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Synthesis and electrophysical study of cobaltites
of composition LnM"Co00; 5 (MII — Mg, Ca, Sr, Ba)

This work is devoted to study of electrical properties, phases of LnM"C00; s (M" — Mg, Ca, Sr, Ba) which
structure resembles to the structure of perovskite. The phases were obtained by solid-phase synthesis in ac-
cordance with the ceramic technology. The phase composition was determined by X-ray phase analysis. The
diffractograms of the powders were indexed, the lattice parameters.and its symmetry class were determined.
It was found that the new compounds had a tetragonal symmetry, in the unit cell of which 16 structural units
were located. Since complex oxides have high melting temperatures of about 1500-2000 °C, it is impossible
to obtain good quality single crystals suitable for measurements. For this reason, the study of their thermody-
namic and electrophysical properties was carried out on samples in the form of sintered powders. In this
study, the conductivity isotherms were measured by impedance spectroscopy at different temperatures. Re-
sistance hodographs on the complex plane were constructed. Using the method of equivalent circuits, the
grain boundaries and the bulk resistances of the sample grains were determined. The results showed that the
new compounds had a small grain-boundary resistance. Using the temperature dependences, the activation
energies of the conductivity of new cobaltites were calculated. The activation energy of conductivity for these
compounds was 0.113-0.184 eV. The character of the dependence of the conductivity at moderate tempera-
tures showed their thermal<activation. In the Arrhenius coordinates, these sections of the graph were de-
scribed by a straight line.-An increase in the activation energy of the conductivity in the series of Mg®'—Ca®—
Sr**—Ba? cations was observed. The introduction of an alkaline earth ion with a large ionic radius led to a lo-
cal distortion of the crystal lattice. This changed the value of the splitting of the d-levels of the transition met-
al-cobalt. This change in the-activation energy as the alkaline earth metal cation changes can be explained by
the change in the width of the forbidden band. Also, the replacement of rare-earth elements ions with alka-
line-earth metal ions led to a structural disorder, to an increase in the formation of equilibrium charged point
defects in the crystal structure, in which the strength of the bond with trapped charge carriers by electrons or
holes in point defects in the crystal lattice with different alkaline-earth ions was different.

Keywords: solid-phase synthesis, rare-earth and alkali metals cobaltites, thermal dependence of electrical
conductivity, complex oxides, impedance spectroscopy, Bode plots, conduction activation energy, conductivi-
ty isotherms.

Introduction

At present, electrochemical devices operating at elevated (> 30 °C) and high (> 100 °C) temperatures
are beginning to be used in industry: solid electrolyte fuel cells, oxygen sensors, electrolyzers for oxygen
production, oxygen pumps, etc. However, good materials for oxygen electrodes and switching elements ca-
pable of replacing metals, which are now used in these devices. These materials must be stable in highly oxi-
dative and in some cases reducing media should have sufficient electrical conductivity. The latter should
provide small ohmic losses at the electrodes and electrode-solid electrolyte contact, which should not change
during long time operation. One of the promising materials for electrochemical elements operating at high
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temperatures is complex oxides of transition and rare-earth elements of the type ABO; with a perovskite
structure or close to it [1-3].

The purpose of this work is the synthesis, radiographic and electrophysical study of complex cobaltites
of alkaline earth and rare earth metals of composition LnM"Co00; 5, where M" are alkaline earth metals
(M" — Mg, Ca, Sr, Ba), which have promising electrophysical properties (semiconductor, ferroelectric,
magnetic, superconducting, etc.).

Synthesis of compounds was carried out by solid-phase annealing in three stages at different tempera-
tures. The initial components for the synthesis were lanthanum oxide of«puriss. spec.» grade, cobalt ox-
ide (II) of «puriss.» grade and carbonates of alkaline earth metals of «puriss.» grade. The weights of the ini-
tial substances were weighed to the fourth decimal place. Their calculation was carried out in terms of spe-
cific final compositions of complex cobaltites. The mixtures of reagents were thoroughly rubbed in an.agate
mortar, and then they were quantitated into alundum crucibles for annealing in a selitic furnace. The synthe-
sis was carried out as follows: the 1% stage — 10 hours, at 800 °C, the 2™ stage at 1300 °C = 10 hours with
periodic grinding in a mortar; An annealing was carried out at 400 °C for 20 hours in order to obtain stable
compounds under normal conditions.

In order to control the phase composition of the synthesis products, X-ray studies were carried out on a
MiniFlex-400 diffractometer in Cu K,; radiation at a voltage of 40 kV and a currént of 40 mA. The survey
was conducted in the interval 20 = 20°-80° in steps of 0.05° and exposure of 1 sec. to the point. To determine
the phase composition at the synthesis stage, a set of specialized programs applied to the instrument for pre-
liminary processing of experimental data was used. Performed phase analysis reveals the absence of initial
reagents in the sample and the crystallinity of the reaction product. The diffraction patterns were detected
and the unit cell parameters were determined by means of programs and checked by good agreement be-
tween the experimental and calculated values of 10%d’. Further, according to XRF data, types of syngony
were determined, and parameters of the elementary cells of the cobaltites were studied. Their values are giv-
en in Table 1 below.

Table 1
Crystallochemical characteristics of synthesized compounds
Lattice parameters, A o %3 o 3
Compound Type of the system A . Vo, A Vit cells A V4
LaMgCoO; s Tetragon. 10.77 16.25 1884.88 117.80 16
LaCaCoOs; s Tetragon. 10.86 16.75 1975.49 123.47 16
LaBaCoO; 5 Tetragon! 10.89 17.10 2027.93 126.75 16
LaSrCoO; s Tetragon. 10.81 16.92 1977.21 123.58 16
Experimental part

Tablets were obtained from the previously obtained solid-phase synthesis of powders on a hand press at
a pressure of 20 kg/cm®. As a plasticizer, a solution of natural rubber in toluene was used. The resulting disks
were annealed in a muffle furnace at 1100 °C for 6 hours. In order to make it sufficient for the experiment,
the samples were held for 8 hours at a temperature of 600 °C. Further, a thorough two-sided grinding was
carried out. Platinum electrodes were applied to the ground surface of the sintered samples. For the prepara-
tionvof platinum electrodes, finely dispersed platinum paste was used, mixed with an alcohol solution of ros-
in. The roasting of the electrodes was carried out in air at a temperature of 1100 for 1-1.5 hours.

Using the method of electrochemical impedance in the frequency range from 10 Hz to 1 MHz in a
2-contact cell, the temperature dependence of the electrical conductivity of the samples was investigated.
The relative error in measuring the components of the impedance is in the range 0.3-0.5 %. Conductivity
measurements were carried out in the temperature range 40—800 °C. The shooting was carried out in the
cooling mode. To measure the polytherm of the total conductivity, a dynamic mode with a cooling rate of
1.5 °C/min was used. The study of the isotherms was carried out in a static mode with a step of 10-20 °C and
shutter speeds at each point before the onset of equilibrium. In the course of the experiment, the furnace
temperature was set by the Varta TP403 temperature regulator. The temperature control near the sample was
carried out using a platinum-rhodium-platinum thermocouple TPP-10. Figure 1 shows the hodographs of
LaMgCoO; s samples taken at different temperatures.
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Figure 1. Hodographs sample LaMgCoO; 5 obtained at different temperatures 40—750 °C in different scales

The processing of data obtained in alternating current experiments is performed by representing them in
the complex plane (the hodograph method) in coordinates. The imaginary part (for example, Im Z) is the real
part (ReZ). The dotted line connects the points that correspond to measurements at a frequency of 1 kHz,
2.4 kHz.

To refine the study of the electrical characteristics of the samples, another installation has been assem-
bled to study the temperature dependence of the electrical complex conductivity in a two-electrode method.

The furnace consists of a working chamber formed by a lining of a layer of refractory bricks, heaters
and a thermal insulation layer insulated from the metal casing. The parts operating in the furnace chamber
were made of heat-resistant materials. To measure the temperature, a chromel-alumel thermocouple was used
with a TPM202 measuring regulator, which was connected to the computer by dint of interface converter
(RS485 — RS232) of the AC-3-M24. To exchange data and control signals between the regulator and the
computer was carried out according to the protocol of the firm «Oweny». The limit of the basic permissible
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reduced error of TPM202 during the temperature measurement by the chromel-alumel thermocouple accord-
ing to the converter meter documentation was 0.5 %.

The complex resistance was measured with the help of the RLC meter E7-21 by the voltmeter-ammeter
method with an alternating current at a frequency of 1 kHz, in which the operating frequency voltage from
the generator is applied to the measured object connected to the converter Y (conductivity) — UT, UH. The
converter generates two voltages, one of which (UT) is proportional to the current flowing through the meas-
ured object, the other (UH) is the voltage on it. The ratio of these voltages is equal to the complex conductiv-
ity (Y) or complex resistance (Z) of the object. The measurements were averaged over 10 measuring cycles.
The heating rate of the sample is 5°/min.

Figure 2 shows the temperature dependence of the conductivity of cobaltite samples.
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Figure 2. The dependence of the electrical resistance of LaM"CoOs 5 samples,
where (M — Mg, Ca, Sr, Ba) on the temperature

Specific resistance of the sample was determined by the formula (1):
R-S
pP=—"> (1
where R — is the resistance of the' sample; S — is the cross-sectional area of the sample; / — is the length of
the sample.

The specific'conductivity of the sample dwas determined from formula:

5= @)
p

Results and Discussion

It can be seen from the graphs that at low frequencies at room temperatures the travel time curves repre-
sent inclined straight lines or arcs of circles of large radius, at high frequencies at high temperatures of the
semicircle. The curves of the resistance versus temperature at 1 kHz show a sharp decrease in resistance. In
the experiments we used electrochemical cells with blocking platinum electrodes. The equivalent circuitry of
the cell corresponding to high temperatures can be represented by a series connection of resistances and the
presence of a capacitance. Also the kind of impedance shows a significant contribution of electronic conduc-
tivity at high temperatures. At low temperatures, the effect of the capacitance of the double electrode/sample
layer and the weak electronic conductivity is manifested. The activation energy of electrical conductivity was
calculated from the slope of the dependence of Inc on the reciprocal temperature. The activation energies of
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conductivity for new compounds are determined using the obtained data and the values of activation energies
are given in Table 2.

Table 2
Energy of activation of high-temperature electrical conductivity of cobaltites

The activation ener
Compound of conductivity, e\%y
LaMgCoO; 5 0.113
LaCaCoOs 5 0.147
LaSrCoOs; 5 0.169
LaBaCoOs 5 0.184

The character of the dependence of the conductivity at moderate temperatures shows their thermal acti-
vation, in the Arrhenius coordinates these sections of the graph are described by a straight line. An increase
in the activation energy of the conductivity in the series of Mg*—~Ca*—Sr*~Ba”" cations was observed. The
introduction of an alkaline earth ion with a large ionic radius led to a local distortion of the crystal lattice.
This changed the value of the splitting of the d-levels of the transition metal-cobalt. This change in the acti-
vation energy as the alkaline earth metal cation changes can be explained by the change in the width of the
forbidden band. Also, the replacement of rare-carth elements ions with alkaline-earth metal ions led to a
structural disorder, to an increase in the formation of equilibrium charged point:defects in the crystal struc-
ture, in which the strength of the bond with trapped charge carriers by electrons or holes in point defects in
the crystal lattice with different alkaline-earth ions was different.
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E.C. Mycradun, JI.A. Kaiikenos, X.b. Omapos, P.3. Kacenos,
A.T. Miocekeea, C.b. AGeyona, A.C. bopcrinOaeB

LHMHCOO3_5 (MII — Mg, Ca, Sr, Ba) kypamabl K00aIbTUTTEPIH
CHHTE3/Iey KIHe NIeKTPPU3NKAJIBIK 3epTTey

Makana KypbUIBICHL IEPOBCKUTTIH KypbUIbichiHa ykcac LnM"CoO; s (M" — Mg, Ca, Sr, Ba) KochLibICTaphI
(ha3ayapbIHBIH QJICKTPIIK KacHeTTepiH 3epTreyre apHamraH. aszajap KepaMHKaNbIK TEXHOJOTHUsUIAp
OoMbIHIA KaTTHI (ha3ablK CHHTE3AeY dAiciMeH anbHbl. Pa3aiblK KypaM peHTreH(da3aibK Tangay oliciMeH
AHBIKTAJIABL, . YHTaKTapAblH IU(PaKTOrpaMMalapblH  HHIWIMPIEY OKYPri3iifgi, KPUCTAJIABIK TOPMBIH
napaMeTpiiepi KOHe CHMMETPHS KJIachl aHbIKTaiIbl. JKaHa KOCBUIBICTAp TETparoHaJbl CUMMETpPHSAFa He,
3JIEMEHTAPIIbI YAIBIKTapbIHAa 16 KYpbUIBIMABIK OipiIikTep OpHaTacKaHABIFB! aHbIKTaAbl. Kypaeni okcunrep
mamamer 1500-2000 °C xorapsl 6anKy TemreparypacbsiHa e 00JFaH/IbIKTaH, eIIeysep )Kyprizyre 00aaThiH
camachl JKaKkChl MOHOKpUCTanAap ainy MyMKiH eMec. COHJBIKTaH OJapAblH TEPMOAMHAMHKAIBIK JKOHE
AEKTPPU3NKATIBIK KaCHETTEPIH 3epTTey KYHIIpUIreH YHTaKTap TYpiHJAeTi yariiepMeH xyprisineni. bepinren
JKYMBICTa ©TKI3TIMITIKTIH H30TepMaliapbl SpTYpPJIi TeMIepaTypajlapAa UMIIEIaHCThI CIIEKTPOCKONHS 9iciMeH
emmenai. KemeHai jka3bIKTBIKTa KeIEPTiHiH TromorpaTapbl CalblHIBL OKBUBAJIGHTTI HYCKAJIap oiciH
TaiTaNaHeI, YTl JOHICPIHIH TOHIINIEKapaTbIK XKoHE KOJIEM/IIK Kelepriiepi anblkTanasl. HoTmkenep xaHa
KOCBUIBICTAD TOMEH MASHIIIIEKApalblK KeAeprire ue eKeHIIriH kepcerTi. TemmepaTypaiblK TOYeIAiTiK
HOTIDKEJICPIH MaijanaHa OTBHIPHIN, )KaHa KOOAIBTUTTEPAIH OTKI3TIMUTIKTEPiHIH aKTUBTEHY JHEpPTUsUIapbl
ecenrteninai. bepinren KocbUIbICTap YIIIH OTKI3TIIUTIKTIH akTuBTeHy 3Heprusuiapsl 0,113-0,184 eV Ten.
Opta TemmepaTypaiapa OTKI3TIIUTIKTIH TOYeIALTiK CHUIATTaManapbl OJapIAblH TEPMUSUIBIK AKTHBTCHYIH
KOpCeTTi, AppeHnyc KOOpIHHATTAPbIHA FPadUKTIH Oy1 afiMAKTaphI TiK CHI3BIKIEH cumaTTansL. Mg> —Ca®'—
Sr’*—Ba®" kaTHOHZAphl KATApBIHIA OTKI3TILITIKTiH AKTMBTEHY SHEPIHUACHIHBIH JKOFAphUIAYbl OaiiKamabl.
Monpaplk pamuychl YIKEH CLITUIIOKEp HMOHBIH €HTI3y KPHCTANIBIK TOPIBIH JKEPriliKTi KHUCaloblHa cebern
Gonzel. By aysicianer MeTamt — KOOANBTTIH d-AeHTeHiHIH bIIbIpay MoHIH e3repTexi. CluTimikkep MeTamt
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KaTHOHBI ©3TCPreH CaliblH aKTHBTCHY SHEPTUACHIHBIH OaliKasiFaH e3repicTepiH ThIHBIM CaJIbIHFAH aiMaKThIH
JKaJMaKThIFbIMEH TyciHaipyre Oomaael. CXKD HOHIApBIH CINTUTIKOKEp MeTaqapblHBIH  HOHIApBIMEH
aybICTBIPY KYPBUIBIMJIBIK DETCI3/lIKKEe OKeNell, KPUCTaIJbIK KYpbUIBICTA TEIEe-TeHAIKTEri HYKTENiK
OY3BUIBIMHBIH Talina OOJIyBIHBIH apTyblHa ceOen Ooiambl, ojlapiarbl KPHUCTAIABIK TOPAAFBl HYKTEIIK
Oy3BUTBIMIAp/A IEKTPOHIAP MEH TECIKTep/iH 3apsATH TachIMaayIIbUIApAbl YCTal aly OaiinaHbICTapIbIH
OepiKTIri opTYpJIi CLITUIIKOKEP HOHAAPHI YIIIiH SPTYPII.

Kinm coe30ep: KaTThl (azaiblk CHHTE3, CUPEKKEp JKOHE CUITUIIK MeTalnIapablH KOOAIETUTTEP], JIEeKTPOTKI3-
FIITIKTIH TEPMUSUIBIK TOYEJIIUIIr, Kyp/eli OKCUATep, HMIEIaHCThI ClIeKTpOocKonus, boae nuarpaMmarapsl,
OTKI3TILITIKTIH aKTUBTEHY YHEPIUACHI, OTKI3TIIITIK H30TepMaapsbl.

E.C. Mycradun, /I.A. Kaiikenos, X.b. Omapos, P.3. Kacenos,
A.T. lrocexeeBa, C.b. AGeyoBa, A.C. bopceinOaeB

CuHTe3 U 3J1eKTpoU3NYecKre UCCIe0BAHNS KOOAJIbTUTOB
1 il
coctaba LnM CoO;5 (M~ — Mg, Ca, Sr, Ba)

Crathbsl OCBSILICHA H3YUICHHIO DIICKTPUIECKUX CBOMCTB (a3 LnM"Co0; 5 (MIl — Mg, Ca, Sr, Ba), nmeronmx
CTPYKTYpY, OJM3KYIO K CTPYKType nepoBckuta. Pasbl ObUIH MOTyYESHBI METOIOM TBEpAO(}A3HOr0 CHHTE3A B
COOTBETCTBUH C KepaMH4yecKoil TexHonorueil. ®a3oBblii cocTaB ObLT OIMpPEIeNieH METOIOM PEHTTeHO(a30BOro
aHaM3a, MPOBEACHO MHININPOBAHNE TU(PPAKTOrPaMMBI OPOIIKOB, ONPEJIeNIeHBI MapaMeTphL PEIIeTKH U ee
kacc cuMMmerpun. OGHapyKeHO, YTO HOBBIE COSAMHEHHsSI MMEIOT TeTparoHaJIbHYIO CHMMETPHIO, B dJIEMEH-
TapHOH sTuelike KOTOPOH PactoyIoxkKeHbI 16 CTPYKTYpHBIX eMHHI]. Tak KaK CJIOXKHBIC OKCHIBI 00JIalatoT BEI-
COKHMMHU TemIepaTypamu IiasieHus nopsaka 1500-2000 °C, MOHOKpHCTAILIBI XOPOLIEro KauyecTBa, IPUro-
HBIE JUI MPOBEACHUSI U3MEPEHMH, MOIYYUTh HEBO3MOXKHO. [103TOMy M3yueHne MX TEPMOIUHAMUYIECKHX H
3NEKTPOPHU3NIECKUX CBOWCTB NMPOBOAAT Ha 0Opaslax B BUJE CIIEUEHHBIX MOPOIIKOB. B manHoi paboTe mpo-
BEJICHbl U3MEPEHUS U30TEPM MTPOBOJAUMOCTH METOJIOM MMIIEJAaHCHOM CHEKTPOCKONUH TPH Pa3HbIX TeMIepa-
Typax. IloctpoeHsl rogorpadsl COMPOTHUBICHUI Ha KOMIUIGKCHOW TWIOCKOCTH. Mcronb3ys MeToj JKBHUBa-
JICHTHBIX CXE€M, OIIPE/IeJICHBI 3epHOTPAaHNYHbIE U 00BEMHBIE CONPOTHBICHHS 3epeH oOpasia. Pe3ymbraTsl mo-
Ka3aJIi, 9TO HOBBIE COCMHEHUSI UIMEIOT MaJoe 3epHOTPAaHIMIHOE CONPOTHUBIICHUE. VICTIONb3ys TeMIiepaTypHbIe
3aBUCHMOCTH, BBIYUCIIEHBI SHEPTrUH aKTHUBALMH IPOBOAMMOCTH HOBBIX KOOAJIbTHUTOB. DHEPIHsl aKTHBAIUU
MPOBOAUMOCTH ISl JaHHBIX coeauHeHuil cocrapisier 0,113-0,184 eV. XapakTep 3aBUCUMOCTH MTPOBOAMMO-
CTH MU CPETHHUX TEMIIEpaTypax MOKa3bIBAET UX TEPMHUUECKYIO aKTHBAIMIO, B KOOPAMHATaX AppeHHyca 3TH
y4acTKH rpaduka onuchIBalOTCA NpsiMoit uanel. HaOmonaercs yBeanueHne SHEPTuy aKTUBALMK TTPOBOIH-
MOCTH B psiy KatiHoHoB Mg®—Ca®'—Sr**—Ba?". BBejieHIe 111e709HO3EMETBHOr0 HOHA C GONBIINM HOHHBIM
paauycoM MPHBOJIUT K JTOKAJbHOMY MCKaKEHHIO KPUCTAIINYECKOH peleTki. To MEHsET BEIMIHMHY paciie-
IUICHUS d-ypOBHEH NEpeXoJHOro Meraiuia — KobOanbra. HabmonaeMoe N3MEHEHHE SHEPTrHU aKTHBALMU 110
Mepe M3MCHEHMs] KaTHOHA INEIOYHO3EMENFHOTO METaIa MOXHO OOBSICHHTh HM3MEHEHHEM IIHPHHBI
3anpenienHoi 30l Taroke 3amenieHne HOHOB P3D HMoHaMM IIENOYHO3EMENBHBIX METaUIOB IPHBOIUT K
CTPYKTYPHOH HEyNOpsIIOYeHHOCTH, K YBEIMYEHHIO 00pa30BaHMs B KPUCTAUIMIECKOH CTPYKType paBHOBEC-
HBIX 3apSDKCHHBIX TOYCYHBIX TE(EKTOB, B KOTOPBIX MPOYHOCTH CBSI3U C 3aXBaUCHHBIMH HOCHTEISIMH 3apsiia
3NIEKTPOHAMH MJIH AbIPKaMHU-y. TOYEUHBIX Ne()EKTOB B KPUCTAUIMUECKOHW pEIIeTKE C Pa3sHBIMH IIENOYHO3E-
MEbHBIMH HOHAMHU Pa3/INIHA.

Kniouesvie crosa: TBepZ[O(baSHLII\;I CHUHTE3, KOOaJIbTUTBI PEAKO3EMENIBHBIX W IICJIOYHBIX METAJIOB, TEPMU-
YECKasa 3aBUCUMOCTb 3HeKTpH‘{CCKOﬁ IIPOBOAUMOCTH, CJIOXKHBIEC OKCHUJIbI, UMIIEAAHCHAsA CIICKTPOCKOIUA, ArUa-
I'paMMBbL Bo;[e, OHEPTHUs aKTUBAILIUU IPOBOAUMOCTH, U30TCPMbI ITPOBOAUMOCTH.
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