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CS-06. Site preference and hyperfine structure in doped Z-type
hexaferrite Ba, sSr, sCo,(Fe,,Al,),,0,, investigated by Mossbauer
spectroscopy.

J. Lim', T. Kouh' and C. Kim!

1. Kookmin University, Seoul, The Republic of Korea

INTRODUCTION Recently, hexagonal ferrites such as Sr; Ba,.
Co,Fe,,0,4; and BaSrCo,Fe,;AlO,, have been reported to show the magne-
toelectric (ME) effect around room temperature under low magnetic field.
With Sr ion substitution, Z-type hexaferrite can lead to the modification
of spin structure due to the high planar anisotropy of Sr ions. In addition,
it is known that adding Al ions into Z-type hexaferrite can improve the
multiferroic properties due to the reduction of the in-plane orbital moment
via lowering magnetic anisotropy[1-2]. Here, we investigate Z-type hexa-
ferrite Ba, sSr; sCo,(Fe, Aly),404; (x = 0.00, 0.01, 0.03, and 0.05). This
compound has not been studied in detail because single-phase is difficult to
synthesize due to the narrow temperature range for the formation of Z-type
hexaferrite by Sr and Al ions substitution. In this study, Ba, sSr; sCo,(Fe,.
AL)»,04 (x = 0.00, 0.01, 0.03, and 0.05) samples were synthesized by
polymerizable complex method and the magnetic properties, site prefer-
ence and hyperfine structure were investigated by using x-ray diffractom-
eter (XRD), vibrating sample magnetometer (VSM) and Mdssbauer spec-
trometer. EXPERIMENT PROCEDURES The polycrystalline samples of
Ba, 5Sr, sCos(Fe . Al )40y, (x = 0.00, 0.01, 0.03, and 0.05) were prepared
by polymerizable complex method. Staring materials of high purity BaCO,
(99.98%), SrCO5 (99.995%), Co(NO;),6H,0 (98%), Fe(NO;);9H,0 (98%),
and AI(NO;);9H,0 (98%) were used and dissolved in distilled water with
citric acid at 70 °C for 1 h. The molar ratio of citric acid was 1: 2.5 (total
metal : citric acid). Then, a proper amount of ethylene glycol was added into
metal-citrate solution and stirred at 80 °C for 1 h. The solution was dried
at 120 °C for polymerization between metal-citrate complexes, and the gel
metal-organic complexes were heated at 320 °C for 3 h in air. The calcined
powder was pressed into a cylindrical pellet, and sintered at 1190 °C for 10 h
in air. The crystal and magnetic properties of samples were characterized by
using x-ray diffractometer (XRD) using Cu-Ko. radiation(} = 1.5406 A) and
vibrating sample magnetometer (VSM). The site preference and hyperfine
structure were investigated with Mossbauer spectrometer. In order to sepa-
rate the sub-lattice lines, Mdssbauer spectra were obtained under the external
magnetic fields range from 0 to 50 kOe at 4.2 K. IIIl. RESULTS AND
DISCUSSION From the refined XRD pattern of Ba, sSr, sCo,(Fe,_ Al )04,
(x =0.00, 0.01, 0.03, and 0.05) at 295 K, the crystal structure was found to
be a single-phased hexagonal structure with the space group P6;/mmc. With
increasing Al concentration, the lattice constants a, ¢, unit cell volume
(V,) of samples decrease, because the ionic radius of Fe3* ions (r = 0.645 A)
is larger than that of AI3* ions (r = 0.535 A) is, as expected from Vegard’s
law. From the applied-field dependent hysteresis curves under 15 kOe at
295 K, the magnetization at 15 kOe (M s0.) of Ba, sSr; sCo,(Fe;(Aly)»404;
(x =0.00, 0.01, 0.03, and 0.05) decreases from M, s . = 55.47 for x = 0.00
to Msio. = 39.90 emu/g for x = 0.05 due to the preferential occupation of
non-magnetic Al ions in down-spin site, while the coercivity (H,) of samples
increases from H, = 80.56 for x = 0.00 to H, = 214.75 Oe for x = 0.05 due
to the reduction of magnetic anisotropy. Also, the samples are not saturated
with increasing Al ion contents because spin structure is modified due to the
reduction of magnetic anisotropy at 295 K. The zero-field Mdssbauer spectra
of the samples were taken at various temperatures ranging from 4.2 to 750
K and analyzed as six distinguishable sextets (A : 4fiy, B : 4fiv*, C : 12k,
D : (4fy/* and 4ey), E : 12ky;, and F : (2dy, 2ay;, 4fy; and 4ey;)) below T
due to superposition of ten-sextets for Fe sites corresponding to the Z-type
hexagonal ferrite. In addition, all samples have shown abrupt changes in the
hyperfine field (H,) and electric quadrupole shift (£) around 7. Also, we
have taken the Mossbauer spectra of all samples at 4.2 K with applied field
between 0 to 50 kOe, parallel to the direction of y-ray emission. The Moss-
bauer spectra under zero external magnetic field show overlapped absorption
lines, while Mdssbauer spectra with increasing external magnetic field show
well-distinguished 2-site absorption lines.
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