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Abstract—The results of investigations aimed at creating a system of fine-grained crystals of calcium hexa-
ferrite doped with lanthanum (barium) are presented. An integrated technological approach that involves two
cycles is implemented. At the first stage, i.e., the stage of preparing the charge mixture, a high-efficiency cry-
ochemical technology that allows one to obtain a chemically homogeneous (at the atomic level) ferrite charge
mixture was used. At the second stage, namely the stage of ferritization, 1.2—4.8 wt % of a low-melting flux
was added to an oxide charge mixture of ferrite that made it possible to reduce the temperature of complete
ferritization and, thus, to create the conditions for formation of nano- and microcrystals of a specified com-
position. The specimens of the synthesized magnetic powder demonstrated magnetic properties at the level
of the best microcrystalline systems of barium hexaferrite.

INTRODUCTION

Micro- and nanocrystalline hexaferrite structures of
type M are interesting objects for investigating specific
properties of small particles and turn out to be very
promising for perfecting high-density magnetic record-
ing, magnetic fluids, medical means of supply, and the
retention of medicamental materials in an organism, as
well as for hyperthermia of malignant cells.The selec-
tion of calcium ferrites for medical application is justi-
fied due to its better biological compatibility with other
base compositions than alkaline-earth hexaferrites.

A typical chemical composition for M-type ferrites
is described by the formula MeFe ;0,4 (MeO - 6Fe,05)),
where M can be Ba, Sr, or Pb. According to a phase dia-
gram of the CaO—Fe,0; system, calcium hexaferrite
does not possess the structure of magnetoplumbite,
despite its chemical similarity to strontium and barium,;
it is related to a smaller ion radius of Ca®* (0.106 nm) as
compared to Ba?* (0.143 nm), Sr** (0.127 nm), and
Pb** (0.132 nm). Nevertheless, it was revealed that the
addition of lanthanum oxide to the initial system can
yield the formation of an M phase [1—3]. The authors of
[4] proposed a possible mechanism for its formation
where CaO - 2Fe,0; with a hexagonal structure plays the
role of a precursor. Though lanthanum can serve as a
ligand for the formation of a calcium hexaferrite M
phase, other rare-earth elements do not possess these
properties. It is explained by an ion radius decrease in
the lanthanoid row [5]. A magnetoplumbite structure is

observed in the systems of calcium hexaferrite doped
with barium [6—8].

To obtain ferrite materials, a ceramic method [9—
12], mechanical activation [13—14], a method of copre-
cipitation [15—16], sol—gel methods and their varia-
tions [17—20], pyrolysis of aerosols [21, 22], a cry-
ochemical technology and its modifications [23—25], a
method based on fast expansion of supercritical solu-
tions [26], etc. are extensively used.

This paper presents the results of investigations
aimed at creating a system of fine-grained crystals of
calcium hexaferrite. An integrated technological
approach to obtaining fine-grained calcium hexaferrite,
which has not yet been synthesized, that includes two
technological cycles is proposed. At the first stage, i.e.,
the preparation of a charge mixture, high-efficiency
cryochemical technology was used that made it possible
to obtain a chemically homogeneous (at the atomic
level) ferrite precursor.

TECHNOLOGY OF SYNTHESIS
FINE-GRAINED PRECURSOR

The use of fine-grained and highly homogeneous
precursors makes it possible to obtain ferrites that are
hard to synthesize using other methods and to drasti-
cally increase the process of phase formation. The idea
of the technology can be reduced to obtaining a fine-
grained and highly homogeneous salt precursor via the
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