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Abstract---A study has been carried out on the effect of combination of Lanthanum and Cerium doping on the
magnetic properties of M-Type hexaferrite permanent magnet oxide. The research was conducted using the wet
mechanical milling method. The research materials used were Fe203, BaCO3, La203, and Ce02, all of which were
of high purity 99.9%. This research also uses technical materials such as Ethanol and Nitrogen. Stoichiometric
calculations were carried out to calculate the composition of the mixture of each ingredient. The combination of
Lanthanum and Cerium substitution was varied with the composition of the doping ion concentration (x = 0 — 0.5
and y = 0 — 0.1). Permagraph characterization was carried out to determine the magnetic properties of each test
sample. Results based on the permagraph characterization, the properties of M-type hexaferrite permanent magnets
increased with the increase in the doping ion concentration in the sample. The presence of doping ions that have a
magnetic moment is strongly suspected to contribute to the interaction of the type and the total moment in the M-
type hexaferrite structure.
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Introduction

The development of permanent magnet materials has been progressive since the first-time steel was used as a
permanent magnet in the 1900s. The focus of research in the field of permanent magnets is more on the search for
new materials that have a higher magnetic energy density. Research activities have continued for more than a
hundred years with the discovery of rare earth metal magnets which have a magnetic energy density 68 times higher
than steel magnets. Research activities continue along with technological developments to produce nanometer-sized
structural materials. The focus of this permanent magnet research is the search for new materials by utilizing rare
earth metal elements as an alternative material to produce permanent magnets and at the same time engineering the
structure of the material towards permanent magnets with high energy density capabilities. Permanent magnets that
are widely developed today are permanent magnetic oxides based on Barium Hexaferrite. In this study, the effect of
the combination of lanthanum and cerium doping concentrations on the magnetic parameters of the sample will be
studied. The expected result is an increase in the magnetic parameters of the resulting permanent magnetic oxide
powder (Neumann & Walter, 2006; Simner et al., 2003).
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Materials and Experiments

The materials used in this study were Barium Carbonate powder (BaCO3), Ferrioxide powder (Fe;Os), Cerium Oxide
powder (CeO,), and Lanthanum Oxide powder (La2Os). All research materials are 99.99% pure. Each mixed
composition was ground using high energy milling (PW1000) with several steel balls with an average diameter of 12
mm and a milling speed of 1000 rpm (Nonaka et al., 2000; Rezlescu et al., 1999; Vinnik et al., 2018; Xu et al.,
2006). The ratio of ball mass to powder mass was 2:1, milling time was 5 hours, then compacted at 7000 psi and
sintered at 1200°C for 2 hours. Magnetic parameter characterization for each sample was measured using
permagraph magnetometer (Physik 255) at room temperature (Coey, 2006; Oliveira et al., 2002).

Results and Discussions

The results of measuring the magnetic properties of the Bai.xyLaxCeyFe12019 sample (x = 0, 0.02, 0.04 and y = 0,
0.05, 0.1) using a permagraph and measured in the range -1.6 T to 1.6 T are presented in Figure 1. The magnetic
hysteresis loop of the Baix.yLaxCeyFe12019 sample (x = 0, 0.02, 0.04 and y = 0, 0.05, 0.1) showed an increase in
magnetic properties (Mathews & Babu, 2021; Lechevallier & Le Breton, 2005). The three magnetic parameters
including the coercivity field, remanent magnetization and saturation magnetization change depending on the
concentration of doping ions La®" and Ce**.
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Figure 1. Hysteresis curve of the Bai.x.yLaxCeyFe12019 sample (x = 0, 0.02, 0.04 and y = 0, 0.05, 0.1)

In Figure 1 it can be seen that the pure barium hexaferrite sample (x = 0 and y = 0) has a coercivity field, remanent
magnetization and saturation magnetization are 3.38kOe, 0.181 T and 0.28 T respectively (Kortz et al., 2009; Coey
& Sun, 1990). Coercivity, remanent magnetization and saturation magnetization increase significantly when the
doping ion concentration is x = 0.02 and y = 0.05 and x = 0.04 and y = 0.05, while they decrease when the doping
ion concentration is x = 0.02 and y = 0.1 and x = 0.04 and y = 0.1 although the value is still greater than barium pure
hexaferrite. In detail the values of the coercivity, remanent magnetization and saturation magnetization of several
compositions from the Bay.xyLaxCeyFe12019 sample (x = 0, 0.02, 0.04 and y = 0, 0.05, 0.1) are presented in Table 1
(Fisher et al., 2016; Haritsah et al., 2019; Li et al., 2007; Mosleh et al., 2014).

Table 1
Parameters of the magnetic properties of the sample Bai.xyLaxCeyFe12019 (x = 0, 0.02, 0.04 and y = 0, 0.05, 0.1)
X y Hc (kA/m) Hc (kOe) Br (T) Bs (T) Ha (kA/m) BHmax (kJ/m3)
0 0 270.7 3.38 0.181 0.28 55.48 5.2
0.02 0.05 364.5 4.56 0.183 0.29 61.57 5.8
0.02 0.1 295 3.68 0.187 0.27 56.36 5.4

0.04 0.05 391.4 4.89 0.191 0.3 62.83 6.1
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0.04 0.1 342.9 4.29 0.194 0.28 58.16 5.5

Based on the results of the permagraph test for each sample, it was generally obtained that the magnetic properties
increased as the concentration of doping ions in the sample increased. In the hexagonal ferrite system, it is the Fe3*
ion that is fully responsible for the magnetic properties of this system through the Fe®'- O,- Fe* super exchange
interaction mechanism. The mechanism of this super exchange interaction occurs in the magnetic moment of the ion
with spin up and down at the tetrahedral and octahedral sites in the hexagonal ferrite crystallographic structure
(Sardjono, 2015; Salimkhani et al., 2015).

This increase in magnetic properties is related to the magnetic moments of the constituent ions. It is known that
Fe3* ions have a magnetic moment of 4.92 uB, Ba®* ions have no magnetic moment, while La®*" doping ions have
zero magnetic moment values, while Ce** ions have a magnetic moment of 2.54 pB. The presence of doping ions
with magnetic moments is strongly suspected of contributing to the magnetic interactions and the total magnetic
moment in this barium hexaferrite structure (Adnyana et al., 2019; Adnyana et al., 2020; Bahadur et al., 2017; El
Shater et al., 2018). This happens because this doping ion does not replace some of the Fe atoms but replaces the Ba
atom, so that the magnetic moment originating from the Fe®* ion is full. In general, the barium hexaferrite structure
has a total magnetic moment (p) which is completely determined by the Fe®* magnetic moment. 6Fe®* ions originate
from a spin up orientation in the octahedral site (12k and 2a) and 1 bipyramidal Fe3* ion (2b), while 2 Fe3* ions with
a spin down orientation are in the tetrahedral (4f1) and octahedral (4f2) sites. So that the total magnetic moment of
the Fe®* ion is 23.68 uB. The ion-magnetic cation substitution Ce** is located at the Ba atomic site, thus causing an
increase in the total number of magnetic moments thought to originate from the presence of magnetic doping ions. It
is shown based on Table 2, that the magnetic saturation of samples doped with La%* and Ce** ions is greater than that
of pure barium hexaferrite (Gupta & Khan, 2021; Rajini, 2017).

Conclusion

The addition of various doping lanthanum and cerium simultaneously into a barium hexaferrite permanent magnet
presents an interesting magnetic property because it can increase the coercivity field and its saturation magnetization.
The product energy of this substituted permanent magnet is greater than that of pure barium hexaferrite permanent
magnets.
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