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Physicochemical properties of the complex
oxides in Sm-Ba-Me-Cu-0 (Me = Fe, Co) systems

The present work was focused on the studies of crystal structure, oxygen non-
stoichiometry, thermal expansion of SmBaCo, Cu O, . and SmBaFe, Cu O, .. Val-
ues of the oxygen content in complex oxides SmBaCo, Cu O, , were determined
over a wide temperature range in air using high temperature thermogravimetry

and iodometric titration. Also, chemical stability with respect to Ce  ,Sm_,0

and Zr.. Y .0
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evaluated.
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two common solid electrolyte materials used for SOFCs was
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Introduction

Layered perovskites compounds
AA'B,O, , wherein A is a lanthanide par-
tially substituted by alkaline earth metal
A', and B is 3d-atoms of metal (Ti, Cr,
Mn, Fe, Co, Ni, Cu), are currently under
scrutiny due to the successful combina-
tion of their physico-chemical proper-
ties '3,

Physico-chemical properties of the ox-
ides formed in systems LnBaMe, M O, ,
are directly dependent on their crystal
structure, the formation that can be sig-

The experimental part

Synthesis of the samples for the study
was carried out on glycerol-nitrate tech-
nology. To prepare the samples samari-
um oxide Sm,0O, and barium carbonate

nificantly affected by an oxygen content.
In this regard, information on the method
of production, physico-chemical proper-
ties and stability of oxides AA'B,O,,; un-
der variation of the chemical composition
and external thermodynamic conditions
today is up-to-date. Therefore, the aim of
this paper is to receive, and to analyze the
crystallical structure and physico-chem-
ical properties of complex oxide phases
forming in the systems SmBaMe, Cu O, ;
(Me = Fe, Co).

BaCO, were used as starting components;
they were previously calcined to remove
adsorbed moisture and gases, metallic
cobalt, and iron oxalate FeC,0,x2H.0,
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as well as nitric acid HNO, (qualification
analytically pure), and glycerol (analyti-
cal grade qualification). Cobalt metal was
prepared by reduction of corresponding
oxides at 500—600°C in a stream of hy-
drogen. Thermogravimetric studies were
carried out on the thermobalance STA
409 PC by Netzsch Gmbh., allowing to
fixate changes in mass of the sample in
dependence of the partial pressure of oxy-
gen and temperature.

Measurements were carried out in stat-
ic and dynamic modes. In the static mode,
the sample (1-2 g), previously weighed
in a platinum crucible, was heated to the
temperature of the beginning of the meas-
urements, it was held at this temperature
for 10 hours to establish equilibrium be-
tween the solid and gas phases, and then
the temperature was raised again and the
constant of the weight of the sample was
expected. Investigated temperature range
of 300-1100 °C was held in the heating

Results and Discussion

Complex oxides SmBaCo, SuxO, ;:

On glycerol-nitrate technology hard
solutions were synthesized compositions
SmBaCo, SuxO, ; where 0<x<2. XRD
revealed that single-phase complex ox-
ides SmBaCo, Su O, , form in the com-
position range 0<A<1.2.

With minimal substitution of cobalt
with copper (x = 0.1) a composite oxide is
formed, which X-ray is satisfactorily de-
scribed within the orthorhombic cell (pr.
G. Pmmm).

Radiographs of the samples with a
high content of copper (0.2<h<1.2) have
been indexed within the tetragonal unit
cell of the space group P4/mmm. In fig. 1
as an example of a complex oxide radio-
graph SmBaCo, ,Su, O, . is represented.

0.6~ 5+
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and cooling mode to 100 °C. In the dy-
namic mode the change in weight was
continuously recorded during heating and
cooling with a speed of 2 °C per min from
room temperature to 1100 °C. The abso-
lute value of oxygen deficiency was deter-
mined by direct reduction samples in hy-
drogen and iodometric titration methods.
For this, the samples were slowly cooled
to room temperature. Measurement of the
linear coefficient of thermal expansion
(LKTR) of ceramic materials is necessary
to determine the possibility of obtaining
of lasting contact in high-temperature
electrochemical devices (such compo-
nents are electrolytes, electrodes, electri-
cal circuits, sealants, etc.).

Measurements of relative expansion of
ceramic bars with increasing temperature
were performed on dilatometer DIL402
C by Netzsch Gmbh in the temperature
range 25-1100 °C with the heating and
cooling rate of 5° per minute.

For all single-phase oxides unit cell pa-
rameters of the atomic coordinates were
calculated. When the concentration of
copper ions is increasing, an increase in
parameters and volume of the unit cells
of complex oxides SmBaCo, CuO, ;is
observed. Such dependence can be ex-
plained in terms of size effects. Substitu-
tion of cobalt ions (s /F s = 0.75/
0.67 A, cn 6) with large size copper ions
Towe / Toge = 0.87 / 0.68 A, cn 6) [4]
leads to a gradual increase in the bond
lengths in the B-O, and as a consequence,
increase in the size of the cell unit.
The phase composition of the samples
SmBaCo, CuO, ,, outside the homoge-
neity region is presented in Table 1.
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Fig. 1 XRD pattern SmBaCo, ,Cu, O, ;,
treated by the method of Rietveld Points
are experimental data; solid top shedding is
theoretical spectrum; solid bottom line is the
difference between the experimental data and

the theoretical curve.

Table 1
Nominal Phase composition
composition of the of the samples
samples
SmBaCo Cu1 3O(H§ SmBaCo Cul 2O6 s
SmBaCo, Cu, O, , |Sm,Ba (Cu C0).0,, s
SmBaC0,. 9% |gm Ba,(Cu,Co),0
SmBaCo,,Cu, O, , IR TN
SmBaCu,O, ; Sm,Ba,Cu O, ..

The compounds of nominal composi-
tion Sm,Ba (Cu,Co),0O,, ,. are solid so-
lutions SmBa, Sm (Cu,Co),0, *° The
crystal structure of these compounds has
been described in terms of the tetragonal
unitcellwithtripleoptionwith (a,%a,*3a)
space group P4/mmm.

Figure 2 shows the temperature de-
pendence of the oxygen content of com-
plex oxides SmBaCo, CuO, ..

With the introduction of copper in co-
balt sublattice a decrease in the value of
the oxygen content is observed. This is
due to the fact that the copper becomes
totally or partially the electron acceptor
(Cuéo) (EO.,=1.75) and contributes to
the oxygen vacancy (¥, ) and/or electron
holes.

5,6
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Fig. 2. The dependence of the oxygen content
of the temperature for SmBaCo, CuxO,

Measuring of the relative increase in
the size of the samples SmBaCo, Cu O, ,
(x=0; 0.4; 0.6) was performed in air in
the temperature range of 25-1100 °C at a
rate of heating and cooling 2° per minute.

For this, the powders of the oxides were
compressed under a pressure of 60 to 80 bar
in the form of bars of size 2x4x20 mm
via a hydraulic press. The resulting bars
were sintered in air at 1050-1200°C for
14 hours and then slowly cooled to room
temperature at a rate 100° per hour.

The density of the sintered layered
perovskites of samarium-barium SmBa-
Co, Cu O, is at least 90% of the calcu-
lated from the X-ray data.

Monotonic character of dilatometric
dependencies for complex oxides Sm-
BaCo, Cu O, indicates the absence of
phase transitions. It has been established
that the value of the CTE decreases with
increasing concentration of copper in
SmBaCo, xCu O, ,.

Chemical compatibility of com-
plex oxides SmBaCo, SuO, ; (x = 0;
0.2; 0.4; 1.0) with respect to the mate-
rial of the electrolyte Ce  Sm O, ; and

0272-3

Zr, .Y, 0, ; were studied by contact an-

nealing at 900°C, 1000°C, 1050°C, and
1100°C in air.
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XRD revealed that complex oxides
SmBaCo, SuO,, cx=0-0.4 do not re-
act with a stabilized ceria oxide. And by
annealing of the sample SmBaCoSuO,
with Ce Sm O, . at a temperature of
1000 °C, the diffraction patterns of the
annealed mixtures present reflexes related
to the cobaltites and cuprates samarium
and barium.

The electrolyte based on zirconia at a
temperature of 900 °C is reacted with all
samples of SmBaCoSuO_, . As the main
impurity phase in the diffraction patterns
of the annealed mixtures present reflexes
related to BaZrO, .

Complex oxides SmBaFe, SuO, :

Solid  solutions SmBaFe, SuO, ,,
where 0.5<x<1.5 with 0.1 step were syn-

thesized by the glycerol-nitrate technol-

Conclusions

According to the results of the work,
the following conclusions can be drawn:

1. The regions of homogeneous sol-
id solution SmBaFe, Su O, ,(0.7<x<1.3),
SmBaCo, CuO,, (0<x<1.2) in the air
are determined. The dependences of the
unit cell parameters of the composition
are drawn. It is shown that an increase in
the degree of substitution of cobalt and
iron in copper is a monotonic increase in
the parameters and scope of the unit cells
in oxides SmBaMe, Cu O, ;

2. It was found that the solid so-
lutions SmBaCo, CuO, ; in the range
of compositions 0.1<x<0 crystallize in
the orthorhombic cell (pr. G. Pmmm),
and complex oxides SmBaFe, SuO, ;
(0.7=x<1.3) and  SmBaCo, CuO,
(0.2<x<1.2) in the tetragonal (sp. gr. P4/
mmm);

3. High thermogravimetry and io-
dometric titration methods determined the
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ogy. According to X-ray data, solid solu-
tions SmBaFe, Su O, , with 0.7<x<1.3
are single-phase. Radiographs of ox-
ides SmBaFe, SuO, ; are satisfacto-
rily described in terms of the tetragonal
unit cell of the space group P4/mmm.
Example radiographs of solid solution
SmBaFe, ,Su O, , treated by the method
of full-profile Rietveld analysis are shown
in Fig. 3.

For all single-phase oxides there were
calculated unit cell parameters of the
atomic coordinates. It was found that an
increase in the concentration of copper in
SmBaFe, Su O, leads to a gradual in-
crease in the parameters and the unit cell
volume, which can be explained in terms
of the size factor.

values of oxygen content in the complex
oxides formedinsystems Sm-Ba-Co-Cu-O
in a wide temperature range in air. It
was found that the introduction of cop-
per reduces the oxygen content in
SmBaCo, Me O, ;

4. Coefficients of thermal expan-
sion (CTE) of solid solutions SmBaCo,

Cu O, (x=0; 0.4; 0.6) are calculated. It
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Fig. 3 X-ray data for SmBaFe, ,Su O

2770876-8°

treated by the method of Rietveld
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is shown that the magnitude of the CTE
decreases with increasing concentration
of copper in the samples;

5. The chemical compatibility
of complex oxides with the material of
the solid electrolyte (Ce, Sm ,O, , and
Zr, .Y, 0, ;) is researsched at 900 < T,

°C <1100 and Po,=0.21 atm. It has been

shown that solid solutions SmBaCo,

Me O, interact with stabilized zirconia

at a temperature of 900 °C and do not in-
teract with the stabilized cerium oxide to a
temperature not higher than 900—1100°C
depending on the concentration of copper
ions.

1.

Maignan A., Martin C., Pelloquin D., Nguyen N., Raveau B. Structural and Magnetic
Studies of Ordered Oxygen — Deficient Perovskites LnBaCo0205, Closely Related
to the “112” Structure. Journal of Solid State Chemistry. 1999;142:247-260. DOI:
10.1006/jssc.1998.7934.

. Anderson P., Kirk C., Knudsen J., Reaney 1., West A. Structural characterization of

ReBaCo0206-8 phases (RE = Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho). Journal of Solid State
Sciences 2005;7:1149-1156. DOI: 10.1016/j.solidstatesciences.2005.03.004.

. Zhang K., Ge L., Shao Z., Lio S. Synthesis, characterization and evaluation of

cation-ordered LnBaCo0205+3 as materials of oxygen permiation membranes and
cathodes of SOFCs. Acta Materialia. 2008;56(17):4876-4889. DOI: 10.1016/].
actamat.2008.06.004.

. Shannon R. D. Revised effective ionic radii and systematic studies of interatomic

distances in halides and chalcogenides. Acta Cryst. 1976;32A:751-767.

. Kin N., Shivashankar S., Umarji A., Yelon W., Malik S. Effect of synthesis route on

the structure of Nd3-xBa3+xCu6014-26 (x =0,1) system: a neutron diffraction study.
Solid State Comm. 2002;122(1-2):99-104. DOI: 10.1016/S0038-1098(01)00521-X.

. Wende C., Schupp B., Krabbes C. Phase equilibria and primary crystallisation field

for Sm, Ba, Cu,0, at various p(O2). J.Alloys and Comp. 2004;381(1-2):320-326.
DOI: 10.1016/j.jallcom.2004.04.093.

151



VIK 546.659+546.431/546.7

H. E. BoakoBa, K. M. [lepsaouna,

JI. 51. TaBpuJioBa, B. A. Yepenanosn
Hnemumym ecmecmeennuvix Hayk, Examepunoype,
ya. Kytioviuesa, 48, men.: +7 (904) 544-98-84
E-mail: hope3006@yandex.ru

®un3nKo-xuMmn4ecKmue CBOMCTBA CNOXKHbIX
okcupoB B cuctemax Sm-Ba-Me-Cu-0
(Me = Fe, Co)*

OnpepeneHbl 061acT1 rOMOreHHOCT TBepALIX pacTeopos SmBaFe, Cu 0,
(0,7<x<1,3)nSmBaCo, Cu0, . (0<x<1,2)HaB03ayxe n U3y4eHa X Kpu-
cTannmnyeckas cTpyktypa. MocTpoeHbl 3aBCYMOCTU NapaMeTpoB NIEMEHTAPHBIX
fiYeeK 0T COCTaBa W YTOYHEHbI KOOPAMHATLI NO3ULMA aToMoB. MeToamu BbICOKO-
TeMnepaTypHoii TepMOrpaBUMETPUM U OLOMETPUYECKOr0 TUTPOBaHUA onpeae-
NeHbI 3HAYeHUs CoAePXaHUA KMCIopoaa B CrioxHbix okenaax SmBaCo, Cu O,
B LUMPOKOM MHTepBajie TeMmnepatyp Ha Bo3gyxe. PaccuutaHbl Ko3dduumeHTbl
Tepmudeckoro pacwmpenns (KTP) teepabix pacteopos SmBaCo, Cu 0, , (x =
0; 0,4; 0,6) npu PO, = 0,21 atm. ccnegoBaHa xMMU4eckas COBMECTUMOCTb OK-
cupos SmBaCo, Me O, . (Me=Fe, Ni, Cu) c maTepuanom Teepgoro anekTponmta
(Ce,4gSm .0, ;nZr .Y, .0, ) npn900 <T, °C < 1100.

0.272-6 0.15

* PaboTa BbinonHeHa npu rHaHcoBoi noaaepxke rpaHta POOU (npoekt N 13-03-00958) 1 MunuctepcTsa
06paszoBanua 1 Haykv PO B pamkax defepanbHoi Lienesoi nporpammbl «HayuHsle 1 Hay4HO-neaarorudeckue
Kaapbl MHHOBaLWoHHOM Poccum» Ha 2009-2013 rofbi.
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Beepenue

Crnouctele TEPOBCKUTONONO0-  BHUCAT OT UX KPHCTAITMYECKOH CTPYKTY-

HBIE COEIUHEHUSI AA'BZOM, me A —
JIAHTAHOWJI, YAaCTUYHO 3aMEIICHHBIA Ha
IIeJI0YHO3eMEeIbHBIN MeTar A', a B —
arombl 3d-meramna (Ti, Cr, Mn, Fe, Co,
Ni, Cu), B Hacrosmiee BpeMs SIBIISIOTCS
00BEKTOM TIPUCTAILHOTO BHUMAaHUs OJia-
roapsi yiauHoMYy COYETaHUI0 UX (PU3HUKO-
XHMHYECKHUX CBOMCTB [1-3].
DU3NKO-XUMHUYECKHE CBOMCTBA OK-
CHIIOB, OO0pasylommxcs B  CHCTEMax

LnBaMezixMxOM, HEIMIOCPEJICTBEHHO 3a-
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pBI, Ha (OpMHUPOBAHKUE KOTOPOH CYyIIEeCT-
BEHHOE BIIMSIHUE OKa3bIBAET COACPKAHUE
Kkuciaopona. B cBsa3u ¢ aTM MHOpMa-
UL O METOAAX IMONydeHUsI, (PU3UKO-XU-
MHMYECKHX CBOMCTBAX W CTAOMJIBHOCTH
okcuoB AA'B,O,, . 1pu BapbMpOBaHUU
XUMHUYECKOTO COCTaBa M BHEITHUX TEPMO-
JIMHAMUYECKAX YCIIOBUH HA CETOMHSII-
HUMU JICHB SIBISIETCS aKTyaJbHOM.
[Toatomy menbro Hactosimieit pabo-
THl SIBUJIOCH TONyYEeHHE, HCCIeIOBAaHUE
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KPHCTAIUTMICCKOW CTPYKTYPBI U (H3H-
KO-XMMUYECKUX CBOMCTB CIIOKHOOKCH]I-

JKCnepuMeHTaNibHasA 4acTb

CuHTe3 00pa3moB Il UCCISIOBAH
OCYIIECTBILSUTH IO TIHIEPUH-HATPATHOU
TEXHONOTUH. /11 IpUTOTOBIEHHS 00pa3-
IIOB B Ka9eCTBE MCXOAHBIX KOMIIOHCHTOB
WCITONTb30BaJIM OKCHJI CaMapwHst Sm203 n
xapOonar Oapus BaCO,, npexsaputes-
HO TIPOKAJICHHEIC TS YIaJICHHS aICOPOH-
POBAHHOM BJIATH U TA30B, METAJNINYECKUI
KoOanbT 1 okcanar xenesa FeC O,x2H,0,
a Taxoke a3oTHyro kucnoty HNO, (kBanu-
(ukanus 4.1.a.) ¥ DIMIEPUH (KBAIM(pU-
Karusl 4.7.a.). MeTalndeckuid KoOanbT
MIOJTyYaJId BOCCTAHOBICHUEM U3 COOTBET-
ctByromiero okcunoB mpu 500-600 °C B
TOKE BOZIOPOJA.

TepMorpaBUMeTpHUIECKHE HCCIIEIOBA-
HusinpoBoammHaTepmMoBecax STA409PC
¢upmbr Netzsch Gmbh., mo3Bomnsommx
(bukcupoBaTh U3MEHEHHUSI Macchl oOpasiia
B 3aBHCHUMOCTH OT HapIHaIbHOTO JaBie-
HUSI KHCIIOPOIA ¥ TEMITePaTypHL.

W3mepennss mnpoBOAMIM B CTaTH-
YeCKOM U IMHAMHYECKOM peXHMax. B
CTaTUYECKOM pexHMe oOpasell (HaBecka
1-2 1), mpeaBapUTENHEHO B3BEHICHHBINA B
IUTATHHOBOM THIJIC, HATPEBAIH JIO0 TEM-
neparypsl Havyaia W3MEpeHUH, BBIICPKH-
Banmu B TeueHue 10 4 g0 ycTaHOBICHHS
paBHOBECHSI MEXIYy TBEPAOW M Ta30BOM
(hazamm, 3aTeM TMOBBIIIAIN TEMIICPATYPY
U CHOBA JIOXXHJAIUCH TTOCTOSHCTBA Mac-
cel oOpasma. HMccnemyeMmblii HHTEpBam

Pe3synbtathl n 06CcyxaeHue

Cnoocnvie okcuovt SmBaCo, Cu O, ,

[Io mMuepuH-HUTPATHON TEXHOJIO-
ruu, ObUTH CHHTE3UPOBAHBI TBEP/IBIE pac-
TBOPBI COCTaBOB SmBaCozixCuxO TIe
0<x<2.

6-5°

HbIX (a3, oOpa3yIIIMXCS B CHCTEMax
SmBaMe, Cu O, ; (Me = Fe, Co).

temmnieparyp 300-1100 °C na Bo3myxe
MIPOXOIMIN B PSKIME HATPEBAHUSI M OX-
naxaenus yepes 100°. B murammaeckom
PEKHIME HETIPEPHIBHO (PUKCHPOBAIIN U3MeE-
HEHHE MacChl o0pasma IpU HarpeBaHUH
MU OXJIAKJICHUU CO CKOPOCThIO 2 °/MHH
OT KOMHaTHOU Temneparypsl 10 1100 °C
Ha BO3/IyXeE.

AOCONIOTHOE 3HA4YCHHE KHUCIOPOI-
HOTO JeHINTa ONPEACTSUTH METOJaMH
MPSIMOTO BOCCTAaHOBIICHHS 00pas3IoB B
TOKE BOAOpOIAa MU HOTOMETPHUYECKOTO
tutpoBanus. s atoro oOpasmpl ObUTH
MEIUICHHO  OXJI&KACHBI 0 KOMHATHOW
TEMIIePaTypBbI.

Wsmepenune nuHelHOTO KO duUIneH-
Ta Tepmuueckoro pacmmpenus (JIKTP)
KEePaMHUCCKUX MaTepHajOB HEOOXOANMO
JUISL OTIPEACTICHUS] BOSMOKHOCTH TIOJTyYe-
HUSI TIPOYHOTO KOHTAKTa COCTABIISIOIINX
BBICOKOTEMIIEPATYPHOTO  AIICKTPOXUMHU-
YECKOTO YCTPOWCTBA (TAaKOBBIMU COCTAaB-
JISTFOIIIUMH SIBJISTFOTCS QJICKTPOJIUTBI, JJICK-
TPOJIBI, TOKOTIPOXO/IBI, TEPMETHUKHU H JP.).

V3mepeHns OTHOCUTEIFHOTO PACIIN-
peHHsT KepaMHUYECKHX OpYyCKOB C YyBe-
JMYCHUEM TEMIepaTypsl IPOBOIMIN Ha
munaromerpe DIL402 C ¢upmer Netzsch
Gmbh Ha Bo3ayXe B TeMIlepaTypHOM HH-
tepBaiie 25-1100 °C co ckopocTblo Ha-
TpeBa U OXJAXKJICHUS 5 °/MUH.

[To pmamapIM  P®A  ycraHoBieHo,
49T0 OmHO(DA3HBIE CIOXKHBIC OKCHIBI
SmBaCo, Cu O, , 00pa3yroTcst B MHTED-
Basre coctaBoB 0 <x <1,2.
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[lpn MHHUMAaIHHOM 3aMEIICHUH KO-
Oampra Mempro (X 0,1) oOpasyercst
CIIOXKHBIH OKCHJI, pEHTTeHOTpaMMa KOTO-
pOTO YIOBIETBOPUTEIHLHO OMHICHIBACTCS
B paMKaX OpTOpOMOMWYecKo# sueiku (TIp.
rp. Pmmm).

PenTrenorpaMmmer 00pasioB ¢ 00Jb-
muM conepkanreM Mmemn (0,2 < x <
1,2) ObUTM TIPOWHICKCUPOBAHBI B paM-
KaX TETParoHaJbHOW SUEHKH MPOCTpPaH-
CTBEHHOH Tpymnmnbl P4/mmm. Ha puc. 1
B KadecTBE IMIpuMepa MpeACTaBICHA
pEHTTeHOTpaMMa  CIIOKHOTO  OKCHIa
SmBaCoMCuOﬁOM. Hns Bcex omHO-
(ha3HBIX OKCHJIOB OBUIM pPacCYUTaHBI
MMapaMeTpbl DJIEMEHTApHOU SYEeUKH U
KoopAnHATHI aroMoB. [lpm yBenmmueHun
KOHIICHTPAIlMK HMOHOB Menu Halmona-
eTCs yBEIMUYCHUE TTapaMeTpoB U o0beMa
AIIEMECHTAPHBIX SUEEK CIOKHBIX OKCHIOB
SmBaCo, CuO, ,. Takue 3aBUCUMOCTH
MOXXHO OOBSICHHTH C TOUKH 3PCHHUS pas-
MepHbIX 3(ddekToB. 3amenieHue HOHOB
xoGansra (Tegs / Toge = 0,75/0,67 A,
K.4. 6) OONBIIMMHU TIO pa3Mepy HOHAMHU
menu (Fop. /T = 0,87/0,68 A, k1. 6)
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Puc. 1. Penrrenorpamma SmBaCo, ,Cu, O, ,,
obpaboranHas 1o Metoay Pursenna.
ToYKM — TAHHBIE YKCIIEPUMEHTA; CTUTOIITHAS
BEPXHSIS JIMHSIS — TCOPETHUCCKHIA CIICKT;
CIUTIONIHAs HUXKXHSAS JIMHUA — pa3Hula
MEX/y SKCIIEPUMEHTAIBHBIME JTAaHHBIMU

U TEOPETUYECKOH KPUBOM
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[4] mpuBOANT K MOCTETIEHHOMY YyBEIHYE-
HHUIO JUTHHEI cBs13u B—O u, kak ciencraue,
VBEJIMYCHHUIO Pa3MEpPOB AIIEMEHTApHOU
STUCTKH.

®da3oBbIi coCTaB 00pasIos
SmBaCOHCuXOH, HaXOIAIIUXCS 32 TIpe-
JlelaMd  00J1acTH TOMOTCHHOCTH, TIpe/-
cTaBJieH B Taoymie 1.

Ta6muna 1
®dazoBbIii cocTaB 00pasIoB
HomunanbHbIM ®daz3oBkIli cocTaB

cocraB 00pa3LoB 00pa3nos
SmBaCoO 7Cul 3OfHS SrnBaCoOi{Culvzo(HS
SmBaCOO 6Cul 406«3 Sm3Ba3(Cu’CO)6O]4725
SmBaCo,_ Cu, O
041662 §m Ba, (Cu,Co) 0, ,;
SmBaCo,,Cu, O, ;
SmBaCu,O, ; Sm,Ba,Cu O , s
CoenuHeHnss  HOMHHAJIBHOIO  CO-
crasa  SmBa,(Cu,C0)O,,,  sBud-
IOTCA  TBEPABIMM  pacTBOpaMH  THIIA
SmBaHSmx(Cu,Co)?)0775 [4-6]. Kpu-

CTaJllIMuecKas CTPYKTypa IOaHHBIX CO€-
IUHEHWH ObUTa OmMMCcaHa B paMKax Te-
TParoOHAJIBHOW SYEHMKH C YTPOEHHBIM
apaMeTpoM ¢ (ap X a, X 3a,) MPOCTpaH-
CTBEHHOU rpynibl P4/mmm.

Ha pwuc. 2 mpencraBineHsl Temie-
paTypHbIE 3aBUCHMOCTH  COJCpIKaHISI
KHACIIOpOAa TSI  CIIOKHBIX  OKCHIOB

SmBaCo, CuO, ..

[lpn BHenpeHWH MeIOW B TMOAPEIICT-
Ky KoOajbTa HaOIOIAcTCs TOHWKECHUE
BEJIMYMHB! COAEPKAHUS KHUCIOpOoAa. JTO
CBSI3aHO C TEM, YTO MeIb CTaHOBHUTCS
MIOJTHOCTHIO0 WJIM YaCTHYHO AaKIENTOPOM
anekrporos (Cul,) (30Cu = 1,75) u
CIIOCOOCTBYET BO3HHUKHOBCHHIO KHCIIO-
ponubx Bakaucuii (V) w/umm snextpon-
HBIX JBIPOK.

V3mepennst OTHOCUTENEHOTO yBEITNYe-
Hus pasmepaobpasios SmBaCo, Cu O,
(x=0; 0,4; 0,6) mpoBOIMIIA HA BO3IyXE B
temrieparypaom uHTepBaie 25-1100 °C
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200 400 600 800 1000
T.°C
Puc. 2. 3aBHCUMOCTH U3MEHCHHUS
COJZIepKaHHsI KUCIOPO/a OT TeMIIePaTyphI
na Boznyxe s SmBaCo, Cu O, ;
CO CKOPOCTBIO HAarpeBa M OXJIQXKJICHUS
2 °/mMuH.

JJIs 3TOTO TIOPOIIKK HCCIIEAYSMbIX
OKCHJIOB TIPECCOBAIIA IOJl JIABJICHUEM
60—-80 Oap B opme OpyckoB pazMepom
2x4x20 MM C TTOMOIIBIO THAPABINIECKO-
ro npecca. [lomy4yeHHbIe OpyCKH CIICKaIN
Ha Bozayxe npu 1050-1200 °C B Teuenune
14 4 u 3areM MeUIEHHO OXJaXKIaId [0
KOMHATHOW TEMITEPaTypbl CO CKOPOCTHIO
100°/4ac.

[TnotHOCTH CIIEYEHHBIX CJI0U-
CTBIX  TICPOBCKUTOB  caMapus-0apus
SmBaCo, Cu O, , cocTaBiser HE MeHee
90 % oT paccuuTaHHOH U3 peHTreHorpa-
(hUIeCcKUX TaHHBIX.

MOHOTOHHBIN XapakTep IHJIaTOMeE-
TPUUECKHUX 3aBUCHUMOCTEH JUTS CIOKHBIX
OKCHIOB SmBaCozixCuXOM CBUIIETEID-
CTByeT 00 OTCYTCTBUH (Da30BBIX Mepexo-
JoB. YcraHOBIIeHO, yTo BennunHa KTP
YMEHBINACTCS MPH YBEITMUCHUH KOHIICH-
Tpauu Meu B SmBaCoHCuxOH.

XuMudecKkass COBMECTHMOCTh CIIOXK-
Hpix okcnaoB SmBaCo, CuO, ; (x = 0;
0,2; 0,4; 1,0) IO OTHOIIICHHIO K MaTepHAITY
AIIEKTPOIINTA CeO)XSmO’ZOHH Zr oY, O,
W3y4eHAa METOJOM KOHTAKTHBIX OT)KH-
roB mipu Temmeparypax 900 °C, 1000 °C,
1050 °C, 1100 °C nHa BO3IYXE.

[To manabM PDA ycraHoBieHo, 9TO
CJIOJKHBIE OKCHJIBI SmBaCoHCuxOMcx =
= 0-0,4 co cTaOMIM3UPOBAHHBIM OKCH-
JIOM TLIepust He PearupyroT. A MpH OTKUTE
obpasna SmBaCoCuO, ; ¢ Ce,Sm,0, ;
yxxe nipu Temreparype 1000 °C va aud-
paKTorpaMMax ~ OTOXOKEHHBIX  CMecei
TIPUCYTCTBOBATH PE(IICKCHI, OTHOCSIIH-
ecsl K KoOaImsTUTaM U KyIIpaTtaM CaMapus
u Oapusl.

DNeKTpOIUT Ha OCHOBE IHOKCHIA
IUpKOHUSA yxe 1pu temieparype 900 °C
B3aMMOJICHCTBYET CO BCEMH OOpaslamMmu
SmBaCoCuO, ;. B kauectBe 0CHOBHOI
MpUMECHOU (a3bl Ha audpakTorpammax
OTOXOKEHHBIX CMECeH IPHCYTCTBOBAIN
peduekcel, oTHOCAmMECs k BaZrO, .

Croorcrvie okcuovt SmBake, Cu O,

Tepasie pacTBOpHI cocTama
SmBaFe, CuxO, ,, tne 0,5 <x < 1,5¢
marom 0,1 OBUIM CHHTE3MPOBAHBI IO
DIAIepUH-HUTPaTHOH TexHomoruu. Co-
[TaCHO PEHTTCHOTPaUICCKUM JTaHHBIM
TBepable pactBopel  SmBaFe, Cu O,
¢ 0,7 < x £ 1,3 sBustorcs oxHOda3-
HBIMH.  PEHTreHOTpaMMBI  OKCHIOB
SmBaFe, Cu O, ; yIOBIETBOPUTEILHO
OITMCHIBAIOTCS] B paMKaX TETParoHaIbHON
SITYEHKN TMPOCTPAHCTBEHHOM TPyIIbl P4/
mmm. [Ipumep peHTTeHOTpaMMBI TBEP/IO-
ro pactBopa SmBaFe ,Cu, O, ., 06pabo-
TaHHOH TI0 METOAy MOJHONPO(PHIEHOTO
ananm3a PutBenna, mpuBeneH Ha puc. 3.

Jlis Bcex omHO(a3HBIX OKCHIOB OBLTH
paccunTaHbl MapaMeTpsl AIEMEHTAPHOM
STYENKHA U KOOPAUHATHI aTOMOB. YCTaHOB-
JICHO, UTO TIPH yBEIWYCHUH KOHIICHTpA-
i Mean B SmBaF eHCuXOM TIPUBOJIUT
K TIOCTCTICHHOMY YBEJIHUYCHHUIO ITapame-
TPOB U 00bEMa 3JICMEHTAPHOU SYCUKH,
9YTO MOXXHO OOBSICHUTH C TOYKH 3PEHHS
pa3MepHBIX (PaKTOPOB.
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BbiBoabI

ITo pesynwsraTam mpojenanHoN pabdo-
TBI MOJKHO CJIEJIaTh CJICTYFOIIE BBIBOIBI:

1. OmpenerieHsl 001aCTH TOMOTEHHO-
crutBepasixpacteopoeSmBaFe, Cu O,
0,7 < x < 1,3), SmBaCo, CuO,
(0 £ x £ 1,2) Ha Bo3ayxe. [locTpoeHbl
3aBUCHMOCTH IIapaMETPOB DJIEMEHTap-
HBIX SUEeK OT cocraBa. llokazaHo, uTO
IpU YBEIHMUYCHUH CTEICHH 3aMEIICHHS
KoOaspTa 1 XKeje3a Ha MeAb IPOUCXOTUT
MOHOTOHHOE yBEIHUYCHUE TTAPaMETPOB H
o0beMa PIEMEHTAPHBIX SYeeK B OKCHIAX
SmBaMe, CuO, ..

2. YcTaHOBJIEHO, YTO TBEpABIE pac-
tBopbl  SmBaCo, CuO, ; B wuHTEpBa-
me coctaBoB 0 < x < 0,1 xpucramm-
3YIOTCSI B OPTOPOMOHMYECKOW siuerke
(mp. Tp. Pmmm), a CIOXHBIE OKCHIBI
SmBaFe, CuxO,, (0,7 < x < 1,3) u
SmBaCo, CuO, (0,2 <x<1,2) B Te-
TparoHaibHOU (TIp. Tp. P4/mmm).

3. MeroaMu BBICOKOTEMIIEPaTypPHOU
TEPMOTPABUMETPUH ¥ HOIOMETpHUE-
CKOTO THTPOBAHHUS OIPEICICHBI 3Ha4e-
HUS COICP)KaHMS KHUCIOPOAa B CIOKHBIX
OKCH/IaX, OOpa3yIoIuXCsi B CHCTEMax
Sm-Ba-Co-Cu-O B mmpoxom HWHTEpBae
TEMIIepaTyp Ha BO3IyXe. YCTaHOBJICHO,
YTO BBEJCHHE MEIW YMEHBINACT COACp-
kanue kuciopona B SmBaCo, Me O, ..

4. PaccuuTaHbl KOA(PQPHUIMESHTHI TEp-
muueckoro pacmmpenus: (KTP) tBepapix

Intenstry (a.ue)

E ol [} [ i ni nn ([}
a0 £ E

I A Iy

400 .
20 25 30 35 40 45 50 55 60 65 0

2005

Puc. 3. PeHTreHOBCKHE TaHHBIC VIS
SmBaFe, ,Cu, O, ;, o6paboranubie M0
Mmetony PutBennga

pactBopoB SmBaCo, CuO,, (x = 0;
0,4; 0,6). Ilokazano, yto Benuunaa KTP
YMEHBIIIACTCSI C YBEIUYCHHEM KOHIICH-
Tpalmy Mey B 00pasnax.

5. HccrmemoBana XuMHYECKass COB-
MECTUMOCTH CIIO)KHBIX OKCHIIOB C Ma-
TepuaIoM TBEPAOTO AIEKTPOIINTA
(Ceo,ssmo,zozfs 1 Zro,ssYo,lsozfs) 1pH
900 <T,°C< 1100 u PO, = 0,21 arm. Ilo-
Ka3aHO, YTO TBEPABIC PACTBOPHI COCTaBA
SmBaCo, Me O, , B3aUMOIEHCTBYIOT CO
CTAaOMIIM3UPOBAHHBIM OKCHJIOM ITHPKO-
Hus yxe npu temneparype 900 °C u He
B3aMMOJICHCTBYIOT CO CTaOWIIM3HPOBAH-
HBIM OKCHJIOM IIEpHsl JI0 TeMIIepaTryp He
Beimre 900-1100 °C B 3aBHCHMOCTH OT
KOHIICHTPAIIUK HOHOB MEIH.
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