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Abstract: The study is focused on the synthesis and characterization of (Lag75Ca0.25)0.95Cr1xFex0s.5 (X =
0.3 - 0.9)perovskites as potential materials for solid oxide fuel cell (SOFC) cathode and anode. These
materials possessanorthorhombically-distorted structure at room temperature whilst heating above 800-
1100 K induces reversible transformation into the rhombohedral symmetry. The transition temperature
increases with iron content. The linear thermal expansion coefficients vary in the range (10.5-11.1)x10°
K™ and slightly grow on Fe-doping.The volume changes upon reduction are within 0.16%. The electronic
conductivity exhibits a thermally-activated character and increases on Fe introduction, in particular due
to an enhancement of the number of sites available for electronic transfer; this trend is observed both
under oxidizing and reducing conditions. The low level of the electronic conductivity seems to be
responsible for an insufficient electrochemical activity of (Lag75Ca.25)0.95CrixFex0s.s-based
cathodes.Under anodic conditions, other factors, such as electrode microstructure or surface-related
properties, affect the electrochemical behavior.

Keywords: perovskite, phase transition, thermal expansion, chemical expansion, total conductivity,

polarization resistance.
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Introduction

The reduction of operating temperature
of Solid Oxide Fuel Cells (SOFC) and a partial
replacement of hydrogen by other fuels,
generally  produced from hydrocarbon-
containing sources,requires development of
novel functional materials capable to operate
adequately under necessary conditions.
Conventional Ni-based composites used as
SOFC anodes suffer from microstructural
degradation with time or upon redox cycling
and possible coking in hydrocarbon- or carbon
monoxide-enriched atmospheres [1-3].
Chromite-based perovskites are considered to
be possible alternative anode materials due to
their high stability under reducing conditions
and moderate volume and microstructural
changes on reduction which decreases the risk
of the electrode cracking or delamination from
the solid electrolyte. However, significant
limitation of LaCrOs; and related materialsis
their insufficient conductivity, especially
under reducing conditions, and low

electrochemical activity towards oxidation
processes which requires addition of surface-
active agents into the anode layer [2, 4-6].

In recent 15-20 years it was
demonstrated that appropriate doping in A- or
B-sublattice may substantially improve the
electrode properties of chromites both in
oxidizing and reducing atmospheres. The latter
factor is attractive for their simultaneous
utilization as cathodes and anodes in
symmetrical SOFCswhere both electrodes are
prepared from the same material which
simplifies the procedure of electrode coating
and subsequent firing [5, 7-11]. The basic
strategy of substitution in B-sublattice relates
to introducing cations with variable oxidation
state or oxygen coordination (Mn, Fe, Co, Ni,
V) which makes possible generation of
additional charge carriers and channels of their
transfer, improvement of the oxygen ionic
conductivity due to higher concentration of
oxygen vacancies or modifying the surface-
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related properties. In particular,
(La,Sr)(Cr,Mn)Os_sperovskites are considered
to be among the most active Ni-free anode
materials  due  tocomparatively high
performance inH,, hydrocarbons, alcohols and
other fuels [5, 11-14].0wing to the high
stability and acceptable conductivity in both
oxidizing and reducing atmospheres, this
material has a great potential for utilization as
both electrodes of symmetrical SOFCs [8, 12,
15].

Fe-doped chromites represent another
attractive group of perovskite-based anodes
since these materials combine both acceptable
stability in the anode atmosphere and the
conductivity level necessary for ensuring good
anode properties. In particular, in [7, 8] the
performance of (La,Sr)(Cr,Fe)Os.; anodes was
demonstrated to be superior as compared to
that of Mn-substituted analogues measured
under similar conditions, while the low-
temperature stabilization of the oxygen
nonstoichiomentryenablesto preserve a
comparatively high conductivity level (40-50
S/cm) even in reducing atmospheres. At the
same time, (La,Sr)(Cr,Fe)Os-based anodes

showed moderate performance in
hydrocarbon-, CO-, H,S- and even PHs-
containing fuels, with more stable operation in
comparison with the conventional Ni-based
anodes [10, 16-19]. However, Fe-doped
chromites are reported to exhibit an enormous
expansivity (>1% in linear scale [7]) upon
reduction which may be problematic for long-
term utilization of the corresponding cell.

Previous studies on(La,Sr,Ca)FeO:s.
sperovskites showed that a partial or complete
substitution of Ca for Sr allows to modify the
functional properties, particularly, to reduce
the thermal and chemical expansion and
improve, to some extent, the phase stability.
Excessive amount of Ca is undesirable since it
may lead to ordering of oxygen vacancies in
the crystal lattice deteriorating the transport
properties; this effect is substantially
suppressed for Cr-containing ferrites [20-22].
Taking the above information into account, the
present work is focused on evaluation of
(Lao.75Cao.25)0.95Cr1-xFex03-s (0.3<x<0.9)
perovskites as potential cathode and anode
materials of symmetrical SOFCs.

Objective of the article

The primarily objectiveof the work is to study
the phase and structural stability, transport and
thermomechanicalproperties of
(Lao.75Cap.25)0.95Cr1xFex0Os.5s  perovskites and
evaluate the electrochemical activity of

corresponding cathodes and anodes with a
special emphasis on the relationships between
the transport, electrochemical and structural
behavior of these materials.

Experimental

Synthesis of (Lao.75Cap.25)0.95Cr1-
«Fex03.5(LCCF) solid solutions was carried out
with glycine-nitrate processing (GNP) from
La(NO3)3x6H,0, Ca(NOs3);, Cr(NO3)3x9H,0
and FeC,04x2H,0 preliminary dissolved in 20
mL of concentrated nitric acid as precursors.
The precise molar mass of the starting
reactants which might be affected by possible
water losses or other compositional changes
with timewas determined with the thermo-
gravimetric analysis (TGA) by high-
temperature transformation of the
corresponding precursor into La,0Os;, CaO or
Fe in air or Hy-Ar atmosphere until the
constant mass was achieved. The water

content was calculated from relative mass
changes. The details of the GNP method may
be found elsewhere ([7, 12] and references
cited). The synthesized powder was
consecutively ground in a mortar and annealed
in a furnace at 1073 — 1573 K. In order to
obtain dense ceramics, the annealed
powderswereuniaxially compacted in a press
mould under 100-150 MPa pressure followed
by sintering at 1673 — 1743 K in air.

X-ray diffraction (XRD) analysis was
carried out with a Siemens D-500-
BRAUN(diffractometerusing of CuK,
irradiation in the 260 range of 20-80°C. The
analysis of phase composition and calculation
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of lattice parameters was made with the use of
Match andPowderCell 2.4software. Studies
oftransport and thermo-mechanical properties
were performed on rectangular-shaped bars
obtained by cutting and subsequent polishing
of ceramic pellets. The total conductivity was
measured on direct current using a 4-probe
technique in a laboratory-made tubular furnace
in a flow of the required gas; the oxygen
partial pressure (p(Oz)) was controlled using
an electrochemical oxygen sensor inserted into
the tube. Thermomechanicalmeasurements
were fulfilled in a vertical dilatometer Linseis
V75 equipped with an electrochemical pump
and sensor to ensure the necessary oxygen
content in the gas atmosphere. The
methodology of dilatometric measurements
and calculation of the thermal/chemical
expansion coefficients is discussed in [12, 22]
and referenced therein.

Electrochemical properties  were
studied on symmetrical cells LCCF / LDC /
LSGM / LDC / LCCF, where LSGM and LDC
correspond to (Lap.9Sro.1)0.98GapsMgo 2035 and

deposition of porous electrode layers on
LSGM pellet (thickness 0.7-1.0 mm, area 0.4 —
0.5 cm?) a laboratory-made print-screening
device was used. Each coating step was
followed by firing the applied layers in air at
1473 K. The polarization resistance
measurements were carried out by a 2-
electrode  method in a symmetrical
configuration without applying current. Pt
meshes were used as current collectors; no
additional modifications of the electrodes such
as preparation of composites, impregnation
with catalytically active agents or coating with
a metallic paste, were undertaken within the
framework of the present study. The studies
were carried out in a tubular furnace in O,-air-
Ar or Hz-Ar-H,O mixtures using an oxygen
sensor forp(O,) control. The impedance
spectra were collected using a potentio-
/galvanostate MetrohmAutolab
(PGSTAT302N)in 1 MHz — 5 mHz frequency
range with AC amplitude of 50-100 mV. The
microstructure of the electrode layers was
studied using a LEO SUPRA 50VP (Carl

CeoslapsO,-5 used as the solid electrolyte and  Zeiss, Germany) scanning  microscope.
protective  sublayer,  respectively.  For
Results and discussion
Fig. 1 shows XRD patterns of as-prepared (Lao 75Ca.25)0.95Cr1-xFexO3-s.
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Fig. 1. XRD patterns of (Lao 75Cap 25)0.95Cr1-xFexO3-5 perovskites, slowly cooled in air (A-D) and

annealed in humidified 4% H,-Ar (E).
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All the materials synthesized are nearly
single-phase perovksites with the
orthorhombic structure while reduction of Fe-
enriched compositions promotes the transition
into the cubic symmetry.Doping with Fe
increases the cell parameters (Table 1) in
accordance with larger radii of Fe** and
Fe**cations in comparison with the chromium
analogues [23]. Moreover, substitution of iron
for chromium might enhance the oxygen

deficiency leading to an increase of ratio of 3-
fold charged cations to 4-fold ones; this fact
requires verification by measuring the oxygen
content under ambient conditions or studying
the cation state by X-ray photoelectron
spectroscopy, Madossbauer spectroscopy or
other appropriate techniques. The same factors
might be responsible for slight increment of
the thermal expansion coefficients with iron
content (Fig. 2, Table 1).

Table 1. Unit cell parameters, thermal expansion coefficients and chemical expansion on
reductionof air-prepared (Lag75Cap 25)0.95CrixFex0s.5 ceramics in CO-CO, atmospheres(p(0O,) =

10™2 - 10%atm)

6 | Lair—Lcoscoz
Composition a, A b, A c, A v, A TEC>_<110' fr
K (T, K)
(Lao75Ca0.25)09:Clo7F€03035 | 5.477(2) | 7.745(2) | 5.465(2) | 231.8 (2) | 10.5+0.1 | 0.13(1223)
as-prepared in air 0.16(973)
(Lao75Ca025)095CrosFe0s03 | 5.490(2) | 7.765(2) | 5.479(2) | 233.5(2) | 10.8+0.1 | 0.13(1223)
as-prepared in air 0.14(973)
(Lao75Ca025)095CrosFe0 703 | 5.504(2) | 7.787(2) | 5.487(2) | 235.2 (2) | 10.7+0.1 | 0.11(1223)
as-prepared in air 0.10(973)
(Lao75Ca025)09:Cro1Fe0s0as | 5.527(2) | 7.833(2) | 5.524(2) | 239.2 (2) | 11.1+0.1
as-prepared in air
(Lao.75Ca0.25)0.05Cro.1F€0.903-5 1/4%239.8
reduced in wet H,-Ar, 1273 K 39140 (4)

Cell parameters correspond to the orthorhombic (Pnma) or cubic (Pm3m) structure for samples
prepared in air or annealed in wet Hx-Ar, respectively. p(O.) in CO-CO, mixture was ~10*atm
(1223 K) and ~10*atm (973 K). TEC values correspond to the 300-1273 K temperature range

in air.

It should be noticed that the effect of
iron content on the chemical expansion is
different from common trends known for
ferrites where replacement of iron with foreign
cations generally reduces oxygen losses and
resultant volume changes [7, 24, 25]. The
abnormal behavior detected in the study might
be  associated  with  the  structural
transformation discussed below which occur in
the considered temperature range, or with a
comparatively high oxygen non-stoichiometry
for Fe-enriched compositions in air at elevated
temperatures, and subsequent reduction might
lead to somewhat lower changes of oxygen

content as compared to that of nearly
stoichiometric compositions with lower iron
content. One should also take into account that
the difference in the expansivity is rather
insignificant and comparable to the
measurement uncertainty. Irrespective of
origins of the unusual behavior, the volume
changes on reduction in CO-CO, atmosphere
are 0.10-0.16% in the linear scale which is
substantially lower as compared to the values
reported for (Lap75Sro.25)0.95Cr1-xFex0O3.5[ 7] and
much closer to the typical level of isothermal
expansion of chromite-based materials upon
reduction [12, 24-26].
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Fig. 2. Relative length changes of (Lao.75Cao.25)0.95Cr1xFex0Os-s ceramics on cooling in air. The
inset shows zoomed view of the dilatometric curves in the 743-953 K temperature range.

A peculiarity of the studied materials is
the presence of a kink on the dilatometric
curves (inset in Fig. 2) which is reproducible
upon heating and cooling observableboth in air
and argon atmospheres. In accordance with
literature data [4, 26-30], this behavior might
be associated with reversible 1% order
transition of the orthorhombic structure into
the rhombohedral one. For the title materials,
this effect occurs at significantly higher
temperatures as compared to some other
chromitesshown in Table 2 which might
originate  from an increase of transition

temperatures upon Ca- or Fe-doping; the effect
of Fe introduction on the transition
temperature  confirms  this  suggestion.
Verification of the structural changes requires
high-temperature XRD analysis; nevertheless,
from the viewpoint of potential application of
the materials as SOFC electrodes, the
negligible volume changes induced by this
effect as well as moderate chemical
expansivity and the wvalues of TECs
comparable to those of typical electrolytes [31]
suggest an adequate mechanical compatibility
between the electrochemical cell components.

Table 2. Comparison of the phase transition temperatures for selected LaCrO3-based perovskites

Composition Tohtrans, K Reference
LaCrO,, 520 [27, 28]
560 [29]
LaggCag1CrOss 580 [27]
LagoSro1CrOa; 340 [27]
LaCfO.gMgo_log_B 600 [27]
LacrolgMgo_zog_B 620 [27]
(LagSro1)0.08CrosMgo103.5 336110 [26]
(La0_75Ca0_25)0_95Cr0,7FeO,303_5 8155 This work
(Lao_75cao_25)o_95CrolsFeolsog.s 91045 This work
(La0_75cao_25)0_95crollFeolgO?,_B 1080+5 This work
(LagSro1)o.08CrosMgo.1Feo 1035 405£10 [26]
(Lao.9Sro.1)0.98CrosMgo.1Fe303- 5455 [26]
Lacro_gNio_log_,S 640 [28]
Lacro_gNio_zo;J,_,s 670 [28]
(La0.9Sr0.1)0.95Cro.5Mgo.1Nlig.0503.5 360+10 [30]
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Increasing iron content leads to an
enhancement of the total conductivity; this
trend is observed both in air and in wet H,-Ar
(Fig. 3)and is opposite to the results obtained
for(Lao,75Sr0,25)0,95Cr1-XFeX03-5[7]. Whereas in
the latter case the negative effect of iron
content on the conductivity was attributed toits

1.5

essentially constant oxidation state irrespective
to Cr:Fe ratiowhich suggests exclusion of Fe
species from participation in the electron
transfer, in the studied materials the
conductivity seems to be governed by other
factors.
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Fig. 3. Temperature dependencies of the total conductivity of (Lao75Ca0.25)0.95Cr«xFexOs.s
ceramics in air (A) and in wet 4% H,-Ar mixture (B). The activation energies of the total
conductivity are marked near the corresponding data.

It should be noted that similar
contradictions are quite typical for chromite-
based materials [5, 32-35] and may be
associated with specific factors such as large
differences in energy levels between Cr** and
guest cations significantly affecting the
probability of residence of charge carriers on
these atoms or percolation between the species
with close energies which is affected by
oxygen nonstoichiometry, lattice symmetry,
cell parameters, etc. The conductivity of
(Lao_758ro,25)0,95Cf1.XFeXO3-59XhibitS a
thermally-activated character; the activation

energies decrease with iron content (Fig. 3)
suggesting that the electronic transport of
presumably p-type electronic charge carriers
proceeds more rapidly via Fe-O-Fe channels.
For x=0.9, a slight tendency towards
theconductivity maximum typical for ferrite-
based materials [21, 24] is observed in air at
high temperatures (Fig. 3a) associated with the
increase of oxygen nonstoichiometry leading
to lower concentration of charge carriers and
break of conductive channels. The
conductivity varies in the range of 10-30 and
0.1-1 S/cm under cathode and anode
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conditions, respectively. Obviously, this level
is insufficient for an adequate operation ofthe
corresponding  electrodes, especially in
reducing atmospheres which requires an
improvement of current collection, for
example, by fabrication of composites with
metallic phases.

Mag= 1000KX  3um = KV Signal A = Si
WD= 7mm Aperture Size = 30.00 ym  Signal B = InLens

TR W W AT ey T ST AT 4 T

A

Electrode layers
(Lao_75cao_25)o_95cro,7FEo_303-5 presented in Fig.
4 show a nonuniform porosity and particle size
distribution, although one should not exclude a
possibility of microstructural changes during
the electrode testing. No cracks in the
electrode layer or its delamination from the
electrolyte were detected.

2
| Mag= 1000KX  3ym EHT = 500KV Signal A = SE2
WO= 7mm Aperture Size =30.00 ym  Signal B = InLens
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Fig. 4. Cross-section (A) and top view (B) of a cell with (Lag.75Ca.25)0.95Cro.7Fe0 3035 electrode

layer after testing under anode conditions.

Fig. DSillustrates examples of the
impedance spectra for
(Lag.75Ca0.25)0.95Cro.7F€0.303.5 and
(Lao_75cao_25)o_g5cro_3Feo,703-5 collected under
cathodic and anodic conditions. For both
electrodes, the Ohmic resistance decreases as
the oxygen partial pressure rises in accordance
with the electronic conductivity of the
electrode materials. The polarization losses
show a correlation with the content of the
electrochemically-active component in the gas
mixture, i.e. O, or H; for cathode and anode
conditions, respectively. While these effects
are similar for both electrode compositions,
the impact of Cr:Fe ratio differs for various
testing conditions.
(Lao_75cao_25)o_95CI'o_3F90,703-5 cathode exhibits
lower Ohmic and polarization resistance as
compared to the material with higher Cr
content; this trend is not surprising taking into
account better conductivity of Fe-rich

compositions (Fig. 3) and well-known
improved catalytic activity of ferrite-based
compositions in redox processes [36-38].The
low-frequency arc for the Fe-enriched cathode
is more suppressed (Fig. 5D) than that for
(Lap.75Cap.25)0.95Cro7Fep 3035 which may be
associated withmicro-structural factors or a
mechanism of oxygen adsorption or surface
diffusion promoted by the higher electronic
and ionic conductivity. However, in reductive
atmospheresthe introduction of iron into the
electrode composition has a negative effect
even despitehigher conductivity in comparison
with (Lao.75Cap.25)0.95Cro.7Fep 3035 and
negligible difference of the thermal and
chemical expansion. It should be remembered
that the phase composition of
(La0_75Cao_25)o_g5Cro,3Feo_703-5 annealed
insimilar H,O-H,-Ar atmosphere exhibited no
additional phases.
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Fig. 5. Impedance spectra corrected for the electrode area and Ohmic resistance for

(Lao_75C3.0,25)0,95Cfo,7F90,303.5 (A, B) and (La0,75Ca0,25)0,95Cr0,3Feo,yog.g (C, D) under reducing (A,

C) and oxidizing (B, D) conditions.

According to Fig. 6, the activation
energies of the electrode reactions both in
reducing and oxidizing atmospheres are
substantially higher for
(L&o_75C8.0,25)0,95CI’0,3F60,703-5 as compared to
the Cr-rich analogue regardless of the opposite
trends in the conductivity behavior. This fact
suggests that at least for one electrode
composition the electrochemical activity is
governed by factors independent of electron
supply/removal to/from electrochemically-
active sites. This suggestion is confirmed
bysubstantially lower values of E, for the total
conductivity (Fig. 3) than those for the
electrochemical activity. The observed trends
are not typical for most perovskite-based
electrode [2, 7, 8] where the electronic
conductivity is considered to be the major
performance-determined factor, and might be
attributed to differences in the microstructure
or excessive formation of oxygen vacancies on
the surface of Fe-enriched perovskiesleading
to local ordering thathas the influence on the
electro-catalytic properties. At the same time,

the structural transition for
(Lao,75C8.o_25)o_95CI'0,7FEo,303-5 occurs at ~815
K, i.e. all the electrochemical tests were
carried out on the material with rhombohedral
or cubic structure. As for
(Lap.75Cap.25)0.95CrosFep 7035, the structural
transformation occurred in the temperature
rangewhere the electrochemical studies were
carried out thatcould substantially affect its
electrochemical behavior.

While decreasing hydrogen pressure
over (Lao_75cao_25)o_95cro_7F60,303-5 anode leads
to an appearance of additional low-frequency
semicircle (Fig.5A) associated with retarded
gas-phase diffusion, the
(Lao.75Ca0.25)0.95Cro.3F€0.703.5 anode
demonstrates a substantial enlargement of the
intermediate-frequency arc  (Fig. 4C)
suggesting a higher role of surface-associated

processes. Obviously, this phenomenon
deserves further studies. One should remind
that the increase of iron content in

(Lao.75Sro.25)0.95Cr1-xFexOs5 also resulted in a
deterioration of the electrochemical activity,
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presumably due to lower electronic
conductivity [7]. Irrespective of the origin of
such unexpected electrode behavior, the high
level of the polarization resistance makes it
necessary to modify the electrode composition,

for instance, by fabrication of composite
anodes, introduction of catalytically-active
components or by a proper application of the
current-collecting layer.

(LaO.7SCa0.25)O.95Cr0.3Feo.7o3—8 116 kJ/ | [©]
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Fig. 6. Temperature dependencies of the polarization resistance of (Lao 75Ca.25)0.95Cr1-xFexO3-s
electrodes in O, and wet 4% H,-Ar atmospheres. The activation energies of the reciprocal total
polarization resistance are marked near the corresponding data.

Conclusions

Increasing iron content in
(Lag.75Sr0.25)0.95Cr1.xFexOs-sperovskites leads to
higher  electronic  conductivity, thermal
expansion coefficient and electrochemical
activity of the corresponding cathodes.
Moreover, the temperature of the structural
transition “orthorhombic” — *“rhombohedral”
shiftswith Fe-dopingtowards higher
temperatures. The influence of Cr:Fe ratio
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BORK OKSID YANACAQ ELEMENTLORI UCUN ELEKTROD MATERJALLARI Kimi
(La0_75ca0_25)0_95cr1.xFex03.A PEROVSKiTLBRIN iSTiFADB PERSPEKTIW

V.A. Kolotigin, A.1. lvanov, N.B. Kostretsova, V.V. Xarton

REA-n:n Bark Cisimlor Fizikasi /nstitutu
142432 Rusiya, Cernogolovka, akad.Osipyan kiig., 2
e-mail: kolotygin@issp.ac.ru

Toqdim olunan is bark oksid yanacaq elementlaorinin katod va anodlar: Ggun istifada oluna bilan
(Lao.75Cap.25)0.05Cri1-xFex0s.s  perovskitlorin sintezina hasr olunub. Bu materiallar ortorombik
struktura malikdilor, lakin 800-1000 K temperaturda q:zd:rd:qda romboedrik formaya kegirlar.
Kecid temperaturu damirin migdar:ndan asiidir. Xatti genislonma omsal: (10.5-11.1)x10°K™*
intervalda dayisir, hacmi dayisiklar 0.16% togkil edir.

Acar sozlar: perovskit, termiki genislonmo, faza kecidlori, xatti genisloanma amsal:, bark oksid
elementlori.

IIEPOBCKHTOIOJOBHBIE (Lay75Cag 25)005Cr1.xFexOs.4 A/IA OTEHIIHAIBHOIO
HCITI0/Ib30BAHHSA B KAYECTBE JJIEKTPOJHBIX MATEPHATIOB CHMMETPHYHBIX
TBEPJJOOKCH/IHBIX TOIVTHBHBIX 2JIEMEHTOB

B.A. Konomuvicun, A.1. Heanoe, H.b. Kocmpeuosa, B.B. Xapmon

Unemumym uzuxu meepooeo mena PAH
142432 Poccus, Yepnoconosxa, Mockosckas obnacms, yi.axad.Occunvsna, 2,
e-mail: kolotygin@issp.ac.ru

Paboma noceswena cunmesy u ammecmayuu neposckumos (Lap75Ca0.25)0.95Cr1-xFex0Os.5 6
Kayecmee NOMEHYUANbHLIX KAMoO08 U AHOO008 MEEPOOOKCUOHBIX MONIUBHBIX IIEMEHMO8
(TOTD). [dns mamepuanos xapaxmepua opmopomouyeckas cmpykmypa Ha 6o30yxe, 8 mo
gpems kax npu Haepese ceviute 800-1100 K npoucxooum obpamumvlii nepexod cmpykmypul 6
Pomb0o30puieckyro cummempuro. Temnepamypa nepexooa pacmem ¢ cOOepHCAHUeM dHcenesd.
3uauenus aunHelHo20 KOIGPOUYUEeHMa mepMuvecKo20 pacuupenus UsMeHaIomcs 6 UHmepseaie
(10.5-11.1)x10°K™*, creexa VBEIUYUBAACy NPU 1e2UPOBAHUU MAMEPUATIO8 JHCENE30M, 8 MO
8pemMsi KAk obOvemHble U3MeHeHuss npu occmanosieHuu He npesviwaom 0.16%.
DneKmpoHHas npo8oOUMOCMb  NPOAGIAEN MePMUYECKU-AKMUBUPOBAHHBINL  XapaKmep U
yeenuyueaemcs npu 68e0eHuUU xceiesd, npeonoioHCUMenbHO 01a200aps pocmy Yucia Y3108
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0OCMYNHBIX Ol 9NeKMPOHHO20  nepeHocd. JlanHoe nosedenue Habawoaemcs 8
OKUCTUMENbHBIX U BOCCMAHOBUMENbHLIX  ycaosusx. Huskuil  ypogeHb — 31eKmpoHHOU
APOBOOUMOCIU  NPEONONONCUMENbHO  00yCaagiueaem  HeOOCMAMOYHO — GbICOKVIO
Kamanumu4eckylo akmusHocms kamoooena octoge (Lao75Cap 25)0.05Cri1xFex0s.s, 6 mo epems
KAK 6 AaHOOHbIX YCI0BUAX INEKMPOXUMUUECKOe NOBEOeHUE CBA3AHO C PsO0OM  Opyeux
Gakmopos, makux Kax 31eKmpoOHAst MUKPOCIMPYKMYPA UlU NOBEPXHOCIHbLE S6TIeHUSL.
Kniwouesvle cnosa: neposckum, pazoswviti nepexod, mepmuieckoe pacuuperue, XumMuieckoe
pacuupenue, NOIHAs 31eKMpPONPO8OOHOCHb, NOIAPUSAYUOHHOE CONPOMUBTEHILE.
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