Phys. and Optics of Hungarian Academy of Sciences, POB 49,
1525 Budapest, Hungary

e-mail for correspondencearga@szfki.hu(L.K. Varga)

Abstract. Influence of controlled Co addition on structural and magnetic properties g {Fe
Co,)7sSigNbsB,Cuy; (X = 0, 20, 40, 60) alloys has been studied using DTA, XRD, magnetic
measurements and Mdssbauer spectroscopy. Results show that the variation of Co content
affects the stability of the alloy against crystallization. Volume fraction of the nanograins
varies only slightly and remains around 60 %. The corresponding grain diameter ranges
between 13 to 15 nm. Obtained lattice parameter values suggest that the studied
nanocrystalline samples consist of bcc Co-Fe phase with Si impurities, with Co content ranging
between 38 to 61 % and Si content ranging between 7 to 15 %. Coercive field for as-cast
specimens practically does not change with increase of Co content whereas for annealed
samples it exhibits appreciable increases. Mossbauer measurements show that with increase of
Co content, there is a change in: the environment around Fe-atom; spin texture and disorder in
the studied specimens.

1. Introduction

Nanocrystalline materials of FINEMET type produced by controlled crystallization of amorphous
ribbons [1] exhibit excellent soft magnetic properties making them attractive for technological
applications. Ever since the discovery of FINEMET type alloys, attempts were made to further
improve their soft magnetic behavior. Replacing Fe by Co seems to be quite effective for this purpose.
Controlled Co addition [2-4] enhances the Curie temperature of the resulting nanocrystalline material
while good soft magnetic properties are also observed at elevated temperature, thus making these
materials appropriate for working at high temperature. It is worth noting that by reducing Si content

(© 2009 IOP Publishing Ltd 1
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(Si content = 9) the Co is much more effective in inducing transversal anisotropy than for Si = 13 or
15 in Co substituted FINEMET-type alloys [5].

Tablel. Lattice parameter a), mean
grain size D) and volume fraction of
nano-grains\(,) for annealed specimens

Table2. Co content dependence wercive field
(Ho), specific magnetic moment g and
magnetostriction As) of as-cast and of annealed

with different Co contentxj. specimens.

X a D Vy X (%) H. Og As
(%) (m) | (nm) | (%) (A/m) (Am?/kg) (ppm)

0 0.2861 | 13.0 | 62 a.c. | ann.| a.c| ann. a.g. anp.

+0.0001 | £1 t2 0 20.7 | 22.9| 14 159 154 4.1

20 0.2848 14.5 60 20 19.9| 46.3] 147 151 115 9.4
40 0.2855 14.0 56 40 20.8| 48.4| 137 131 114 11,
60 0.2855 15.0 60 60 18.3| 91.3] 123 13§ 11.9 13,

In the present work we report the influence of controlled Co addition on structural and magnetic
properties of (FRoxC0o)7s SisNbsBsCu; (X = 0, 20, 40, 60) alloys using differential thermal analysis
(DTA), x-ray diffraction (XRD), magnetic measurements and Mossbauer spectroscopy.

2. Experimental

Ribbons of nominal composition (fg4C0y)7sSisNbsBsCu; with x = 0, 20, 40 and 60 were prepared
using a planar flow casting technique on copper wheel. The ribbons were about 20 um thick and 4 mm
wide. The as-cast (a. c.) samples were X-ray amorphous. Nanocrystallization in the studied samples
was achieved by annealing them at 5@0forl h in the protective atmosphere of flowing Ar. First
crystallization peak temperature x(J was determined using DTA measurements performed at a
heating rate of 20 K/min. XRD measurements were done using,Caelation at room temperature

and were analyzed by fitting crystalline components and amorphous components using pseudo-Voigt
profiles to obtain lattice parametea),( average grain sizeD§, and the volume fraction of the
nanograins Y{,). Hysteresis loops were recorded at 28 Hz by using a fully digital hysteresis loop tracer
based on a 12-bit oscilloscope. Specific magnetic monesgnivas measured using a vibrating sample
magnetometer with ki, = 700 kA/m. Magnetostriction constait)was measured using Small Angle
Magnetization Rotation method. Transmission Mdssbauer spectra were recorded at room temperature,
using °>'Co: Rh source. Méssbauer spectra were fitted with either distribution of hyperfine fields or
overlapping of amorphous and crystalline componentsimg NORMOSprogram [5].

3. Results and discussions

Tx; of samples (DSC heating rate v = 20 K/min) with x = 0, 20, 40 and 60 are 458, 454, 461 and
447 °C respectively, showing that Co addition affects only slightly the stability of the alloy against
crystallization. The error in Tx1 certainly depends on the inevitable variations in casting conditions as
well, so better not to pay attention to these small variations in the crystallization temperature as a
function of Co content.

Table 1 depicts the lattice parametemean grain sizB and volume fractioW, of the nanograins
with varying Co content. Perusal of table 1 shows tatremains almost unchanged (within
experimental errors). Grain size of nanograins remains almost constant for the studied specimens, with
lowest grain size value of 13.0 nm for sample with x = 0.

It is interesting to note that for the studied samples the volume fraction of(lESi like)
compound remains quite constant. Lattice parameter suggests that the studied nano- crystalline
samples consist of bcc Co-Fe phase with Si impurities (Co content ranging between 38 to 61 % and Si
content ranging between 7 to 15 %). The increase of Co content in the parent alloy produces the
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increase of both Si and Co content in the nanocrystalline phase. Within experimental errors the first
near neighbor distance in the residual amorphous matrix remains unchanged (0.240.001)
showing that the studied samples have similar mass density.
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Figurel. Mossbauer spectra (experimental data By> of all the crystalline components)

and fit) and corresponding hyperfine field ﬁlrfeas l;;r;ctlgiréé)ioct%;c;nfnt. Continuous
distributions for as-cast specimens with varying x. 9 ye.

Table 2 depicts the coercive fieldd, specific magnetic moment’) and magnetostrictiom§)
for as-cast and annealed specimens with different Co comjeitefusal of table 2 shows thds for
as-cast specimens practically does not change with increase of Co content whereas for annealed
samples it exhibits appreciable changes, wheatso shows variation. Specific magnetic moment for
amorphous and annealed samples decreases with increase in Co-content, which is in accordance with
earlier results [2, 5]. Compositional dependencd;ah as-cast and annealed specimens is depicted in
table 2. The highests value is displayed for the as-cast specimen having the lowest Co-content and
decreases continuously with increase of Co-content, which is consistent with earlier reports [7]. After
annealing, botlid, andAs increase wittx. This can be due to internal stresses leading to inhomogenity
in anisotropy. It should be noted that internal stresses does not necessarily disappear after
nanocrystallization.

Mdssbauer spectra and corresponding hyperfine field distributions for as-cast specimens with
varying Co-content are shown in figure 1. Perusal of figure 1 shows that the hyperfine field
distribution is broad and shows a low field component around 12 Tesla. This low field hump can be
attributed to iron atoms having Nb atoms in their first near-neighbour shell, as was also observed in
earlier studies [8]. This low field hump is more pronounced for higher Co-content, indicating that
average numbers of Nb near neighbours to Fe are different in the specimens with higher Co-content.
Table 3 depicts the intensity of second and fifth lines relative to innermost lines of Mdssbauer
spectrum ), average hyperfine field Bz>), and width of hyperfine field distributiodBy ) for as-
cast specimens with different Co contexjt (ntensity of second and fifth lines relative to innermost
lines of MOssbauer spectrui) (s a measure of the spin texture in the specimen and can vary between
0 to 4 (completely random and spins within ribbon plane). Incredsevith increase irx, shows that
more and more spins are getting aligned preferentially within ribbon plane. With increase of Co-
content in the specimen, a continuous increaseBaf indicates the change of environment around
Mdssbauer (Fe) atonlBys /<Bys > is a measure of disorder in the specimdB,; /<B, > decreases
with increase of Co-content in the specimen, indicating decrease of disorder in the specimen.

Figure 2 shows the variation oBg> for both crystalline (averageBg> of all the crystalline
components) and residual amorphous matrix with varying Co content. Perusal of figure 2 shows that
<By> for both crystalline and amorphous phases vary with different Co content, indicating differences
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in the environments around Fe atom in the studied specimens. Low valugg>obkserved for the

residual amorphous matrix (as compared to nanocrystalline phase) are consistent with the presence of
boron as near-neighbors of Fe [9]. The moderate valuek afso support the conjecture that boron
remains in the residual amorphous matrix.

Table 3: Intensity of second and fifth lines relative to innermost lines of the Mossbauer spdgtrum (
Average hyperfine field Bi>), width of hyperfine field distribution4By: ) for as-cast specimens
with different Co contentx{.

X b <Bn>(T) | 4By [ <Bpe>
0 | 2.31+0.07| 22.074€.33 0.227
20 2.26 23.85 0.217
40 3.39 24.56 0.199
60 3.34 24.88 0.200

Width (W) of the crystalline line of the Mdssbauer spectrum for samples with x = 0, 20, 40 and 60 is
respectively 0.489, 0.435, 0.426 and 0.362 mm/s. Decreagbwth increase of Co content in the
specimen shows decrease of chemical disorder in the nanocrystalline specimens. As Co content in the
alloy increases, the area of the crystalline components increases slightly (between 75 and 81 %) in
accordance with the small variation of the crystalline volume fraction determined by XRD.

4. Conclusions

Variation of Co content affects the stability of the alloy against crystallization. Volume fraction of the
nanograins varies slightly around 60 % and the corresponding grain diameter ranges between 13 to 15
nm. Lattice parameter values suggest that the studied nanocrystalline samples consist of bcc Co-Fe
phase with Si impurities, with Co content ranging between 38 to 61 % and Si content ranging between
7 to 15 %. Coercive field for as-cast specimens practically does not change with increase of Co
content whereas for annealed samples it exhibits appreciable changes. Mdssbauer measurements show
that in as-cast samples with increase of Co content, there is a difference of average number of Nb
near-neighbors to Fe, more spins are aligned preferentially within ribbon plane. Hyperfine field values
of the residual amorphous matrix (within nanocrystalline specimens) suggest that boron is retained in
the residual amorphous matrix. Observed moderate values of coercive field also support this
conjecture.
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