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Abstract
We have studied the crystal structure and magnetic properties of  Ba2Co1.7Mg0.3Fe12O22 using X-ray diffraction (XRD), a 
vibrating sample magnetometer (VSM) and a Mössbauer spectrometer. We analyzed the XRD patterns to apply FullProof 
Riedvelt refinement. From the XRD analysis, we found the crystal structure of  Ba2Co1.7Mg0.3Fe12O22 is hexagonal(R-3m). 
The temperature-dependent magnetic properties of  Ba2Co1.7Mg0.3Fe12O22 were measured by a VSM. The hysteresis loops 
were measured at several temperatures. From the zero-field-cooled–field-cooled (ZFC–FC) experiment, the spin re-orientation 
temperature (Ts) of this sample was 209 K. In the results of the Mössbauer spectrometer experiment from 4.2 to 295 K, the 
magnetic hyperfine fields (Hhf) decreased with respect to increase in temperature. The isomer shift values were between 0.1 
and 0.4 mm/s, and represented the ion states of the sample, which were the balanced  Fe3+ state at all temperatures. Hhf and 
quadrupole splitting values showed abrupt change at 209 K, we deduced that this is occurred because of spin re-orientation.
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1 Introduction

Hexaferrite is a multiferroic material that is classified into M, 
U, W, Y, X and Z according to the chemical formula. Among 
them, the Y-type hexaferrite has the chemical structure of 
(Ba, Sr)2Me2Fe12O22 (Me = a bivalent transition metal) [1, 
2]. The Y-type hexaferrite has attracted considerable atten-
tion owing to its great magnetic properties. Recently, studies 
on the reavlation of its magnetoelectric (ME) effect at room 
temperature are being done actively. In previous work, a 
study result on the ME effect expressed at room tempera-
ture were presented. [3, 4]. Some of Y-type hexaferrite 
 (Ba2Mg2Fe12O22,  Ba0.5Sr1.5Ni2(Fe0.97Al0.03)12O22) samples 
were reported to exhibit the ME effect at room temperature 
[5, 6]. These reports have led to research on substitution and 
doping for many elements, especially for transition metal. It 
is expected that the substitution and doping lead to various 
property changes. In the case of  Ba2Zn2Fe12O22, the nonlin-
ear ME effect was reported at microwave frequencies [7]. 

Additionally, a study on Mg doped  Ba2Zn2Fe12O12 reported 
that the Mg doped Y-type hexaferrite has a helical spin struc-
ture at low temperature [14].

In this study, we synthesized the  Ba2Co1.7Mg0.3Fe12O22 
by a solid state reaction method. We then evaluated the mag-
netic properties of  Ba2Co1.7Mg0.3Fe12O22 using the VSM and 
Mössbauer spectrometer. The purpose of this study was to 
observe the change of the magnetic properties by doping Mg 
ions to  Ba2Co2Fe12O22.

2  Experiments and discussion

Ba2Co1.7Mg0.3Fe12O22 was synthesized by solid-state reac-
tion method. High-purity powders of  BaCO3(99.98%), 
CoO(99.99%), MgO(99.999%),  Fe2O3(99%) were used as 
the starting materials of  Ba2Co1.7Mg0.3Fe12O22. This sample 
was finely ground in agate mortar for 1 h to create a mix-
ture. And then this mixture was calcinated at 1000 °C. After 
grinding this sample again for 1 h, it was palletized into 
a cylindrical shape. The palletized sample was sintered at 
1100 °C for 10 h in air. To remove  BaFe2O4, frequently gen-
erated secondary phase of barium hexaferrite, we carried out 
final sintering at 1150 °C for 10 h in air. The crystal structure 
was measured by XRD with CuKα radiation (λ = 1.5406 Å). 
The XRD results were analyzed by Rietveld refinement with 
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