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Hccneoosan npoyecc anoonozo pacmeopeHusn xcenesa (uucmoma ne menee 99%) 6 60o-
HbIX pacmeopax xaopuoa éapus, Humpama 6apus u GUHAPHLIX INEKMPOIUMAX 8 2A1bEAHOCMAMU-
YeCKUX YCN06UAX U MEMOOOM CHAMUA NOMEHUHOOUHAMUYECKUX NONAPUIAUUOHHBIX Kpueblx. Iloka-
3aHO 6nMUAHUE COCMABA U KOHUEHMPAWUU PACMEOopa U GeAUYUHbl NPUTOHCEHHO20 NOCMOAHHOZ20
MOKA HA UHMEHCUBHOCIb AHOOHO20 OKUCAeHUA Jcene3a. Buiasneno, umo ckopocmov okucnenus me-
manna 6 OUHAPHBIX IIEKMPOTUMAX, COOEPIHCAUUX XII0OPUO U HUmMpPam 6apus, cCOnOCMaAguMa ¢ UH-
MEeHCUBHOCHIbIO AHOOHO20 PACMEOPEHUS 8 DACMEOPE HA OCHOBe XJ10pUOa bapus. Ycmanoeieno, umo
AHOOHAS NOJIAPUAUUOHHASA KPUGAA 8 paAcmEopax, colepicauyux BaCl, u Ba(NOs),, umeem coxicuyro
hopmy, munuunyro 0na naccusupyrOUUXca Memaiios; Ha Hell, KAK U 8 pAcCmeope HUmpama oapus,
uMeem Mecmo YeMmKuil MaKCUMyM MOKa AHOOHO020 OKUCTEHUA, 0OHAKO 6bICOMA NUKA 3HAYUMETbHO
evtute (6 50-150 pa3). Ilpeonorcen cnocod cunmesa oucnepcHozo heppuma é6apus, 0CHOBAHHLLI HA
AHOOHOM OKUCIEHUU Jceile3d 8 600HBIX PACHEOPAX XI0PUOA U HUMpPama 6apus ¢ nociiedyouieil mep-
MO0OPadomKoii npoOyKma I1eKmpoxXumuueckozo pacmeopenus. Dazosvlil u InemMeHmHbLI COCIAG U
CMPYKmYpHble XapaKmepucmuKu nojly4eHHbIX 00pa3yoe npekypcopa u geppuma ucciedo8ansvl ¢
npumenenuem penmzenogpazoeozo ananuia. Iloxkazano enuanue pexrcuma mepmuyeckoil 0opadomku
Ha (azoevlii cocmag CUHmME3UPOBAHHBIX 00PA3Y08. YCHAHOBIEHO, UM O ITEeKMPOIU3 C PACIEOPUMBIM
JHcene3snviM anooom npu nocmosannom moke 6 pacmeope 0,05M BaCl, + 0,5M Ba(NOs); u nocreoy-
owaa mepmoodpadomka npooykma pacmeopenun (1200 °C) ovecneuusaem ¢ghopmuposanue ouc-
nepcHoil cucmembl, (hazoewlii cocmas KOmMopoil npedcmasien npeumyujecmeenno BaogrFe11,0801715
(74%) u BaFe:O4 (17%).

KiroueBble c10Ba: aHOIHOE pacTBOpeHHe, dekTpoin3, BaCly, Ba(NOs3),, xene3Hblii aHOI, UCTIEpCHAst
cuctema, GpeppuT dapus
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The process of anodic dissolution of iron (purity not less than 99%) in agueous solutions
of barium chloride, barium nitrate and binary electrolytes under galvanostatic conditions and by
registration of potentiodynamic polarization curves was investigated. The influence of solution
composition and concentration and the value of applied direct current on the intensity of anodic
oxidation of iron was shown. It was revealed that the oxidation rate of metal in binary electrolytes
containing barium chloride and barium nitrate is comparable with the intensity of anodic dissolu-
tion in a solution based on barium chloride. It was found that anodic polarization curve in solutions
containing BaCl, and Ba(NOs). has a complex form typical of passivated metals. There is a clear
maximum of anodic oxidation current on this curve, as well as in barium nitrate solution, however
the peak height is much higher (50-150 times). A method for the synthesis of dispersed barium
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ferrite, based on the anodic oxidation of iron in aqueous barium chloride and barium nitrate solu-
tions with subsequent thermal treatment of the product of electrochemical dissolution was sug-
gested. The phase and elemental composition and structural characteristics of obtained precursor
and ferrite samples were examined using X-ray phase analysis. The influence of the heat treatment
mode on the phase composition of the synthesized samples is shown. It is found that electrolysis
with a soluble iron electrode using direct anode current in 0.05M BaCl; + 0.5M Ba(NOs3). solution
and subsequent thermal treatment of the dissolution product at 1200 ° C provide the formation of dis-
persed system, whose phase composition is predominantly Baos7Fe11.0s017.15 (74%) and BaFe;04 (17%).

Key words: anodic dissolution, electrolysis, BaCl,, Ba(NOs)., iron anode, dispersed system, barium ferrite
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INTRODUCTION

Ferrite-based magnetic materials have a wide
range of industrial and technological applications, such
as radio and computer engineering, telecommunica-
tion, various electronic and electrical equipment de-
vices. Most of the ferrites are ferrimagnets and com-
bine high magnetic susceptibility with semiconductor
or dielectric properties, which is why they are broadly
used as magnetic materials. Ferrites with a hexagonal
crystal structure (M-type) occupy a special place
among them, in particular, barium and strontium hex-
aferrites, which dominate the world market of perma-
nent magnets; they account for more than 90% of the
global production of ceramic magnets [1].

At present, M-type hexagonal barium ferrites
with the structure of magnetoplumbite BaFe1,0O19 are
important magnetic materials [2] and have versatile
properties: high values of coercive force, saturation
magnetization, magneto-crystalline anisotropy, electri-
cal resistivity, excellent chemical stability, low eddy
current loss, relatively low cost, corrosion resistance [3-5].

Such a variety of functional characteristics
makes it possible to use barium hexaferrites to obtain
new-generation permanent magnets [2], as information
carriers with a high recording density [6-7], as absorb-
ing material in various microwave devices and electro-
magnetic shielding systems [8-9], in medicine, in par-
ticular for hyperthermia of malignant cells, treatment
of liver cancer, delivery and retention of medicines in
the body [7, 10-11].

There are various methods for the synthesis of
dispersed powders of hexagonal barium ferrites, in
most cases mainly chemical methods are used. The
most common and popular methods are chemical co-
precipitation [12-13], hydrothermal synthesis [14-15],
sol-gel technique [16-17]. Nanosized BaFe;20O19 has
been obtained in the form of ultrafine powders [18],
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nanocrystals [16], hollow microspheres [19], nano-
plates [20], solid [21] and hollow fibers [22]. Tradi-
tional methods for producing ferrites are multi-stage
processes, characterized by the laboriousness, com-
plexity of the technology and high duration of individ-
ual process steps, require high temperatures and high
consumption of reagents.

In recent years, a number of electrochemical
methods have been proposed [23-26] to be used for ob-
taining highly dispersed iron-containing oxide systems
involving AC and DC electrolysis. For instance, in a
study [24] nanodispersed powders of iron oxides were
obtained by applying an alternating sinusoidal current
to iron electrodes in 17 M NaOH solution. In this case,
the maximum powder production rate has been
achieved at a current density of 2.5 A/cm?, a frequency
of 20 Hz and an electrolyte temperature of 70 °C. An-
other study [25] reported on the synthesis of ma-
ghemite nanoparticles by electrochemical oxidation of
iron electrodes in an agqueous solution of dimethylfor-
mamide (DMF) with the addition of cationic surfac-
tants. The electrochemical method for the synthesis of
metal oxide powders is the most environmentally
friendly and clean. Moreover, such approach allows
one to obtain highly dispersed oxide systems and effi-
ciently control the synthesis process and product char-
acteristics (particle sizes, phase and chemical compo-
sition) by varying the electrolysis parameters.

The present work focused on the results of a
study of the anodic oxidation of Fe in barium chloride
and barium nitrate solutions. The objective of this
study is to suggest an electrochemical method for pro-
ducing dispersed ferrites using electrolysis with a sol-
uble anode, as well as to investigate the influence of
electrolysis conditions (solution composition and con-
centration, current density) on the intensity of anodic
dissolution of iron and characteristics of the obtained
dispersed products.
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EXPERIMENTAL PART

Polarization measurements were carried out in
a conventional three-electrode electrochemical cell us-
ing a platinum auxiliary electrode, commercial
Ag/AgCl reference electrode (E = 0.222 V) and work-
ing iron electrode under standard conditions (101.3 kPa,
298 K) with natural aeration in the potentiodynamic re-
gime (potential scanning speed of 1 mV/s) by means of
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a computer-controlled potentiostat-galvanostat model
P-301M (Elins). The test iron electrode was of 99.1%
purity (elemental composition is given in Table 1) with
exposed surface area of 0.36 cm?. The surface of the
test electrode was mechanically polished using dia-
mond paste, degreased with ethanol, and rinsed with
double-distilled water before to the experiment.

Table 1
Elemental composition of iron samples (%)
Taéauya 1. IneMeHTHBIH COCTAB KeJie3HbIX 00pa3uoB (%)
Fe C Si Mn P S Cr Mo Ni Al Co | Cu Ti \Y W
99.1 | 0.12 | 0.07 | 0.45 | 0.01 | 0.01 | 0.01 | 0.005 | 0.03 | 0.005 | 0.02 | 0.06 | 0.002 | 0.005 | 0.02

Synthesis of a highly dispersed precipitate
was performed via electrolysis in a rectangular cell
(80 mmx50 mmx50 mm) of 200 ml using direct cur-
rent (DC) power supply (MATRIX, model MPS-
7101). The plates made of technical iron (99.1% pu-
rity) and 12Cr18Nil0Ti stainless steel served as solu-
ble anode and cathode, respectively. The working sur-
face area of the cathode and anode was the same (5 cm?),
the electrodes were located near the opposite walls of
the cell, the distance between them was 60 mm. The
experiments were carried out at room temperature and
natural aeration in aqueous solutions of 0.5 M BaCl;
and Ba(NOs), and binary solutions with different ratio
of these components — BaCl,: Ba(NOs3), = 1: 1; 1: 2; 1:
3; 1: 4; 1: 5; 1:10. The electrolysis was performed un-
der the following conditions: current density 100-
200 mA/cm?, voltage 8-10 V, electrolysis time 60 min.

For crystallization, the precipitate obtained
during electrolysis process was kept in a matrix solu-
tion for 48 h; then, it was filtered and dried at a tem-
perature of 80 °C for 2 h. Further, the dried powder was
subjected to thermal treatment at a temperature of 1200 °C
for 2 h.

X-ray diffraction analysis of the electrolysis
and thermal treatment products was carried out by
standard technique with a Rigaku SmartLab multifunc-
tional diffractometer using monochromated Cu K, ra-
diation (1 = 1,5418 A) operating at 20-60 kV voltage
and 2-60 mA current. Phase analysis of the samples
was conducted in the step scanning mode (the 26 scan-
ning step was 0.02°, exposure time at the point was 1 s,
the 20 shooting range varied from 3° to 65°). X-ray dif-
fraction patterns were analyzed using the JCPDS data-
base [27].

A profile analysis of the XRD patterns (phase
composition, structural and microstructural parameters
of the detected phases) was carried out with PDXL-2
software package. The diffraction peaks were de-
scribed by the pseudo-Voight function, the background
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— by B-splines. Due to the fact, that some of the de-
tected phases did not have free access to files contain-
ing crystallographic information, the semi-quantitative
phase analysis was carried out by fitting the theoretical
values of the reflection intensities to the experimental
ones and subsequent calculation using corundum coef-
ficients (RIR) in PDXL-2 software package. The re-
finement of the crystal lattice and microstructure pa-
rameters (the size of coherent scattering regions —
CSR, the magnitude of microstresses) was performed
after a full profile description of the experimental XRD
patterns. The calculation of the microstructural param-
eters was carried out in two ways: the Halder-Wagner
method [28] and the method based on the Cagliotti for-
mula [29]. In both cases, the instrumental broadening
of diffraction peaks was taken into account, which was
determined by shooting a standard sample of silicon
powder free of microstresses and dimensional broad-
ening. The lattice parameters and microstructural pa-
rameters were refined for phases that had sufficiently
intense diffraction maxima.

X-ray fluorescence analysis of the iron anode
and obtained precipitate (preliminary investigation)
was carried out using a portable X-ray fluorescence
spectrometer S1 TITAN (Bruker) with maximum volt-
age of 50 kV via data packet GeoChem General.

RESULTS AND DISCUSSION

In order to gain an insight into the intensity of
anodic dissolution of iron under the DC effect with a
maximum yield of its ionization products, we carried
out preliminary studies in aqueous solutions of barium
chloride and barium nitrate and determined the values
of the oxidation rate for iron electrode by the gravimet-
ric method. For the oxidation rate of the metal its
weight loss per unit of time (1 h), related to the unit of
its working surface, has been taken. According to the
obtained data (Table 2), a quite intense dissolution oc-

61



N.O. I'puropbeBa, A.®. [IpecBIHHUKOB

curs on the surface of iron anode during DC electroly-
sis in the barium chloride solutions (experiments 1-4,
Table 2), which begins along the edges of the plate; the
surface of the electrode is covered with a dark brown
film, easily washed off with water. The oxidation rate
of iron varies slightly with increasing current density
from 100 to 200 mA/cm? (experiments 1-3, Table 2).
On the contrary, an increase in the BaCl, concentration
promotes a more intense dissolution of the metal (ex-
periments 1 and 4, Table 2).

During DC electrolysis in the BaCl, solution, a
suspension of brown, swamp or gray-green color is
formed in the electrolyte volume, and dense brown
film is formed on its surface. After exposure to the
mother liquor (48 hours), filtering and drying for 2 h at
80 °C the powder of brown color is formed. A prelim-
inary X-ray fluorescence analysis revealed the pres-
ence of a significant amount of barium, chlorine and a
low iron content in the obtained samples (experiments
1-3, Table 2).

During electrolysis in barium nitrate solutions
(experiments 5-6, Table 2), the metal oxidation with
the subsequent formation of the precipitate in the bulk
of the solution does not occur with the weight loss of
the iron electrode tending to zero. Since active ioniza-
tion of iron does not occur, we can assume that in this
case there is passivation of the anode surface due to the
formation of an oxide film.

Table 2
Oxidation rate of iron in the DC mode
Tabnuya 2. CKopocTh OKHCJIEHMS Kese3a NP NOCTOSTH-

HOM TOKE
Ne Solution composition Current den- |Oxidation rate,
n/n P sity, mA/cm? | (mg/cm?-h)
1 0.5 M BaCl, 100 164
2 0.5 M BaCl, 150 178
3 0.5 M BaCl, 200 189
4 1.0 M BaCl, 100 225
5 0.5 M Ba(NOs3): 100 0
6 0.5 M Ba(NOs3), 150 0
0.5MBaCl; +0.5M
7 Ba(NOs), 150 158
0.2MBaCl, +0.6 M
8 Ba(NOs)s 150 145
0.1MBaCl,+04 M
9 Ba(NO)2 150 142
0.05 M BaCl, + 0.25
10 M Ba(NO3). 150 162
0.05 MBaCl, + 0.5 M
11 Ba(NOs), 150 166

Fig. 1 presents the anodic potentiodynamic
curves (potential-current, E = f(j) curves) of iron in the
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studied single-component solutions. One can see rela-
tively low values of the corrosion potential in these me-
dia: from (-90) - (-115) mV in BaCl,to (-110) - (-130)
mV in Ba(NOs).. The presence of chloride ions, which
are classical activators of the anode process, as well as
an increase in their concentration leads to an increase
in current density and the rate of dissolution of iron
(Fig. 1a).

A different picture is observed in the barium
nitrate solutions (Fig. 1b). The E = f(j) curves have a
typical form that is characteristic of passivating metals
— an active zone of anodic dissolution (or active-pas-
sive transitions) with the presence of current maximum
(peak), passivity region and region of oxygen evolu-
tion are clearly visible on these dependences. The an-
odic curve exhibits current peak near 0-30 mV (current
values do not exceed 10 mA/cm?), which should be as-
sociated to formation of a passive layer on iron. The
current peak reaches its highest values in 0.1 M
Ba(NOs), solution; at other concentrations, its value
decreases by about half. The extent of the passivity re-
gion is 475-600 mV (Fig. 1b).

350 E,mV 850
b

Fig. 1. Anodic potentiodynamic (1 mV/s) curves of iron in (a)
BaClz and (6) Ba(NOz)2. Solution concentration, mol/l: 1 —0.05;
2-0.1;3-05
Puc. 1. AronmHble moteHnmomHaMuYeckue (1 MB/c) kpuBbIe xe-
ne3a B BaClz (a) u Ba(NOs)2 (6). KoHneHTpauus pactsopa,
mous/n: 1 -0,05;2-0,1;3-0,5
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In order to determine the optimal electrolysis
conditions for obtaining the product, two-component
solutions, BaCl, + Ba(NOs),, were also investigated. In
these media, the anodic polarization curve also has a
complex shape typical of passivated metals (Fig. 2a
and curve 3 in Fig. 2b). It can be seen a clear current
maximum of the anodic oxidation, as well as in the
Ba(NOs), solution (Fig. 1b), however, due to activation
of the electrode surface by chloride ions, the peak
height increases significantly and corresponding cur-
rent density values are 50-150 times higher than in
Ba(NOs),. In addition, the oxidation peak becomes
much more extended in width (on average in the range
from -200 to 1000 mV) and shifted to higher potential.
Next, for higher potential values (above 900-1000 mV)
a relatively short passivity region (length 350-400 mV)
is observed (Fig. 2a).

Further, in order to obtain a product of the re-
quired composition and with a maximum yield,
electrochemical synthesis of dispersed samples was
carried out in binary electrolytes with different con-
tents of barium chloride and barium nitrate, ratio of
components is BaCl, : Ba(NOs),; = 1:1; 1:3; 1:4; 1:5;
1:10. According to the data (experiments 7-11, Table 2),
a change in the ratio of components weakly affects the
intensity of the anodic dissolution of iron, the values of
the oxidation rate in all cases are comparable. In these
media, unlike the BaCl, solutions, the anodic dissolu-
tion of metal, as a rule, starts from the 5-10th min of
the process.

The product of DC electrolysis in the 0.05M
BaCl, + 0.5M Ba(NOs); solution is initially a suspension
of marsh color. After its holding in the matrix solution
for 48 h, a two-layer precipitate is formed with clear
layer boundaries: brownish-green lower layer with a
height of 10-25 mm (with a cell width of 50 mm), and
the upper layer (5-10 mm high) is brown or red-brown
in color. This indicates the spatial separation of the
oxidation products of metallic iron, which are present
in the form of compounds with a predominance of iron
(1) in the lower layer of the precipitate, and,
conversely, iron (I11) — in the upper one. This indicates
the spatial separation of the products of oxidation of
metallic iron, which are present in the form of
compounds with a predominance of iron (1) in the
lower layer of the precipitate, and, conversely, iron
(11) in the upper one. After precipitate filtering, drying
and mechanical grinding at room temperature, a light-
brown product is formed. After precipitate drying at 80 °C
for 2 h, its color becomes more saturated and changes
to dark brown. After thermal treatment of the sample
at 1200 °C for 2 h, the color of the product becomes
darker, almost black.
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Fig.2. Anadic potentiodynamic (1 mV/s) curves of iron in (a)
two-component solution and (6) in semilogarithmic coordinates.
1-0.05M BaClz; 2 - 0.5M Ba(NOs)2; 3 - 0.05M BaClz + 0.5M

Ba(NO3):

Puc. 2. Anoansie motenimoauHamuaeckue (1 MB/c) kpuBbie xe-
Jie3a B IBYXKOMIIOHEHTHOM pacTBope (a) ¥ B moJryjorapupmude-
ckux koopaunarax (6): 1 — 0,05M BaClz; 2 — 0,5M Ba(NO3)2;

3-0,05M BaClz + 0,5M Ba(NOs)2

The XRD patterns of the samples obtained by
means of anodic oxidation of iron in the 0.05M BaCl,
+ 0.5M Ba(NOs3), solution and subsequent thermal
treatment are shown in Fig. 3, and the results of XRD
study as a function of heating temperature are given in
Table 3. According to these data, by the DC electroly-
sis and subsequent drying of the precipitate at 80 °C, a
dispersed material is formed, whose phase composition
is a mixture of complex iron hydroxide Fe600ss(OH)1.12
of goethite structure (54 wt%), witerite BaCOs (21 wt%),
iron nitride FesN (15 wt%), and also iron oxides —
magnetite (5 wt%) and hematite (5 wt%).

The high-temperature treatment at 1200 °C of
the precipitate obtained by electrolysis leads to
structural ordering and the formation of barium
hexaferrite Baos7Fe11.0801715 (74 Wt%) and barium
monoferrite BaFe,O4 (17 wt%) (Fig. 3b, Table 3). In
this case, the phase of iron oxide with hematite
structure (5 wt%) remains unchanged in the powder
composition, a-Fe phase (5 wt%) forms, the content of iron
nitride significantly decreases (from 15 wt% to 1 wt%).
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Fig. 3. XRD patterns of the samples obtained by DC electrolysis in 0.05M BaClz + 0.5M Ba(NOs)2 solution and thermally treated at (a) 80 °C:
1 — Fe0.9600.88(OH)1.12, 2 — BaCOs, 3 — FesN, 4 — Fe30a, 5 — a-Fe203, and (b) 1200 °C: 1 — Bao.s7Fe11.08017.15, 2 — BaFe204, 3 — a-Fe203,
4 —a-Fe, 5 FesN
Puc. 3. PerrreHo-gudpakrorpamMmsl mpoaykra anekrponusa 8 0,05M BaClz + 0,5M Ba(NOs)2 u repmoobpadorannoro mpu 80 °C:
1 — Feo.9600.88(OH)1.12, 2 — BaCOgs, 3 — FesN, 4 — Fe304, 5 — 0-Fe203, (a) u 1200 °C (b) : 1 — Bao.s7Fe11.08017.15, 2 — BaFe204, 3 — a-Fe20s,
4 —o-Fe, 5 —FesN

Table 3

Phase composition of electrolysis products (0.05M BaCl, + 0.5M Ba(NOs)2, j=150 mA/cm?, U=9 V, 7=60 min)
Taénuya 3. ®a30BbIii cOCTaB NPOAYKTOB 1eKkTpoamsa (0,05M BaClz + 0,5M Ba(NOs)2, j=150 mA/em?, U=9 B, =60 mun)

Heating tem- Phase composition, wt.%
perature, °C | Bao.grFe11.08017.15 | BaFeaOs | Feo960088(OH)112 | BaCOs | FesN | FesO4 |o-Fe 03| a-Fe
80 - - 54.0 21.0 | 150 | 5.0 5.0 -
1200 74.0 17.0 — — 1.0 - 50 |30
Table4 nary electrolyte of 0.05M BaCl, +0.5M Ba(NOs3), was

Results of full-profile analysis of Bao.s7Fe11.08017.15 phase
Tabnuya 4. Pe3ynbTaThl NOJTHONPO(PUILHOI0 AHAIH3A
(a3l BaosrFei11,08017.15

Size of OCD, nm (Cagliotti formula) 5990 =+ 272
: - 5 T
Magnitude of microstresses, % (Cagliotti 014+ 0.08
formula)
Size of OCD, nm (Halder-Wagner method) | 3400 + 23
Magnitude of microstresses, % 0
(Halder-Wagner method)
. . a=5.892 A
Refined crystal lattice parameters c=23203 A

Thus, DC electrolysis and subsequent high-
temperature treatment (1200 °C) make it possible to
obtain a dispersed product in which barium hexaferrite
phase BaosrFe11.08017.15 (74 wt%) dominates. The
crystal lattice and microstructure parameters of barium
hexaferrite phase are given in Table 4. To estimate the
size of OCD, it is proposed to use the values obtained
by the Halder-Wagner method, since they are less
sensitive to diffraction fitting errors.

CONCLUSIONS

The anodic behavior of iron electrode in aque-
ous solutions of barium chloride, barium nitrate and bi
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studied. The influence of electrolysis conditions (solu-
tion composition and concentration, DC value) on the
intensity of anodic dissolution of technical iron
(99.1%) was investigated. It was shown that the rate of
anodic dissolution of iron in two-component solutions
of BaCl; + Ba(NOs); is of the same order as in the case
of dissolution in an BaCl,-based electrolyte of an ade-
quate concentration.

The possibility of synthesizing barium ferrites
by anodic dissolution of technical iron (99.1%) in bi-
nary electrolyte based on barium chloride and barium
nitrate and subsequent thermal treatment of the
electrolysis products precipitate was shown. A dis-
persed system containing predominantly ferrite phases —
Bags/Fe1108017.15 and BaFe204, as well as (X,-F€203, o-
Fe, and FesN in relatively small amounts (in total,
about 11 %wt.), has been formed during DC electroly-
sis (ja = 150 mA/cm?, T = 60 min) in 0.05 M BaCl, +
0.5 M Ba(NOs); solution and after the high temperature
treatment (1200 °C).
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