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Site Preference and Hyperfine Structure in Doped
Z-Type Hexaferrite Ba1.5Sr1.5Co2(Fe1−x Alx )24O41
Investigated by Mössbauer Spectroscopy
Jung Tae Lim and Chul Sung Kim
Department of Physics@commas Kookmin University, Seoul 02707, South Korea
The Ba1.5 Sr1.5 Co2 (Fe1−x Al x )24 O41 (x = 0, 0.01, 0.03, and 0.05) polycrystalline samples were synthesized by the polymerizable
complex method. Based on the Rietveld refinement, the crystal structures of samples were found to be single phased and determined
to be rhombohedral with space group of P63 /mmc. The hysteresis curves of these samples were measured under 20 kOe at 295 K,
showing that they were not saturated with increasing Al ion contents because spin structure was modified due to the reduction
of magnetic anisotropy. With increasing Al ions contents, the value of M20kOe decreases due to the preferential occupation of
non-magnetic Al ions in the up-spin site, while Hc increases. The Mössbauer spectra of the samples were obtained at 295 K, and
analyzed as six distinguishable sextets (4f I V , 4f∗I V , 12k∗V I , 4f∗V I + 4e I V , 12k V I , and 2d V + 2aV I + 4fV I + 4eV I ) below TC
due to the superposition of ten sextets of Fe sites corresponding to the Z-type hexagonal ferrite. The occupation number of up-spin
site decreases with increasing Al ions. This suggests that the Al ions preferentially occupy the tetrahedral sublattices, leading to
decrease in M20k O e.
Index Terms— Hexaferrite, Mössbauer spectroscopy, Z-type Ba ferrite.

I. I NTRODUCTION

R

ECENTLY, the hexagonal ferrite family has been extensively studied for its interesting physical properties
such as the magnetoelectric (ME) effect based on spincurrent model [1]–[4]. Especially, Z-type hexaferrites such
as Sr3−x Bax Co2 Fe24 O41 and Sr3 Co2−x Znx Fe24 O41 have been
reported to show the ME effect around room temperature
under low-magnetic field [5]–[7]. With Sr ion substitution,
Z-type hexaferrite can lead to the modification of spin structure
due to the high planar anisotropy of Sr ions. Also, Al-doped
Y-type hexaferrites such as Ba0.5 Sr1.5 Zn2 (Fe1−x Alx )12 O22 and
BaSrCo2−x Znx Fe11 AlO22 have shown the ME effect near
room temperature under a low-magnetic field [8]–[10]. Therefore, 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.
However, 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 [11]. In this paper, to overcome the
problems, we have synthesized Ba1.5 Sr1.5 Co2 (Fe1−x Alx )24 O41
(x = 0, 0.01, 0.03, and 0.05) by using the polymerizable complex method. The polymerizable complex method allows the
formation of metal-organic complexes and subsequent polyesterification followed by sintering at lower temperature than
the formation temperature of Z-type ferrite [11]. The magnetic properties, site preference, and hyperfine structure were
investigated by using X-ray diffractometer (XRD), vibrating
sample magnetometer (VSM), and M´’ossbauer spectrometer.
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Especially, the ME effect can be affected by magnetic
anisotropy and spin structure derived from hyperfine interaction with the site occupancy of transition metal ions. Therefore, detailed information on each site, site occupancy, and
hyperfine distribution can be provided by the M´’ossbauer
spectroscopy [12].
II. E XPERIMENT P ROCEDURE
A. Synthesis of Ba1.5 Sr1.5 Co2 (Fe1−x Alx )24 O41 (x = 0, 0.01,
0.03, and 0.05)
A
polycrystalline
samples
of
Ba1.5 Sr1.5 Co2
(Fe1−x Alx )24 O41 (x = 0, 0.01, 0.03, and 0.05) were
synthesized by the polymerizable complex method. The
starting materials of high-purity reagent SrCO3 (99.995%),
Co(NO3 )2 ·6H2 O (98%), Fe(NO3 )3 ·9H2 O (98%), and
Al(NO3 )3 ·9H2 O (98%) were used and were combined
at stoichiometric ratio of SrCO3 : Co(NO3 )2 ·6H2 O:
Fe(NO3 )3 ·9H2 O: Al(NO3 )3 ·9H2 O = 3: 2: 24(1 −x):24x
with varying amount of x = 0, 0.01, 0.03, and 0.05. These
were 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
1180 °C for 10 h in air. Finally, to obtain good homogeneity,
we heated the sintered sample at a rate of 4 °C/min and
then sintered again at 1190 °C (x = 0), 1210 °C (x = 0.01
and 0.03), and 1230 °C (x = 0.05) for 10 h in air.
B. Measurements
The structural properties of samples were examined by
using Rigaku Ultima IV with Cu-K α radiation (λ = 1.5406 Å)
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