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The effect of Bi*t ion substitution on the structural-phase state and
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1. Introduction

The results of studies of the features of the phase composition, crystal and magnetic structure of Bi-substituted
barium hexaferrite BaFej,_xBixO9 (0.1 < x < 1.2) by methods of Mossbauer spectroscopy, X-ray phase analysis,
as well as image analysis by scanning electron microscopy are presented. Samples of Bi-substituted hexaferrites —
BaFej;_xBixO19 (where x = 0.1; 0.3; 0.6; 0.9 and 1.2) were synthesized by the method of solid-phase reactions
with double annealing (at T = 1100°C for 6h) and intermediate grinding (for 0.5h). The X-ray phase analysis
allowed us to establish the limit of substitution of Fe*>* ions by Bi** ions. It has been shown that at a low level of
substitution (x < 0.3) there are no impurity phases detected and the samples are characterized by a single-phase
state with the spatial group P63/mmc. When the degree of substitution increases (X > 0.3) the formation of impurity
phases is noted, which can be explained by the difficulties of ion diffusion in the process of solid-phase synthesis,
as well as the formation of defects in the structure of magentoplumbite due to the large ionic radius of Bi*'.
As impurity phases in the studied compositions (X > 0.3) Marked: BiFeOs (Pr. Gr. Phma); BiO, (Pr.Gr. Fm3m);
BaBixOg (Pr.Gr. R-3) and BaOy sBi;50216 (Pr.Gr. Im3m). The content of the main phase (Pr.Gr. P6:mmc)
at the same time decreases from 95.11 to 88.27vol% when increasing X from 0.6 to 1.2, respectively. The
analysis performed by the method of Messbaurov spectroscopy showed that all Fe ions have a charge of 3+.
And all parameters lie within the values characteristic of Fe** ions corresponding to the coordination of polyhedra:
12k. 42, 2a — octahedra, 4f1 — tetrahedron, and 2b — bipyramide. It is possible to single out a small monotonous
decrease only for the 12k position. The analysis of SEM images showed an increase in the average particle size up
to 10 mkm, depending on the concentration of bismuth oxide during the synthesis of hexaferrite.
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practical use.

to synthesize samples with specified characteristics for

M-type hexaferrites, with the general formula AB;,09
(where A — Ba?*, Sr** or Pb’*, and B — Fe** or
substituent ions), have found wide application in the
production of permanent magnets, interference filters, radio-
absorbing coatings, devices of extremely high and ultrahigh
frequencies [1-8], as well as the possibility of use in
spintronics [9-13], due to its properties: non-toxicity, ease
of synthesis, chemical stability, magnetic, dielectric and
microwave properties [14-17]. The magnetic properties of
barium hexaferrites depend both on the type of isomorphic
impurity and its amount in the structure, which makes
it possible not only to study their properties, but also
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M-type hexaferrites have a crystal structure isomorphic to
the natural mineral — magnetoplumbite PbFe;,0;9, which
was first studied by Adelskold [18]. Iron ions in the
hexaferrite structure with such a structure are localized in
five nonequivalent crystallographic positions: 2a, 2b, 4f}, 4f,
and 12k. Of these, 2a, 4f, and 12k are octahedral, 4f; —
tetrahedral, and 2b forms a bipyramid. Polyhedra 4f; and
2a are located in the spinel block (S), 4f; and 2b in the
hexagonal (R), and 12k on the border of the spinel and
hexagonal blocks (RS) [19].

In unsubstituted hexaferrite BaFe 09, a collinear mag-
netic structure is performed in which the magnetic moments
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of positions 12k, 2a and 2b are directed in one direction,
and 4f; and 4f, in the other, antiparallel [20], which leads to
uncompensated antiferromagnetism (ferrimagnetism). The
weakening of these interactions due to the substitution of
Fe3* ions of both groups by non-magnetic and/or weakly
magnetic metal ions leads to a decrease in the resulting
magnetic moment and can lead to a non-collinear magnetic
structure [21]. Thus, earlier studies were conducted on the
deviation from strict collinearity in the direction of magnetic
moment vectors for simple and multicomponent oxides:
a-Fe,03 [22], p-Fe,03 [23,24], CrFe,04 [25], CrO; [26],
NiFe;04, Y3FesOpy and Dy;BiFesOp, [27]. Also, earlier
studies have been conducted that demonstrated a non-
collinear magnetic structure for Sc-substituted hexagonal
ferrites [28]. It was shown that deviations from collinearity
under conditions of chemical substitution of iron ions
were most significant in the surface layer of the grain at
thicknesses of several nm (which may be due to defects on
the surface).

For controlled changes in magnetic and electrical prop-
erties, the principle of changing the chemical composition
of hexaferrite is used. Basically, most studies are aimed at
studying the substitution of Fe** ions with metal ions with
a close ionic radius and an oxidation state of 3+, since the
charge balance is realized quite easily (preservation of the
law of electroneutrality) [29,30].

The scientific idea of the research is to determine the
nature of the distribution of substituent ions with a large
ionic radius (using the example of Bi** ions) in a hexagonal
ferrite matrix and to establish the influence of the degree
of substitution on the features of the structural-phase
composition, magnetic and microwave characteristics. There
are two hypotheses about the nature of the distribution
of substituent ions with a large radius in the structure of
hexaferrite. So, according to one hypothesis, substitution
should be carried out in B-positions (by replacing ions
Fe3*). According to the second hypothesis, substitution
should occur in A-positions (Bi** can replace a commen-
surate ion Ba?"), which should lead to a violation of the
charge balance and to a partial charge transformation Fe3*
into a state of Fe?* to preserve electroneutrality. In this
situation, the magnetic, electrical and microwave properties
can be influenced by two competing factors — the influence
of the energy of the crystal field and the influence of the spin
state of iron ions. The substitution of ions in A-positions
can lead not only to frustration of the magnetic structure,
but also to the formation of a mixed valence state of iron
ions (the number of Fe?* ions is directly proportional to
the level of concentration substitution by bismuth ions). It
should be noted that in hexaferrites with a mixed valence
state, anomalous effects of charge and spin ordering should
theoretically be observed. Thus, for Fe?t ions, a crossover of
spin states can be fixed. Crossover of spin states — quantum
mechanical effect. Iron ions Fe>* contain six electrons on
the d-shell (3d°). Depending on the cleavage ratio in the
local crystal field D¢r between ty, and e, levels and Hund
energies J,, for the most common Fe?* ion, two stable spin

configurations. Low spin configuration (LS, 6tye-Oes, S=0)
and high Spin configuration (HS, 4ty;2¢,, S=2). There are
theoretical prerequisites for a possible intermediate state —
configuration with intermediate spin (IS, 5tye-leg, S=1).
Splitting in the crystal field is completely determined by the
oxygen environment of iron ions in octahedral coordination
and a high-spin state is realized (S=2) Fe* ion, which
causes distortion in the arrangement of ligands. Local
distortions in the crystal structure can lead not only to a
change in the parameters of the exchange interaction (when
the bond lengths Fe—O and the valence angles Fe—O—Fe
change), but also lead to the formation of a non-zero dipole
moment (spontaneous dielectric polarization). A stable low-
spin state (S=0) can be realized in case of increase of Ds.
The possibility of implementing a state with intermediate
spin (S=1) is being actively discussed at present, and the
corresponding calculations assume that spin-orbit interaction
and quantum instability are taken into account both in ta,
and in e; 3d segments- shells.

There are known works in which studies of the properties
of hexaferrites with substitution by ions Bi3* [31-35] were
carried out. In these papers, the approaches described above
are presented (when bismuth can replace both barium ions
in A-positions and iron ions in B-positions. So, it was
assumed in [31] that the ions Bi** replace the ions Ba®*,
but the authors in [32] assume that the main substitution
goes by Fe3*. Also the authors in [32], believe that
bismuth replaces iron in exactly the positions 4f; or 4f,,
which is the reason for the increase in Mg SrtM by 1.1%
and 3.3% and the average grain size depending on the
concentration of BiO3; in the synthesis of hexaferrites.
An increase in the average grain size and a decrease in
uniformity in grain size distribution, depending on the
concentration of bismuth oxide during synthesis, were also
noted in [33]. All synthesized StM samples were single-
phase (JCPDF #33-1340). It was also shown that at
low concentrations of bismuth oxide, impurity phases of
hematite were detected during the synthesis of hexaferrite.
The authors attribute this phenomenon to the result of a
competing reaction, which depends not only on substitution,
but also on the type of organic matrix used in the
synthesis of samples by the ash-gel method. A number of
papers [34,35] also noted the growth of hexaferrite particles
during the substitution of iron ions for bismuth ions.
However, at the moment there is no clear understanding of
the mechanism of substitution of large bismuth ions in the
hexaferrite structure, and there is also no systematic data on
the correlation of chemical composition (ion concentration
Bi**), structural-phase features and magnetic structure of
the solid solution BaFe;;_4xBixO19 (0.1 < x < 1.2). In this
regard, the purpose of this work was to study the effect
of the concentration of bismuth oxide in the synthesis
of M-type barium hexaferrite on the phase composition,
crystal structure features, grain microstructure and magnetic
structure of a solid solution of Bi-substituted M-type barium
hexaferrites.

Physics of the Solid State, 2023, Vol. 65, No. 8
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Figure 1. X-ray diffraction spectra of samples BaFei,_xBixO19 (X = 0.1—1.2).

2. Synthesis methodology and research
methods

The objects of the study are polycrystalline samples
of barium hexaferrite with substitution by ions Bi’*t —
BaFej;_xBixO19 (where x = 0.1; 0.3; 0.6; 0.9 1.2). Samples
were synthesized using ceramic technology (by solid-phase

Physics of the Solid State, 2023, Vol. 65, No. 8

reactions) from the initial oxides of Fe,O3, Bi;O3 and BaCO
carbonates qualifications ,,OSH*. The sample portions were
calculated with an approximation that the ions Bi** should
replace the ions Fe’*. A mixture of oxides and carbonate
taken in a strictly stoichiometric ratio was subjected to
homogenization for 0.5h in a ball mill with the addition
of alcohol, then compaction and synthesizing firing in
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Figure 2. Concentration dependence of the parameters a (a)
and ¢ (b) of the lattice cell, as well as the volume of the lattice
cell V (c) for samples BaFei;_xBixO19 (X = 0.1—1.2).

air at 1100°C (6h). Further, the sintered samples were
mechanically crushed (in a ball mill followed by sieving
through a sieve), pressed again, and then sintered again at
1100°C (6 h). After each sintering, the samples were slowly
cooled in the furnace (~ 100°/h) [36]. The structural-
phase analysis of the research objects was performed by

X-ray diffraction in Co-Ka-radiation. Point-by-point scanning
mode, angle range 20: 20—80 degrees, step 0.03. X-ray data
processing was carried out as part of a full-profile analysis
using the Rietveld method [37]. The magnetic structure
of the research objects was carried out by the method of
Mossbauer spectroscopy on the Ms-1104 Em spectrometer
at room temperature. The source of p-radiation was
Co”7 in the rhodium matrix. The isomeric (chemical)
shift was calculated relative to a-Fe. The spectra were
processed using the ,,Univem Ms* program, which shows
the best convergence of the experimental spectrum and the
decomposition model according to the parameter min y?
and their differences.

The microstructure of the research objects was analyzed
on the basis of images obtained by scanning electron
microscopy (SEM) using Carl Ziess EVO10 SEM. An
equivalent diameter was measured for the particle size
distribution of the study objects. The percentage of
occupied area (P) was calculated using the following
formula [38]:

d?n;
P = 7=t x 100%,
where di — the size (diameter of the equivalent circle) of

the particle, S — the total area of all particles on in the
image, N — the number of particles of i-size.

3. Results and discussions

3.1. Phase composition and crystal structure

Figure 1 shows the X-ray diffraction spectra of the
research objects. As a result of the analysis of the
X-ray diffraction spectra of barium hexaferrites in the
BaFe|;_yBixOj9 system (where x =0.1; 0.3; 0.6; 09
and 1.2), it was noted that compositions with low the
concentration of bismuth ions (X <0.3) are completely
single-phase and can be described in the framework of
Pr.Gr. P63;/mmc with two formula units per lattice cell
(Z =2). Impurity phases were noted with an increase in
the concentration of bismuth ions (x > 0.6). So, for the
composition X = 0.6, the content of the bulk fraction of
the main phase (Pr.Gr. P63/mmc Ne 194) is reduced to
95.11vol.%. The presence of two impurity phases of the
composition BiFeOs; was noted (Pr.Gr. Pnma Ne 62) —
3.45vol% and BiO, (Pr.Gr. Fm:3m Ne 225) — 1.44 vol.%.
The content of the bulk fraction of the main phase
(Pr.Gr. P63/mmc Ne 194) is reduced to 93.48 vol.% for
the composition X = 0.9. The presence of two impurity
phases of the composition BiFeO3; was noted (Pr. Gr. Pnma
Ne 62) — 4.65vol.%; BaBi;Og (Pr.Gr. R-3 Ne 148) —
0.4vol.% and BiO, (Pr.Gr. Fm:3m Ne 225) — 1.41vol.%.
For the composition X = 1.2, the content of the bulk fraction
of the main phase (Pr.Gr. P6;/mmc Ne 194) is reduced to
88.27vol.%. The presence of two impurity phases of the
composition BiFeOs; was noted (Pr.Gr. Pnma Ne 62) —
7.60vol%; BaO; sBi; 5016 (Pr.Gr. Im3m Ne 229) —

Physics of the Solid State, 2023, Vol. 65, No. 8
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1.55vol.% and BiO; (Pr. Gr. Fm-3m Ne 225) — 2.58 vol.%.
Table 1 presents the results of a study of the phase
composition of BaFe;;_xBixOj9 samples (where x = 0.1;
0.3; 0.6; 0.9 and 1.2) performed by X-ray diffraction.

The formation of impurity phases during the synthesis
of hexaferrites with a large proportion of ion substitution
is a very common phenomenon. This phenomenon can
be explained by the fact that the ionic radius of iron
and the replacement ion are different — this leads to
distortion of the crystal structure of hexaferrites and at
high concentrations of the replacement impurity, a large
number of distortions accumulate, which possibly allows
the formation of impurity phases. In the case of substitution
by bismuth ions of ion radii Fe>* (R, = 0.49A) for
tetrahedral coordination; Rpez, = 0.58 A for pentahedral
coordination and Rpes; = 0.645A for octahedral coor-
dination) [39] and Bi** (Rpjz, = 0.84A for tetrahedral
coordination; Rpjzy = 0.96 A for pentahedral coordination
and Rgj, = 1.03 A for octahedral coordination) [40]. The
phase composition determined by X-ray diffraction data for
each sample is presented in Table 2.

A nonlinear change in the structural parameters for
the main phase (Pr.Gr. P63/mmc Ne 194) samples
BaFeq;_xBixO19 (where x =0.1; 0.3; 0.6; 09 and 1.2)
depending on the concentration Bi** Figure 2 shows the
concentration dependence of the lattice cell parameters and
the lattice cell volume of BaFe;; 4BixOj9 samples. An
increase of the lattice cell parameters from a = 5.880 A and
¢ = 23.160 A was noted for x = 0 [11] to a = 5.892A, and
c=23.189A for x = 0.3 was noted at the level of small
substitution concentrations (X = 0.1 and 0.3), where the
samples are single-phase. This is due to the large ionic
radius Bi** (as noted above). A sharp decrease of the pa-
rameters of the lattice cell to @ = 5.882 A and ¢ = 23.139 A
was noted with an increase of the concentration of bismuth
to X = 0.6, which may be caused by the deviation from
the specified stoichiometry with respect to bismuth due to
impurity phase formation. Further, an increase in the lattice
cell parameters was noted to a = 5.891 Aandc=123.175A
for x = 1.2, which may also be due to the competition

of two factors: the difference in ionic radii Fe3*/Bi3* and
impurity phase formation processes.

3.2. Magnetic structure

Figure 3 shows the M ossbauer spectra of
BaFe;;_xBixOj9 samples. Visually, all the spectra
do not differ from each other. All the spectra were
decomposed into 5 sextets. Obtained parameters: isomeric
shift § (mm/s), quadrupolar splitting A (mm/s), magnetic
field on nuclei Fe’ Neff(cFu), sextet areas S(% vol.),
the width of the resonance lines T (mm/s), are given
in Table 1.

It can be seen from Table 1 that iron ions correspond to
the degree of oxylation 3% in samples of all compositions,
according to the values of the isomeric shift. In this case,
all parameters are within the values characteristic of the
ions Fe3* corresponding to the coordination of polyhedra:
12k, 4f,, 2a — octahedra, 4f; — tetrahedron, and 2b —
bipyramide [40.41]. Table 1 shows the values of the isomeric
shift (6, mm/s) for all the samples studied, as well as for
unsubstituted barium hexaferrite (X = 0). As a result of
the analysis of the Mossbauer spectroscopy data, it can be
seen that the values of the isomeric shift correlate well with
the values for unsubstituted barium hexaferrite. This gives
reason to believe that iron ions have an oxidation state of
3+. The degree of oxidation of 24 for iron ions is not
fixed, because the values of the isomeric shift in this case
would be sharply different, which is well described in the
works [42,43]. It should be emphasized separately that the
high-spin and low-spin states are characteristic of iron ions
with an oxidation state of 2+ with a coordination number
of 6 (in octahedral anionic environment). Thus, it will not
be entirely correct to discuss the spin state of iron ions if
the presence of iron ions with an oxidation state of 2+ is
not noted in the studied samples. Absence of iron ions with
a degree of oxidation 24 may be an indirect confirmation of
our assumption that the substitution of bismuth ions occurs
in the B-positions.

Nevertheless, some parameters are slightly different from
the theoretical ones. This concerns the areas (Fig. 4) of
Fe ions (4f;), which reach up to 24.63% vol. (x =1.2)
compared to the theoretical 16.7%rel., as well as 2b ions
with an area of 4.4%rel, compared to the theoretical
value of 83%rel. This can be explained by the higher
probability of the resonant effect of tetrahedral ions Fe3*,
compared with octahedral ones, as explained in [44], and
the lower probability of ions Fe3* in the case of their
localization in bipyramide, as a consequence of the greater
amplitude of thermal vibrations iron ion. The areas of
sextets are the most sensitive parameters to isomorphic
substitutions, therefore, Fig. 4 shows their dependences
on the substitution coefficient X. A small monotonic
decrease can be distinguished only for the position 12k
from the dependencies obtained. The remaining curves are
characterized by a statistical spread of values. Assuming
that a small monotonic decrease in the area from the

Physics of the Solid State, 2023, Vol. 65, No. 8
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Table 1. Parameters of the Mdssbauer spectra of samples BaFej>_xBixO19
Sampl C Isomeric Quadrupole Magnetic Area Width Interf
ample omponent shift §, mm/s | splitting, Amm/s | fields Hexr, kOe | component S,% | lines I', mm/s nterference
C1(Fe*" )y 0.35 0.42 414 50.5 0.32 12k
C2(Fe* v 0.38 0.20 516 16.8 0.29 4f,
x=0 | C3(F*)y 0.26 022 489 19.8 031 4f,
C4(Fe* )y 0.34 0.01 507 75 0.26 2a
C5(Fe*)y 028 221 400 54 0.30 2b
C1(Fe**)wi 0.36 0.42 415 50.3 0.35 12k
C2(Fe*")wr 0.39 0.19 516 175 0.28 4f,
x=0.1 | C3(Fe*" )y 0.27 0.21 491 219 0.33 4fy
C4(Fe* v 0.34 0.01 507 54 0.21 2a
C5(Fe* )y 0.28 221 402 49 0.27 2b
C1(Fe**)vi 0.36 0.42 414 499 033 12k
C2(Fe*")wr 0.38 0.21 516 143 0.28 4f,
x=0.3 | C3(Fe*") 0.27 0.27 491 207 0.31 4f;
C4(Fe*)vi 0.36 0.04 507 10.3 0.30 2a
C5(Fe*")y 0.29 222 400 48 0.24 2b
C1(Fe*")w 0.36 0.42 415 498 0.34 12k
C2(Fe**)wi 038 0.20 518 146 023 4,
Xx=0.6 | C3(Fe*")v 0.27 0.21 492 207 0.32 4f;
C4(Fe*)vi 0.37 0.04 506 9.7 031 2a
C5(Fe*)y 0.29 221 402 52 0.29 2b
C1(Fe* v 0.35 0.42 415 49.1 0.33 12k
C2(Fe* v 0.39 0.21 516 16.8 0.27 4f2
x=0.9 | C3(Fe*")y 0.27 0.20 492 231 035 4f
C4(Fe* )y 0.33 —0.02 509 6.3 0.22 2a
C5(Fe*)y 0.28 22 401 47 0.24 2b
C1(Fe* v 0.35 041 413 48.8 0.35 12k
C2(Fe*")w 0.39 0.22 515 14.1 0.24 4f
x=12 | C3(F )y 0.28 0.19 491 24.6 0.36 4,
C4(Fe* ")y 0.34 —0.03 509 8.0 0.28 2a
C5(Fe*")y 0.27 224 400 45 0.23 2b
Table 2. Phase composition of samples BaFej,_xBixO19 obtained from the analysis of X-ray diffraction spectra
Content Content Content Content Content
Concentration basic impurity impurity impurity impurity
Bi*"(x) phases BaFe ;019 Phases BiFeO3 Phases BiO; phases BaBi,Og phases BaOy 5Bi; 503,16
P6;/mmc, vol.% Pnma, vol.% Fm3m, vol.% R-3, vol.% Im-3m, vol.%
0.1 100 - - — -
0.3 100 — — — —
0.6 95.11 345 1.44 — —
09 93.48 4.65 1.41 0.46 -
12 88.27 7.60 2.58 — 1.55
5* Physics of the Solid State, 2023, Vol. 65, No. 8
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ions Fe’* of the position 12k is associated with the
occurrence of Bi ions, then at X = 1.2 it will be 1.75%rel.,
and when converted to the formula coefficient x will be
equal to 03. Considering that the ionic radius Bi’*
(coord. number VI) is 1.17A, and Fe** (coordination
number VI) 0.67 A, ion substitution Fe ions Bi at the degree
of substitution X > 0.3 is unlikely. Therefore, 2 variants
are possible at higher concentrations: ions Bi** replaces
ions Ba?*, or bismuth remains in the form of Bi;O3; and
no isomorphic substitutions occur. Then the ions adjacent
to the vacancies should have increased local distortions of
polyhedra, however if substitution occurs according to the

scheme 3Ba’" by 2Fe’*, this is not observed by the values
of quadrupolar splittings. Therefore, the radiography data
should record Bi,O3 and an increase in its content as X
increases.

3.3. Investigation of microstructural parameters

Figure 5 shows the distribution of the average particle size
and SEM images for the samples under study. It is possible
to distinguish clear grains of regular hexagonal shape
(especially for samples with small degrees of substitution)
in the SEM images for BaFe;,_xBixO19. An agglomeration
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of particles with an increase in grain size was noted with an
increase of the degree of substitution by bismuth ions. This
may be a consequence of glass transition processes due to
the fusibility of bismuth oxide. The analysis of hexaferrite
surface images and the construction of a histogram of
particle size distribution based on them (Fig. 5) showed that
the sample BaFe;;_xBixO19, with a degree of substitution
X =0.1 is characterized by unimodal the particle size
distribution with an average size of about 1.5—2.0 and is
not replaced by large particles.

An increase in the degree of substitution to X = 0.3 leads
to the formation of grains with sizes up to 7um, while
the largest number of grains have an area of 2um — 5Sc.
A further increase of the concentration of bismuth oxide
during the synthesis of barium hexaferrite to X = 0.6 causes
active agglomeration of small grains on the surface of large
ones, whose sizes reach up to 9um, as can be seen in
the distribution. An increase of the degree of substitution
and heterogeneity of samples is the reason for the presence
of a large number of unsaturated bonds in ferrite particles,
which often contributes to their agglomeration. An increase
of the degree of substitution to X = 0.9 and X = 1.2 does
not cause significant changes in the grain size structure and
distribution. It is possible only to note the intensification
of particle agglomeration processes and a statistically more
uniform distribution of their sizes in the range from about
0.3-0.5 to 9.0-10.0um. The increase of the degree of
substitution and heterogeneity, as well as the grain size of
the samples is due to the following factors: 1) an increase of
the distortion of the crystal lattice of hexaferrite, when the
ions Fe** are substituted by Bi**. 2) transport properties
of bismuth oxide, as you can see, grain growth goes up to
a certain point X = 0.6, a further increase in the proportion
of substitution does not carry significant changes in size.

4. Conclusion

A solid solution of Bi-substituted hexaferrites
BaFe;_xBixO19 was synthesized by the method of
solid-phase reactions (where x =0.1; 0.3; 0.6; 0.9 and
1.2). Studies of the structural-phase state of the samples
were carried out BaFej;_xBixOj9 (where x = 0.1; 0.3; 0.6;
0.9 and 1.2) by X-ray diffraction in Co-K, radiation. It
was found that samples with a low degree of substitution
(x <0.3) are single-phase and can be described in the
framework of Pr. Gr. P63/mmc Ne 194. An increase of the
lattice cell parameters of these compositions was shown,
which correlates well with the values of the ion radii
Fe3*/Bi3*. Impurity phase formation of BaFej;_yBixO1g
samples (where X > 0.6) was noted, which can be
explained by difficulties in the diffusion of ions (iron,
bismuth and barium) during solid-phase synthesis, and also,
the formation of defects in the structure of magentoplumbite
due to the large ionic radius Bi3*. A sharp decrease of the
parameters of the lattice cell was noted with an increase
in the concentration of bismuth to 0.6, which may be the
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result of a deviation from the set stoichiometry for bismuth
due to impurity phase formation. Further, an increase in
the parameters of the lattice cell is shown with an increase
in the concentration of bismuth from X =0.6 to x =1.2
which may be attributable to the competition of two factors:
the difference in ionic radii Fe’*/Bi’* and processes of
impurity phase formation.

Samples of BaFe;;_xBixOj9 were studied using Moss-
bauer spectroscopy method. The results indicate that iron
ions correspond to a valence of 3+ in samples of all
compositions, according to the values of the isomeric shift.
In this case, all parameters are within the values character-
istic of the ions Fe3* corresponding to the coordination of
polyhedra: 12k. 42, 2a — octahedra, 4f1 — tetrahedron,
and 2b — bipyramide. It is possible to single out a small
monotonic decrease only for the position 12k. Assuming
that a small monotonic decrease of the area from the ions
of the Fe** position 12k is associated with the occurrence
of Bi ions, then at X = 1.2 this will be 1.75%rel., and
when converted to a formula coefficient X will be equal
to 0.3. A possible substitution scheme is provided at
concentrations X > 0.3.

Scanning electron microscopy studies and image analysis
were performed to determine the effect of concentration
substitution with Bi** ions on the microstructure parameters
of BaFe;; _xBixOj9 samples. It was shown that samples
with X > 0.3 have regions with heterogeneous composition.
It was found that samples with a low degree of substitution
(x =0.1) are characterized by a unimodal distribution of
particle sizes with an average value of 1.5—-2.0um. An
increase of the concentration of bismuth (x = 0.3 and 0.6)
causes an active agglomeration of particles with sizes up
to 9—10um and the bimodal nature of the particle size
distribution is noted in the samples. A further increase of
the concentration of bismuth (X = 0.9—1.2) is marked by
an asymmetric distribution with a particle size up to 10 um.
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