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ABSTRACT The present paper investigates features of a (Bi, Fe, �)2(Fe, W)2O6O′δ cubic pyrochlore-structured
phase (hereinafter BFWO) formation in the Bi2O3–Fe2O3–WO3–(H2O) system under the hydrothermal syn-
thesis conditions at T < 200 ◦C and in the range of pH < 1. It was found that the BFWO phase is formed
even when the amorphous precursor suspension is less than 100 ◦C. The BFWO phase particles have a con-
ditionally spherical morphology and are polycrystalline. The dependency of the average particle size on the
synthesis temperature correlates well with the dependency of the average crystallite size on this parameter:
both values increase abruptly with an increase in the amorphous precursor suspension treatment temperature
from 90 to 110 ◦C (from ∼140 and 70 nm to ∼180 and 90 nm, respectively), and with a further increase in
the hydrothermal treatment temperature to 190 ◦C, they increase more smoothly (up to ∼210 and 110 nm,
respectively). It was found that the average number of crystallites in a particle is ∼9 units regardless of the
synthesis temperature, i.e. an increase in the BFWO phase particle size with the increasing temperature (in
the considered temperature range) occurs mainly due to an increase in the size of their constituent crystallites.
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1. Introduction

The pyrochlore-structured complex oxide phases with variable composition are the objects of active researches in
modern materials science [1–5]. Currently, there is an increased interest in ternary and more multicomponent pyrochlores
containing d-elements, since this class of complex oxides has a set of promising physicochemical properties, among which
are magnetic [6–8], electrophysical [9, 10], catalytic [11, 12] and optical [13–15] ones. In most of the presented works,
the pyrochlore phase is obtained by the solid-state synthesis [6–11, 13], and only in some works, chemistry methods are
used to obtain the pyrochlore phase, in particular, by the hydrothermal method [12,14–16] or by co-precipitation followed
by annealing [17, 18]. Important advantages of the hydrothermal method are the possibility of obtaining nanocrystalline
materials and synthesizing oxide phases that are unstable at elevated temperatures [19,20]. It should be noted that in most
papers devoted to the hydrothermal synthesis of oxide nanomaterials, of hydrothermal treatment temperature is in the 100
to 250 ◦C range [21–24].

The hydrothermal treatment temperature and the pH value of the hydrothermal fluid are among the most important
parameters of synthesis, since they affect the kinetics of the processes occurring under hydrothermal conditions, determin-
ing the crystalline phase precursor solubility and the reacting components diffusion rate. In this regard, the dimensional
and morphological characteristics, as well as the chemical composition of the crystalline product, as a rule, strictly depend
on these parameters [25–29].

In the Bi2O3–Fe2O3–WO3–(H2O) system, the cubic pyrochlore-structured phase (BFWO) was obtained by hy-
drothermal synthesis only at T = 200 ◦C [14, 16, 28] and 180 ◦C [15], while other isothermal regions of the phase
diagram were not studied. In this work, the BFWO phase was obtained at lower temperatures of the amorphous precursor
suspension treatment (90–190 ◦C).
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The effect of the hydrothermal fluid pH on the chemical composition and size parameters of particles and crystallites
of the BFWO phase was studied in [28]. It was shown that in the Bi2O3–Fe2O3–WO3–(H2O) system, the composition
of the pyrochlore phase formed under hydrothermal conditions will coincide well with the nominal composition specified
for the synthesis when the hydrothermal fluid pH is in the ∼2 to ∼5 range. The average particle and crystallite sizes in
this pH range pass through an extremal value at pH ∼4–5, taking the smallest values at pH < 1. In other words, certain
synthetic problems are inevitable when it is required to obtain the BFWO phase with the smallest possible particle and
crystallite sizes and the composition specified for the synthesis at the same time. In this paper, a solution to this synthetic
problem is proposed.

The aim of this work is to study features of the cubic pyrochlore-structured phase formation in the Bi2O3–Fe2O3–
WO3–(H2O) system under the hydrothermal synthesis conditions at T < 200 ◦C and in the range of pH < 1.

2. Materials and Methods

2.1. Synthesis section

The synthesis procedure, which is the same for all samples, is described below, and Table 1 shows the values of the
variable synthesis parameters (nominal composition specified for the synthesis and hydrothermal treatment temperature).
To obtain one sample, x mmol of crystalline hydrate of bismuth (III) nitrate, Bi(NO3)3·5H2O (puriss. spec.), and y mmol
of crystalline hydrate of iron (III) nitrate, Fe(NO3)3·9H2O (pur.), were dissolved in 8.3 ml of 6 M HNO3 (puriss. spec.),
after which 41.7 ml of distilled water was added to the resulting solution. Next, z mmol of sodium tungstate (VI) crys-
talline hydrate, Na2WO4·2H2O (puriss. spec.), was dissolved in 50 ml of distilled water and the resulting solution was
added dropwise into the acidic solution of bismuth and iron nitrates stirred with a magnetic stirrer at 800 rpm (∼30 mL of
distilled water was then added there and used to rinse the beaker that had contained the sodium tungstate solution). After
additional stirring at 1000 rpm for ∼1 h, the amorphous precursor suspension (pH < 1) obtained this way was transferred
into Teflon chambers (∼80% filling) and placed in steel autoclaves, which were then put in a furnace heated up to T◦C.
After 24 h, the autoclaves were removed from the furnace and cooled in air. The resulting precipitates were separated
from the mother liquor (it was poured out), rinsed with distilled water several times by decantation and dried at 70 ◦C for
24 h.

According to the synthesis procedure described above, four series of samples were obtained (series 1 is the main one,
series 2, 3 and 4 are additional), the synthetic parameters of which are presented in Table. 1. When obtaining samples
of series 1, the amorphous precursor suspension treatment temperature was varied, and the remaining series of samples
were obtained in order to conduct additional studies. Series 2 was obtained in order to determine the effect of the amount
of iron (III) in the nominal composition on the phase composition of the hydrothermal synthesis products; series 3 was
produced for determining the phase composition of the precursor suspension dispersed phase before the hydrothermal
treatment; while series 4 was produced for determining the phase composition of the hydrothermal synthesis products in
the absence of some component in the nominal composition.

Samples of series 3 were obtained by the following procedure: when synthesizing samples of series 2: the suspensions
remaining after autoclaves filling were centrifuged, the liquid phase poured out, and the resulting wet precipitate dried at
70 ◦C for 24 h. When obtaining samples of series 4, the volumes of mixed solutions remained constant, only the presence
or absence of some component in the solutions varied. Rinsing of these samples after hydrothermal synthesis was carried
out in isopropyl alcohol. The W+H+ HTS 150 ◦C sample was synthesized by adding sodium tungstate (VI) solution to
the nitric acid solution. The Bi+W HTS 150 ◦C sample was synthesized by adding sodium tungstate (VI) solution to the
acidic bismuth (III) nitrate solution. The Fe+W HTS 150 ◦C sample was synthesized by adding sodium tungstate (VI)
solution to the acidic iron (III) nitrate solution. The Bi+Fe HTS 150 ◦C sample was synthesized by adding 50 ml of
distilled water to the acidic solution of bismuth (III) and iron (III) nitrates.

2.2. Characterization

The crystal structure of the obtained samples was analyzed by X-ray diffraction (XRD) using a Rigaku SmartLab 3
Powder X-ray Diffractometer (Rigaku Corporation, Japan). X-ray diffraction patterns (Co-Kα radiation (series 1 sam-
ples), Cu-Kα radiation (series 2, 3 and 4 samples),Kβ filter) were recorded in the Bragg-Brentano geometry at room tem-
perature. The observed peak parameters (the absolute intensity (Iabs), Bragg angle (2θobs), full width at half maximum
(FWHMobs), and the integral width (βobs)) were determined using the Rigaku SmartLab Studio II software package.
The same software package employed the method of fundamental parameters for plotting curves of the volume lognormal
crystallite size distribution. The instrumental broadening (FWHMinstr) was corrected by using a standard recorded
under similar conditions. The used standard was a single-crystal SrTiO3 plate with a polished side perpendicular to the
crystallographic direction [100]. According to the criterion that determines the type of peak profile [30], peaks in all sam-
ples were pseudo-Voigt, therefore, the calculation of the corrected value of the full width at half-height (FWHMcorr)
was carried out taking into account the pseudo-Voigt peak shape (equation (1), [30]). The average crystallite size (D)
and microstresses (εs) were calculated by the Williamson-Hall method for the case of pseudo-Voigt peaks observed in
diffraction patterns (equation (8), [31]). The calculation was performed using the peaks with Miller indices of 311, 222,
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TABLE 1. Obtained samples, nominal composition specified for the synthesis and synthesis temperature

Sample
Nominal n(Bi) (x), n(Fe) (y), n(W) (z),

T, ◦C
composition mmol mmol mmol

Fe1.5 HTS 90 ◦C 90

Fe1.5 HTS 110 ◦C 110

Series 1
Fe1.5 HTS 130 ◦C Bi0.5Fe1.5WO6 3.5 10.5 7.0 130

Fe1.5 HTS 150 ◦C 150

Fe1.5 HTS 170 ◦C 170

Fe1.5 HTS 190 ◦C 190

Fe0.5 HTS 150 ◦C Bi0.5Fe0.5WO4.50 3.5 3.5 7.0

Series 2 Fe1.5 HTS 150 ◦C Bi0.5Fe1.5WO6 3.5 10.5 7.0 150

Fe3.0 HTS 150 ◦C Bi0.5Fe3.0WO8.25 3.5 21.0 7.0

Fe0.5 no HTS no rinsing Bi0.5Fe0.5WO4.50 3.5 3.5 7.0 –

Series 3 Fe1.5 no HTS no rinsing Bi0.5Fe1.5WO6 3.5 10.5 7.0 –

Fe3.0 no HTS no rinsing Bi0.5Fe3.0WO8.25 3.5 21.0 7.0 –

W+H+ HTS 150 ◦C WO3 – – 7.0

Series 4
Bi+W HTS 150 ◦C Bi0.5WO3.75 3.5 – 7.0

150
Fe+W HTS 150 ◦C Fe1.5WO5.25 – 10.5 7.0

Bi+Fe HTS 150 ◦C Bi0.5Fe1.5O3 3.5 10.5 –

Note 1: Sample Fe1.5 HTS 150 ◦C is included in both Series 1 and 2

400, 511, 440, 531, 622, 444, and 711, assuming λ(CoKα1) = 1.789001 Å, KScherrer = 0.94, and Kstrain = 4. The use
of the Williamson-Hall method for calculating the average crystallite size was justified by the presence of microstresses
in all the samples, and the illegitimacy of using the traditional Scherrer’s formula in this case.

Scanning electron microscopy (SEM) images and bulk elemental composition of the samples were obtained on a
Tescan Vega 3 SBH scanning electron microscope (Tescan Orsay Holding, Czech Republic) with an Oxford Instruments
Energy Dispersive X-ray Microanalysis (EDXMA) attachment. The relative number of elements was calculated using
the AZtec software, and only such series of electronic transitions as Fe (K-series), Bi and W (L-series) were taken into
account in the calculation. The characteristic emission spectra of each sample were accumulated from three sites with
a total area of ∼9 mm2, with a set of statistics for at least 2.5 million pulses at each site. The readings from each site
were averaged, and the measurement error was determined at a confidence level of 0.95. The histograms of the volume
particle size distribution were constructed on the basis of random 500-particle samples for each synthesized sample from
series 1. The normal distribution curves describing the constructed histograms were plotted using the Origin 2018 software
package.

3. Results and discussions

3.1. Chemical composition

The EDXMA data on the bulk chemical composition of the obtained samples are presented in Table 2. In all samples
of series 1 and 2, the bismuth and tungsten atomic ratio generally corresponds to the nominal composition (except for
the Fe3.0 HTS 150 ◦C sample, in which there is a lack of tungsten), while the quantity of iron atoms in relation to these
elements is much less, than in the nominal composition. The depletion of the bulk composition of these samples in iron
(III) is apparently due to the fact that a significant part of this component remains in the cooled hydrothermal fluid, and
therefore is removed during sediment rinsing. It should be noted that in the case of the Fe1.5 HTS 190 ◦C sample, a certain
excess of iron in its bulk composition relative to other samples of series 1 is due to the presence of another iron-containing
phase in this sample (see 3.2. XRD analysis).

In addition, from the obtained data on the bulk composition of samples of series 3, it follows that, the distribution of
components between the dispersed phase and the dispersion medium of the precursor suspension is very uneven: tungsten
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TABLE 2. Bulk chemical composition of the obtained samples, in rel. at. units, according to the
EDXMA data

Sample
Nominal Bulk chemical composition

composition Bi/W±∆ Fe/W±∆ Bi/Fe±∆

Fe1.5 HTS 90 ◦C 0.50±0.02 0.40±0.01 1.26±0.06

Fe1.5 HTS 110 ◦C 0.54±0.04 0.35±0.02 1.57±0.03

Series 1
Fe1.5 HTS 130 ◦C

Bi0.5Fe1.5WO6
0.56±0.03 0.36±0.01 1.53±0.12

Fe1.5 HTS 150 ◦C 0.53±0.05 0.37±0.03 1.41±0.06

Fe1.5 HTS 170 ◦C 0.54±0.02 0.39±0.01 1.38±0.05

Fe1.5 HTS 190 ◦C 0.54±0.02 0.57±0.06 0.96±0.08

Fe0.5 HTS 150 ◦C Bi0.5Fe0.5WO4.50 0.54±0.03 0.31±0.01 1.78±0.04

Series 2 Fe1.5 HTS 150 ◦C Bi0.5Fe1.5WO6 0.53±0.05 0.37±0.03 1.41±0.06

Fe3.0 HTS 150 ◦C Bi0.5Fe3.0WO8.25 0.58±0.04 0.51±0.01 1.13±0.07

Fe0.5 no HTS no rinsing Bi0.5Fe0.5W4.50 0.37±0.02 0.06±0.01 6.12±1.13

Series 3 Fe1.5 no HTS no rinsing Bi0.5Fe1.5WO6 0.32±0.02 0.15±0.01 2.08±0.12

Fe3.0 no HTS no rinsing Bi0.5Fe3.0WO8.25 0.29±0.01 0.28±0.01 1.03±0.06

W+H+ HTS 150 ◦C WO3 – – –

Series 4
Bi+W HTS 150 ◦C Bi0.5WO3.75 0.53±0.05 – –

Fe+W HTS 150 ◦C Fe1.5WO5.25 – 0.54±0.01 –

Bi+Fe HTS 150 ◦C Bi0.5Fe1.5O3 no solid phase formed

(VI) is located predominantly in the solid phase, iron (III) – in the liquid phase, and bismuth (III) is distributed over these
phases approximately equally. In the bulk composition of all samples of series 3, impurity amounts of sodium are also
found, since the sediment was not rinsed during their preparation.

3.2. XRD analysis

Powder X-ray diffraction patterns of samples of series 1 are presented in Fig. 1. All the observed peaks refer to the
cubic pyrochlore-structured BFWO phase (CSD 1961005, [16]), the only exception is the Fe1.5 HTS 190 ◦C sample, the
diffraction pattern of which demonstrates weak peaks from the α-Fe2O3 phase, in addition to peaks from the BFWO
phase. The results of phase composition analysis of this sample indicate that the phase diagram of the Bi2O3–Fe2O3–
WO3–(H2O) system has a two-phase region in which the BFWO phase coexists with the hematite phase in the region of
compositions enriched in iron (III) oxide. The obtained experimental data can be useful for determining the boundary
of the homogeneity region of the BFWO phase from the side iron oxide (III) – under hydrothermal conditions at low
T (from 100 to ∼ 200◦C). An increase in the hydrothermal fluid pH, according to the data on phase equilibria in the
Fe2O3-H2O system [32], will lead to an increase in the FeOOH→ α-Fe2O3 transition temperature, which must be taken
into account when studying the BFWO – α-Fe2O3 phase equilibrium region. It should be noted that the hematite phase
may turn out to be nanocrystalline in the obtained samples, and a part of iron (III) may also be present in the amorphous
phase located, for example, along the BFWO grain boundaries [33, 34]. In both described cases, X-ray diffraction does
not make it possible to identify the iron-containing impurity phase in the presence of a complex oxide, in which the main
scattering centers are “heavy” bismuth and tungsten atoms.

The unit cell parameter a of the BFWO phase is, within the error, the same for all samples of series 1 and is 10.33(1) Å,
which indicates the absence of a noticeable change in the BFWO phase composition in these samples. It should be noted
that the amorphous halo is not found on the presented diffraction patterns, from which it can be qualitatively concluded
that the degree of the amorphous phase transformation into the crystalline BFWO phase is close to 1.

Fig. 2a shows the dependencies of the average crystallite size of the BFWO phase on the synthesis temperature,
and Fig. 2b shows the curves of the volume lognormal crystallite size distribution based on peak 222 depending on
the synthesis temperature (series 1 samples). The average crystallite size of the BFWO phase was estimated in two
ways: (1) by the Williamson–Hall graphical method (Fig. 3), where the peaks corresponding to different crystallographic
directions were included in the calculations, and (2) as a weighted average of the volume lognormal crystallite size
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FIG. 1. XRD patterns (series 1 samples)

FIG. 2. (a) dependencies of the average crystallite size of the BFWO phase on the synthesis temperature
and (b) curves of the volume lognormal crystallite size distribution based on peak 222 depending on the
synthesis temperature (RSD – relative standard deviation) (series 1 samples)
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FIG. 3. Williamson-Hall plots for samples obtained at different synthesis temperatures (a (90 ◦C),
b (110 ◦C), c (130 ◦C), d (150 ◦C), e (170 ◦C), f (190 ◦C)) (series 1 samples)

distribution based on peak 222. The average crystallite size calculated by method (1) turns out to be larger for each
temperature taken than that calculated by method (2), however, both presented correlate well with each other. With an
increase in the precursor suspension treatment temperature from 90 to 110 ◦C, the average in all crystallographic directions
crystallite size increases abruptly from ∼70 to 90 nm, and the average in the [111] direction crystallite size from ∼55 to
70 nm; with a further increase in the hydrothermal treatment temperature to 190 ◦C, the average crystallite size increases
more smoothly to ∼110 nm in the first case and to ∼80 nm in the second. It can be assumed that the differences in the
average crystallite sizes calculated by the two methods are due either to some anisotropy of the crystallites or to the fact
that the instrumental broadening of the device is taken into account in the first case using an external standard, while in
the second case it is calculated based on the optical configuration of the device.

Powder X-ray diffraction patterns of samples of series 2, 3, and 4 are shown in Figs. 4,5,6, respectively. In the Fe0.5
HTS 150 ◦C sample, in addition to peaks belonging to the BFWO phase (a = 10.33(1) Å), broad peaks are observed
at 2θ angles (Cu-Kα radiation): 22.6, 28.1 (possibly Bi2WO6 (PDF no. 73-1126)), 36.4 and 55.3◦, which indicate the
presence of impurity amounts of an unidentifiable phase. The appearance of an impurity crystalline phase indicates that



248 M. S. Lomakin, O. V. Proskurina, V. V. Gusarov

FIG. 4. XRD patterns (series 2 samples)

FIG. 5. XRD patterns (series 3 samples)

FIG. 6. XRD patterns (series 4 samples)



Pyrochlore phase in the Bi2O3–Fe2O3–WO3–(H2O) system... 249

FIG. 7. (a (90 ◦C), b (110 ◦C), c (190 ◦C)) SEM data and (d) dependency of the BFWO phase average
particle size on the synthesis temperature (series 1 samples)

the bulk composition of this sample, apparently is in the region of the phase diagram, which is more depleted in iron
oxide, in comparison with the boundaries of the BFWO phase homogeneity region. In the Fe1.5 HTS 150 ◦C and Fe3.0
HTS 150 ◦C samples, the only crystalline phase is the BFWO phase (a = 10.33(1) Å and 10.35(1) Å, respectively), whose
peaks in the second case turn out to be more broadened. The presented values of the BFWO phase unit cell parameter a
indicate that the composition of this phase in the Fe3.0 HTS 150 ◦C sample is more enriched in bismuth (III) than in other
samples.

Thus, based on the data on the chemical and phase composition of the samples of series 1 and 2, it can be concluded
that when the nominal composition of a sample contains a 2–4 times excess of iron (III) (relative to the stoichiometry of
the BFWO phase homogeneity region) and the temperature of the precursor suspension hydrothermal treatment does not
exceed ∼170 ◦C, there occurs the formation of the BFWO phase without impurities of other crystalline phases and with
the Bi/W atomic ratio specified for the synthesis. In the case when the excess of iron (III) is ∼8 times, the composition
of the forming BFWO phase turns out to be somewhat depleted in tungsten (VI) relative to the nominal composition
specified for the synthesis. Otherwise, in the absence of an excess of iron (III), the bulk composition of the crystalline
product formed as a result of hydrothermal synthesis (at pH < 1) is beyond the BFWO phase homogeneity region.

Powder X-ray diffraction patterns of samples of series 3 (Fig. 5) do not show any peaks from crystalline phases,
which suggests that the dispersed phase of the precursor suspension is X-ray amorphous.

According to phase composition data (Fig. 6), no peaks characteristic of the pyrochlore-structured phase are observed
in the samples of series 4. In the W+H+ HTS 150 ◦C sample, most of the reflections belong to the WO3·0.333H2O (PDF
no. 87-1203) and WO3·H2O (PDF no. 84-886) phases, and the rest are not identified; in the Bi+W HTS 150 ◦C sample
the Bi2WO6 (PDF no. 73-1126) and WO3 (PDF no. 75-2187) phases are detected; in the Fe+W HTS 150 ◦C sample the
Fe2(WO4)3·10.7H2O (PDF no. 23-308) phase is found while in the Bi+Fe HTS 150 ◦C sample the solid phase is absent.

3.3. SEM

The SEM data of samples of series 1 are presented in Fig. 7. In all single-phase samples of this series, only one mor-
phological motif is observed, i.e. conditionally spherical particles, the size of which depends on the precursor suspension
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FIG. 8. Histograms and corresponding curves of the volume normal particle size distribution and nor-
mal distribution parameters, i.e. average size and RSD (relative standard deviation), for samples ob-
tained at different synthesis temperatures (a (90 ◦C), b (110 ◦C), c (130 ◦C), d (150 ◦C), e (170 ◦C),
f (190 ◦C)) (series 1 samples)
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treatment temperature. In the Fe1.5 HTS 190 ◦C sample, in addition to the BFWO phase particles, rare large particles
resembling an elongated spheroid can be observed. According to the local EDXMA data, these large particles are the
α-Fe2O3 phase (spectrum 1: Bi0.73Fe20.0WO34.10), which peaks were detected in the diffraction pattern of the sample.
It is interesting to note that the composition of the BFWO phase (spectrum 2: Bi0.59Fe0.38WO4.46), obtained from a cer-
tain limited area that does not contain hematite particles, generally coincides with the bulk composition of single-phase
samples of this series.

The constructed histograms of the volume particle size distribution are well described by the normal distribution
function (Fig. 8), from which average particle sizes of the BFWO phase were determined. The dependency of the average
particle size (Fig. 7d) on the synthesis temperature correlates well with the dependency of the average crystallite size
on this parameter (Fig. 2): with an increase in the precursor suspension treatment temperature from 90 to 110 ◦C, the
average particle size increases abruptly from ∼140 to 180 nm, and with a further increase in the hydrothermal treatment
temperature to 190 ◦C, it increases more smoothly to ∼210 nm.

It should be noted that the BFWO phase particles observed in the micrographs are predominantly polycrystalline,
which follows from a comparison of the average particle and crystallite sizes. Assuming that all particles and crystallites
are conditionally spherical, and their diameters are equal to the average particle (Fig. 7d) and crystallite sizes (Fig. 2,
Williamson-Hall method), respectively, the average number of crystallites in a particle will be ∼9 units regardless of the
synthesis temperature. This fact may indicate that the increase in the BFWO phase particle size with temperature (in the
considered temperature range) occurs mainly due to an increase in the size of their constituent crystallites. A jump-like
increase in the average crystallite and, as a result, particle size following an increase in the precursor suspension treat-
ment temperature from 90 to 110 ◦C may apparently, indicate a sharp increase in the amorphous precursor components
solubility upon transition to the hydrothermal synthesis mode (T > 100 ◦C).

4. Conclusion

The characterized cubic pyrochlore-structured phase (BFWO) in the Bi2O3–Fe2O3–WO3–(H2O) system was ob-
tained by hydrothermal synthesis at T < 200 ◦C and in the range of pH < 1. It was found that the BFWO phase is
formed even when the precursor suspension treatment temperature is less than 100 ◦C, i.e. is beyond the lower limit of
the hydrothermal synthesis. It was shown that when a sample nominal composition contains a 2–4 times excess of iron
(III) (relative to the stoichiometry of the BFWO phase homogeneity region) and the precursor suspension hydrothermal
treatment temperature does not exceeds ∼170 ◦C, then the formation of the BFWO phase without impurities of other
crystalline phases and with the Bi/W atomic ratio specified for the synthesis is observed. In this case, the excess of iron
(III) remains in the liquid phase and is removed from the system by rinsing the crystalline precipitate. With an increase
in the hydrothermal treatment temperature to ∼190 ◦C, along with the pyrochlore phase, a hematite phase (α-Fe2O3) is
formed. In the case of as much as the 8-time excess of iron (III), the composition of the forming BFWO phase turns out to
be somewhat depleted in tungsten (VI) relative to the nominal composition specified for the synthesis. Otherwise, when
there is no sufficient excess of iron (III) in the nominal composition of the sample, as a result of hydrothermal synthesis,
multiphase mixtures containing the BFWO phase are formed, the bulk composition of which is in the region of the phase
diagram that is more depleted in iron oxide, compared to the BFWO phase homogeneity region boundaries. It is shown
that in the absence of any component in the nominal composition, a pyrochlore-structured phase is not formed as a result
of hydrothermal synthesis.

It was established that the precursor suspension is dispersed phase X-ray amorphous, and the isothermal exposure
for 24 h at all studied synthesis temperatures is sufficient to achieve complete transformation of the amorphous phase
into the crystalline BFWO. The BFWO phase unit cell parameter a is 10.33(1) Å regardless of the synthesis temperature
(the nominal composition being Bi0.5Fe1.5WO6), which indicates that there is no noticeable change in the formed BFWO
phase composition with temperature variation in the studied range.

The dependency of the average particle size on the synthesis temperature correlates well with the dependency of the
average crystallite size on this parameter: both values increase abruptly with an increase in the amorphous precursor sus-
pension treatment temperature from 90 to 110 ◦C while with a further increase in the hydrothermal treatment temperature
to 190 ◦C, they increase more smoothly. Apparently, such a nature of the dependencies of these values on temperature
may indicate a sharp increase in the solubility of the amorphous precursor components upon transition to the hydrothermal
synthesis mode (T > 100 ◦C).

It was found that the average number of crystallites in a particle is ∼9 units regardless of the synthesis temperature.
This fact may indicate that the increase in the BFWO phase particle size with increasing temperature (in the considered
temperature range) occurs mainly due to an increase in the size of their constituent crystallites.
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