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Preparation of Y-type ferrite particles by the Spray-Pyrolysis method using a two-fluid nozzle
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Characterization of Nanocrystalline Fine MgFe,0, Soft Ferrite
Powder Synthesized by Ultrasonic Spray Pyrolysis Method

. 12 . 3 s 1,4 . .14
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*Research Institute of Electronics, Shizuoka University, 3-5-1 Johoku Naka-ku, Hamamatsu 432-8561,
Shizuoka Japan

Ultrasonic spray pyrolysis (USP) has been successfully used to synthesize fine ceramic particles with several advantage
such as convenient, controllable and continuous process ". In the present work, nano-magnetic unsintered magnesium
ferrite as dried powder has been synthesized using ultrasonic spray pyrolysis technique without any additives and post-
annealing processes. Magnesium ferrite is a very useful soft magnetic ceramic material and it expected to be suitable for
local hyperthermia when compared with other ferrites ®. Spherical nano-sized magnesium ferrite powders were
obtained using ultrasonically atomized aqueous solutions of iron (III) nitrate and magnesium nitrate mixture followed
by thermal decomposition of dried mist in nitrogen atmosphere. Different pyrolysis temperature applied to the reactor
furnace was found to have a significant impact on the crystallinity and morphology of the magnesium ferrite powders.
Structural characterization was carried out using x-ray powder diffraction (XRD) method to evaluate crystallographic
analysis and crystallite size. Figure 1 shows that all the samples are single phase cubic ferrites particles with the space
group Fd-3m and lattice constant vary from 0.829 nm to 0.838 nm with increasing pyrolysis temperature from 600 °C to
800 °C. Crystallite size of the nanoparticles increased from 5.24 + 51 to 15.97 = 45 nm when pyrolysis temperature
increased from 600 °C to 800 °C. Formation of ferrites was examined using Fourier transform infrared spectroscopy
(FT-IR). The nanocrystallite nature and morphology of the as dried powder was evidenced by transmission electron
microscopy (TEM) (Fig. 2). The effects of the pyrolysis temperature on the particle size distribution were investigated
using laser particle size analyzer. Results showed that particle sizes were decreased from 253 nm to 67 nm by
increasing pyrolysis temperature from 600 °C to 800 °C and also narrower size distribution was obtained using higher
pyrolysis temperature. The agglomerates observed by field-emission scanning electron microscopy (FE-SEM) proved
that MgFe,O4 nanocrystallites shows high dispersibility. Also, particles prepared at 800 °C had less aggregated
structure than those prepared from 600 °C to 700 °C. The composition examined using energy-dispersive spectroscopy
(EDS) was stoichiometric. Magnetic properties of synthesized MgFe,04 powder were examined using VSM.
Reference:

1) Kang et al. Mat. Sci. Eng. B, 127 (2006) 99.
2) Francoetal., J. Appl. Phys., 109 (2011) 07B505.
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Fig. 1. XRD patterns of Mg-ferrite nanoparticles Fig. 2. SAED pattern of Mg-ferrite nanoparticles
synthesized at various pyrolysis temperature. synthesized at 600 °C.
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Controlled microwave-assisted synthesis of nano-crystalline zinc ferrite

Ranajit Sai**", Suresh D. Kulkarni®, Navakanta Bhat?, and S. A. Shivashankar?
! Department of Electrical and Communication Engineering, Tohoku University, Sendai, Japan
2 Centre for Nano Science and Engineering, Indian Institute of Science, Bangalore, India)

Controlled synthesis of nanocrystalline spinel ferrites are of immense importance owing to their interesting magnetic
characteristics at nanoscale that leads not only to study the process of magnetization in them at that scale but also to use
them for the development of various functional devices. Among largely-favoured low-temperature solution-based
processing methods, as demonstrated in our earlier work®, microwave-irradiation-assisted synthesis technique (MAST)
offers rapid way to obtain pure crystallites with very narrow size distribution. However, the use of surfactant and the
need of post-synthesis anneal was unavoidable in order to control distribution and growth of particle size. In this work
we will demonstrate surfactant-free and anneal-free synthesis of zinc ferrite nanocrystallites with tunable physical and
chemical properties by same MAST but with slightly altered synthesis conditions. Furthermore we will also show the
effect of processing conditions on their properties.

For the synthesis of zinc ferrite by MAST, metalorganic complexes such as Zn(acac), and Fe(acac); were chosen (in
stoichiometric ratio) as precursors and taken in a solvent mixture containing ethanol, 1-decanol, and a small quantity of
de-ionized water (5:8:1) and stirred mildly until a clear solution resulted. The clear solution was then transferred to a
Pyrex glass vessel, designed for ‘Discover SP’ system (Microwave reactor, CEM Corp., US), and placed inside the
microwave cavity for the exposure of microwave irradiation (2.45 GHz, 300 W) for just 10 minutes so as to complete
the reaction that resulted in pure nanocrystalline zinc ferrite powder (sample name: N10x) as precipitate at the bottom
of the vessel. 1-decanol, being a high boiling point solvent, pushed the overall boiling point of the solution mixture near
to 200 °C, while serving the purpose of surfactant due to its high viscosity. Therefore, the inclusion of 1-decanol was
found to be crucial to control shape and size of the nanocrystallites. The purity and crystallinity of the samples were
confirmed through powder X-ray diffraction (PXRD; Fig. 1) and X-ray photoelectron spectroscopy (XPS). Scanning
electron microscopy (SEM) image of the crystallites revealed mono-dispersed particles of ~ 5-7 nm diameters in
agglomerated state. Magnetization of these nanocrystallites, measured at low (3 K) temperature by using SQUID
magnetometer, revealed (Fig. 3) hysteresis with saturation magnetization (Ms) and coercivity of 30 emu/g and 400 Oe
respectively. Zinc ferrite — a normal spinel, which ideally is antiferromagnetic (below Ty=10 K) in bulk, displayed
superparamagnetism even at room temperature (Fig. 1c). This observation is a clear evidence of process-induced
distribution of cations in the lattice that in turn enables ferrimagnetically coupled superexchange interactions among the
Fe** ions present both in tetrahedral and octahedral sites. It is also to be noted that the inversion was infused in the
crystal structure only at ~190 °C and is believed to be influenced heavily by the presence of microwave irradiation.
Prolonged exposure (1 hour; sample name: N10 x-1H) of microwave irradiation, however, resulted in a little reduction
in Ms (23 emu/g), while uniform growth of nanocrystallites up to 20 nm was observed (Fig. 1 and 2). Therefore, an
anneal-free alternative to crystal growth was evidenced.

Reference
1) R. Saietal, J. Mater. Chem., 22, 5 (2012), 2149.
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Inter correction measurement of permeability and permittivity by short and open circuited coaxial line
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High frequency soft-magnetic properties and thermal stability of
CoPd-SrTiO; nano-composite films

Yiwen Zhang', Nobukiyo Kobayashi’, Masayuki Naoe®, Shigehiro Ohnuma'* and Hiroshi Masumoto'
! Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, 980-8578, Japan
’DENIJIKEN, Sendai, 982-0807, Japan

Soft magnetic films with high permeability and ferromagnetic resonance frequency have been studied intensively for
the application in micro-electronic device components. Recent work has been done on soft-magnetic Co-based
nano-composite films to keep their permeability as high as possible to GHz frequency.” However, the resonance
frequency (f#) of the films is still low which may limit the application in higher-frequency magnetic devices. According
to the modified Landau-Lifshitz equation, it is required of large values of magnetic anisotropy field (H) and saturation
magnetization (M) to obtain high fr. Soft-magnetic films studied to date have large M,, but show rarely high H
Recently, a few films demonstrate high H;. whereas, they show low thermal stability, which is a big disadvantage for the
high temperature processing in practical applications (such as Surface mounted technology at 250°C for Printed circuit
board). In this report, SrTiO; (STO) is employed as nonmagnetic ceramic phase due to its thermal stability and high
resistivity (p). Pd is induced to form CoPd alloy nanoparticles to enlarge anisotropy (Hy). To prevent oxidation of Co
metal, a kind of tandem sputtering method is used. The composition, structure, magnetic properties and thermal stability
of the CoPd-STO films have been investigated.

The CoPd-STO nano-composite films were deposited onto Si and quartz substrates by sputtering methods, using a STO
target and a composite target composed of a Co disk, Pd chips. The chemical composition of the films was analyzed by
X-ray photoelectron spectroscopy (XPS). Film structures were investigated by XRD. The microstructure of films was
characterized by TEM. The magnetization was measured with VSM. The permeability (1) was determined by a shielded
loop coil method.

The CoPd-STO films consist of amorphous STO matrix and CoPd nano-particles. The CoPd phase shows fcc structure.
The CoPd-STO films have a typical in-plane uniaxial soft magnetic properties, with the easy axis (parallel) and hard
axis (perpendicular to easy magnetic direction) (Fig. 1). The magnetization hysteresis loops of the films show
magnetization (B;) of about 10 kG, H; of around 950 Oe, and p of 300 pQ-cm. It is noteworthy that the magnetic
properties of the sample after annealing treatment at 250 °C shows no obvious change compared with that of the
as-deposited film. Form XRD analysis (Fig. 2), it is clearly proved that the CoPd particles have no change after
annealing treatment for both size and crystalline structure. The measured u’ is approximately 10, which keeps constant
up to 3 GHz. The calculated ¢’ by L.L.G. formula is consistent with the measured results and shows the resonance
frequency at about 9 GHz.

Reference

1) Y. W. Zhang et al., IEEE Trans. Magn., vol. 47 (2011), 3795-3798.
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