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MeTtonoM COBMECTHOI KpUCTA/UTU3AIMY a30THOKHUCIIBIX COJIEH C YIIBTpa3ByKOBOI 00pabOTKOI
CUHTE3UPOBAHBI BEICOKOAVCIIEPCHBIE ME30TIOPUCTBIE MOopoIKK cocTtaBa: La; _ S, NiO3 _,
La; _,Sr,CoO3 _gu La; _,Sr,Fe;7Nij 305 _ 5 (x = 0.30; 0.40). Ha 1x ocHOBe noJiy4yeHbl
KepaMUuyecKre HaHoMaTepuasbl 3agaHHoro coctaBa ¢ OKP ~ 65—69 um (1300°C). Kepa-
MuKa, oboxckeHHas 1pu 1300°C sisisieTcss omHOo(da3HOM 1 00/1afaeT TETParoHaIbHOM ¥ OPTO-
POMOMYECKOI CTPYKTYypoil Tuma nepoBckuTta B cucteme La,O3;—SrO—Ni(Co,Fe),05 _ .
TBepable pacTBOPbl UMEIOT CMEILIAHHYIO JIEKTPOHHO-MOHHYIO MIPOBOJUMOCTb C YUCIaMU
nepeHoca f, = 0.98—0.90; #; = 0.02—0.10. Kepamuka ¢ TeTparoHajbHOI KPUCTAJTTMYECKOM
CTPYKTYpPOIi1 TUIIa MEPOBCKUTA OOHAPYXXUBaeT 00Jiee BBICOKYIO 3JIEKTPONPOBOAHOCTh MO
CpaBHEHMIO C MaTepuagaMu, 00J1aJalolMMU OPTOPOMONUECKOIT KpUCTAJUIMYECKOM CTPYK-
Typoii Tumna nepoBckuta. [1o cBouM 37eKTpOoGhU3UIECKUM CBOMCTBaM, CBSI3aHHBIM CO
CTPYKTYPHBIMU OCOOEHHOCTSIMU TBEPABIX PACTBOPOB, MOJIyYEHHbIE HA X OCHOBE KepaMu-
YecKre MaTtepuaibl TIepCIeKTUBHBI B KaYeCTBE TBEPIOOKCUIHBIX KaTOMOB CpEeIHETEMIIC-
paTypHBIX TOTUIMBHBIX 3JIEMEHTOB.

KiioueBsbie ciioBa: HaHOKE€paMHUKa, KpUCTaLIMYeCKad CTPYKTypa TuIla IMEPOBCKUTA, DJICK-
TPONMPOBOAHOCTb, MOHHAA U 3JICKTPOHHAaA OOJU IMPOBOANUMOCTU, TOIIJIMBHBIC 3JIECMCHTHI,
KaTOOHBbIC MaTC€pHajbl
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BBEAEHUWE

B Hacrosiee BpeMs1 HaOMOgaeTCs aKTUBHOE pa3BUTHE BOIOPOIHOM 3HEPTreTUKM, BHI-
3BaHHOE MOTPEOHOCTHIO B 3(h(EKTUBHOM, SKOJIOTUIHOM 1 HaIEKHOM MUCTOYHUKE DJICKTPO-
sHeprun. Mcnoiap3oBaHre BOOOpoaa U TOIUIMBHEIX 3JIEMEHTOB, SIBJISTIOIINXCSI OCHOBOM BO-
JIOPOTHO-OPUEHTUPOBAHHOI 3KOHOMUKHU, OTKPBIBAET YHUKAJIBHBIN ITyTh MOJydYeHUs “0e3-
OMacHOI” 3Heprum, BLIpabOTKa KOTOPOIi He BAMSIET HA KIUMAT, 00eCIIeYMBaET MOBLILLIEHUE
3(pPEKTUBHOCTH UCITOJIL30BAHUSI SHEPTUH U CITOCOOCTBYET CO3NAHUIO SHEPreTUYECKUX UC-
TOYHHMKOB, CBOOOIHBIX OT BBIOpOCa MapHUKOBBIX ra3oB [1]. TBepaooKcUIHbBIE TOIUIMBHEIC
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sneMeHThl (TOTD), mist KoTopbix XapakTepHbl Bbicokuit KITI (mo 70—80%), sKosorny-
HOCTb, TOJIEPAHTHOCTb K TOILJIMBY, @ B KAUYECTBE OKMCIIUTENISI UCITOJIb3YETCSI BO3/IyX, Ha CETro-
IHSIHWMN IeHb — OIMH U3 HanboJjiee MepCreKTUBHBIX CITIOCOOOB MpeoOpa3oBaHUs SHEPTUU
TOILIMBA B 3JIEKTPO3Hepruio [2, 3].

B ocxose TOTD (B MmexxnyHaponHoii TepmuHonorun — SOFC) nexxut tTakoe Xe yCcTpoii-
CTBO SIYEIKH, KaK U B JIIOOOM JIPYroM TOTUIMBHOM 3JIEMEHTE, MPENCTaBISIONIEN cO00i KaTon
U aHOJ, pa3[ieJIeHHbIE 3JIEKTPOJIUTOM (B JTAHHOM Cllydyae KepaMUYECKUM BJIEKTPOJIUTOM, KO-
TOpPBII OTBeYaeT 3a TpaHC(ep MOHOB KUCI0POo/a).

B tBepmookcuaHom ToruimBHOM 3eMeHTe (TOTD) ocHoBHast GYHKIIMST KATOIOB 3aKJTI0-
YyaeTcsl B BOCCTAHOBJIEHUM MosieKyn O, B MOHBI 0% 1 ux nepeHoce B 3MeKTPonuT [4]. st
cpenHetemiiepatrypHbix TOTD addexkTuBHBIE pabouyne XapaKTepUCTUKU KaTOIOB MOTYT
OBITh OOECIIeUeHbI TOJIBKO IIPU COOMIOAEHUY TPeOOBaHUIA BEICOKO 2JIEKTPOHHOM U MOHHOM
MIPOBOIMMOCTU, BBICOKOI KaTaIUTUYECKON aKTMBHOCTH MpHM Iuccouranuu Moiekyna O,,
XUMUYECKOUN CTAOUJIBHOCTH Ha BO3/lyXe U TEPMOXUMUUYECKON COBMECTUMOCTHU C 3JIEKTPOIIU-
ToM [5]. OnHOM M3 BaxXHEHIIMX 3a1a4 IpY CO3MaHUU BbICOKOA(M(EKTUBHBIX KaTOIOB TBEP-
JIOOKCUIHBIX TOILIMBHBIX 3JIEMEHTOB SIBJISICTCSI CHHTE3 MaTepUaJIOB CO CMEIIIaHHOW MOHHO-
3JIEKTPOHHOM MTPOBOAMMOCTBIO: MHOTOKOMITOHEHTHBIX TIEPOBCKUTOB M1 KOMITO3UTOB, CO-
CTOSIIIIMX M3 YacTHIl (a3, 0O6JagalolnX BBICOKON 3JIEKTPOHHON MPOBOAMMOCTBIO [6—8].
C0XHBIE OKCUIBI CO CTPYKTYPOI MEPOBCKUTA 00JANAI0T MPEUMYIIIECTBEHHOMN 3JIEKTPOH-
HOU MPOBOAUMOCTBIO Y BBICOKOW KATaJIUTUYECKON aKTUBHOCTBIO B PEAKIIMU BOCCTAHOBJIE-
HUs Kkuciiopona [4]. BaxXHbIM acieKToM 1151 pabOThl TOIUIMBHOIO 3JIEMEHTA SIBJISIETCST Tep-
MUYeCKasi COBMECTMMOCTD 3JIEKTPOJIMTA U KaToa Mo 3HAUYeHUSIM KO3 dUILIMEeHTa TepMuJe-
ckoro pacmupeHuss (KTP). Paznuuve ko3h@dUIIMEHTOB TEepMUYECKOTO pacCIIUPEHUs
TBEPABIX JIEKTPOJIUTOB U KATOAOB MOXKET IMPUBOAUTh K MEXaHWUYECKOMY pa3pylIeHUIO MpU
GYHKIIMOHNPOBAHUHU TOIUIMBHOTO 3JIeMeHTa [8].

B HacTosiee Bpemst ist KatonoB cpenHeTeMiepaTypHbix TOTD B KauecTBe HOBBIX MaTe-
pHUaJIoB IPeUIaraloTcs oqHOMa3HbIe CIOXHbBIE TEPOBCKUTHBIE MaTepuasibl LnMO; _ 5 (M —
Cr, Mn, Fe, Ni, Co), ycTroitunBbic B OKUCIUTEIBLHON aTMOC(epe B IIMPOKOM HMHTEpBase
TeMmriepaTyp 1 o0Jiaatolimne J0CTaATOYHO BBICOKO# 3JIeKTPONPOBOAHOCTHIO p-Tuna [9]. Cpe-
I HUX HAUOOJIbIIYIO 3JIEKTPONPOBOIHOCTh JEMOHCTPUPYIOT MapraHell-, KOOaabT- U HU-
KeJIbCcoAepXallue OKCUIbL. DJIEKTPONPOBONHOCTh TAKUX MEPOBCKUTOB MOXHO MOBBICUTD,
YBEJIMYMB KOHIIEHTPALIMIO HOCUTENEl 3apsiia (AbIPOK) 3a CYET reTepOoBajleHTHOTO 3aMellle-
Hust La’™ Ha KaTHOHBI I1e04HO3eMeNbHBIX d1eMeHToB M2T = Ca, Sr wiu Ba [7]. Oxcuabl
CO CTPYKTYpPOil MEPpOBCKUTA COCTABJISIIOT OOJIBIION KJIACC CJIOXHBIX OKCUI0B U UMEIOT 3Jie-
MEHTapHy10 s1ueiiky Tuna ABO;. CoueTaHue BBICOKMX 3JEKTPUYECKMX U KaTATUTUYECKUX
CBOMCTB CJIOXXHBIX OKCHUIIOB CO CTPYKTYpOIi IepoBCcKMTa Ha ocHOBe P30 1 3d-nepexomHbIx
METaJJIOB MO3BOJISIET PEKOMEHI0BATh MX JUISI UCTIOIb30BaHMSI B KAYE€CTBE KaTOMHbBIX MaTepu-
ainoB |7, 8]. JlaHHBIe CBOMCTBA TaKMX MEPOBCKUTOBBLIX MAaTepHUaI0OB BaxKHBI JIJIsI IOHUMAaHUS
paboThl U ONpenesieHUus] JECKPUIITOPOB ISl TIoucka 3(p(peKTUBHBIX MaTepUaIOB JISI MC-
MOJIb30BaHMS UX B KaUeCTBe KaTona B cpenHeTeMnepaTypHbix TOTD, aj1eKTpoaoB 3JeKTpOo-
JIN3EPOB KaTaJTUTUYECKOTO pACLIETUIEHUs BOIbI, METAJUIO-BO3AYIIHBIX OaTapeil U Apyrux
YCTPOIMCTB XpaHEHUsI U MpeoOpa30BaHUS SHEPTUU. 3aMedyaTeIbHOM 0COOEHHOCTHIO MEPOB-
CKUTOB SIBJISIETCSI BO3BMOXHOCTb KATUOHHOTO 3aMeIlleHUsI Kak B A, TaKk M B B-mo3uiusix B
IIMPOKOM Auaria3oHe KoHueHTpanwuii [10].

Ha npakTuke 6osbliiasi 4acTh KPUCTAIIIIOB ¢ KyOMYECKOW CTPYKTYpPOUl MEPOBCKUTA KPU-
CTajIu3yeTcs B 00Jiee HU3KO CUMMETPUH, TO €CTh (haKTUUECKU UMEET MECTO MCKaXeHne KyOou-
YECKOI CTPYKTYPhI 10 OPTOPOMOMYECKOM, TeKCaroHaIbHO, TeTparoHaJIbHOI CTPYKTYPHI.

BapbupoBaHue B 10CTaTOYHO HIMPOKUX TpeiesiaX MPOLUEHTHOTO CoAepXKaHuUs 3aMellao-
IIMX KaTMOHOB, a TaKXe MCMOJb30BaHUE Pa3IUUHBIX CTETIEHEW OKHUCJIECHUSI BBOAMMBIX B
CTPYKTYPY KaTMOHOB OTKPBIBAET BO3MOXHOCTM JUISI MOJEJIUPOBaHUS (DYHKIIMOHATBbHBIX
CBOWCTB ITEPOBCKUTOIOIOOHBIX OKCUIHBIX CUCTEM.
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B kauecTBe KaToIOB TBEPIOOKCUIHBIX TOIUIMBHBIX 3JIEMEHTOB aKTUBHO MCIIOJIb3YIOTCS
MaHTaHUTHI JaHTaHa cTpoHuMs La; _ ,Sr,MnOj; _ 5 (LSM) co ctpykTypoii neposckura. Ta-
KHe KaTOAHble MaTepuabl SIBJISIIOTCS OECCIOPHBIMU JIMAEPAMU B 00J1aCTH BBICOKUX TEMITe-
patyp 800—1000°C [11]. dsg cpegHeTeMIIEpaTypHBIX TOIJIMBHBIX 3JIEMEHTOB HanboJjiee pu-
BJIEKATEJILHBIMU TTPEACTABISIIOTCS] KOOAIBTUTHI 1 HUKEJIAThl JJAHTAHA, 3JIEKTPOIPOBOIHOCTD
KOTOPBIX MPEBBIIIAET TTPOBOAMMOCTD MAHTAHWUTOB JIAHTAHA, YTO OOYCJIOBJIEHO 00Jiee BBICOKOM
VIEIBLHOM ITOBEPXHOCTHOI PEaKTUBHOCTBIO 13-3a 00JIee HU3KOM MpodHocTy cBs13u Me—O [12].
M3BecTHO, 4TO 1Sl OTyYeHNsT OObEMHBIX TBEPABIX KATOAOB C BBICOKMMU 3KCIUTyaTalluOH -
HBIMU XapaKTepUCTUKaMU HEOOXOIMMO MCIOJb30BaTh BHICOKOAMCIEPCHBIE MOPOIIKM [13,
14]. HaubGosee npearnoyTUTeIbHBIMU IS CUHTE3a HAaHOMOPOIIKOB SIBJISIIOTCSI XXUIKO(da3-
HbIE METOJbI: TUAPOTEPMANIbHBIN CUHTE3, 30JIb-TeJib MeTon, Metoxn [leynHu, coBMecTHas
KPUCTAJUTU3AIIUS COJIei, COBMECTHOE OCaXIeHWe TMAPOKCUIOB U3 paCTBOPOB HEOpraHuyYe-
CKUX COJIEN.

Bce ucnonb3ytommecs: Ha TaHHBI MOMEHT KaToaHble MaTepuanbl TOTD obnagaloT TemMmu
WJIU UHBIMM HEAOCTAaTKaMU, JIEKTPOTPAHCIIOPTHBIE CBOMCTBA MX U3yUYE€HBI HEOCTaTOUYHO. B
CBSI3U C 3TUM, pa3paboTKa aHeprocoeperamnX TEXHOJIOTUI, HAalTPaBJIeHHBIX Ha TTOJlydeHUe
U uccienoBaHue (GU3NKO-XMMUYECKUX CBOMCTB HOBBIX 3JIEKTPOAHBIX MaTEpUAIOB IS
TOTD npencrapasieT Kak Hay4dHbI, TaK 1 NPaKTUYECKU HHTEpeC.

J1st osiydeHusl 3alaHHBIX JIEKTPOPU3NIECKUX CBOUCTB MaTeprUaioB HEOOXOAMMO MC-
clieoBaHUe UX BJIEKTPOHHOM CTPYKTYpPhI, 3HaHME 00 SHEpPIrum nepeHoca 3apsiaa (A), KoTo-
pasi mpencTaBiisieT co00i pa3HOCTb MEXIY IHEPTUSIMU, COOTBETCTBYIOLIMMM PACIIONIOXKE-
HUIO OpOuUTaJieil KMcIopoaa 2p U MeTaljia 3d, olleHKa SHepreTMYeCKUX 6apbepoB IS Iepe-
Hoca 3JIeKTpoHOB. KomIibloTepHOe MOAEIMpPOBAaHUE B HACTOSIIIIEE BpeMs SIBJISIETCS
00lLeNPU3HAHHBIM METOIOM B 00/1aCTU XMMUHU TBepaoro teina [15, 16]. Teopust pyHKIIMOHA-
Jia TUIOTHOCTHU SIBJISIETCS OMHUM M3 CaMBbIX TIOMYJISIPHBIX U YCIEITHBIX KBAHTOBO-MEXaHUYe-
CKMX NpUOTUXEHUIA, UCIOAb3yeMbIX MpPU U3YYEHUM CBOMCTB BelllecTB. MeToabl T€Opuu
(yHKIIMOHAJIA TUIOTHOCTH YHUBEPCAJIbHBI U CPABHUTEIBLHO MPOCTHI B peain3aiuu. OHU B Ha-
CTosIIIIee BPEeMSI YIIOTPEOISIIOTCS IS pacueTa SHEPTUU CBSI3U MOJICKYJT B XMMUM, TIPOTHO3UPOBa-
HUSI TIpoliecca 3JIEKTPOHHO-UOHHOTO 3JIEKTPOTPAHCIIOPTA B PA3IMYHBIX KPUCTALUTMYECKUX
CTPYKTYpax, 30HHOI CTPYKTYpPbI TBEPAbIX TN B (PU3UKE, B OMOJIOTUM Y MUHEPATIOTUHU U JIP.

[lenb paboTBl — MCCIEOOBAaHUE KPUCTAJUIMYECKONW CTPYKTYPbI M 3JeKTPOGU3INIECKUX
CBOWCTB (BEJIMYMHBI, TUTIA U MEXaHMU3Ma JIEKTPOIIPOBOIHOCTU) TBEPJbIX PACTBOPOB B CU-
cremax La,03;—SrO—Ni(Co,Fe),0; _ 5 mepcrneKTUBHBIX B KAUECTBE KATOIHBIX HAHOMATEPH -
aJIoB IS COBPEMEHHbIX 3HEeproa3(hGEeKTUBHBIX CPEIHETEMIIEPATYPHBIX TOTUIMBHBIX 3JIEMEHTOB.

OKCITEPUMEHTAJIBHAA YACTb

Memoosi uccaedosanus

PentreHodazosslii aHanmu3 (PMA) 6bl1 BeITIOIHEH Ha AudpakroMmerpe D8-Advance pupMbl
Bruker. JInst pacumdpoBku nudpakTorpaMM HMCIOIb30BAIM MEXIYHApOIHYIO 0a3zy MaHHBIX
ICDD-2006, pe3yabTaThl aHaM3a 06pabdaThIBai ¢ TTOMOIIbIo porpammbl “WINFIT 1.2.17,
ucronbayiomieit dypbe-npeodbpazoBaHue mpodust pedirekca. st olleHKH pa3MepoB o6J1a-
creii korepeHTHOro paccessaus (OKP) ucronpzoBanu ypaBHeHue CensskoBa—Illepepa:

Dokp = 0.91/(BcosH),
e A — mmuHa Bostabl Cuky, § — mmpuna qudpakimonHoro pediiekca Ha mostysbicore [17].
M3MepeHue 371eKTPOCONPOTUBIICHUS TTOJYYEHHBIX KEpaMUYECKUX MaTepUajIoB IPOBOAMIIN
JIIBYXKOHTAKTHBIM METOJIOM Ha ITOCTOSTHHOM TOKe B uHTepBaJie Temmnepatyp 250—1000°C Ha
yctaHoBKe “KoMruiekc mporpamMMHoO-anmnaparypHbIid ISl MCCIIEIOBAaHUM 2JIEKTPUUYECKUX
CBOWCTB HAaHOKEpPaMUKHU B pa3HBIX ra3oBhix cpenax” [14]; meromom Becra—Tamiana Obun
orpeesieHbl YKCiia MepeHoca MOHOB M 9JIEKTPOHOB OOBEMHBIX TBEPABIX AJIEKTPOJIUTOB [ 18].
B xauecTBe MHEPTHOTO ra3a ucnosib3oBasiu cmecb CO, + CO (ZaHHOI CMECU COOTBETCTBYET
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napuuanbHoe napieHue kuciopona 103 TTa). I3mMepeHUs MPOBOAMIN Ha IOCTOSIHHOM TOKE
B ciabbix (U = 0.5 B) monsix mocne aautenbHoro (mo 30 MUH) criagaHusl Toka. Bkiaa noH-
HOW 1 3JIEKTPOHHOI JI0JIeil MPOBOAMMOCTHY OLIEHUBAIU MO (popMyJiaM:
te = Rair/Rea ti =1- te»

rae 7, U t; — 4yucia nepeHoca 3JeKTPOHOB 1 MOHOB COOTBETCTBEHHO, R, U R, — conpoTtusiie-
HUe o0pasiia, U3BMEPEHHOE Ha BO3/lyXe U B aTMocdepe MHEPTHOTO Tra3a.

Bce pacuersl nepuoanuecKux TBEPIbIX TeA ObLIM BBIMIOJIHEHBI C MTOMOIIIBIO KOMIBIOTEP-
HOTO MOJIEJIMPOBaHUsI METONOM (YHKIMOHA/IA 3JEKTPOHHOU TuIoTHOCTU (aHT. density
functional theory, DFT) c ucnons3oBanuem nporpammuoro nakera SIESTA [19].

Cunmes kcepoeeneil u Hanonopouikos cocmaea La; _ ,Sr.NiO;_s,
La;_,Sr,CoO;_su La;_ ,Sr.Fe,,Niy;0;_g(x=0.30; 0.40)

CuHTe3 Kceporeseit 1 HaHOAUCTIEPCHBIX MOPOIIKOB MPOBOIUIICSI METOIOM COBMECTHOM
KPUCTAJUTU3AlIMU a30THOKMCIIBIX COJIEM € MOCIHeAyIolieil yabTpa3ByKOBOM 00paboOTKOM ¢
pa3sHbIM KOHLEHTPALMOHHBIM COOTHOILIEHMEM OoKcuaoB B cuctemax La; _ ,Sr,NiOjz _ 5,
La; _,Sr,CoO; _gu La; _ ,Sr Fej;Nij ;05 _ 5 (x = 0.30; 0.40). Ins cuHTe3a UCNOIB30BAIA
a3oTHokuchable coiu JdaHTaHa La(NO3);:6H,0 (“x. 4.”), ctpoHnusa Sr(NOs), (“u. x. a.”),
Hukenst Ni(NO;), 6H,0 (“94.”), kobansra Co(NO3),'6H,0 (“u4.”) u xene3a Fe(NO;);9H,0
(“4.”), U3 KOTOPBIX OBLIM MTPUTOTOBJIEHBI PACTBOPHI ¢ KOHIeHTpalueir ~0.5 M. TTonyueH-
HbIE PACTBOPBI CMEIIMBAIIM C YYETOM 3aTaHHOTO CTEXMOMETPUIECKOTO COOTHOIIIEHUST OKCH-
TTOB M BBITTApMBAJIA HA BOJSTHOI 6aHe B TeueHUe 3 9 10 00pa3oBaHMs MEPECHIIIIEHHOTO pac-
TBOpa. IlepechlllieHHBII pacTBOpP OXJIaXIalu Ipu Temneparype 3—5°C, 4To crocoOCTByeT
aZIcopOIIMK KPUCTAJUTU3YIOILIETOCS BEllleCTBA HA TTOBEPXHOCTU KPUCTALJIOB, 00pa30BaBIINX-
Cs Ha 9Tane BbINIapUBaHUs cMeceil pacTBOpoB cosieil. [lomydeHHble B pe3ysbTare CylIKU
(120°C, 1 9) penTreHOoaMOpGHBIE KCepOTesn MoABeprainuch TepMoobpadotke (600°C, 1 9)
71T (hOPMUPOBAHUS YCTOMYMBON KPUCTAJUTMIECKON CTPYKTYpPhl HAHOMOPOIIKOB. 3aTeM
rpoBoaun ooxur ipu 900°C, 3 u. CuHTEe3MpOBaHHKIE TIOPOIIKHY 33JaHHOTO COCTaBa pacTHpa-
JIA B CTYITKE Y TIPOBOMIMIIN UX KOHCOJIMIAIINIO METOIOM OJJHOOCHOTO XOJIOMHOTO TIPeccoBaHumsl (C
nomotupbto ycrpoiictea I[1I'P400) npu nanenuun 100 MIla (monyyanu HeGosblive TabaeTKu
nuameTpoM 1.0 u 1.5 cm), 3aTem cripeccoBaHHbIe 0Opasibl criekanu rpu 1300°C, 2 4.

Kepamuka, criedenHas ripu 1300°C obiamaeT OTKphITON MOPUCTOCTBIO B UHTEpBajie 19—
26% [20].

OBCYXIEHMUE PE3VJIbTATOB

H3yuenue kpucmaniuueckoii cmpyKmypol U 31eKmpopu3u4ecKux ceoiicme meeposix pacmeopos

cocmaeos La;_ , Sr,NiO;_g, La;_ ,Sr,CoO3_su La;_,Sr.Fe,,Niy;0;_s(x = 0.30, 0.40)

Metonom peHTreHodazoBoro aHanusa OblT M3ydeH (pa30BbIil cOCTaB HAHOIIOPOIIKOB U
KEpAaMUKU BCEX CHUHTE3MpPOBaHHBIX cocTaBoB La; _ ,SrNiO; _ 5, La; _ ,Sr,CoO; _ 5 u
La, _,Sr.Fe,7Nip 305 _ 5 (x = 0.30; 0.40).

B Tabn. 1 npencrasieHsl KpUCTAUIMYECKNE CTPYKTYPBI U 3HAYEHUSI YIEIbHOM 2JIeKTPO-
MPOBONHOCTA TBEPABIX pPacTBOpoB cocTaBa LagSry4Co05_5, Lag;Sr);Co05_j5,
Lag ¢Sro 4NiO; _ 5, Lay 7519 3NiO; _ 5, Lag 6519 4Feg 7Nig 305 _5, Lag 781 3Feq 7Nig 305 _5

Kak BunHo u3 1abin. 1, cMHTE3MpOBaHHBIE MMOPOIIKK M KepaMUYeCKHe MaTepualbl B MH-
tepBajie Temneparyp 600—1300°C o61aga0T OPTOPOMOUYECKOI 1 TeTparoHaabHOM CTPYKTY-
PO THIIa MEPOBCKUTA.

Ha puc. 1-3 npencrasieHbl peHTreHOrpaMMbl 00pasuoB cocraBa Lag ¢Sty 4NiOj _ 5
Laj ¢Sty 4C00; _5u La ¢St 4Fe( 7Nij 305 _ 5. 17151 onpeneneHust KpUCTaJuIM4eCKUX CTPYKTYP
ncrnonb3oBanuck Kaprouku ICSD #069173 La, 4Stq ¢(NiOy4 _ 5 (/4/mmm), ICDD PDF-2 2022
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Tabnuna 1. Kpucrajuimueckue CTpYKTYphl M 3HAY€HUsl YAEIbHOM 31EKTPONPOBOJHOCTY MOPOLIKOB U
KepamMuKH B cucteMax La,03—SrO—Ni(Co),03 _ g u Lay,03—SrO—Ni,O3—Fe,05 _5

CrpykTypa 6 x 10~
THUTIA TIEPOBCKUTA OKP, —i| E,,
CocraB ITapameTpnl Oo6pazen |CMm cM a
(NIpOCTpaHCTBEH- HM (700°C) 3B
Hasl TPyIIIa)
La0A7Sr0_3C0(Ni,Fe)O3 s
Lag 7815 3C005 _g Opropombuueckas | a = 4.1132 34 | Iopo- —
(600°C, 14) (HavaloKpucTaum-| b = 5.429 IIIOK
3awmn) (Pnma) c=9.804
V'=218.93
Lag 7815 3Co05 _§ Opropombuueckas |a = 4.1027 70 | Kepamu- 020 |1.11
(1300°C, narpeB 3 4 + BbiiepkKa S 4)| (Pnma) b=15.420 Ka
¢=9.792
V=211.75
Lag 781y 3NiO3 _g TerparoHanbHast a=3.8168 40 |TIlopo- —
(900 °C, 3u9) (14/mmm) c=12.7498 LIOK
V=185.74
Lag 7Sty sNiO5 _§ TerparoHanbHast a=3.8140 68 | Kepamu- 0.25 [0.99
(1300 °C, HarpeB 34 + Bbiaepkka 2 u)| (14/mmm) c=12.7421 Ka
V'=185.35
Lag 7Sty 3Fe 7Nig 305 _§ TerparonanbHas a=3.8965 | 63 |Kepamu- 030 |1.17
(1300, HarpeB 3 u + BoinepxkKa 24) | (14/mmm) c=12.7752 Ka
V'=193.96
Lag ¢St 4Co(Ni,Fe)O5 _§
Lag ¢Srp 4CoO5 _5 TerparonanbHas a=39052 | 67 |Kepamu- 0.35 |0.87
(1300 °C, HarpeB 34 + BbiaepKKa S4)| (/4/mmm) c=12.8412 Ka
V=195.84
Lag ¢Sr 4NiO3 _g Opropombuueckast |a=14.6033 | 32 |Ilopo- —
(600 °C, 14) (Pnma) b=9.7345 LIOK
¢=6.9057
V'=981.69
Lagy ¢St 4NiO3 _§g TerparonanbHas a=3.8187 44 | Ilopo- -
(900 °C, 3u) (14/mmm) c=12.7496 LIOK
V=185.92
Lay ¢St 4NiO5 _5 TerparonanbHas  |a=3.8152 | 65 |Kepamu- | 0.80 [0.67
(1300 °C, HarpeB 34 + Bbiaepxkka 2 u)| (14/mmm) c=12.7436 Ka
V=185.49
Lay ¢St 4Fe( 7Nip 303 Opropombuueckas | a = 15.10 25 |Ilopo- -
(600, 1 4) (Pnma) b=9.687 LIOK
¢=6.9297
V'=1013.63
Lag ¢Sty 4Feg 7Nig 305 _§ TerparonanbHas a=3.9102 65 | Kepamu- 0.75 091
(1300, HarpeB 3 u + BoinepxkKa 24) | (/4/mmm) c=12.7903 Ka
V=195.33

Ne 01-087-3171 La, 351y ,Co0, _ 5 (14/mmm), ICDD PDF-2 2022 Ne 04-005-8587 La(OH);
01-088-4397
Lag ¢Sty 4Feq gNig 105 _ 5 (Pnma), ICDD PDF-2 2022 Ne 01-087-4975 La ¢Sry 4Fe 7Nig304 _ 5
(I4/mmm). Kak crnenyet u3 puc. 3a, npu 600°C misa HUKenaTa U KOOAJIbTUTA JaHTaHA Ha-
OsromaeTcsl Hauaao 0Opa3oBaHUsI TBEPABIX PACTBOPOB € TETPArOHAIbHON KPUCTALTNYECKOMN
CTPYKTYpPOIi TUTIA TIEPOBCKUTA, OJTHAKO UMEIOTCSI MIPUMECH TMApOKCcHUaa JaHTaHa. Jist Huke-
JlaTa JJaHTaHa, COAEPXKalllero OKCUJ XeJjie3a, o0pasyeTcsl cHayajla TBEpIblii pacTBOpP C OPTO-

(P63m),

ICSD # 061544 NiO (Fm3m),

ICDD PDF-2 2022 Ne
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0 1 — TeTparoHabHasi CTPYKTypa
THIIA [IEPOBCKMUTA COCTABA
2 Lag 6Srp.4NiO3
2 —La(OH)3;
3—-NiO

15 20 25 30 35 40 45 50 55 60 65

6 1 — TeTparoHabHasi CTPYKTYpa
THIIA TIEPOBCKUTA COCTABA
1 Lag 6Sro.4NiO3
1 2 — La(OH)3

15 20 25 30 35 40 45 50 55 60 65

! 2

1 — TeTparoHajibHasi CTPyKTypa
TUIlA IIEPOBCKUTA COCTaBa
Lag 6Sr0.4NiO3

15 20 25 30 35 40 45 50 55 60 65
20, rpan

Puc. 1. PenrrenorpamMma nopouika coctasa Lag Srg 4NiO3; 06xuru npu a) 600°C, 6) 900°C, 6) 1000°C, ) 1300°C.

O603HaueHus: | — TeTparoHaibHas CTPyKTypa TUMa nepoBckuTa coctasa Lag ¢Sty 4NiO3, 2 — La(OH)3, 3 — NiO.

poMOMYECKOi CTPYKTYpOii TUNA nepoBcKuTa. I1ocie 3aBeplreHuns mpoiecca ClieKaHus IIpu
1300°C, Bce CHMHTE3MpOBAaHHbIE HUKEJNAaThl M KOOAIbTUTHI JIaHTaHAa, KpPOME COCTaBa
Lay 7Sry 3C00;3 _ 5, UMEIOT TETParoHaJIbHYIO CTPYKTYPY THIIa TEPOBCKUTA.

JIByXKOHTaKTHBIM METOIOM Ha MOCTOSIHHOM TOKE Obljla U3MEpeHa TeMIlepaTypHasl 3aBU-
CHUMOCTb 3JIEKTPONPOBOAHOCTU TBEPABIX KATOAHBIX MaTepuanos coctaBa Lag ¢Sty 4,Co05 _s,
La, ;S1)3C005 _ 5, Lay ¢Sty 4NiO; _ 5, Laj ;Sr 3NiO3 _ 5, TOJly4EHHBIX METOJOM COBMECTHOM
KPUCTATM3ALNK COJIEii C yIbTPa3ByKOBOI 00paboTKoil. Pe3ynbraTsl ccaenoBaHust TeMIie-
paTypHBIX 3aBUCHUMOCTEH 3JIEKTPOINPOBOIHOCTU TIOJYYEHHBIX OOpa3LoB B CHUCTEMax
La,03;—SrO—CoO u La,05;—SrO—NiO npencrasiensl Ha puc. 4. Kak BunHo us puc. 4, 3Ha-
YEeHUSsI YIEIbHOM 3JIEKTPOIIPOBOIHOCTH YBEJIMUMBAIOTCS C TEMIIEpaTypoii Ha yyactke ot 300
1o 700°C, 3aTeM nocturaioT Makcumyma rnpu 600—800°C 1 nmepecTaioT pacTy — BBIXOIIT Ha
rw1ato. Takoil BUI KpUBBIX 3J1€KTPONPOBOAHOCTU OOYCIOBIEH TEM, YTO IPOBOIUMOCTb 00-
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Puc. 2. Pentrenorpamma nopouika cocrasa Lag ¢Srg 4CoO3; o6xuru npu a) 600°C u 6) 1300°C. O603HayeHus: 1 —

TeTparoHajbHas CTPYKTypa TUIa MepoBCKUTa cocTasa Lag ¢St 4Co03.

pasuos coctaBa Lag ¢Sty 4NiO; _ 5 yBenmnuuBaeTcs ¢ MoBbIIEHNEM TeMIiepaTypsl 1o 600°C, a
st coctaBa Lag ;Sr) 3Co00; _ 5 anexkTponpoBogHoCTh yBenuuusaeTcst 1o 700°C, 3ateM npu
9TUX TeMIlepaTypax MPOBOAMMOCTb MEPECTAET PACTH, TaK KaK MTPOUCXOIUT U3MEHEHUE Me-
XaHU3Ma MPOBOJAMMOCTHU C MOJIYIPOBOJHUKOBOIO B METALINYECKU . DIEKTPONPOBOIHOCTh
B UCCJIEyeMbIX TBEPIbIX PACTBOPAX OCYILECTBIISIETCS MO HECKOJbKUM BO3MOXHBIM MeXxa-
HU3MaM: B OCHOBHOM KOJUIEKTMBM3MPOBAHHBIMHU 3JIEKTpOHaMu 110 1ernouke Nitt—O—Ni’*
M TIEPECKOKAMU 3JIEKTPOHOB UJIU ABIPOK HEMMOCPEACTBEHHO MEX Y MOHAMU Ni3* u NiZ*. AB-
TOpBI paboThI [21] cUUTAIOT, YTO BOSHUKHOBEHUE B CUHTE3UPOBAHHBIX TBEPABIX PACTBOPAX
METAJIJTMYECKOTO THIIA TPOBOIUMOCTH OOYCIIOBJICHO HeloKanu3aieil d-3ieKTpoHoB Ni
MIpY B3aMMOACCTBUM aTOMOB HUKeJISI U Kuciioponaa B nenoukax Ni—O—Ni. Takke u3 puc. 4
BUIIHO, YTO C YBEJIMUEHUEM COIEPXKaHUS B TBEPABIX PACTBOPAX OKCUAA CTPOHIIMS TTPOBOIU-
MOCTb 00pa3I0B YBEIUUUBAETCSI.

HauGombIneit 371eKTponpoBOoTHOCTRIO B Auamna3oHe Temmeparyp 500—1000°C o6mamaet
o6pasen coctaba Lay ¢Sty 4NiO; _ 5: G799oc = 0.80 X 10~! Cm/cm. 3HaueHHe NPOBOAMMOCTH [Ist
obpasiia Lay;Sry;NiO; _ 5 coctaBisieT Gyppc = 0.25 X 107! Cm/cm, m1s obpasiia coctasa
La, ¢Sty 4C00; _ 5 — G700oc = 0.35 X 107! Cm/cm, a aist o6pasua Lag ;S1y 3C00; 5 — Grgpec =
=0.20 x 10~! Cm/cM. Ha puc. 5 npencTaBieHbl KPUBbIE TEMIIEPATYPHOI 3aBUCMOCTH JJISI
obpasuos coctaBa Lag ¢St 4Fe( 7Nij 305 _ 5. Kak BunHO 13 puc. 5, NpoBoAMMOCTb KEpaMU-
yecKux 00pasuos, credeHHbIx mpu 1300°C Boiwe, yeM npu 1000°C. Bung KprBoii U ypOBEHb
MTPOBOIMMOCTH MaJIo OTJIMYAETCS OT KPUBBIX 3JIECKTPOTIPOBOTHOCTH JIJIST HUKEJIaTa M KOOaTb-
THATA JJaHTaHa. OgHAKO TTepexo/ MOJIyITPOBOIHUKOBOTO XapaKTepa IMpOBOAMMOCTH B METaI-
JIMYEeCKUi UIsl obpaslia ¢ colep:kaHueM OKCHIA Xejle3a MPOUCXOAUT Mpu 0oJiee BBICOKOM
TeMIiepaType, YeM IJisl 00pa3LoB 0€3 ero coaepkKaHusl.

C nomoubio Metona Becra—TanaHa ObUIO ONpeneseHO COOTHOUIEHUE JIEKTPOHHON U
VOHHO TOJIM 3JIEKTPOITPOBOIHOCTU B MCCIIEAyeMBIX KepaMUIecKX obpasiax. B kauecTBe
mpuMepa B TabJl. 2 MpeacTaBieHbl JaHHbIE COOTHOIICHUS YMCEl TIepeHOoca NOHOB U 3JIeK-
TPOHOB IJII MCCIENOBaHHBIX 00pasuoB cocrtaBa Lag Sty ,Co0;5 _ 5, Lay;Sr;Co0; _ 5,
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1 — opTropoMbGuyecKasi CTpyKTypa
THUIIA IEPOBCKUTA COCTaBa

Lag ¢Sro.4Feq.7Nig 303
2~ La(OH);

MMMW
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1
0

| — TeTparoHasbHas CTPYKTypa
TUIa II€POBCKHUTA CCOTaBa
Lay ¢Srg.4Feg 7Nig 303

1
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15 20 25 30 35 40 45 50 55 60 65
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Puc. 3. PenrreHorpamMma nopouika cocrasa Lag ¢St 4Fe( 7Nig 303 nocne o6xura a) npu 600°C, 6) npu 1300°C

O6o03HaueHus: | — opTopoMOMYECKas CTPYKTypa TUITa epoBckuta coctaBa Lag ¢Sty 4Fe(y 7Ni 303, 2 — La(OH)3.

~1.0} 1
.--.,....-'. % 2
Errve, . -3
—15 -~ bt T -
...;..::,‘.. '- . |
s —2.0+F ’
Q -"_ % e
S —25F ROR.
3.0 W §
—3 5 - 4 i 3 . i L. ]
40} *2
0.8 1.0 1.2 1.4 1.6 1.8

1000/7, K~!

Puc. 4. TeMHepaTyprIe 3aBUCUMOCTU y,[[eJILHOI‘/'I BJIEKTPOIIPOBOIHOCTU KEPAMUICCKUX 06p33]_[OB, CITCYECHHBIX PN

temneparype 1300°C: 1 — Lag ¢St 4NiO3, 2 — Lag ¢Sty 4C003, 3 — Lag 7Srg 3NiO3 u 4 — Lag 7Sr; 3C003.

Lag ¢Sty 4NiO5 _ 5, Laj 7Sry sNiO; _ 5. I3 Tabin. 2 cnenyeT, 4To JaHHbIE TBEPAbIE 3IEKTPOIBI
00J1a1al0T CMELIAHHON MPOBOANMOCTBIO C NMpeodIagaHueM JIEKTPOHHON MPOBOINMOCTH C
YUCIIOM TiepeHoca NoHOB — £, = 0.92—0.98 npn 8§00°C u # = 0.08—0.02 ipu 800°C. BuaHo,
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Puc. 5. TemnepaTypHble 3aBUCHMOCTH YAENbHOI 2JIEKTPONPOBOIHOCTH KepaMUUYECKMX OOpasloB cOCTaBa
Lag ¢Srq 4Fe( 7Niy 303 nocie o6xura pu 1300 (@) u 1000°C (6).

YTO C MOBBIIIEHUEM TeMITepaTyphl pe3KO BO3pacTaeT BKJal 3JIEKTPOHHOI COCTaBIILIONICH B
0OI11yI0 BETUYMHY JIEKTPOIIPOBOIHOCTH, UTO CBI3aHO C BO3HMKHOBEHMEM METAIJIMYECKOTO
TUIIA IPOBOJNMOCTH.

Kak BuaHO u3 Tabi. 2, mepexol K METalIMYeCKOMY THUITy TIPOBOAVMMOCTUA HUKEIATOB U
KOOAJILTUTOB JIAHTAHA OCYIIECTBIISICTCS IIPUMEPHO TIpU ogHoI Temmeparype — 700°C mst
pPa3HBIX COCTABOB, a [IJIsi COCTaBOB, COAEPKAIIMX OKCUJ XeJie3a — IpU 0oJjiee BLICOKOM TeM-
neparype — 750—800°C. OgHako, BeJIUUMHA DJIEKTPOHHOM T0JIM IIPOBOAUMOCTHU JJISI Pa3HBIX
COCTaBOB OTJIMYAETCS: IJISI HUKEJIATOB JIJAHTaAHA OHa HauboJjiee BHICOKasl, YTO OOYCIOBJICHO
CaMOll XMMMYECKOI MpUPOIO OKCHIAa HUKES.

Tabmuua 2. XapaKTepI/ICTI/IKI/I SHGKTPOHHOVI Y MOHHOM COCTaBJISTIOILIMX DJICKTPOIIPOBOAHOCTU KEPaMU-
K1 coCtaBa La0.65r0'4C003, La0_7Sr0'3COO3, La0_68r0'4NiO3, La0'7Sr0'3NiO3, Lao.Ger.4Feo.7NiO.303 n
Lay 7519 3Feg.7Nig.303

CocraB LaOIGSr044COO3 La0_7Sr0.3COO3 La0‘68r0.4NiO3 La0.7Sr0_3NiO3
T,°C 1 le 3 e 4 e 4 A
500 0.14 0.86 0.16 0.84 0.13 0.87 0.10 0.90
600 0.11 0.89 0.13 0.87 0.10 0.90 0.07 0.93
700 0.08 0.92 0.09 0.91 0.07 0.93 0.03 0.97
800 0.04 0.96 0.05 0.95 0.02 0.98 0.02 0.98
CocraB La0_6Sr0_4Feo_7Ni0.3O3 La0_7Sr0.3FeO_7NiO'3O3
T,°C 4 . t t,
500 0.22 0.78 0.25 0.75
600 0.18 0.82 0.20 0.80
700 0.13 0.87 0.15 0.85
800 0.06 0.94 0.08 0.92
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Puc. 6. fAueiika Lag 7551( »5NiO3 nocne penakcauuu.

OTH 3KCNIEpUMEHTAIbHbIE TaHHBbIE TTOATBEPXKIEHbI TEOPETUUECKUMU pacyeTaMu Mepuo-
JMMYECKUX TBEPIbIX TEJI C TTOMOIIbIO KOMITBIOTEPHOTO MOJEIUPOBaHMSsI. MICXOMHBIMU TaHHBI-
MU B MeToe (PyHKIIMOHAIa 3JIeKTpoHHOM m1oTHocTH (density functional theory, DFT) ciry-
KaT 3apsiabl SAEp M UX MOJOXKEHUST B MOJIEKYJIe MW KpUCTajllle 1 HAOOpbl 0a3MCHBIX (DYHK-
LM, KaK MpaBujo, cieiitepoBckoro wmiu rayccoBoro tumnoB. SIESTA saBnsercsa Kak
METO/IOM, TaK 1 €ro peajn3alueil B BUje KOMIbIOTEPHOI TTpOrpaMMBbl TSI BHITIOJIHEHUS 3¢~
(hbeKTUBHBIX pacueTOB 3JEKTPOHHOU CTPYKTYPHI M PACUETOB METOAOM ab initio MONEKYISIp-
HOU IMHAMUKU MOJIEKYJ U TBepIbIX Tes. s yueTa 0OMeHHO-KOPPEISIIMOHHBIX 2 (EKTOB
ucnonb3zoBanu npudmmkeHue GGA (PBE) [22]. PacueTsl 3/1eKTpOHHOI TJIOTHOCTH BBITIOJN -
HEHBI B CIIUH-TIONISIPU30BaHHOM BapuaHTe. 7151 60Jiee TOUHOTO BBIYMCIIEHUS TIOJTHOM 9HEep-
TUU U CBSI3aHHBIX C HEM BeJIWMYMH dHeprust oope3anus Obuta nomHsTa 10 4080 aB. I1pu Bbi-
YHMCJISHUM MOJTHOM SHEPTUU VICITOIb30BaIn ceTKy MonkxopcTar—ITaka ms k-Touek 3 X 3 X 3,
OnTuMu3alms reoMeTpun (rmapamMeTpbl peleTkKu U KOOpAUHAThl aTOMOB) TIPOBOAMIIACH 10
TeX MOp, MOKa CUJIbl Ha BCEX aToOMax He CTaJli HUXE 3alaHHOTO MOPOroBOro 3HAYeHUs
(0.01 3B/A). INpu 3anaHUM UCXOLHBIX KOOPAMHAT ATOMOB U TapaMeTPOB SIYSHKH 10 peak-
calMy UCTIOJIb30BAJIM 9KCIIEPUMEHTAIbHBIE JaHHbIE Pa0oThI [23]. OnTUMU3aIs TeOMETPUUN
(puc. 6) npoiiia 6e3 CylIeCTBeHHBIX U3MEHEHUI TapaMeTpoB pelreTku. M3 rpaduka mior-
HOCTHU COCTOSIHUI (puc. 7) cnenyert, uro La, ;Sr;3NiO; _ 5 — He obiagaer 3anpelieHHOo’ 30-
HOW U SBJISIETCS METAJJIOM, YTO CBUAETEILCTBYET O HAJIMYMU Y HETO BHICOKOU 3JIEKTPOHHOM
NPOBOAMMOCTH, OCOOEHHO B 00J1aCTH BBICOKMX TeMIlepaTyp, B KOTOpbhIX paboraeTr TOTO.
VYBenuueHue comepkaHusi St TPUBOAUT K ycuyieHUIo Tuopuausanuu Ni 3d—0 2p (monv Ko-
BaJICHTHOCTH cBs3M). 3amemenue La’t Ha Sr’* mpMBOOMT K IBIPOYHOMY JIETMPOBAHMUIO
La, 7Sty 3NiO3 _ 5, BbI3bIBasl CABUT B CTOPOHY YMEHBIIEHUS ER MO CPAaBHEHUIO C YUCTBIM
LaNiO; _ 5. YBenuueHue conepxkaHus Sr CIIOCOOCTBYET MEPEHOCY JIEKTPOHOB K aTOMaM
KUCJIOpOZA U OT HUX, MTo3Bosisist Ni 3d opOuTaisiM TecHO B3aumoeiictBoBath ¢ O 2p opbuTta-
JIIMU, YTO TIPUBOJUT K 00Jiee BHICOKOI KaTAIMTUUECKOI aKTUBHOCTH.

B okcumax mepexomHBIX METAJUIOB CO CTPYKTYPO#l TEepOBCKUTA CTeTIeHb TMOPUIN3AIIUNA
opbouTaeit Metaili-3d U KUCIIOPOI-2p 3aBUCUT OT 9HEePruu nepeHoca 3apsaa (A). Kak noka-
3BIBAIOT Pe3yJIbTaThl MHOTOYMCIIEHHBIX WCCAEAOBAHUM, BBIMOJHEHHBIX MeTogoM DFT, ¢
yBeJIMYeHueM X A yMeHbIIaeTcs, KaK cienacTBue 6osee cuibHou rudbpunusanuu Ni 3d u O 2p
opbuTaseii. [To pe3ynbraTaM KOMIBIOTEPHOTO MOJIETMPOBAHMST PACCTOSTHUE MEXITY IIEHTpa-
mu Ni 3d u O 2p op6utaneit Majo. JIbIpoYyHOe JIETUpOBaHUE MPUBOIUT K YACTUYHOM 3ace-
nenHoctu O 2p opbutaneit u K 6ojee 3hheKTUBHOMY 2JIEKTPOHHOMY 9KpPaHUPOBAHUIO 3a-
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Puc. 7. IlnotHOCTB cocTosinmuit mis Lag 7551) 75Ni03. TDOS — cymMmapHast IIIOTHOCTB COCTOSTHUI, Ef — ypOBEHb

Depmu.

pdaaa Ha MIOBEPXHOCTU, UTO CHOCO6CTByeT QJICKTPOHHOMY INIEPEHOCY U OKMCJIICHUIO BOAOPOIa
B TOTD.

SAKJIIOYEHUE

MeToaoM COBMECTHOM KpUCTa/UIM3alMM CoJieit ¢ yIbTpa3ByKOBOI 00pabOTKO CUHTE3U -
pOBaHBI Kceporeiu, BbIcOKoaucnepcHble nopowku coctasa: La; _  St,Co(Ni)O5 _5(x= 0.3,
0.4) co cpeqHuM pasMepoM KpucTautuToB ~8—10 HM. B pe3ynbraTte KOHCOAMAAIIMU HAHO-
MOPOILIKOB 3aJJaHHOI0 COCTaBa METOAOM XOJIOMHOTO ofHOOCHOTO IpeccoBanus (100 MIla) ¢
nocaenyiommmM criekanueM (900—1300°C) mosrydeHbl KepaMrU4YeCcKre KaTOOHBIE MaTepyuaibl.
Kepamuka, o6oxxskenHast mpu 1300°C gapnsgerca onHoda3HOi 11 06/1agaeT TeTparoHaabHOM U
OpPTOPOMOMYECKON CTPYKTypoii TMNa mepoBckuUTa B cucteme La,0;—SrO—Ni(Co),05 _ ;.
Kepamuueckue matepuaisl xapaktepusyrorcss OKP 65—69 um (1300°C) [20].

MoHO cnenathb BbIBOI, YTO MCCIEIOBAHUE CIIOXHBIX OKCUIOB C MEPOBCKUTOMOIO0OHOIM
CTPYKTYPOIi TIPEACTaBISIET HE TOJAbKO Hay4HbIA, HO U TIPaKTUYECKUI MHTEpeC, TaK KaK OT-
KpPBIBa€T BO3MOXHOCTH IIJISI MOAETMPOBaHUS (hyHKIIMOHAJIBHBIX CBOMCTB MEPOBCKUTOIIO-
IOOHBIX OKCUIHBIX cucTeM. CornacHo paborte [24] HUKenaThI JJaHTaHa ¢ JOOaBKaMM OKCHUIA
KeJle3a, CUMHTE3MPOBAaHHBIE C TOMOIIBI0 MeToaa [lednHU, MMEoT MEepPOBCKUTOMOIO0OHYIO
KPUCTAJUTUYECKYIO CTPYKTYPY, KOTOpasi 00ycIaBIMBaeT XOPOIINe JIEKTpUIeCKe CBOMCTBa,
YTO KOpPEIUPYyeT C HAIMMU Pe3yJIbTaTaMu.

B cucreme La,0;—SrO—Ni(Co0),05 _ 5 TBepable pacTBOPHI 001anal0T CMEIIAHHON 3JIeK-

TPOHHO-MOHHO#1 MPOBOANMOCTBIO, O7gpec = 0.80 X 10~! Cm/cM ¢ umcnamu nepenoca 7, =
=0.98—0.90, #,= 0.02—0.10. Hanbonee BbICOKOI CMELLIAHHOI NPOBOAUMOCTBIO, U, CJIEL0BA-
TETbHO, TMOABMXXKHOCTHIO KUCIIOPOAA PEIIeTKH 00J1aaroT CJIOXKHBIE OKCUIBI CO CTPYKTYPOM
repoBckuTa. HemmHeHbIM XapakTep MPOBOAMMOCTH O0YCIOBIICH TTEPEX0I0M TTOIYITPOBOI-
HUKOBOI'O THUIIA IMPOBOAMMOCTU B MeTa/UIMYeCKUil B MHTepBajie Temneparyp 600—800°C.
Hukenat naHTaHa xapakrepu3syeTcst 60jiee BBICOKOM 2JIEKTPOMPOBOAHOCTHIO MO CPAaBHEHUIO
C KOOAJIbTUTOM JIaHTaHa; 1151 000UX TBEPIbIX PACTBOPOB XapaKTEPHO YBEIUYEHE 3HAUCHUSI
YAEJIbHOM 3JIEKTPOIPOBOTHOCTU C POCTOM COAEPKaHUs OKCUAA CTPOHIIMS, T. K. 32 CUET Te-
TepoBaJieHTHOTO 3aMemeHust La’t Ha katroHsl Sr’* yBeInmumBaeTcsi KOHLEHTPALMST HOCH-
TeJieit 3apsina (Ipipok). KpoMe Toro, kepaMuka ¢ TeTparoHaabHON KPUCTAUTMYECKOM CTPYK-
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TypOi TUIa MEPOBCKUTA OOHApYyXXMBaeT 00Jiee BBICOKYIO 3JIEKTPOINPOBOAHOCTh MO CpaBHE-
HMIO C MaTeprajaMy ¢ OPTOPOMOMNYECKON KPUCTALIMYECKON CTPYKTYPOI TUIA MEPOBCKUTA —
Ta6s. 1. Tun 1 MexaHU3M 27eKTPONPOBOJHOCTH KepaMUKM cocTaBa Lag 7551, ,5sNiO5 _ 5 u3y-
YEHbI KaK 9KCMEPUMEHTAIbHO, TaK U C MOMOIIbIO TEOPETUYECKUX PACUETOB — KOMITbIOTEP-
HBIM MOJIEJTMPOBAHUEM METOIOM (DYHKIIMOHAJIA DJIEKTPOHHOM IJIOTHOCTU; MOJIyY€HHbIE pe-
3yJIbTAThl XOPOLIO COITIACYIOTCH.

[MonyyeHHbBIE KEpaMUUECKHE KAaTOIHbIE MaTepUalibl 10 CBOMM MEXaHUYECKUM (OTKpPbITast
IMOPUCTOCTb, TJIOTHOCTD) U 371eKTPOGU3ZNIECKUM (BEIMUNHA, TUTI 1 MEXaHU3M BJIEKTPOIIPO-
BOJIHOCTU) CBOMCTBAaM MEPCHEKTUBHBI B KAUYECTBE KOMITOHEHTOB TBEPAOOKCUIHBIX CPEIHEe-
TeMIIepaTyPHbIX TOTUIMBHBIX 3JIEMEHTOB.

Pa6ora BeimonHeHa B pamkax loczaganus MXC PAH (HoMep rocperucrpaiyu TEMbI
0081-2022-0006).
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