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a b s t r a c t

Layered oxide coatings containing europium ferrite multiferroic have been synthesized on titanium
plates. With the presence of EuFeO3, the composite acquires weak ferromagnetic properties: the coercive
force attains 45e78 Oe in the temperature range 3e340 K. The magnetic properties of EuFeO3/TiO2/Ti
composites are different from those of nanosized EuFeO3 powder obtained by extraction pyrolysis. It has
been established that EuFeO3/TiO2/Ti composites have luminescence properties characteristic of inor-
ganic materials with europium ions. The obtained data assume that the deposited layer containing
EuFeO3 can have a complex structure: both oxidized and reduced elements may be present in its
composition.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

A significant attention has been devoted recently to fabrication
and study of ferroelectromagnetics (multiferroics) [1e11]. Multi-
ferroics are substances characterized by at least two of three types
of ordering: 1 e ferromagnetic (antiferromagnetic); 2 e ferroelec-
tric; 3e ferroelastic [1e4]. Based on these materials, one can create
magnetic field sensors, electrically switched permanent magnets,
magnetic memory cells, and other devices [2]. Aside from the
thoroughly studied bismuth ferrite BiFeO3 [1e3,6,8,9], this class of
materials includes double ferrites of bismuth and rare earth ele-
ments (REE) [6,7] as well as REE ferrites, such as europium ferrites
(EuFeO3 and Eu3Fe5O12) [10,11]. The interest to REE ferrites has
grown considerably in recent years because of a wide range of
catalytic, electrochemical, and optical properties characteristic for
these compounds [12,13].
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EuFeO3 powders consisting of particles of a size of 10e20 nm
were obtained using the extractionepyrolysis method [11]. They
are characterized by a complex behavior of the magnetization
value. Up to ~230 K, the samples have low magnetization that in-
creases dramatically at high temperatures. As early as at 300 K, the
measured coercive force attained the value of 2068 Oe.

The extractionepyrolysis (EP) method consisting in deposition
of extracts of organic compounds containing the elements of in-
terest at the preset stoichiometric ratio with subsequent annealing
provides the possibility of both obtaining specific chemical com-
pounds as powders and bulk samples and putting them on the
surface of various substrates as separate areas or solid coatings [14].
When EP layers are deposited on metal substrate, its melting
temperaturemust be higher than annealing temperature. To ensure
good adhesion between the EP-layer and the metal substrate,
sometimes it is necessary to create porous oxide layers on themetal
substrate surface in advance [15,16]. Such porous oxide layers of a
thickness from a few up to dozens of microns can be formed on
valve metals (Al, Ti, Mg, etc.) by plasma electrolytic oxidation (PEO)
technique comprising anodic or alternating current anodeecathode
electrochemical oxidation of metal or alloy surface under spark and
arc electric discharges in the neareanode area [17e19].
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It can be expected that the deposition of extracts proposed in
Ref. [11] on the oxide PEO-coating followed by pyrolysis enables
one to embed and fix EuFeO3 multiferroic on metal substrate. Such
composites can both have the properties inherent multiferroics and
be promising as catalytically or optically active materials. It is of
scientific interest to explore the possibility of application of
combining the PEO and EP methods for forming such composites
and to establish their structure, magnetic, and optical properties.
Europium compounds are generally known luminophores [20e24].
The luminescent properties of europium ferrites are still studied
insufficiently.

Since the pyrolysis of extract according to procedure of [11] is
carried out at a temperature of 600 �C, and refractory valve metals
such as titanium, zirconium or tantalum coated by appropriate
oxides can be used as metal substrates. Note that combining the
PEO and EP methods the ‘EPelayer/PEOecoating/Ti’ layered com-
posites with protective or catalytic properties were obtained earlier
[15,16].

The objective of the present work was to obtain EuFeO3/TiO2/Ti
composites using the methods of plasma electrolytic oxidation and
extractionepyrolysis synthesis and to study their composition,
structure, and magnetic and luminescence properties.

2. Materials and methods

2.1. PEO coatings manufacturing

Layered coatings were deposited on plates made of titanium of
the technical grade (VT1e0, 99.2e99.7 % Ti) of a size of
1.5 � 0.5 � 0.1 cm3. The substrate pretreatment included chemical
polishing in a mixture of concentrated acids HNO3:HF ¼ 3:1 (vol-
ume ratio) at ~343 K, washing with distilled water, and drying at
~340 K in air. Titanium-based anodic coatings were formed in the
galvanostatic mode at an effective current density of 5 A/dm2 for
10 min. The electrochemical cell comprised a vessel of a volume of
1 L made of thermally resistant glass with the anode-polarized
treated sample, cathode in the form of a hollow coil made of
nickel alloy, and thermometer placed inside. A computer-controlled
TER4-100/460N thyristor device (Russia) working in the unipolar
mode served as the current source. In the PEO coatings formation,
the aqueous electrolyte of the following composition (mol/L) was
used: 0.066 Na3PO4 þ 0.034 Na2B4O7 þ 0.006 Na2WO4 (PBW
electrolyte [25]). The electrolyte solution was stirred using a mag-
netic stirrer; it was cooled by passing cold tap water through the
coil. The electrolyte temperature during the PEO process did not
exceed 303 K.

2.2. Deposition of EuFeO3 by extraction-pyrolysis method

The extractionepyrolysis method of europium and iron oxi-
desebased coatings deposition on TiO2/Ti substrates was imple-
mented in the following sequence: extraction of europium or iron
from aqueous solution to obtain europiume and ironesaturated
organic phases; mixing of saturated organic phases; solvent
distillation to obtain the paste; paste deposition on the substrate
with subsequent drying; finally, thermal decomposition of the
obtained precursor to yield the oxide coating. It was established
that to obtain saturated extracts for subsequent synthesis of mul-
tiferroics based on mixed europium and iron oxides using the py-
rolysis method, one could successfully apply metal extraction by
neutral, anioneexchange, and chelating extractants from chloride
solutions [11]. To obtain saturated europium extracts, the chloride
solution containing 6.6$10�3 mol/L of Eu3þ was used. The extrac-
tion was carried out by a mixture of 1.95 mol/L of acetylacetonate
and 0.15 mol/L of phenanthroline in benzene. To obtain saturated
iron extracts, the iron chloride solution containing 3.6$10�2 mol/L
Fe3þ and 1 mol/L HCl was used. In this case, the extraction was
carried out by the benzene solution of 0.23 mol/L of tri-n-octyl-
amine. In both cases, the phase ratio was 1:1, the stirring time was
30 min, whereas aqueous solutions were put three times in contact
with the same organic phase. The compositions of aqueous solu-
tions and organic phases were controlled using the atomic ab-
sorption and X-ray radiometric analysis as well as by luminescence
and IR spectroscopy methods. The saturated solutions contained
0.011 mol/L Eu3þ and 0.07 mol/L Fe3þ. To obtain the precursor,
organic solutions of europium (III) and iron (III) were mixed at the
ratio Eu:Fe ¼ 1:1, and the paste obtained upon the solvent distil-
lation was deposited on the TiO2/Ti substrate with alternating
deposition and drying until the formation of a homogeneous layer.
The TiO2/Ti substrate with the deposited precursor was annealed in
air in a PMe1eMmuffle furnace (Russia) at 600 �C for 1 h. The time
of furnace heating up to the working temperature was 40 min. The
samples were taken out after the muffle furnace cooling. Pyrolysis
of organic extracts with formation of europium ferrite took place as
a result of annealing.
2.3. Composites characterization

The thickness of the coatings was determined using an Olympus
LEXT OLS3100 confocal laser scanning microscope on their
specially prepared chips.

To characterize the coatings we used X-ray spectrum (micro-
probe) analysis (XSA), scanning electron microscopy (SEM), en-
ergy dispersive X-ray analysis (EDXA), and X-ray diffraction
(XRD).

The element composition, maps of elements distribution, and
coatings surface features have been studied using a JEOL JXA 8100
electron probe micro-analyzer (Japan) supplemented with an INCA
energy dispersive X-ray Spectrometer (Oxford Instruments, United
Kingdom) (hereinafter referred to as XSA). The averaged element
composition was determined from the results of scanning five
surface areas of a size of ~300 � 300 mm2. Carbonwas sputtered on
the coatings surfaces prior to measurements.

The coating surface was also analyzed using a Hitachi S5500
high resolution electron microscope (Japan). In this case, we
obtain SEM images of high resolution. Using a Thermo Scientific
NSS spectral imaging system (USA) for energy dispersive anal-
ysis (hereinafter referred to as EDXA), we determined the
element composition of some specific coating parts. Gold was
preliminarily sputtered on coatings to prevent the surface
charging.

The X-ray diffraction analysis (XRD) was carried out in СuКa

radiation on a D8 ADVANCE X-ray diffractometer (Bruker, Ger-
many). The EVA search programwith the PDFe2 database was used
in X-ray patterns processing.
2.4. Magnetic and luminescent properties

The composites magnetic properties were investigated on an
SQUID MPMS 7 (Germany) magnetometer at temperatures from 3
up to 340 K. The samples were magnetized in parallel to the
magnetic field direction. In the magnetization calculations, the
measured magnetic moment was normalized on the mass of the
sample with coating. The coatings mass fractions were ~1e3 % from
that of EuFeO3/TiO2/Ti composites.

Luminescence excitation and emission spectra were recorded at
300 K using a Shimadzu RF-5000 spectrofluorimeter.



Fig. 1. SEM images of the PEO coating surface before (a, b) and after threefold (c, d) and fivefold (e, f) extract deposition with subsequent annealing. Amplitude (a, c, e) and phase (b,
d, f) representation.
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3. Results

3.1. The thickness, surface morphology, element and phase
composition of the EuFeO3/TiO2/Ti composites

The thickness of PEO coatings was 21 ± 2 mm. Within the
measurement errors, the coating thickness did not change after
their modification.

Fig. 1 shows SEM images of the surface of coatings on titanium
obtained in the PBWelectrolyte before (ab) and after threefold (cd)
and fivefold (ef) extract deposition with subsequent annealing.
Modification results in, first, formation of individual areas of the
new phase on the surface (threefold deposition, Fig. 1cd) and,
second, filling of larger surface areas (fivefold deposition, Fig. 1ef).
The increase of the number of deposition cycles must allow for-
mation of a solid layer of the new phase on the basic oxide coating
surface. Initially (threefold deposition, Fig. 1cd), the new phase is
attached predominantly in areas with larger quantities of small
pores, most probably, the surface sites having the largest defects.
Thus, the oxide layer surface sorbs the extract selectively. Further
deposition cycles (fivefold, Fig. 1ef) results in as in emergence of
new areas of this type as in growth of the earlier formed ones.

The maps of elements distribution over the surface demonstrate
that the new phase areas contain both europium and iron (Fig. 2),
while the titanium contents in them are reduced. It is evident from
comparison of Fig. 2b, c, and d that the titanium content is clearly
lower in the sites of europium and iron localization than in
neighboring areas. In other words, the PEO coating surface is closed
(shielded) by a layer of the new phase. Since one detects titanium in
the deposited areas and the analysis depth varies, depending to the
nature of the analyzedmaterial, from 2 to 5 mm, the thickness of the
deposited modifying layer will be less than 2e5 mm. Here, the
modifying layer heterogeneously shields the PEO coating surface.
Aside from the areas that shield almost completely the initial
coating, one also observes those with a partial shielding, as seen
from the titanium distribution maps (Fig. 2).



Fig. 2. SEM image (phase representation, a) of the surface of PEO coating after fivefold extract deposition with subsequent annealing and distribution maps (white dots) of
europium (b), iron (c), and titanium (d) over the surface.

Table 1
Averaged element composition of the coatings outer layer as to XSA.

Coating Element composition, at.%

O Na P Ti Fe Eu W

PEO 72.2 1.0 4.4 21.4 e e 0.9
PEO 69.9 e 5.8 18.8 1.8 2.9 0.8
þ3 depositions
PEO 70.4 e 5.3 15.9 3.5 4.1 0.7
þ5 depositions

Fig. 3. XRD patterns of titanium samples with PEO coatings before (1) and after
threefold (2) and fivefold (3) extract deposition.
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The element compositions of the outer layers of initial and
modified PEO coatings determined using XSA and averaged over
the surface are shown in Table 1. The average values in this
Table were obtained for five 300� 300 mm areas randomly selected
over the surface at an analysis depth of 2e5 mm. Themain elements
constituting the surface of the PEO coating are oxygen, phosphorus,
titanium, and tungsten. The modified PEO coatings contain, in
addition, europium and iron, whereas the europium/iron atomic
ratio is Eu/Fe ¼ 1.6 (threefold deposition) or Eu/Fe ¼ 1.2 (fivefold
deposition). Taking into account the accuracy of the elements
determination by the microprobe analysis method (~15%) and the
fact that the analysis includes not only the deposited layer, but also
the initial PEO coating (with its outer areas as well), one can
conclude that the obtained values of the Eu/Fe ratio corroborate a
possible presence of EuFeO3 in the deposited layers.

Fig. 3 shows XRD patterns of the coatings under study. The
initial coating (1) contains only the crystalline phase of titanium
oxide. Upon modification (2, 3), one observes the emergence of
additional reflections corresponding to EuFeO3.

The presence of EuFeO3 is confirmed by XRD, obtaining EuFeO3
powder by using the same procedure of extraction-pyrolytic syn-
thesis [11], the XSA data indication that the Eu/Fe atomic ratio is
approaching 1.0, and localization of Eu and Fe in the same surface
areas. However, one cannot exclude the possibility of formation of
other oxygen-containing compounds of europium, iron, and tita-
nium in addition to with EuFeO3, for example, in the form of solid
solutions.

3.2. The features of the deposited layer composition and structure

Upon the extract threefold deposition and annealing, coatings
were studied using high-resolution SEM and EDXA (Fig. 4, Table 2).
Fig. 4a shows the surface fragment, whose area is comparable with
that examined by XSA (Fig. 1cd). This fragment must contain partly
areas of both the deposited layer and the initial PEO coating. The
latter is also indicated by similarity of the element composition
determined by scanning relatively large surface areas on JXA 8100
(Japan) with an INCA Spectrometer (United Kingdom) and Hitachi
S5500 (Japan) devices.

During the microprobe analysis (XSA), carbon was excluded
from the data (Table 1), since it was preliminarily sputtered on the



Fig. 4. SEM images of high resolution (a, b, c) of the surface of PEO coating after threefold extract deposition and annealing. Digits indicate areas inside pores (1e3), on the surface of
the deposited extract (4e7), and on the pore walls as jutting ‘steps’ (8e11), for which the element composition was determined. The averaged element composition is shown in
Table 2.

Table 2
Element composition of the surface, bottom and walls of the pores of the PEO
coatings after threefold extract deposition and annealing according to EDXA.

Element Averaged over area, Fig. 4a Fig. 4, averaging for areas

1, 2, 3 8, 9, 10, 11 4, 5, 6, 7

C 7.4 e e 6.9
O 61.8 e 12.6 31.1
P 6.0 2.6 5.3 7.3
Ti 22.4 75.8 59.6 46.3
Fe 0.5 13.5 11.3 3.3
Eu 1.1 7.9 10.6 4.2
W 0.8 0.2 0.6 0.9
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samples to eliminate the effect of electric charge induction on the
analyzed surface. That is why gold was sputtered on the surface to
eliminate the above effect during the samples preparations prior to
electron microscopy studies and EDXA (Table 2).

The deposited layer areas can be located around cracks present
on the surface. The cracks emergence can be caused by compres-
sion of the extract layer due to its condensation on less
compressible base during the highetemperature annealing. The
latter is corroborated by the data of EDXA of the coating material
around cracks (Fig. 4c, Table 2). In these sites, the contents of
europium and iron are higher than in average over the coating
surface. The deposited layer is dense and homogeneous: under the
applied magnifications, no individual nanosized particles were
found in its composition (Fig. 4bc).

To estimate the chemical composition of the deposited layer
over its thickness using an energy dispersive accessory to the mi-
croscope, the data on the element composition of the cracks bottom
and slopes (on jutting ‘steps’) and the surface around the cracks
were obtained (Fig. 4c). Note that the revealed regularities in the
composition changes are similar for a few cracks located in
different parts of the deposited layer. The element analysis was
carried out on areas limited by circles (Fig. 4c). The obtained data
are summarized in Table 2. On the crack bottom, one detected the
presence of titanium, iron, europium, phosphorus, and tungsten,
while oxygen was not found. The presence of oxygen and the
decrease of the titanium concentration were observed on the
jutting ‘steps’ in addition to the elements listed above. Finally, the
experiment demonstrates the increase of the oxygen concentration
on the surface near the crack and the respective decrease of the
concentrations of titanium, europium, and iron. Thus, according to
experimental data obtained the oxygen content gradually increases
from the crack bottom to the deposited layer surface, whereas the
titanium concentration, in opposite, decreases in this direction.

The low oxygen concentrations defined at the bottom and steps
of the cracks may be associated with the singularities of energy
dispersive X-ray analysis in narrow pores. At the same time we
cannot exclude that part of the metals in the crack depth may be in
a partially reduced state due to the limited penetration of oxygen.
In our case, the pyrolysis of used organic extracts containing phe-
nanthroline, tri-n-octylamine, acetylacetonate as ligands leads to
the formation of volatile reducing agents such as NH3, CO, H2, and
light hydrocarbons. In the conditions of limited oxygen access,
these agents can promote the reducing some metals. For example,
as to thermodynamic calculations [26] reducing Feþ3 to Fe0 may be
possible at an annealing temperature of 600 �C in the presence of
CO. On the other hand, it is known that in TiO2/Ti systems fabricated
by PEO the diffusion of titanium from the substrate through the
pores to the TiO2 coating surface is observed at temperatures of
800e900 �C [27]. Furthermore, reducing Eu(III) to Eu(II) occurs as a
result of Eu(III) organic compounds decomposition in N2 atmo-
sphere at temperatures of 260e330 �C [28]. To establish the
oxidation level and distribution of elements in the cross-section of
the coating formed, the additional investigations are required.



Fig. 5. M ¼ f(H) dependencies (a, b): 1 e titanium; 2 e titaniumwith PEO coating; 3, 4 e EuFeO3/TiO2/Ti composites with threefold and fivefold extract deposition with subsequent
annealing. M ¼ f(H) dependencies for the samples with threefold extract deposition at 340 and 3 K (c), insert e the loweintensity field area. Temperature dependencies of the
specific magnetization of EuFeO3/TiO2/Ti composites in the field Н ¼ 3000 Oe (d): M ¼ f(T) dependencies 1 and 2 correspond to composites with threefold and fivefold extract
deposition.
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As can be concluded on the basis of the obtained data, the
composition of the deposited layer will be affected by the annealing
duration and temperature. In the course of increase of these pa-
rameters, the concentration of the oxidized compounds must in-
crease as well.
3.3. Magnetic properties of EuFeO3/TiO2/Ti composites

Fig. 5 shows magnetization curves of the initial titanium sam-
ples and ‘PEO coating/Ti’ and ‘EuFeO3/PEO coating/Ti’ composites
measured at room temperature and 3 K. Titanium (curve 1, Fig. 5ab)
and the sample of titanium with PEO coating (curve 2) are para-
magnets. Deposition of europium ferrite on the PEO coating in-
creases the value of magnetic susceptibility (curves 3, 4). Analysis of
the magnetization curves for loweintensity fields demonstrates
that an additional deposition of EuFeO3 on the surface imparts
samples with weak ferromagnetic properties (Fig. 5c). For instance,
Fig. 6. Luminescence excitation (a) and emission (lex ¼ 395 nm) spectra (b) of EuFeO3/
TiO2/Ti (1, 2) composites and TiO2/Ti (3).
at threefold coatings deposition, the value of coercive force Нс at
340 K is equal to 45 Oe, whereas at fivefold deposition it is equal to
63 Oe. The value of the coercive force determined at 3 K differs
insignificantly from that measured at room temperature (Fig. 5c).

As follows from the temperature dependence of the samples
magnetization values in the field with Нc ¼ 3000 Oe, one can trace
the trend of this value increase at temperatures above 200 K
(Fig. 5d). Such a behavior of these temperature dependencies could
indicate to an antiferromagnetic phase transition with the tem-
perature above 340 K. The contributions to the sample magneti-
zation could be provided as by EuFeO3 present in coatings as by the
reduced iron from the layered coatings bulk. Changes in the layer
specific magnetization around ~50 K (curve 1, Fig. 5d) upon
threefold deposition must be caused by the phase transition of the
changed magnetic state of europium ferrite. The effect of the
reduced iron already present in the layered coating is possible as
well. The absence of magnetization anomalies for layers upon
fivefold deposition (curve 2, Fig. 5d) could result from the increased
content of europium ferrite and its predominant contribution.

3.4. Luminescent properties of EuFeO3/TiO2/Ti composites

Luminescence characteristics of EuFeO3/TiO2/Ti composites
were estimated from luminescence excitation and emission spectra
at 300 K. Fig. 6 shows the luminescence excitation (a) and emission
(b) spectra of the composite and the initial TiO2/Ti substrate. The
shortewave range of the luminescence excitation spectrum of the
EuFeO3/TiO2/Ti composite (curve 1, Fig. 6a) contains, unlike that of
the initial TiO2/Ti substrate, intensive bands (lmax ¼ 380 and
400 nm) indicating to the existence of the channel for energy
transfer to the Eu3þ ion. Simultaneously, one observes the emer-
gence of a number of broad bands (lmax ¼ 360e380 nm) in the
luminescence excitation spectrum. This could be caused by the
presence of Fe (III) in the samples and/or be the effect of Eu3þ ion
intraconfiguration fef transitions. In the luminescence emission



V.S. Rudnev et al. / Journal of Alloys and Compounds 647 (2015) 699e706 705
spectrum of the EuFeO3/TiO2/Ti composite (curve 2, Fig. 6b), one
registers a luminescence band with the maximum lmax z 620 nm
corresponding to the 5D0 e

7F2 transition, which is characteristic of
the Eu3þ ion. Note that the luminescence intensity and the char-
acter of the luminescence spectra of the EuFeO3/TiO2/Ti composites
fabricated at different annealing temperatures in the range
600e970 K and different numbers of deposition cycles did not
undergo any changes.
4. Discussion

Layered coatings containing europium ferrite have been fabri-
cated on the surface of TiO2 oxide through combination of the
methods of extractionepyrolysis synthesis and plasma electrolytic
oxidation. Depending on the modification conditions and temper-
ature, the coercive force of the fabricated composites was in the
range 45e78 Oe. At 3 K, the coercive force value was about 2 times
larger than that at 340 K. The dependence of the composite
magnetization on temperature differs from that of free powders of
europium ferrite obtained earlier using the extractionepyrolysis
method according to similar scheme [11] and consisting of nano-
particles of a size of 10e20 nm. In the latter case, at temperatures
below ~230 K the powders manifested weak ferromagnetic prop-
erties, whereas at higher temperatures their ferromagnetism
increased dramatically. For instance, at Т ¼ 300 K, the measured
value of the coercive force was equal to 2068 Oe [11]. The fabricated
layered metaleoxide composites with europium ferrite on the
surface manifest weak ferromagnetic properties in the temperature
range 3e340 K. One observes the trend to the increase of the value
of specificmagnetization at temperatures above 200 K (Fig. 5d). The
difference in temperature dependencies of the specific magneti-
zation of nanosized powder of europium ferrite and EuFeO3
deposited on PEO coating consisting predominantly of TiO2must be
caused by size effects. The EuFeO3 properties could be also affected
by the substrate and a complex structure of the deposited and
annealed layer, due to the presence of a small amount of reduced
iron in its composition.

As was shown earlier, in bulk multiferroic samples (for instance,
BiFeO3), observation of the magnetoelectric effect was impossible
[2,3,6]. The reason consists in the presence of spaceemodulated
spin structure of the cycloid type in bulk samples [2,3,6]. The
magnetoelectric effect can be consistently observed for nanosized
samples (example e BiFeO3 films of a size of dozens and hundreds
of nanometers deposited on inert substrates). Destruction of the
spin cycloid can be caused not only by the size factor, but also by
substitution of bismuth ionswith those of rare earth elements [6]. It
has been established that polycrystalline samples RxBi1-xFeO3,
where R ¼ Nd, La or La, Gd, х ¼ 0.05e0.2, fabricated on the basis of
BiFeO3 according to the standard ceramic technology manifest,
unlike pure bulk antiferromagnetic bismuth ferrite, weak ferro-
magnetic properties. Similar features were revealed in the present
work for europium ferrite deposited on the titanium oxide sub-
strate. The available literature data and the obtained results enable
one to conclude that bulk EuFeO3/TiO2/Ti composites fabricated
through combination of the methods of plasma electrolytic oxida-
tion and extractionepyrolysis can be investigated for the presence
of magnetoelectric effect in a broad temperature range. Besides, the
fabricated composites manifest luminescent properties character-
istic of inorganic materials with europium ions.
5. Conclusions

1. The combination of extractionepyrolysis and plasma electro-
lytic oxidation may be used for obtaining EuFeO3/TiO2/Ti
composites simultaneously manifesting luminescent and weak
ferromagnetic properties.

2. The energy dispersive X-ray analysis results assume that the
deposited layer containing EuFeO3 can have a complex struc-
ture: both oxidized and reduced elements may be present in its
composition. For more accurate information about the cross-
sectional structure of the combined coating under study, the
additional investigations are required.

3. The magnetic properties of EuFeO3 deposited on PEO coating on
titanium are different from those of nanosized powder obtained
in Ref. [11]. The EuFeO3/TiO2/Ti composite is a weak ferromag-
netic through the range of temperatures tested (3e340 K),
whereas the ferromagnetism of the powder increases dramati-
cally at temperatures above 230 K.

4. The magnetic properties of deposited EuFeO3 could be affected
by both the metal substrate nature and the complex structure of
the deposited and annealed layer.

5. The luminescent properties of EuFeO3/TiO2/Ti composites are
typical of inorganic materials with europium ions.
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