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Review is dedicated studies of phase equilibria in the systems based on
rare earth elements and 3d transition metals. It's highlighted several structural
families of these compounds and is shown that many were found interesting
properties for practical application, such as high conductivity up to the super-
conducting state, magnetic properties, catalytic activity of the processes of
afterburning of exhaust gases, the high mohility in the oxygen sublattice and

more.
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Introduction

The studies of phase equilib-
ria in the systems based on rare earth
elements and 3d transition metals and
thermodynamic parameters of the oxide
phases formed in these systems was ini-
tiated by Vladimir Mikhailovich Zhuko-
vsky in 1977 under the direct supervision
of Alexander Nikolaevich Petrov, as the
development of contractual issues, con-
ducted with an experienced company
GIREDMET. The works on the study of
the system Sm-Co-O and properties of
oxide phases formed in system were then
extended to other rare earth elements
(REE) [1-8] and 3d transition metals
[9-13]. A characteristic feature of these

systems is the formation of oxide phases
with perovskite structure AVO, and relat-
ed. The partial substitution of rare earth
elements in alkaline earth metals (AEM)
leads to significant change of properties
and they found a wide range of interesting
for practical applications of the properties
such as high conductivity up to the su-
perconducting state, magnetic properties,
catalytic activity of the processes of after-
burning of exhaust gases and a variety of
redox reactions, high mobility in the oxy-
gen sublattice and more. In addition, par-
tial substitution in the A-sublattice under
constant 3d-cation in the systems Ln-T-
O allows to stabilize the structure, which
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in the given conditions (temperature and
oxygen pressure) are thermodynamically
unstable. Therefore, further development
of investigations of phase equilibria and
thermodynamic stability of complex ox-
ides were targeting the systems Ln-M-
T-O (where Ln = REE, M = Ca, Sr, Ba;

T = Mn, Fe, Co, Ni, Cu). When a certain
percentage of similarity (in all possi-
ble formation of a phase with perovskite
structure LnTO, ;) these systems still have
a noticeable and distinctive features de-

pending on the nature of the components.

Phase equilibrium in systems with T = Mn

The significant difference of perovskite
phases in the manganese-containing sys-
tems Ln-Mn-O is that the oxygen con-
tent in them exceeds the stoichiometric
air LnMnO, .. In fact, the oxygen sublat-
tice is complete and the non-stoichiome-
try is realized by vacancy disordering of
cationic A- and B-sublattices and from a
structural point of view it is more correct
to represent the formula of such mangan-
ite Ln, Mn, O, [14-24]. Another feature
distinguishing Mn-containing systems,
is an obvious area of homogeneity on
the metal components Ln_MnO, and
LnMn,_O, [13, 25-29]. During the re-
placement of REE in alkaline earth met-
als (Ca, Sr, Ba) are formed solid solutions
Ln, M MnO,,.. The limits of substitution
depend both on the nature AEM, so from
external conditions (T, PO,). In Fig. 1 and
2 show the isobaric-isothermal diagrams
for the systems La-M-Mn-O (M = Ca
[30], Sr [31, 32]), respectively.

The complex relationship between the
limit of heterovalent substitution of lan-
thanum by strontium in La,_Sr MnO,,,
with oxygen (3+5) when the pressure de-
creases is well illustrated in Fig. 3.

The charge compensation during re-
placement of Sr** for La** may occur by
increasing the degree of oxidation of
manganese or by reducing the oxygen
content. A significant reduction of oxy-
gen content in the first stage reduction
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of pressure (0.21-10” at™ ) [14, 33] leads
to the possibility of increasing content of
strontium in boundary composition (x).
With further decreasing oxygen pres-
sure 10°-10"" atm™ loss of oxygen by solid
solution slows down, the dependence
8= f(Po,) reaches a plateau [14, 33] and
the decrease of the degree of oxidation of
manganese is achieved by reducing the
solubility of strontium in La,_Sr MnO, .
Enriched with strontium solid solutions
La, SrMnO, ..., (0.67<x<1) with
oxygen vacancies ordered in a 6-layer
perovskite-like structure, at low oxygen
activity (in the presence of NaH) and
at low temperatures (not higher than
400 °C) are described in [34]. It should be
noted that the equilibrium implemented
with decreasing pressure of oxygen dur-
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Fig. 1. Isobaric-isothermal section phase
diagrams of La-Ca-Mn-O at 1100 °C
in air [30]
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Fig. 2. Isobaric-isothermal section phase
diagrams of La-Sr-Mn-O in air at 1100 °C
[31] (a); 1200 °C [32] (b); 1400 °C [32] (¢)

ing the decomposition of solid solutions
Ln, Sr MnO, , is monovariant, and there-
fore a method of measuring EMJ in cells
with solid electrolyte in its classical ver-
sion can be applied with certain reserva-
tions, and the interpretation of the results
obtained in [35, 36] is in doubt. The use
of more redox conditions allows to get a
phase belonging to a homologous series
Ruddlesden-Popper A B O, for ex-
ample, n=1 ((La, Sr)MnO, [31], n=2
La, M, Mn O, (M=Ca, Sr) [37-39]. The
full chart for the system La-Ba-Mn-O is
not known, systematically studied only cut
LaMnO,,, - BaMnO, ,, solid solutions La,_
Ba MnO,,; at 1100 °C in air are formed
in the interval 0<x<0.3 [40-42]. Similarly,
Sr-substituted, the barium content may
be increased to more reducing condi-
tions (lower oxygen pressure, increasing
temperature) up to x=0.5, but there is
the effect of streamlining the education
phase double perovskite LaBaMn,O, ,
[43]. Streamlining A-subject-cations: La
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Fig. 3. Section “-composition” phase diagram
of the system La-Sr-Mn-O along the line of
the LaMnO, - SrMnO,
at 1100 °C [31]
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and Ba are arranged in alternating lay-
ers, doubling, thus the unit cell along the
C-axis and oxygen vacancies, are concen-
trated in the plane La-O, thus forming the
more complex superstructures [43, 44].
The systematic study of phase equilib-
ria for other REE have not been conduct-
ed, there have been studies of individual
compositions Ln_MMnO,,, [45-48],
including double-layer cation-ordered
LnBaMn,O, ; [49-51]. Like La-con-

taining systems and the complex oxides
Ruddlesden-Popper series (Ln M),Mn,O,
[52-58], Ln,M) MnO, [58-61] were ob-
tained. Another class of compounds based
on rare-earth elements, calcium and man-
ganese Ln,Ca,MnO, was obtained using
high pressures (4 GPA in the presence
of KCIO,), the structure of which is con-
structed by alternating hexagonal perovs-
kite-like layers and graphite-like Ca, O-
layers [62, 63].

Phase equilibrium in systems with T = Fe

The results of a systematic study of
phase equilibria in systems La-M-Fe-O
(M = Ca, Sr) at 1100 °C in air are present-
ed in Fig. 4, 5 [64].

The solid solutions La,_Sr FeO, ; crys-
tallize in the perovskite structure with
two types of distortion: orthorhombic
(0=x<0.2) and starting with x=0.5, rhom-
bohedral, which are reduced, allowing to
describe the structure of a cubic cell in
the range of compositions of 0.6<x<0.8
[64]. The homogeneity regions substan-
tially depend on the oxygen content and,
therefore, the conditions of processing/re-
ceiving, the influence of which increases
with increasing content of strontium. For

1/2(Fe,0,)

122,09 09 o1 02 03f 04 05 06 07 08 09 10 CaO
La,Ca0, S

Fig. 4. Isobaric-isothermal section phase
diagrams of La—Ca-Fe-O at 1100 °C in air
[64]
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example, at a temperature of 1300 °C-
installed the homogeneity regions were
as follows: orthorhombic cell with space
group Pbnm exists in the range of com-
positions 0<x<0.2, the rhombohedral
cell (R3¢) is at 0.4 <x<0.7, cubic (Pm3m)
is at 0.8<x<1 [65, 66]. Thermogravimetric
studies allowed us to assess the thermal
stability of La,_Sr FeO, ;in an atmosphere
of 95 % He+5 % H,, which decreases with
increasing content of strontium [66].
Numerous studies of properties of
compounds with the general formu-
la M,LnFe,O, ; (M = Ca, Sr) [67-71],
(which otherwise can be represented as
Ln .M _FeO, ), obtained, as a rule, at

1/2(Fe,0,)

102 00
12(La,0) 00 01 02 03 04 05 06 07 03 09 1o SO
e |

§Sy

Fig. 5. Isobaric-isothermal section phase
diagrams of La-Sr-Fe-O at 1100 °C in air
[64]
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high temperatures 1200-1400 °C in air,
and in some cases processed in an inert
atmosphere do not give unfortunately, a
clear answer to the question is this struc-
ture unique or is one of the homogeneity
region, although the observed domain
structure of the material confirms the
predominant cation ratio M/Ln=2/1 [67].
The ordering of cations in the A-sublat-
tice Ln . Sr  FeO,, can be correlated
with oxygen non-stoichiometry and the
domains with a possible streamlining
of the La/Sr = 1/2 in the oxide with § =
0-0.1, observed by electron microscopy,
are not recorded under é = 0.15-0.33 [70,
71]. Another confirmation of the relation-
ship of the structure and content of oxy-
gen may be the results of determining the
oxygen non stoichiometry and structural
analysis as a function of temperature for
Sr,LaFe O, [68]. The partial replacement
of lanthanum for strontium stabilizes the
first term of the series Ruddlesden-Pop-
per La, _Sr) FeO, [64] and at tempera-
tures above 1200 °C begins the formation
of next LaSrFe O, [72]. Quasi-binary
section of the chart LaFeO, - LaSrFeO, is
presented in Fig. 6 [72].

In addition to these phases the starting
forming of the third member of the ho-
mologous series n=3 LaSr.Fe,O, . [73] is
fixed, the oxygen content which varies in
the range 0.1<x<0.8 depending on the con-
ditions of obtaining and processing [74].
The systematic studies of phase equilibria
in systems Ln-(Ca, Sr)-Fe-O so far have
not been conducted. The separate solid so-
lutions were received and investigated, for
example, Nd, Sr FeO, ; (0.6<x<0.8) [75],
Pr,_Sr FeO, ; [76], SerNdlereOH [77].
In addition, as La-containing compounds
in the systems Ln-Sr-Fe-O was recorded
the formation of layered phase composi-

tion LnSr,Fe,O, (Ln = Nd, Eu) with the
tetragonal symmetry [78].

The information on phase equilibria in
the system La-Ba-Fe-O is virtually little
it is known about the possibility of obtain-
ing solid solutions La, Ba FeO, ; [79, 80]
and a layered phase BaLa Fe O, [81]. As
in Mn-containing systems, a significant
difference in size of the barium and REE
with sequence number greater than that
of lanthanum leads to the formation of or-
dered layered structures. Much attention
is paid to investigation of the conditions
of obtaining and properties of phases
with the general formula LnBa Fe O,
[82-84]. As noted above, the receipt of
such phases is essentially determined by
the processing conditions (temperature
and oxygen pressure) and the possibility
of ordering in the cation sublattice is asso-
ciated with both the oxygen content and
the difference of radii of A-cation [85-87].
The getting dulaine ordered structures
LnBaFe,O, , is possible at temperatures
above 620 °C and low partial pressure of
oxygen (POz = 107124 - 107»* atm) [88-
90]. For Ln = Sm at atmospheric pressure,
the existence of five-layer oxide phases
Ln, Ba, Fe O, [91]is determined.

T.°C
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2000+ Liquid -2000
1950 41950
1900}  Liquid + LaFeO, $1900
1850 _o o o 1850
L . Liquid
1800} Haud g0 1800
L LaFe0, LaySeFe;0, ]
1750+ + 1750
. La,StFe;0; La,SrFe,0, .
1700 * - 1700
L LaSiFeO, a
LaFeO3 20 80 LaSrFeOy

0
mol %

Fig. 6. Quasi-binary section of the chart LaFeO,
- LaSrFeO, at atmospheric pressure [72]
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Phase equilibrium in systems with T = Co

Phase equilibria in systems La-M-
Co-0O (M = Ca, Sr, Ba) been studied quite
extensively in several papers [92-96] at
different temperatures and atmospheric
pressure (Fig. 7—9).

The region of homogeneity of substi-
tuted lanthanum cobaltites La, Ca CoO, ,
depends on the conditions of heat treat-
ment. The annealing of samples at atmos-
pheric pressure and 885 °C allowed us to
obtain single-phase samples in the range
of compositions 0<x<0.2 [93] at 1100 °C

1100°C,
P,=0.21atm

(Co0)

00 041 02 03 04 05 06 07 08 09 1.0
12(La,0,) LaCa0, = —— (Ca0)

Ca

by the authors [92, 95], the boundary of
existence was drawn between x =0.3 and
x =0.4, while after annealing the oxides at
1200 OC region of existence of solid solu-
tions extends up to x = 0.5 [97, 98]. The
solid solutions La, Ca CoO, crystallize
in the orthorhombic cell, in this case the
reduction of the rhombohedral distortion
with increasing x values [97] is observed.
Similarly, the introduction of strontium
and barium in the sublattice of LaCoO,
leads to a reduction of rhombohedral dis-

06 08 1.0

0.0 0.2 0.4
(La,Ca0,)

b

Fig. 7. Isobaric-isothermal section phase diagrams of La-Ca-Co-O
on the air at 1100 °C [92, 95] (a); 885 °C [93] (b)
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Fig. 8. Isobaric-isothermal section phase
diagrams of La-Sr-Co-0 at 1100 °C
in air [94]

278

(CoO)

~

1100°C,

PO =0.21atm

2

0.0 5 0:1 0:2 DTJ GTA 0?5 06 0.7 0.8 0?9 110
112(La,0) ,, La,Ba0, (BaO)
R
Fig. 9. Isobaric-isothermal section phase
diagrams of La-Ba-Co-0 at 1100 °C

in air [92, 96]



Phase equilibria and thermodynamic properties of oxide systems

on the basis of rare earth, alkaline earth and 3d-transition

(Mn, Fe, Co) metals. A short overview of.

Ne 4| 2015
Chimica Techno Acta

tortion in the range 0.0<x<0.5 [94-96, 99]
and the oxides with 0.5 < x < 0.65 (M = Sr)
1 0.5 < x <0.8 (M = Ba) have ideal cubic
structure. A further increase in the stron-
tium content of 0.65 < x < 0.8 leads to the
appearance of orthorhombic distortions
of the cubic structure [94]. The assignable
region of homogeneity La,_Ca CoO, is
considerably less than was found for Sr -
and Ba-substituted lanthanum cobaltites.
This may be due in part to a dimensional
factor, because reducing the size of cation
in position A reduces the resistance per-
ovskite phases [100], but mainly with the
fact that the valence state of cobalt ions
determines the thermodynamic stability
of these systems [94].

In air at 1100 °C phase La,CoO, is
not formed [12, 101]. The introduction
of alkaline earth metal in the lanthanum
sublattice increases the average oxida-
tion state of cobalt in the solid solution
(La, M),CoO,, thereby stabilizing the
phase with the structure of the K NiF,
type [93-96, 102]. The regions of exist-
ence of solid solutions at T = 1100 °C
and =0.21 ATM are in the range of
compositions 0.25<y<0.3 for M = Ca

U A
VA

02 0.4 0.6 0.8 1.0

Fig. 10. Isobaric-isothermal section
of the phase diagram of Nd-Ca-Co-0O
at 885 °C in air [103]

[92, 95]; 0.30<y<0.55 for M = Sr [94];
0.300<y<0.375 for M = Ba [92, 96].

The results of comprehensive study of
phase equilibria in systems La-M-Co-O
(Ln = Nd, Sm; M = Ca, Ba) are presented
in fig. 10, 11, 12 [103, 104].

The information about the interme-
diate compounds formed in the systems
Ln-M-Co-O (M = Ca, Sr) is rather lim-
ited. At partial substitution of calcium
to REE in the cobaltites Ca, Ln Co,0,
(0=x<0.15) [105, 106] and Ca, Ln Co,O,
(0<x<0.15) [103] there is an increase in
the decomposition temperature of the
respective oxides. The region of exist-
ence of solid solutions on the basis of or-
thogonality neodymium Nd, Ca CoO,,
is limited to the value of Nd,_Ca CoO,
x =0.25 [103]. In a series of “SrCoO, ;" -
“LnCo0,,” are formed several oxide
phases crystallized in different structural
type, depending on the nature of the REE
[106-109] (Fig. 13).

The phases related to homological se-
ries Ruddlesden-Popper Ln, M CoO,
(M=Ca,Ln=Pr-Gd; M = Sr, Ln = Pr,
Sm) [103, 111-113] have been obtained
and studied in air.

0.2 04 0.6 0.8 1.0
il BaO

0.0
12Nd.0, Ndpa0, o

Fig. 11. Isobaric-isothermal section
of the phase diagram of Nd-Ba-Co-O
at 1100 °C in air [104]
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Fig. 12. Isobaric-isothermal section of the
phase diagram of Sm-Ba-Co-0O at 1100 °C in
air [104]

When considering systems Ln-Ba-
Co-0O much attention is paid to bilayer
ordered perovskites LnBaCo,O, , [114-
121]. Unlike iron- and manganese-con-
taining systems, the compounds with
similar structure are thermodynamically
stable at atmospheric pressure. Depend-
ing on the radius of the REE and the con-
ditions of synthesis of oxides, the forma-
tion of multiple types of superstructures,

2-Phase Ropion

Er
Tm
Yo 4
(&7}

00 01 02 03 04 Q5 06 07 08 09 10
conoparnd Se (v

Fig. 13. Phase diagrams of perovskite-like
structures Sr Ln,_ CoO, ; at 300 K [109].

which are characterized by alternating
planes containing atoms of rare-earth
metals or barium, and of the ordering of
oxygen and vacancies in the layers LnO,
[114].

For a number of REE the separate
compounds BaCo, Sm O, (0.1<x<0.2)
[104], Nd, Ba Co 0. (0.70<x<0.80) [104]
and related to the phase type Ruddlesden-
Popper, Ln,BaCo,O, , (Ln = Sm, Eu, Gd),
[121, 123] were obtained and described.
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Beepenue

VccnenoBanne ¢asoBbIX pas-
HOBeCUIl B CHUCTeMax Ha ocHoBe P339 u
3d-mepexogHBIX MeTa/VIOB U TEPMOJM-
HaMMYECKMX IapaMeTpoOB  OKCUJHBIX
(a3, obpasyomuxca B 9TUX CUCTEMAX,
O6bUI0  VHMLUMpPOBaHO  Bragumupom
Muxarinosuyem JKykoBckum B 1977 T
IIOJl HEMOCPeNCTBEHHBIM PYKOBOJCTBOM
Anekcanppa Hukomnaesuya IleTpoBa xak
pasBUTME XO3[OTOBOPHOM TeMaTUKH,
MPOBOJMMOI C OTBITHBIM TIpeATpUATHU-
eMm I'MPEIMET. Pa6oTbl 10 M3YYEHUIO
cucteMbl Sm-Co-O M CBOJMCTB OKCHUJ-
HbIX (a3, B Heil 0OpasyoIMXCs, ObIIn

3aTeM pacIpOCTPaHEHbl Ha Jpyrue pef-
KoseMenbHble 3meMeHThl (P39) [1-8] n
3d-mepexopguble Mertamnbl [9-13]. Xa-
PaKTEPHOI 0COOEHHOCTHIO ITUX CHUCTEM
sBIsEeTCs 00pasoBaHMe B HUX OKCUJTHBIX
das co crpykrypoit neposckura ABO,
U POLCTBEHHBIX eil. HacTuuHOe 3amelile-
Hite P33 Ha mie109HO3eMeNbHbIE METaI-
nbl (III3M) npMBORUT K CyIIeCTBEHHO-
MY M3MEHEHVIO CBOJICTB, ¥ UMEHHO OHMU
OOHAPYXM/IM IUVPOKMII CIIEKTP MHTepe-
CHBIX JUIsI HMPAaKTUYECKOTO IPUMEHEeHMWs
CBOJICTB, TAaKMX KaK BBICOKAs 3NIEKTPO-
IPOBOJHOCTD BIUIOTH 10 CBEPXIIPOBOISI-
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IIET0 COCTOSIHMsI, MarHMUTHBIE XapaKTe-
PUCTUKM, KaTaJUTH4YeCKas aKTUBHOCTD
MIPOLIECCOB ITOXKUTAHMS BBIXJIONHBIX ra-
30B 1 PasHOOOPA3HBIX OKMCINTETbHO-
BOCCTAHOBMTE/IbHBIX PeaKI[Mil, BHICOKAs
MOABIDKHOCTD B KUCTIOPOZLHOI TOApe-
meTke 1 fipyroe. Kpome toro, yactnynoe
3aMellieHre B A-TIOfipelieTKe Mpy Heus-
MeHHOM 3d-KatnoHe B cucremax Ln-T-O
[03BOJIsIET CTAOMIU3UPOBATb CTPYKTY-
PBl, KOTOPBIE B JaHHBIX YCIOBUAX (TeMITe-
parypa 1 iaB/ieHue KUC/IOpOfia) ABJIAIOT-
Cs1 TEPMOJIMHAMUYECKN HECTAOMTBHBIMIA.

VIMeHHO IT03TOMY Ha/bHejllllee pa3BUTHE
ucciaenoBanmit - GasoBbIX PaBHOBECUIl
U TepPMOAVHAMUYECKON CTaOMIbHOCTI
CTIOKHBIX OKCU[OB ObLIM HaIlpaB/IeHb
Ha cucreMbl Ln-M-T-O (rme Ln = P33;
M = Ca, Sr, Ba; T = Mn, Fe, Co, Ni, Cu).
[Ipu ompeneneHHON fjone cXoxkecTu (BO
BCeX BO3MOXHO QopMmupoBaHye (asbl
co crpykTypori neposckuta LnTO, ) ot
CHCTEMBI BCe JKe MIMEIOT U 3aMeTHbIe OT-
JINYNTEeTbHbIE 0COOEHHOCTY B 3aBUCYIMO-
CTM OT IPUPOJBI KOMIIOHEHTOB.

®asoBble paBHoBecusi B cucteMax ¢ T = Mn

CyllecTBEeHHbIM OTINYMEM MepOoB-
ckuTHBIX ¢a3 B Mn-copmepxaumx cu-
creMax Ln-Mn-O gBngercas TO, 4YTO
cofiep>kaHMe KUCIOpoJa B HUX Ha BO3-
Oyxe TIpeBbIIIaeT CTEXMOMEeTpUUIecKoe
LnMnOM. Ha camom pene moppemniet-
Ka KICTIOpoJa sAB/ISAETCS KOMIIJIEKTHON,
a HecTeXMOMeTpus peanusyercs IyTeM
BAaKaHCHOHHOTO pasynopsAfoYeHusa Ka-
TUOHHBIX A- M B-moppemerox, 1 co
CTPYKTYPHOI TOYKMU 3peHNs MpaBUIbHee
HpefCTaBIATh (POPMy/Ty TaKOro MaH-
raHmuTa LnHMnlryO3 [14-24]. [IOpyroi
0Cc06€eHHOCTHIO, OTMYaIeil Mn-comep-
>Kall[/ie CUCTEeMbI, ABJIAETCA 3aMeTHas 00-
JIaCTh TOMOTEHHOCTU T10 MeTa/I/INYeCKIM
komnoHeHntam Ln,_MnO, n LnMn, O,
[13, 25-29]. Ilpu samemenunm P35 Ha
meroyHosemenbubie Mertamnbl (Ca, Sr,
Ba) oOpasyioTcsi TBephble PacTBOPHI
LnHManOm. IIpenmenbl 3amerieHus
3aBUCAT Kak oT npupopsl 113M, Tak oT
sHemHux ycnosuit (T, Po,). Ha puc. 1, 2
[pUBENEHbl  M306apHO-U30TEPMUIECKIE
oyarpaMmbl A cucteM La-M-Mn-O
(M =Ca[30], Sr [31, 32]), COOTBETCTBEHHO.

Crno)xHasg B3aMOCBA3b MeXAY IIpe-
Ie7IOM TeTepOBAJIEHTHOTO 3aMelleHMs
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naHTaHa cTponumem B La Sr MnO,
¢ comep>kaHMeM Kuciopopa (3+d) mpu
MOHIDKEHMM JaBJIeHVS XOPOIIO WJUIIO-
CTpupyeTcs Ha puC. 3.

Kommencanys 3apspa mpm 3aMelie-
Huu La®* Ha Sr** MoXXeT mpoMCXoauTh 3a
CYeT ITOBBIILEHNA CTeIIeHN OKMCIeHnA Mn
60 3a CUeT YMeHbIIEHUA COIepIKaHMA
kucnopopa. CylllecTBeHHOe yMeHblIle-
HIIe COIep)KaHMA KUCIOpOJja Ha MepBOM
aTare yMeHblIeHVA fasrenns (0,21-107
atM) [14, 33] DpMBOAMUT K BO3MOXKHO-

2 N \ 0.0
0.6 0.8 1.0
MnO
CaMnO,CaMn,0, CaMn.O,, X

»
.2 0.4
Ca,MnO,

4

Puc. 1. VI306apHO-130TepMIYeCKIiT paspes
muarpammbl coctosHna La-Ca-Mn-O npu
1100 °C Ha Bo3gyxe [30]
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Puc. 2. VI306apHo-130TepMUIeCcKIil pa3pes

muarpamMmbl coctossHuA La-Sr-Mn-O Ha
Bosgyxe: mpu 1100 °C (a) [31]; 1200 °C (6)
[32]; 1400 °C (s) [32]

CTU YBEeIMYEHUA COIep)KaHMe CTPOHLUA
B I'PaHNYHOM cocTaBe (x). [Tpu ganpHeli-
IeM IIOHVDKEHMM JaBJIeHMS KUCTIOpoja
10°-10"" aT™ moTepst KUCIOpOna TBEp-
IObIM PacTBOPOM 3aMeyIsAeTCs, 3aBUCU-
mocth O = f(Po,) BeIXoAUT Ha mIato [14,
33] u yMeHbllleHUe CTENEeHU OKMCIIEHUA
MapraHIia peanusyeTcs IyTeM yMeHblIle-
HUS PacTBOPUMOCTYM CTPOHIMA B La
St MnO, . O6oraiieHHble CTPOHIMEM
TBepAble pactBopel La,_ Sr MnO, . .
(0,67 < x < 1) ¢ KNCITOPOHBIMU BaKaHCU-
AMIU, YIIOPAOYEHHBIMY B LIIECTUC/IONHO
[IEPOBCKUTONOROOHO CTPYKType, IIpu
HVI3KOIl aKTMBHOCTY KMC/IOpofia (B Ipu-
cyrctBun NaH) u npu HM3Kux TeMmrle-
parypax (ue Bbime 400 °C) ommcaHbl
B pabore [34]. Cnegyer 3aMeTnTh, 4TO
paBHOBeCHe, peanusyeMoe C IIOHMKEHN-
eM JaBJIeHNUA KIC/IOpPOJa IPM pasjioxe-
HMU TBEPABIX pacTBOPOB Ln, Sr MnO,_
ABJIAETCS MOHOBapMAaHTHBIM, U II03TO-
My Meton msMepenusa OIC B Adeitkax
C TBepAbIM 9/EKTPOIUTOM B €ro Kjac-
CUYeCKOM BapyMaHTe MOXeT OBITb Ipu-

Op v T
9 A A N
21 d
-4h A AR
—~ b 1126 '
= 6
8
o gf oy
0 ik,
g-) o V_ N
S & o e iR e
-10F - o -
[
9’ B8 Bn -0
'123 g-n.8 8- 0. "0
|
!
> o & o
1 AT L e e
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"x""La, SrMnO,"

Puc. 3. Ceuenne «Po,-coctas» dpasoBoit
AuarpaMmbl cricteMsl La-Sr-Mn-O Bromb
mmanu LaMnO, ; - SrMnO, ; ipu 1100 °C

(31]
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MeHEeH C OIIpefie/IeHHbIMU OTOBOPKaMM,
a TPaKTOBKa pe3yIbTaTOB, MOTYYEHHBIX
B paborax [35, 36], BbI3bIBa€T COMHEHUSI.
Vicnionp3oBanme 60mee BOCCTaHOBUTEIb-
HBIX YC/IOBUIT TO3BOJIAET NOMY4aTh (asbl,
IpMHAfeXalue TOMOIOTUYECKOi ce-
puu Pynnnecnena — Ilonnepa A”HBHOWI,
Hanpumep, n = 1 (La_Sr) MnO, [31],
n=2La M, Mn O, (M =Ca,Sr)[37-39].

[Nonuas guarpaMma Ayt cuctemsl La-
Ba-Mn-O HensBecTHa, CUCTeMAaTUIeCKU
uccnenoBancsa b paspes LaMnO, -
BaMnO,_ TBepIble pacTBOpHI
La,_Ba MnO,,, npu 1100 °C Ha BO3pY-
xe obpasyrorcs B unHTepBane 0 < x < 0,3
[40-42]. AHanmorm4yHo Sr-3aMellleHHBIM,
copiep>kaHye 6apusa MO>KeT OBITb yBeJu-
4eHO B 60/Iee BOCCTAHOBUTENBHBIX YCTIO-
BUAX (IIOHVDKeHUe NaB/IeHNs KICIOPOJa,
yBeJIMYeHNe TeMIIepaTypbl) BIUIOTH O
x=0,5, Ho ipu 3TOM HabrofRaeTcs ¢ dexT
yropszodeHus ¢ obOpasoBaHueM (asbl
mBoiiHOro  mepoBckuta LaBaMn O,
[43]. VYmopsamodeHMio IIOABepraiTCA
A-xarnonbl: La m Ba pacnonaraiorcsa

B YepefyIoLIMXCcA CI0SAX, yABauBas, Ta-
KUM 00pa3oM, 9/IeMEHTapHYIO SUeNKy
BIIOJIb OCH ¢, @ TAK)Ke U BaKaHCUI KUCTIO-
pofia, KOHIIEHTPUPYIOTCSA B IUIOCKOCTH
La-O, popmupyst mpu aTom 607ee CI0XK-
Hble CBEPXCTPYKTYpHI [43, 44].

Cucremarnyeckoro musydeHusa a-
30BBIX paBHOBecuil mid Apyrux P39
He IIPOBOAMIOCH, IIPeAIPUHMMANUCh
UCCIelOBaHNA  OTHENbHBIX  COCTAaBOB
Ln, MMnO,,; [45-48], B Tom wumcre
U [ABYXC/IOVHBIX KaTMOH-YHOPS/O4YEH-
HpIX LnBaMn,O, . [49-51]. Ilomo6Ho
La-comep>xkaluM CHUCTeMaM IIOTy4YeHbI
U crIoXHble okcupbl Pypmiecnen — ITom-
mep Cepui: (Ln,M)SMnZO7 [52-58],
(Ln,M),MnO, [58-61]. Eme opun Kmacc
coenqMHeHNIT Ha ocHOBe P33, xanpuusd u
maprania Ln,Ca MnO, nony4ven npu nc-
[10/Ib30BaHMM BBICOKUX HaBnennit (4 ['Tla
B npucyrcteun KCIO,), crpykrypa ko-
TOPBIX IOCTPOEHAa IyTeM YepefOoBaHUA
IeKCAarOHa/IbHBIX IePOBCKUTOION0OHDBIX
cnoes u rpaduTo-nogobubIx Ca,0-croes
(62, 63].

Dda3oBble paBHoBecus B cuctemax ¢ T = Fe

P€3YTIbTaTbI CUCTEMATNIECKOIO I3Y-
YEeHUA (baSOBbIX paBHOBeCI/Iﬂ B CUCTEMaAX

1/2(Fe,0,)

122,09 09 o1 02 03f 04 05 06 07 08 09 10 CaO
La,Ca0, S

Puc. 4. VI306apHO-130TepMIYECKIIT paspes
nuarpammbl coctossHuA La—Ca-Fe-O npn
1100 °C Ha Bo3ayxe [64]
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La-M-Fe-O (M = Ca, Sr) mpu 1100 °C Ha
BO3JlyXe NpefiCTaB/IeHbl Ha pucC. 4, 5 [64].

1/2(Fe,0,)

. SrFe ,0

127195

8 ‘\iﬁ
0.7

0.6 Sr,Fe

6013-5

0.4 SrFeO.

3 %21

1027 0.0
12(La,0) 00 01 02 03 03 05 06 07 08 09 1o SrO
23

§Sy

Puc. 5. VI306apHO-1M30TepMUYeCcKit paspe3
muarpammbl coctossHnsA La-Sr-Fe-O npn
1100 °C na Bo3ayxe [64]
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Teepppie  pactBopn  La,_ Sr FeO,
KPUCTA/UIU3YIOTCS B CTPYKType IIepOB-
CKUTA C [ByMA TUIIAMU UCKa>KeHUIL:
opropombuuecknmu (0 < x < 0,2) u, Ha-
yyHasg ¢ x = 0,5, poMbOOAPUIECKUMI,
KOTOpble YMEHbIIAIOTCA, T03BOMAA OINU-
caThb CTPYKTYpy KyOWdYecKoil s4eilkoi
B MHTepBase cocTaBoB 0,6 < x < 0,8 [64].
O671acTi TOMOTEHHOCTY CYILIeCTBEHHBIM
06pasoM 3aBUCAT OT COfEPIKaHsI KICTIO-
poza 1, Cc/efoBaTeNbHO, OT YCTIOBUIL 00-
PpaboOTKI/TIONyYeHNsI, BIUsAHIE KOTOPBIX
YCUIMBAETCA TIPYU YBETMYEHUN COflepyKa-
HuA ctpoHuudA. Hampumep, mpu Temme-
parype 1300 °C ycTaHOB/IEHHbBIE 00/IacTI
TOMOTe€HHOCTH OpTOpPOM-
6ndeckas sdelika ¢ NPOCTPAHCTBEHHON
rpynmnoit Pbnm cymecrsyer B uHTepBae
coctaBoB 0 < x < 0,2, pombosapuueckas
suerika (R3c) - npu 0,4 < x < 0,7, Kybu-
veckas (Pm3m) npu 0,8 < x < 1 [65, 66].
TepmorpaBuMeTpuyuecKme MCCaefoBaHNA
MO3BOMIMIN OLIEHUTb TEPMUYECKYIO CTa-
6unpHoCcTh La_Sr FeO, . B armocdepe
95 % He + 5 % Hz, KOTOPas yMEHbIIIAETCA
C yBeMM4YeHNEM COfep)KaHUA CTPOHINA
[66].

MHorouncneHHbIe UICCTIeIOBAHMSA
CBOJICTB COCTaBOB C oO1meit popmysoit
M,LnFe O, , (M = Ca, Sr) [67-71], (ko-
TOPYIO MHaue MOXKHO IpPeACTaBUTb KaK
Ln0,33M0’67Fe0375), IIoJTy4aeMble, KakK IIpa-
BUJIO, IIPY BBICOKMX TemIleparypax 1200-
1400 °C Ha BO3#yXe 1 B psAJie CIy4daeB 00-
pabaTbiBaeMble B MHEPTHON aTMocdepe,
He JAI0T, K COXKa/lleHNI0, YeTKOTO OTBeTa
Ha BOIIPOC, ABMAETCA 1M 3TOT COCTaB
VHUKAJIbHBIM WM TIPENCTaBIsAeT ONMH
13 0071aCTy TOMOTEHHOCTH, XOTSI Ha0/IIo-
TaeMas JJOMeHHas CTPYKTypa MaTepua-
7a TOATBEp)KAaeT IPeUMYIleCTBEeHHOe
COOTHOIIeHMe KaTuoHoB M/Ln = 2/1
[67]. YnopsijioueHre KaTMOHOB B A-TIOfI-

COCTaBMI/IN:

pewerke Ln ,Sr, FeO, ; Moxer 6bITb
B3aJIMOCBSI3aHO C KMC/IOPOJHOI HecTe-
XMOMeTpUeil ¥ JIOMEHbl C BO3MO>KHBIM
ynopsapgodennem La/Sr = 1/2 B okcupe
¢ 0 =0-0,1, HabrOTaeMble STEKTPOHHOIT
MUKpPOCKOIMNeN, He (QUKCUPYIOTCA IIpU
8=0,15-0,33 [70, 71]. Ipyrum nogTaep-
JKJIeHNeM B3alMOCBA3M CTPYKTYPBl U
copiep>KaHMsA KMC/IOPOfia MOTYT CITYXKWUTb
pe3yIbTaThl OIpefeneHys KUCTOPOSHON
HEeCTeXMOMETPUM M CTPYKTYPHOTO aHa-
nM3a, Kak QYHKIVM TeMIIePaTypbl A
SrzLaFe308+y [68].

YacTuyHoe 3aMelljeHMe JIaHTaHa Ha
CTPOHIMII CTaOMUIN3KMPYeT MepBBIil YieH
pana Pynnnecmena — Ilommepa cocraBa
(La,_Sr ) FeO, [64], a npu Temmnepary-
pax Bsitre 1200 °C naunnaetcst popmun-
poBanue u cremyomero - La SrFe O,
[72]. KBasubuHapHbIIl paspe3 mmarpam-
mbl LaFeO, - LaSrFeO, npencrabnen Ha
puc. 6 [72].

[Tomrmo ynomsAHYTBHIX ¢a3s, 3aduk-
CHPOBaHO Hauyaso (popMupoBaHMe Tpe-
TBETO YIeHa TOMOJIOTMYECKON cepun
n =3 LaSr,Fe,O, . [73], comepxanue Kku-
C7I0pojia B KOTOPOM BapbupyeTcs B IIpe-

1950

T,.°C

2100+ 42100
2050 2050
2000 Liquid 2000

1900} Liquid + LaFeOy L1900
1850 o o o 11850
L Liq'_uid -
1800 - 1800
B LaFeOy LayStFe,0; N LaStFeO, |
1750 + 41750
r La,SrFe,0, La,StFe,0y _
oo . 41700
L LaStFeO, ]
LaFeO; 20 40 80  LaSrFeO,
mol %

Puc 6. KBasuOuHapHblit paspes AyarpaMmbl
LaFeO, - LaSrFeO, mpn armochepHoM
mapnenviu [72]
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penax 0,1 < x < 0,8 B 3aBMCMMOCTH OT yc-
JIOBMIL TIOMTy4eHMs 1 00paboTKM [74].

CucreMaTyecKmnx MCCIIENoBa-
Huil (asoBbIX PaBHOBECHiT B CHUCTeMax
Ln-(Ca, Sr)-Fe-O x Hacrosmemy Mo-
MEHTy He IIpOBOAMIOCh. IlomydeHb
M MCCIEeNOBaHBl OT/e/IbHbIE TBepble
pactBopbl, Hampumep, Nd, Sr FeO, ;
(0,6 < x <0,8) [75], Pr,_Sr FeO, ; [76],
SerNdl?xFeOH [77]. Kpome Toro, Kak
un i1 La-copmepyxauiux coemyMHeHUit, B
cucremax Ln-Sr-Fe-O sadukcuposano
dbopmupoBanne cIoucThix ¢as cocraBa
LnSr Fe O, (Ln = Nd, Eu), umeromux re-
TParoHaJIbHYI0 CUMMeTpUIO [78].

Cgezienyst 0 (asoBBIX PAaBHOBECUAX
B cucreMe La-Ba-Fe-O mpakrtudeckn
OTCYTCTBYIOT,
CTM TIONIy4eHMs TBEPAbIX pacTBOPOB
La,_Ba FeO, ; [79, 80], a Taxxe o crou-
croit base BaLa,Fe,O, [81].

Taxxe Kak U B Mn-cofep>kalunx cu-
cTeMax, 3HaYUTe/TbHas PasHUIIAa B pa3Me-

MN3BECTHO O BO3MOXXHO-

pax 6apust u P33 ¢ MOpAIKOBBIM HOMe-
pom 6ornblie, YeM y JIAHTaHA IPUBOLUT
K 00pasoBaHUIO YIOPSZOYEHHBIX CIOMU-
CTBIX CTPYKTYp. MHOro BHUMaHUA yJe-
JIAeTCS UCCIIEOBAHUIO YCIOBUIL TIOTy4Ye-
HMSL ¥ CBOJCTB a3 ¢ obuieit popmMyoi
LnBa Fe,O,  [82-84]. Kak ormeuanoch
BBIIIle, TTOTyYeHUe TAaKoro popa ¢as cy-
I[eCTBEHHBIM 00pasoM OIpenenseTcs
ycnoBusaMu 06paboTK (TeMItepaTypoit 1
IaBJIeHVeM KUCTIOPOJa), @ BO3MOXKHOCTD
YIOPALOYEHNUA B KaTVOHHON IOApelIeT-
Ke CBA3aHa KaK C COJep)KaHMeM KUCIIO-
POfia, TaK U C Pa3HOCTBIO pajinycoB A-Ka-
THOoHOB [85-87]. ITomy4eHne [BYCIOIHO
ynopsajoueHHbix cTpykryp LnBaFe, O,
BO3MO)KHO IIpM TeMIIepaTypax Bbllle
620 °C ¥ MOHIKEHHOM IaplyaJbHOM
JaBJIEHUN KUCTOPOfia (PO2 = 107124 —
10%* atm) [88-90]. I Ln = Sm nipu at-
MocpepHOM JaBJIeHUM YCTaHOBJIEHO CY-
IIeCTBOBAHME IIATUCIONHBIX OKCHUHBIX
¢as Ln, Ba, Fe O, ,[91].

15-8

®a3oBble paBHoBecus B cucteMax ¢ T = Co

@a3oBble paBHOBECUS B CHUCTEMAaX
La-M-Co-O (M = Ca, Sr, Ba) gmocra-
TOYHO HOAPOGHO M3YYeHBI B psfe padboT

1100°C,
P, =0.21atm

(Co0)

00 041 02 03 04 05 06 07 08 09 1.0
12(La,0,) aCa0, b (Ca0)
Ca
a

[92-96] pn pasINYHBIX TeMIepaTypax 1
arMocdepHoM faBneHun (puc. 7-9).

Puc. 7. VI3o6apHO-130TepMIdecKuit paspes anarpaMmel coctosiunsa La—Ca—Co-O Ha Boszyxe:
a - upu 1100 °C [92, 95]; 6 — 885 °C [93]
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Gz, '
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1/2(La,0,) :
Sr

Puc. 8. VI306apHO-130TepMUYeCKIiT paspes
nyarpammbl coctosaans La-Sr-Co-O npn
1100 °C nHa Bo3ayxe [94]

O6macTh TOMOTeHHOCTY 3aMelleHHbIX
kobanmptutos manrama La_Ca CoO,
3aBJICUT OT YCJIOBMII TepMMYECKOil obpa-
6orkn. Tak, OT>KUr 0OpasLIOB P aTMOC-
tdbeprHom maBmenuu u 885 °C mosBomMI
HOTy4uTh OfHOMasHbIE 0OpasLbl B MHTEP-
Baste coctaBoB 0 < x < 0,2 [93], mpu 1100
°C aBropamn [92, 95] rpaHuIa CyIecTBO-
BaHIA NpoBefeHa Mexay x = 0,3 u x = 04,
B TO BpeM: KaK IIpY OTKUTe OKCUIOB TP
1200 °C 0671acTb CyLeCTBOBaHNUSA TBEPABIX
PacTBOPOB MPOCTMpPAETCs BIIOTD 10 x = 0,5
[97, 98]. Teepmpie pactBopsl La,_ Ca CoO,
KPUCT/UIU3YIOTCSI B OPTOPOMOMTECKOIT
s4eliKe, IPY 5TOM OTMe4YeHO YMeHblIIeHe
POMOOIIPUYECKUX VICKOKEHUIT C POCTOM
3HaueHVNA X [97]. AHajorMYHO BBefeHMe
crponuys u 6apus B noppererky LaCoO,
IPYBOJNT K YMEHBIIEHNIO pPOMO03fpiye-
CKMX McKakeHmi1 B mHTepBae 0,0 < x < 0,5
[94-96, 99] n oxcuppl ¢ 0,5 < x < 0,65 (M
=Sr) n 0,5 < x < 0,8 (M = Ba) umeror njye-
QJIbHYIO KyOudecKyo cTpykrypy. JanbHeit-
IIee yBelMdeHMe CONep>KaHMs CTPOHINA
0,65 < x < 0,8 NIpMBOAUT K IOABJIEHUIO OP-
TOPOMOMYECKUX VCKAKEHWIT KyOUIecKoit
CTPYKTyphI [94]. YcTaHOBIeHHasA 06MacTb
romorennoct La,_ Ca CoO, ; sHaumresnb-

1100°C,
Po =0.21at™m

2

“ T T T T |
0.0 0.1 10.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1.0

112(La,0) \,, La,Ba0, (BaO)

R
Puc. 9. VI3o6apHO-130TepMIYeCKIil paspes

myarpaMmbl coctosiHuA La-Ba—Co-O npn
1100 °C Ha Bo3gyxe [92, 96]

HO MeHbllle HalifeHHOo [m1s Sr- 1 Ba-3ame-
IIEHHBIX KOOAJBTUTOB JIAHTaHA. JTO MO-
JKeT OBbITh CBSI3aHO OTYACTI C PasMepPHbIM
(axTopoM, Tak Kak yMeHbIIIeHVe pa3Mepa
KaTVOHA B TO3NLVM A yMeHbIIAeT YCTO-
YMBOCTh ITEPOBCKUTOBBIX (a3 [100], HO
[JIABHBIM 00pasoM C TeM, YTO BaJEHTHOE
COCTOsSIHME VOHOB KOOajmbra OIpeiensieT
TEPMOLVIHAMMYECKYIO CTAOMIBHOCTD 3THUX
cucrem [94].

Hasosgyxenpn 1100°C dasaLa,CoO,
He obpasyercs [12, 101]. BBenenne ie-
JIOYHO3eMe/IbHOIO MeTajUla B IOfIpelneT-
Ky JIaHTaHa [OBBIIIAET CPEJJHIO CTEIIeHb
OKIICIeHNs KOGanbTa B TBEPIOM PacTBO-
pe (La,_M),CoO,, CTaOMIUBUPYST TeM
cambiM (asy co crpykrypoit Tuna K NiF,
[93-96, 102]. Obnactu CyIecTBOBaHMS
TBepAbIX pacTBopoB npu I = 1100 °C
n Po2 = 0,21 atM nexxaT B MHTEPBAJIE CO-
craBoB 0,25 <y < 0,3 a M = Ca [92,
95]; 0,30 < y < 0,55 gna M = Sr [94];
0,300 < y < 0,375 jia M = Ba [92, 96].

Pe3ynbraThl KOMIUIEKCHOTO VICCIIENO-
BaHUs (Pa3oBBIX paBHOBECUII B CHCTEMaX
La-M-Co-0O (Ln = Nd, Sm; M = Ca, Ba)
npezncraBiensl Ha puc. 10, 11, 12 [103,
104].
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(Nd, Ca,)CoO, ,
i {04

NdCoO, ,/é;{//l.‘ “\

0.6

0.0 02 0.4 0.6 0.8 1.0

Puc. 10. Vi3o6apHo-n30TepMMIeCKUit paspes
nuarpammsl cocrosiuust Nd—-Ca-Co-O npn
885 °C Ha Bo3zmyxe [103]

»
0.0 02

1/28m,0,

/o4 06 08 10
BaO
Sm_Ba0, &

Puc. 12. VI306apHO-n30TepMUIe KN
paspes aMarpaMMbl COCTOSIHMA Sm-Ba—
Co-O mpu 1100 °C Ha Bo3ayxe [104]

VHpopmanys o IpoMeXXyTOYHBIX CO-
eIVMHEHVSX, 0OpasyIOIMXCs B CUCTEMaX
Ln-M-Co-O (M = Ca, Sr), JOCTaTO4YHO
orpanudyena. IIpum uvacTryHOM 3aMerle-
HUM Kanblysa Ha P39 B KobanbTUTax
Ca, Ln Co,0, (0 < x <0,15) [105, 106]
u Ca, Ln Co,O, (0 <x<0,15) [103] Ha-
OnmiofaeTcss IOBBIIIEHVE TEMIEPATYPHI
pas/oXKeHNsA COOTBETCTBYIOIINX OKCU-
moB. O6/macTp CyleCTBOBAHMs TBEPHABIX
PacTBOPOB Ha OCHOBE OPTOKOOANBTHUTA
neonuma Nd, Ca CoO, ; orpanmumsa-
eTcs 3HadeHueM x = 0,25 [103]. B papy
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,Y; Nd,BaO, Eh

Puc. 11. VI306apHO-130TEPMIYECKIIT paspes
auarpammsl coctossHusa Nd-Ba-Co-O npn
1100 °C na Bo3pyxe [104]

La 7RG eaxizaxeida v
Pr A
Nd { Pnma: J2ax2ax\2a
Sm A
Gd A
Dy -
Y 9 .
2-Phase Region
Ho -
Er 1
Tm 4 Cmma
Yb 4 2v2axdax2\2a
Lu
00 01 02 03 04 05 06 07 08 09 10

cogepxanue Sr (x)

Puc. 13. luarpamma ¢a3
[IEPOBCKUTOIIOZOOHBIX CTPYKTYP
Sr Ln, CoO, , mpu 300K [109]

«SrCo0, , - LnCoO,_» obpasyroTcs He-
CKOJIBKO OKCUJHBIX (pa3, KpUCTamIm3y-
IOIUXCA B PasHOM CTPYKTYPHOM THIIE,
B 3aBUCUMOCTH OT mpupoznst P33 [106-
109] (puc. 13).

®aspl, oTHOCAMLIMECA K TOMOJIOTMYe-
ckoMmy papy Pynpnecmena — Ilommepa,
Ln, M CoO, ; (M = Ca, Ln = Pr - Gd;
M = Sr, Ln = Pr, Sm) [103, 111-113] no-
JIy4eHbl U MICCTIeOBAHBI Ha BO3yXe.

IIpn paccmorpenun cucrem Ln-Ba-
Co-O 6ombuIoe BHUMAaHNE YHeNAeTCS
YIOPsJOYEHHBIM JIBYC/IOMHBIM IIepOB-
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ckuram LnBaCo,O, ; [114-121]. B orimn-
qyie OT JKeJIe30- U MapraHel-CofiepKalliyx
CHCTeM, COeIVIHeHNs C TOJO0OHOI CTPYyK-
TYpOil TepMOAVMHAMUYECKM CTAOMIbHBI
npyu atMocepHOM JaBleHuu. B 3aBucu-
MOCTH OT paguyca P33 n ycnosuit cun-
Te3a OKCHUIOB BO3MOXHO 00pasoBaHMe
HECKOJIbKMX THUIIOB CBEPXCTPYKTYPBI, Xa-
PaKTepU3YIOIIMXCS 4YepefjoBaHMeM IIIo-

CKOCTell, cofiepKammx arombl P39 mmn

Gapus, ¥ ¢ yHopsagodeHyeM KICIOpOosia U
ero BakaHcuii B cnosix LnO, [114].

Hns paga P39 monydeHsl 1 OMMCAHBI
ornenbhble coepunenus BaCo, Sm O, ¢
(0,1 < x < 0,2) [104], Nd, Ba Co,O,
(0,70 < x < 0,80) [104] u oTHeceHHbIe
K ¢asam tuna Pypmnecnena — Ilommepa
Ln,BaCo,O, ; (Ln = Sm, Eu, Gd) [121,
123].
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