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ABSTRACT
Effects of nonmagnetic indium ion substitution on magnetic properties of M-type strontium hexaferrites SrFe12-xInxO19 (x=0, 0.25, 0.5,
0.75, and 1) have been studied by crystallographic and magnetic measurements. Samples were prepared by citric auto-combustion method.
Rietveld analysis of X-ray diffraction profiles showed that the samples were single phase with the space group P63/mmc and lattice con-
stants a and c increased linearly with In3+ content. Mössbauer spectra showed that In3+ mainly replaced Fe3+ ions in 4f 2 sites and that
12k subspectra split into two distinct components 12k1 and 12k2. Analysis of hysteresis curves showed that while the coercive force
and the magnetic anisotropy constant decreased thru the whole doping range x, the saturation magnetization first increased until x=0.5
and decreased thereafter. This behavior was explained by the existence of two competing interactions in terms of nonmagnetic indium
substitution.
© 2020 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/1.5130073., s

INTRODUCTION

Unlike the spinel and garnet ferrites, magnetoplumbite M-
type hexaferrites MFe12O19 (M=Ba, Sr, Pb etc.) are known to have
as many as five kinds of interstitial sites that can accommodate
transition metal ions. Accordingly, an appropriate replacement of
the Fe3+ ions by other trivalent ions or a combination of diva-
lent and tetravalent ions enables a variety of modifications of the
magnetic properties such as saturation magnetization, magnetocrys-
talline anisotropy, or coercive force. Since the magnetic interactions
among these magnetic ions are mediated by superexchange across
an oxygen anion, it is of key importance to know the distribu-
tion of the substituted cations among the crystallographic sites for
better understanding and tailoring of the material properties. For
several years, a series of studies on nonmagnetic substitution in M-
type hexaferrites have attracted considerable attention because Al3+

addition in Ba- or Sr-hexaferrites was found to extend the coerciv-
ity although the saturation magnetization decreased with increasing
Al3+ content.1,2 Many experimental and theoretical researches have
investigated the modifications in magnetic properties of M-type
hexaferrites by replacing Fe3+ with diamagnetic Al3+, Ga3+, In3+,

and Sc3+. Sc3+ ion in BaFe12O19 were known to prefer 2b and 12k
sites.3 On the other hand, In3+ in BaFe12O19 were found to enter 2a
and 2b sites.4 Sometimes, however, the resultant site preferences of
the ions differ from research to research. While one research group
reported Al3+ in both SrFe12O19 and BaFe12O19 to occupy 2a and
12k site,5,6 other group reported Al3+ in BaFe12O19 preferred 4f 2
site but the saturation magnetization decreased with increasing Al3+

content.7 Therefore, the correct determination of site preference of
diamagnetic impurities is prerequisite for developing materials with
improved and enhanced magnetic properties. In this study, crystal-
lographic and magnetic measurements are performed to study the
site occupancy and its effects on magnetic properties of In3+ substi-
tuted M-type strontium hexaferrites SrFe12-xInxO19 (x=0, 0.25, 0.5,
0.75, and 1).

EXPERIMENTAL

The In3+ doped M-type hexaferrites SrFe12-xInxO19 (x=0, 0.25,
0.5, 0.75, and 1) have been prepared by the auto-combustion method
using Sr(NO3), Fe(NO3)3⋅9H2O, InCl3⋅4H2O and citric acid. The
resultant ashes were annealed at 1100 ○C for 12 hours in the
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