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IIpencrasieHsl pe3ynbTaThl UcciaenoBanus 6udasHoit kepamuku SrTiO;—TiO,, npenioXeHHOI paHee B
Ka4yecTBe MepCreKTUBHOTO TEPMOIJIEKTPUKA #-TUTIA, TTOJTYYeHHbIe C TPUMEHEHUEM METOAMK C UCITOIb30-
BaHMEM CUHXPOTPOHHOTO uanydyeHus B LIeHTpe KOJUIeKTUBHOTO Moyib30BaHUs “CHUOUPCKUIA LIEHTP CUH-
XPOTPOHHOTO U TepareploBoro u3aydyeHus”. B 4acTHOCTH, METOIOM PEHTI€HOBCKOIO “KMHO” MPOJIEMOH-
CTPUPOBAHO, YTO PEAKLIM MEXIY NOPOIIKOBbIMU KoMITOHeHTaMU SrCO; (ctpoHTHaHuToMm) U TiO, (aHa-
TazoM) ¢ nosiyyeHueM SrTiO; (TaycOHMTAa) HE SIBJISIETCSl NBMXKYLLEH CWJION NMPU MOJYYEHUM KEPAMUKU
METOJIOM MUCKPOBOTO TUIa3MEHHOTO CIIeKaHUsI peaKIIMOHHOM cMecu. [J1s1 AByX CIeKTpajbHbIX METOIOB —
pEeHTreHOBCKOIi JoMuHecueHInu U1 XANES-crekTpockonuu — mpoBeaeHO CpaBHEHUE CIIeKTpa oudas-
HOIT KepaMUKM C MOJEIbHBIM CIIEKTPOM, MOJIyYeHHBIM Ha OCHOBE CITEKTPOB MOHO(Ma3HBIX KEPAMUK KaK
00pa3ioB cpaBHEHUA. MEeTOIOM PEHTTEHOBCKOM JTIOMUHECIIECHIIMY BBISIBJICH CIIBUT B BHICOKO9HEPreTHYe-
CKyI0 00JIacTh U CyXeHHUe criekTpa OudasHoil KepaMUKU, YTO MOXET CBUAETEIbLCTBOBATh O Pa3MEPHOM
KBaHTOBaHUM (HAJIMYUU IBYMEPHOTIO 3JIEKTpOoHHOTrO rasza) B cucteMme. B XANES-cnekrpe 6udasHoii kepa-
MUKM OOHapYXeHbI I3MEHEHMs B 00J1aCTH, B KOTOPOI1 ero ¢hpopMa MOXKET CYIIECTBEHHO 3aBUCETh OT CUM-

MeTpuHM Gixaiiiiero okpyxenus atromos Ti*
MOJIIEJIMPOBAHUS 3aTPYIHUTEIBHO.

. OmHaKo MHTEPITPETUPOBATh 3TH AaHHBIE 06€3 YMCICHHOTO
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BBEAEHWE

Pemienve mpoOGiemMbl pekyliepalid 3HEPTUU B
¢opme 6poCcOBOTO Teria MOXET CTaThb YaCThlO KOM-
IJIEKCHOTO OTBETa Ha DHEPreTUUYECKUE U SKOJIOTU-
YEeCKHUE BBIZOBBI, CTOSIIIUE TI€pe YeJIOBEYECTBOM B
XXI Beke. [nsgd mnpssMOii KOHBEpPTALlMKU TEILJIOBOM
SHEPruu B JEKTPUUECKYIO UCITONb3YIOT TEPMOIJIEK-
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Tpuyeckue marepualibl, 3¢hGhEeKTUBHOCTb KOTOPBIX
OILIEHMBAIOT MO 6e3pa3zMepHOMY COCTaBHOMY ITOKa3a-
temo noopotHoctu ZT. lllupoko rmpuMeHsieMbie Ma-
Tepuaibl UMeloT 3HaueHue Z7 ~ 1 [1, 2], a gonupoBa-
HUE€ TSKEJIbIMU MeTajulaMU T103BOJISIET MPEeB30UTHU
970 3HaueHue [3—12]. OnHaKo MHOTHE TeXHOJOornYe-
CKMe TIPOILIECChl CBSI3aHbl C TeMIEpaTypamMu BbIlle
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1000°C, rme coxpaHSIOT YCTOMYMBOCTb TOJIBKO OK-
cuaHble MaTepranbl. Cpeny HUX IIUPOKO U3BECTHBI
tutaHat ctpoHuus SrTiO; u paznuuHbie MoauduUKa-
uuu TiO,. OgHako BennurHa Z7 1Jisi HUX penKo 10-
cruraet gaxe 0.5.

Komnextus aBTOpoB paHee rmogroroBm 063op [13],
e OblIa ocBellleHa 3Ta mpobiaema. B [14] moka3aHo
CMOHTaHHOE (hOPMUPOBAHUE JIByMEPHOTO 3JIEKTPOH-
Horo ra3a Ha rpanutie a3 SrTiO; u TiO,. Ouenka Be-
JuurHbl ZT 1151 IByMEPHOTO 3JIEKTPOHHOTIO rasa aa-
eT BeanuuHy 2.4. B [15] npoBeaeHO MoaenMpoBaHue
CHUCTEMBI Ha OCHOBe TosibKO SrTiO; U nmokasaHo, 4yTo
a(ppexkTnBHOE 3HaYeHUE Z 7 TIp1 ONTUMATbHON KOH-
LIEHTPpalMU JBYMEPHOIO 3JI€KTPOHHOTO ra3a B CU-
cTeMe MOXET ObITh OoJibllle enWHUIBI. [ToaToMy B
0030pe [13] B KauecTBe IIepCIEKTUBHOIO TEPMO3JIEK-
TpUKaA n-TUTIA TIpEIJIoXXeH Ouda3HbI MaTepual C
“l1axmMaTHOM” CTPYKTYpoO#, coctosiiuii u3 SrliO; u
TiO,, s MakCMMU3alMU KOHLIEHTPALMKU MexXbas-
HBIX TPaHUll, TAe JOJIKEeH JIOKATU30BaThCs AByMeEp-
HbII 251eKTpOoHHBIN ra3. Co3znate SrTiO;—TiO, MmoxHo,
MPUMEHSISI OTHOCUTEIBHO TIPOCThle KepaMHYEeCKUe
TEXHOJIOTUM — B YACTHOCTHU, MOXOXasi CTPYKTypa
Y,0;—MgO 6b11a rossydeHa METOIOM UCKPOBOTO I1a3-
MEHHOTrO criekaHust (Harmpumep, [16]). bruto npoxae-
MOHCTPUpPOBaHO “IIaxmaTHoe” IepeMexeHue das
C XapakTepHBIMU pa3zMepamu obracteit ~200 uMm. He-
KOTOpbIEe MpeABapuTe/bHbIC PEe3yabTaThl MO CO3da-
Huto kepamuku SrTi0;—TiO, yxe npencraBieHbl B
[17, 18]. HacTosmmasg paboTa mocBsIIIieHa NCCiIeIoBa-
HUSIM METOIMKAMU C TIPUMEHEHUEM CUHXPOTPOHHO-
ro uznydenus (CH).

MATEPHAJIBI U METO/1bI

B kauecTBe MCXOMHOTO ChIPbsI UCTOJIb30BAIA KOM-
MepYecKMe MOPOIIKU KapOoHata cTpoHLUsS SrCO,
(ctpoHLaHuT, 99.9%, Sigma-Aldrich) u gnokcuma
tutaHa TiO, (aHaras, 99.8%, Sigma-Aldrich). Jlxs
rnoyiydeHusi 6uca3Hoil KepaMrMKu Ha UX OCHOBE CO-
CTaBJISUIA PEaKIMOHHYIO MOPOIIKOBYIO CMECh B CO-
OTBETCTBUM C 1I€JIEBBIM OOBbEMHBIM COOTHOIIIEHHEM
1 : 1 ans1 da3 Turanara ctpoHuus SrTiO; (TaycoHuTa)
u okcuaa tutaHa TiO, (pyruna). s monydeHus o0-
pasua cpaBHeHUs okcuaa tutaHa TiO, (pyTuia) uc-
MOJIb30BAJIM MOPOIIOK AMoKcuaa TutaHa TiO, (aHa-
Ta3), a IS TOJyyeHus1 oopasiia CpaBHEeHUsI TUTaHaTa
crpoHuus SrliO; (TaycoHuTta) — nopowiku SrCO,
(ctpoHuuanut) u TiO, (aHaTa3) ¢ MOJSIPHBIM COOT-
HoleHueM KoMmrioHeHToB 1 : 1. [TopomikoBbie cMecu
TOTOBWJIM Ha IulaHeTapHoi MenbHULEe Pulverisette 6
(Fritsch, T'epmanus) B TeueHue 10 4 co CKOpOCThIO
BpanteHus 280 06./MUH B U30IIPOITaHOJIE C KOPYHIIO-
BbIMM I1lIapaMu. [lojiyueHHY10 OMHOPOJIHYIO Maccy
BeicymuuBanu npu 70°C, mpoceuBanyd 4epe3 CUTO
(200 menr) v mpokanuBanu npu 600°C Ha Bo3ayxe B
TeueHue 4 4.
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HMckpoBoe mia3MeHHOE clieKaHue MOPOIIKOBBIX
cMeceil mpu HaBecke 2 T MPOBOIWIM Ha YCTaHOBKE
SPS-515S (Dr. Sinter LAB™, dmonus) B rpadguro-
BOM THUTJIE C BHYTPEHHUM IUaMETPOM 15 MM, mpoJio-
JKeHHOM TpaduTtoBoit Oymaroii u3HyTpu. JlaBieHue
MpY CTICKAaHWU 3afaBajii Harpy3koii Ha tureib 3.8 kKH
(~21.5 MIlIa). CkopocTh HarpeBa OO0 TeMmepaTypbl
BhIIepXXUBaHUs cocTasisuia 50°C/MuH. Bpems uso-
TEPMUYECKOTO BbIAEPXKMUBAHUS 5 MUH, a TEMIIepaTy-
pa BbIIEPXXMBaHUS TP CIIEKaHUM 00pa31ioB 3aBUCE-
J1a ot coctapa: 1200°C mist peaklIMOHHOTO UCKPOBOTO
MJ1a3MEHHOTO CHEKAHUsI CMECU MPU TOJyYeHUU OU-
daszHoit KepaMuku (obpazen “budasHas kepamuka
STO-TO”), 1300°C mpu T0JlydeHU MOHO(pA3HOI
Kepamuku (oOpazeny “MoHoga3zHasg Kepamuka
STO”) u 1100°C n1s1 koMmMepuecKkoro nopoiika TiO,
(anara3) (oOpazeu “MoHoda3Has kepamuka TO”).
VKkazaHHbIe peXXUMBI BEIOpAHbI HA OCHOBAHWM TIPEI-
BapUTEJbHOTO UcclienoBaHus (a30BOTO COCTaBa Mo-
JIydaeMbIX KepaMuK [17] U mO3BOJISIIOT CUHTE3UPO-
BaThb li€JIEBble MaTEpUATIbI.

st udyyeHust IMHaMUKU TipeoOopa3oBaHusl a3 u
xXapakTepusaluu oopas3ioB MIPUMEHSIIU TP METOIU-
Ku ¢ ucnoabzoBanueM CH, peanuzoBaHHble B LleH-
Tpe KoJiiekKTuBHOro nojb3oBaHust (LIKIT) “Cubup-
CKMI LEHTP CUHXPOTPOHHOTO U TeparepioBOro u3-
nydyeHust (CLICTH)” Ha 6a3e YHUKaAJIbHON HAyYHOM
ycraHoBku (YHY) “Kommnekc BOIIIT-4—BOBIIII-
2000” B UucTutyTe sinepHoii puzuku um. .. Byn-
kepa CO PAH [19, 20].

da3zoBHIe MpeBpaIIeHN, TTPOUCXOISIINAE IO Mepe
HarpeBa B peaKIIMOHHBIX CMeCSIX KapOoHAaTa CTPOH-
LUs U TUOKCHUIA TUTAHA, UCITOJIb30BAHHBIX TIPU MO-
JyaeHum oopasuos “budaznas kepamuka STO—TO” n
“Monodaznas kepamuka STO”, n3ygaim Ha dKcIIe-

PUMEHTAIBHOI cTaHIMM “IndppakiMoHHOE KUHO !
KaHaita 5-b HakonutenpHoro xosbia BOIIII-3
B LHKII CLICTH [21]. CheMKU IIPOBOAMIIN Ha IUINHE
BonHsI 1.51 A B tnamnasone 20 ~ 18°—50° ¢ momomisio
JuHeitHoro aerektopa OD-3 [22] ¢ BpeMeHeM Ha-
KorieHus 60 c. HarpeB ocyliecTBIsSZIM Ha BO3myXe
co ckopoctbio 15°C/MuH mo 400°C u 5°C/mMuH 1o
1000°C. ITocne KpaTKOBPEMEHHOTO BbIIECPXXUBaHUS
(MeHee 5 MMH) CheMKa IIpeKpaliaiach.

CrekTpbl pEeHTIT€HOBCKOM JTIOMUHECIHIEHLIMU T0-
JIyYEHHBIX KepaMWYeCKuX o0pa3lioB CHUMAaJIM Ha
SKCIIEpUMEHTAJIbHON cTaHuuM “JIfoMrmHeCHeHIINS
C BpEMEHHBIM paspelieHreM” KaHajga 6-b Hakomu-
tesibHOrO Kojbiia BOIIII-3 8 LIKIT CLICTU. Pazmep
ncciaenoBaHHoi obmactu (msitHa CH) cocraBisua
OpUMEPHO 5 X 5 MM, DHEpreTUYeCcKUil auamna3oH
cbeMKU 3—60 k3B, cBETOBOIT IMOTOK COCTaBUI 6 X
x 10'® poton/(cM? - ¢), UCTIONB30BAII MOHOXPOMA-
Top MDR-23 ¢ 3HepreTudeckuM paspelieHuem ~2 M3B.
XapakTepUCTUKU TTMKOB OMNPEIC/ISUTN TIPU aIllIpOKCH-
Manmu yHkimen [aycca ¢ moMonpio MporpaMMHOTO

! https://ssrc.biouml.org/#!page/vepp3stationSb.
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obecrieueHus IIsI HEIWHEMHON aImpoOKCUMAIIUN
KPUBBIX U aHaJIM3a JaHHbIX Fityk 1.3.1 [23].

CbeMKa OKOJIOKpAeBOMl CTPYKTYPhl PEHTIEHOB-
ckoro kpas rornomeHust (XANES-crexTpsr) mpoBe-
nIeHa BOau3u K-kpas rorioueHus turada Ti (4966 5B)
MO0 METOAMKE BBIXOIa (PIYyOpeCLEHIIUN Ha DKCIIEPU-

MeHTalnbHOl craHumu “EXAFS-crnexktpockonus™?
KaHaya 8 HakonuTeapbHoro Koabna BOITIT-3 B LIKIT
CIHICTH. B kauecTBe MOHOXpOMAaTOpa MCII0JIb30Ba-
JIM pa3pe3HOil MOHOOJIOYHBIIA KPUCTALI-MOHOXPO-
matop Si(111). Ilar mpu M3MEpPEeHUM COCTABIISLI
~0.5 3B. O6pabotky XANES-cnekTpoB NpoBOAMIN
¢ ToMo1Ibio mporpaMMHoro Komriekca VIPER [24]
n XANES dactyl scope [25].

PE3VYJIBTATbBI 1 UX OBCYXIEHHUE

JudppakiumonHoe “xuHo” 1ipu HarpeBe 1o 1000°C
pEaKIIMOHHBIX CcMeceil I MoJy4yeHusi oOpaslioB
“budaznasa kepamuka STO—TO” u “MoHoda3zHas
kepamuka STO”, ¢ OmHOI CTOPOHBI, OXUIAEMO
paziauyHo. Tak, nmuku KapooHaTta cTpoHuus SrCO,
(CTpoHLIMaHWTa) UMEIOT OOJIbIITYIO MUHTEHCUBHOCTD B
cllydyae cMecH JIs TlojiydeHust oopasua “MoHodas-
Hasg Kepamuka STO” BBUIY OOJIbIIEH OTHOCHTEITH-
HOI IOJIM 3TOTO KOMITOHEeHTa. ITo Mepe HoCTrKeHusI
800—900°C nukwm 3T0i1 (has3wl Ucue3alT Ha AUdpak-
Torpammax obeux cmeceil. [luku nuoxkcuaa TMTaHa
TiO, (aHaTta3a) 6oJsiee UHTEHCHBHBIE B CJIy4ae CMECH IS
noiaydyeHust obpasua “bucdaznas kepamuka STO—
TO”, BKOTOpOM [I0JISI 3TOr0 KOMIIOHEeHTA Bhiie. [1u-
KM 3Toi (pa3wl ucuyesaror no goctkeHuu 1000°C B
cllydyae cMecu IJisl IojydeHust obpasua “MoHoda3z-
Has Kepamuka STO”, a B ciaydae oopasna “budazHas
kepamuka STO—TO” mnpu BBIIEPXKUBAHUU TIPU
1000°C HaGnrogaeTcsl MOCTENEHHOE YMEHbIIeHUE
9TUX MUKOB C MosiBJeHueM MUKoB dasbl TiO, (pyTu-
J1a). B 11eJ10M 3T OTJIMYMS COOTBETCTBYIOT IIPEICTaB-
JIEHUSIM O poTeKatolux peakiusx: SrCO; + TiO, —
— SrTi0; + COzT, TiO, (anara3) — TiO, (pytun).
OnHaxko 3aBepiieHue (popMupoBaHuUs a3kl TUTAHA-
ta ctpoHius SrTiO; (Tayconura) no 1000°C B cpaB-
HEHUU C OTUHAMUKON yIUTOTHeHUs [17] roBOpUT O
TOM, UTO peakiusl MeXIy KOMITOHEHTaMU He SIBJISIeT-
Cs1 IBUXKYILLEH CUJION ClieKaHUS.

C npyroii ctopoHsl, nois ¢asst SrTiO; (TaycoHu-
Ta) B oOpasie “MoHodazHas kepamuka STO” 60J1b-
111€, OHAKO OCHOBHO MUK 3TOM (ha3bl MOSBISIETCS B
JaHHBIX TUMPPAKIMOHHOIO “KMHO” COOTBETCTBYIO-
meil cmecu npumepHo Ha 100°C “mo3xke”, U3 4ero
MOXHO 3aKJIIOUMTb, YTO U3OBITOK B PEaKLIMOHHON
cMmecu auokcuaa tutana TiO, (aHata3a) uHTeHCUbU-
uupyeT peakiuio oopazoBanus SrTiO; (TaycoHuUTa).

Ha puc. 1 npencraBieHbl CIIEKTPbl PEHTTEHOB-

CKOM JIIOMUHECLIEHIIUU BCEX UCCIIEAOBAHHBIX o6pa3—
1IOB. KpOMC TOro, 1Jjisd CpaBHEHUA IPUBECICH MOAC/Ib-

2 https://ssrc.biouml.org/#!page/vepp3station8.
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Puc. 1. CrieKTpbl peHTTeHOBCKOI JIIOMUHECUEHIIMU 00-
pasuos: “budaznas kepamuka STO-TO” (1); “MoHo-
daznaa kepamuka TO” (2); “MoHodas3Has KepaMuKa
STO” (3); monenbHbI# crieKTp (4), pacCUMTAaHHBII Ha OC-
HOBE JaHHBIX 2 U 3.

HBI CIIEKTP, MOJYYEHHBIN KaK IMOJIyCyMMa CIIEKTPOB
0o0pa3uoB “MoHoda3Hasg kepamuka STO” u “MoHo-
dasznasg kepamuka TO”. B mpocTeiitireM mpeacrabiie-
HUU OO0 OTCYTCTBUM (MU PaBEHCTBE) B3aWMHOIO
BIUsSIHUS (a3 Ha CHEKTPbl JIOMUHECLHEHUUU IPYyT
JIpyTa MOJIEJIbHBIN CHEKTP COOTBETCTBYET PACYETHO-
MY COOTHOIIIEHUIO MEXIYy KOMIIOHeHTaMM oOpaslia
“budasHas kepamuka STO—TO”. CriekTp obpasua
“budasnag kepamuka STO—TO” cABUHYT B BBICO-
KO3HEepreTU4YecKyto obactb Ha 21 = 9 3B u cyxkeH Ha
19.9 + 1.7% B cpaBHeHHMU ¢ MoAeIbHBIM. CyXXeHUe 1
BBICOKODHEPTEeTUUECKUI CABUT SIBJISIIOTCS XapaKTep-
HBIMU TTPU3HAKAMU pa3MEpHOro KBaHTOBaHUs [26],
YTO MOXHO CUMTaTh IIPOSIBJIEHHWEM JIBYMEPHOIO
aJIeKTpOHHOro raza. CinabocTh cnBura o0ycioBieHa
MaJIoM 10J1eii AByMEPHOTIO 3JIEKTPOHHOIO ra3a, JoKa-
JIM3YIOIIErocsi Ha IpaHunax a3, BBUAY OOJIBIIOIO
XapakTepHOro pasmepa objacreit, 3aHUMaeMbIX (a-
3aMu B 00beMe MaTtepuana (~2—10 mxm) [17].

Ha puc. 2 npencrasiieHbl KO3(DGUIIMEHTHI MO-
ioleHust (L (HopMupoBaHHble XANES-criekTphr)
BOomm3n K-kpas mornmomteHus Ti (4966 3B). Ilo-
CKOJIbKY CHEKTPBI MOMIOIICHUS alINTUBHBIC, TaKXKe
Mmoka3aH Ko3GhGUIIMEHT TTONTOMICHUS TSI MOACITb-
HOTO CITeKTpa, MOJYIYEHHOTO KaK MOJIyCyMMa CITeK-
TpoB oOpa3uoB “MoHoda3Has kepamuka STO” u
“MonodazHas kepamuka TO” ¢ BecaMu KOHIIEHTpa-
it [Mosib/cm’] sanementa Ti B azax SrTiO; (Tayco-
Huta) u TiO, (pyTuna) coorBeTcTBeHHO. 1151 Gosee
HaIJISITHOTO TIPENCTABICHUS PasIMduii MeXIy MO-
JIeJbHBIMY 3HAYCHUSIMU U 3HAYSHUSIMU JJIs1 oOpasiia
“budaznaa kepamuka STO—TO” nocTpoeH rpadux
WX OTHOIIICHUS.

Jl1s1 obJracTeii mepen 1 3a KpaeM ITOIJIOIIEHUS OT-
HOILlIeHUEe OJIM3KO K eaquHulle. OTiMuue cpeaHeil Be-
JIMYUHEI B 3TUX 00JIACTSIX OT €AUMHUIIBI MOKHO OOBsIC-
HUTH CTEHEHBIO IIPOM3BOJIA IMPU BHIOOPE OIMOPHBIX
KPUBBIX M aMIUIUTYIbl CKauyKa Ipu 00padoTKe mep-
BUYHBIX JaHHBIX. OTKIIOHEHUS OT TpeHAa, KOTOPEIE
HOCST 00Jiee CUCTEMAaTUYECKU XapaKTep B 00J1acTH

2023
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Puc. 2. KoadduumenTts! noroieHus | Boiusu K-kpas
nornoteHust Ti (4966 3B), paccuntanuble u3 XANES-
crekTpoB oOpasioB: “budasnas kepamuka STO-TO”
(1); “MoHodaszHas kepamuka TO” (2); “MoHoda3zHas
kepamuka STO” (3); monmenbHOe 3HaueHue (4), paccuu-
TaHHOE Ha OCHOBE NaHHBIX 2 M 3; oTHouieHue I K 4 (5)
(BeJIMYMHA OTJIOXKEHA T10 IMPaBoii OCH).

3a KpaeM TMOIJIOIIEHUSI, BIIOJHE COOTBETCTBYIOT
YPOBHIO IITYMOB (Mepen KpaeM ITOIJIOIIeHUs) M BOC-
TMIPOM3BOIMMOCTH TaHHBIX (32 KpaeM MOTTIOIICHMST ).

BunHo, 4To B IeHTpaJIbHOI1 06J1aCTH — HEeToCcpe/l -
CTBEHHO Kpali ToriolieHus — HaboaaeTcs cyle-
cTBeHHOE paznuune (10 ~20%) Mexay MOIeIbHBIM
CIIEKTPOM M CIIeKTpoM obpasna “budaszHas kepamu-
ka STO—-TO”. C omHoii ctroponsl, XANES-cmekTpo-
CKOIIMS YYBCTBUTEJIbHA K JIOKAJIbHOM 3JIEKTPOHHOM
TUIOTHOCTH B 11€JI0M, a IOTOMY €€ MOBBIIIIEHHOE 3Ha-
YyeHue B 00JIaCTU JIOKAIMU3allMM IBYMEPHOTO BJIeK-
TPOHHOTO ra3a MOXKET MOBJIMATH HA BEJIMUUHY CUTHA-
Ja. C apyroit cTopoHbl, (popmMa crieKTpa B paccMmar-
puBaeMoii 00JacTu CYILIECTBEHHO OIIpenessieTcs
JoKabHOM reometpueit okrasapos (TiOg)%~, Bkmo-
yasi U3MEHEHNE CUMMETPUU OJMXKANUIIEro OKpYyXKe-
Hug atomos Ti*t [27—31]. B vactHOCTH, B OUda3HOI
KepaMUKe KPUCTAJIMYECKUE pelleTKH (a3 MOTYT
OBITH He(hOPMUPOBAHEI B CPAaBHEHUHU C UX MOHO(pa3-
HbIMU aHajoramu. bojee Toro, MoaenupoBaHue
CTPYKTYpBbI reTeporpanulibl (taycoHut) SrTiO;(111)—
TiO,(100) (pytun) [18] moka3biBaeT cyllleCTBOBaHUE
atromoB Ti B MOJ0XEHUU ¢ HApYLIEHHOI KOOpAMHAa-
1Meil B mpurpaHuyHoMm cioe. [Toatomy maxe eciau
o0beMHBbIe (pa3bl B OMpa3zHON KepaMUKe HEe OTJIMYa-
IOTCSI OT CBOMX MOHOMAa3HBbIX aHAJIOTOB, TO HEJb3sl
ONHO3HAYHO cuyuTath ocobeHHocTu ee XANES-
creKkTpa oOyCIOBAEHHBIMU JIOKaIu3alueil ABymMep-
HOTO B3JIEKTPOHHOTO ra3a Ha rpaHuie a3, nmoromy
YTO OHU MOTYT BbIpaxaTb U Ae¢hOopMalliio KpUucTai-
JIMYECKOM pellieTKu B MIpUrpaHUYHON obnacTu. J1is
MPOSICHEHUST JAaHHOTO BOIPOCa HEOOXOAUMO TOMOJ-
HUTEJIbHOE MOJEIUPOBAHUE.

SAKJIIOYEHHME

C npuMeHeHMEM MeTOJa PEHTIEHOBCKOM JIIOMMU-
HECLEHLIMU OOHAapyKeHbl IPU3HAKU TMPUCYTCTBUS
JIBYMEPHOTO 3JIEKTPOHHOTO ra3a B CUCTEME, UTO BbI-
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paxaeTcsli B HEOOJIbIIIOM, HO U3MEPHUMOM CIABUTE Ha
21 + 9 3B u cyxkenuu Ha 19.9 + 1.7% criekTpa JitoMu-
HecueHuuM obOpasua “budasznHas kepammka STO—
TO” B cpaBHEHNN C MOAEITBHBIM CITEKTPOM, PacCUM-
TaHHBIM Ha OCHOBE CIIEKTPOB JIIOMUHECLIEHLIMH
o6pa3noB “MonHodaszHas kepamuka STO” u “Mo-
HodasHag kepamuka TO”. JlaHHasg METOIMKA MOXKET
OBITb YCHEIIHO ITPpMMEHEeHa B JaJbHEHIIEM.

C npumeneHueM Mmetona XANES-cmekTpocko-
MUU TaKXe BBISIBJIEHBI PA3IMYUs B BEJIUUMHE KOI(D-
dunmeHTa nomoueHus obpasua “budasnas kKepa-
muka STO—TO” u MoaenbHOI BEJIMYMHE, pacCuu-
TaHHOW Ha OCHOBE CHEKTPOB (JyopecleHIINnn
obpasuoB “MoHodaszHasa kepamuka STO” u “MoHo-
dasznaa kepammuka TO”. OgHaAKO IIOJIyYeHHBIE pe-
3y/JbTaThl HEBO3MOXHO OJJHO3HAYHO MHTEPIPETUPO-
BaTh 0€3 MPOBeACHUS JOTTOJHUTEIBHOTO MOJAETUPO-
BaHUS.

HanpHeliniee pa3BUTUE TEMAaTUKU OIIPENEISIeTCS
B 3HAUYUTEJIBHOM CTEeNEeHU pe3ylbTaTaMM U3ydeHMUsI
IWHAMUKU (pa30BbIX IIpeBpaleHnii. Pe3yabraThl nc-
cJIeOBaHUS TTIO3BOJISIIOT CIeIaTh BEIBOI 00 MHTEHCH -
dukarmu peakimu SrCO; + TiO, — SrTiO; + CO,T
npu u3obITKe B cucteme komrioHeHTa TiO, (aHaTtasa).
Ho 6oee cylecTBeHHBIM SIBIISIETCS. TO, YTO JaHHast
peakius B 00OHX ClydasiX 3aBepIlaeTcsl IOJHO-
CTHIO 10 Hayaja 3Tala MHTEHCUBHOTO YIUJIOTHEHMUSI
OpU UCKPOBOM IUIa3MEHHOM CIIEKAHWM, a IOTOMY
XMMHMYECKOEe B3aMMOICCTBUE MEXIY KOMIIOHEHTA-
MU HEJIb3sI CUMTaTh IBUXKYIIEH cuiioit criekaHus. bo-
Jiee pa3yMHO IIepeiTH K MHBIM CIToco0aM (hopMUPO-
BaHMs IIOPOILIKOBOII CMECH, HE IIpEnIioJiaraloiimum
pEaKkILMOHHOTO B3aUMOIEHCTBUSI MEXIYy KOMITOHEH-
TaMH. DTO MO3BOJIUT U30aBUTHCS OT BBIACIICHUS ra3a
CO, (Hanuyue razoBbIX KOMITOHEHTOB MpU CIeKa-
HUU, KaK MPaBUJIO, CBS3BIBAIOT C TaK Ha3blBaeMbIM
“addexToM pacnyxaHusl” CTPYKTYPbI, UTO BbIpaxKa-
€TCSI B TeHepalluy HAHOIIOP, JIOKAJIbHBIX MUKPOTpE-
IIWH, JedeKTHBIX TpaHUIaX 3epeH U IpoueM). Kpo-
M€ TOTO, HEKOTOpbIE MOAXO0Abl K CUHTE3y Ouda3HbIX
MOPOIIKOBBIX CMECEM ITO3BOJISTIOT HOOUTBHCS “Iax-
MaTHOM” CTPYKTYPHI CIIEKaEMbIX OKCUIHBIX KEPAMUK
MPU 3HAYUTEJIbHO MEHbIIIEM, YeM B HACTOsIIIEi pa-
0oTe, xapakKTepHOM pa3Mepe 00JacTeil COCTaBHBIX
da3, a moroMy Ipu O0OJIbIIIEH KOHLESHTPALMU MEX-
¢a3HbIX TpaHUII B MaTepuaje, YTO yBEJIUYUT BKJIal
JIBYMEPHOTO 3JIEKTPOHHOTO ra3a B O0ObeMHEIEC CBOIi-
CTBa MaTepuaja.
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Application of Some Techniques Using Synchrotron Radiation to the Study
of a Promising Composite Thermoelectric Material SrTiO,—TiO,
A. P. Zavjalov: % *, G. A. Lyubas? **, M. R. Sharafutdinov? 3 ***,
V. V. Kriventsov* ****_ D, Yu. Kosyanov! *****

ISEC “Advanced Ceramic Materials”, Far Eastern Federal University, Viadivostok, 690922 Russia
2 Institute of Solid-State Chemistry and Mechanochemistry SB RAS, Novosibirsk, 630128 Russia

3Synchrotron Radiation Facility SKIF, Boreskov Institute of Catalysis SB RAS, Novosibirsk, Kol’tsovo, 630559 Russia
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The results of a study of biphase ceramics StTiO;—TiO,, previously proposed as a promising n-type thermo-
electric material, obtained using synchrotron radiation techniques at the shared research center “Siberian
Synchrotron and Terahertz Radiation Center”, are presented. In particular, it has been demonstrated by in-
situ heating X-ray diffraction that the reaction between the powder components SrCOj; (strontianite) and
TiO, (anatase) to obtain SrTiO; (tausonite) is not the driving force in the preparation of ceramics by spark
plasma sintering of the reaction mixture. For two spectral methods — X-ray luminescence and XANES spec-
troscopy, the spectrum of biphasic ceramics was compared with a model spectrum obtained from the spectra
of single-phase ceramics as reference samples. The X-ray luminescence method revealed a shift to the high-
energy region and a narrowing of the spectrum of biphase ceramics, which may indicate size quantization (the
presence of a two-dimensional electron gas) in the system. Changes were found in the XANES spectrum of
biphase ceramics in the region in which its shape can significantly depend on the symmetry of the nearest en-
vironment of Ti*" atoms. However, it is difficult to interpret these data without numerical simulation.

Keywords: SrTiO;—TiO,, composite ceramics, reactive spark plasma sintering, synchrotron radiation, X-ray
diffraction, in-situ heating X-ray diffraction, X-ray luminescence, near-edge fine structure of X-ray absorp-
tion spectrum, XANES, two-dimensional electron gas.
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