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Massbauer studies and magnetic properties of BaCo.xZnxFe1s027

Hyunkyu Kim, and Chul Sung Kim*
Department of Physics, Kookmin University, Seoul 136-702, Korea

INTRODUCTION
W-type hexaferrite has two spinel block (S-block) and the block containing Ba (R-block), and its unit cell is

ordered as SSRS*S* R* [1]. W-type hexaferrite containing Co?* at divalent ionic site have reported to show spin
reorientation phenomenon since the Co?* ion located at octahedral site gives a strong planar anisotropy
contribution [2, 3].

In this sturdy, we substituted non-magnetic Zn ion substituted for Co ion. We have studied crystallographic and
magnetic properties of BaCo.Fe1s027 (Co.W) materials. We have studied the crystallographic and magnetic
properties of BaCoz.xZnxFe1s027 with XRD, VSM, and Mdéssbauer spectroscopy. Especially, we have focused on
the site occupancy, magnetic hyperfine filed (Hnr) and electric quadrupole shift (Eq) using Mdssbauer

spectroscopy. We investigated the origin of their magnetic properties and spin reorientation phenomenon

EXPERIMENT PROCEDURES
The Zn substituted Co,W samples, BaCozxZnxFe1s027 (X = 0.0, 0.5, 1.0), were synthesized by solid-state

reaction method, which can be easily utilized in many industrial manufacturing processes. The amount of Ba,
Co, Zn, and Fe was calculated by stoichiometry. These were mixed in distilled water and ball milled for 24h and
the dried powders were calcined at 1275 °C for 3h in air.

XRD patterns of samples were measured with Cu-Ka radiation (A = 1.5406 A) and analyzed by Rietveld
refinement method using Fullprof program. magnetic properties were investigated by VSM measurements. The
Mossbauer spectra were recorded using spectrometer using a %’Co y-ray source in a rhodium matrix for a
constant acceleration mode.

RESULTS AND DISCUSSION
From the Rietveld refined XRD pattern, the crystal structure of Ba2Co2.xZnxFe1s027 (x = 0.0, 0.5, 1.0) samples

are determined to be hexagonal with space group P6s/mmc at room temperature. The lattice constants of x = 0.0
are5.905 A, co = 32.936 A and x = 1.0 are ao= 5.912 A, co = 32.980 A, respectively. Lattice constants a, and
coare increasing with increasing Zn?* contents because the ionic radius of Zn?* = 0.74 A is bigger than radius of
Co?* =0.70 A.. But ao/co is constant regardless of increasing Zn contents.

To obtain the magnetic properties of BaCoyxZn«FeisO27 (X = 0, 0.5, 1.0) samples, we performed VSM
measurements. We obtained the value of magnetization at 20 kOe (M), coecivity (Hc) for all the synthesized
samples. By increasing Zn contents, Ms increases from 75.67 to 80.11 emu/g, and H.decreases from 162.08 to
34.54 Oe. To determine spin reorientation temperature (Ts) and Curie temperature (Tc), the temperature
dependence of zero-field-cooled (ZFC) magnetization curves were measured under applied field of 100 Oe

between 4.2 and 800 K. At various Zn contents, the value of the first spin reorientation temperature (Ts1) was



determined to be 100 K (x = 0.0), 120 K (x = 0.5), and 135 K (x = 1.0) from the mass susceptibility curves. Also,
the second spin reorientation temperature (Ts2) was determined to be 550 K (x = 0.0), 485 K (x = 0.5), and 385
K (x = 1.0) from the magnetization curves. We determined Curie temperature (Tc) and T decrease with
increasing Zn contents. The value of T. decreases with increasing Zn contents, which is expected from the
smaller super-exchange interaction of Zn?*. Fig. 1 shows the T, Tsr2, Te With increasing Zn contents.

Co,W have seven iron ions at crystallographic sites of 4fy, 69, 4fwi, 4ew, 4fiy, 12ky, 2dy, we analyzed
Madssbauer spectra with five magnetic site of 4fy, 6g+4fv, 4ev+4fiy, 12kvi, 2dv [4]. The fitted subspectra of the
Madssbauer spectra were obtained for all samples. With five sextets for Fe sites of Co,W spectra were least-
squares fitted. Mdssbauer spectra were obtained from 4.2 to 295 K and we investigated the origin of their
magnetic properties and spin reorientation phenomenon by observing the changes in magnetic hyperfine filed
(Hre) and electric quadrupole shift (Eq). With increasing non-magnetic Zn ions contents, the occupation area
ratio of down-spin site (4e+4fy;) was decreased. Therefore, it is obvious that the Zn ions preferentially occupy

the tetrahedral sublattices, leading to increase in Ms.
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Fig. 1 Tsr1, Tsrz and Te for BaCozxZnxFeisO27(x = 0.0, 0.5, 1.0).



