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CHUHTE3 TEPMOJJIEKTPUYECKOI'O MATEPHUAJIA
METOJOM I'OPEHUSA PEAKIIUOHHBIX A3PO30.JIEH

OaHuM U3 NEePCHEKTUBHBIX MOJXO0/I0B COKPAIICHHUS YPOBHS «TEIIO-
BOTO 3arpsi3HEHUs» sIBiseTCA NpeoOpa3zoBaHUe OTpabOTaHHOIO TeIla B
AIEKTPOIHEPTHUIO. DTOT MOJIXOJ PEATU3YETCS C IOMOIIBIO PA3JIMYHBIX TEp-
Mo3JIeKTprueckux reHeparopoB (TOI), paboraromux B pa3HbIX Auana3o-
Hax Temrepatyp. Ha npaktuke monynbs TOI' ncnonab3yeTcss B KauecTBE OcC-
HOBHOT'O OJIOKa BBIPAOOTKHU 3JEKTPOIHEPTHH, KOTOPBI 00bEIUHSAET UCTOY-
HUK TeIia, UICTOYHHUK OXJIQXKJEHUS U TEeII00OMEeHHHMK B cuctemy 10I, a
3aTeM BBIPAOATHIBACT AJIEKTPOIHEPTHUIO JJI THUTAHUA DJIEKTPOHHBIX
ycTpoiicTB. B ocHOoBe paboTel Monyis nexuT dddext 3eedeka, sBICHHE,
IPY KOTOPOM B TBEPAOM TEJIE TEHEPUPYETCS HAIPSDKEHHUE MPU COXPaHEHNUN
pa3HMIIbl TeMmreparyp. Marepuanbl, HUCHIOJNb3YIOINIMECS JUIsl TaKHUxX
YCTPOMCTB, Ha3bIBAIOTCS TepMoaiekTpruueckumu (TD) marepuanamu.

Cpenn pa3nmnuHbIX THIOB TO MaTepuaroB OKCHIHBIE TEPMODJIEK-
TPUKU BBIIEISAIOTCS 32 CYET TAKMX HEOCIOPHUMBIX MPEUMYIIECTB Kak: JO-
CTYNHOCTh MCXOJHBIX MPEKYpPCOPOB, HU3KAs CTOMMOCTbh M KOJOTMYHOCTh
IPOU3BOJICTBA, XMMHUYECKass CTAOMJIBHOCTh MPU BBICOKUX TEMIIepaTypax.
OnHako Mo CpaBHEHUIO C TPAAULMOHHBIMU TEPMOA3JIEKTPUUYECKUMHU MaTe-
puanaMu, ux J0OpOTHOCTh, BbhIpakaromasicss popmysoii (1), Bce eme ocra-
eTCsl HU3KOM, TaK KaK OKCHJIbI 00J1aJJal0T HU3KOM AJIEKTPONPOBOJHOCTHIO U

BBICOKOM TCILIOIIPOBOJHOCTBIO.
2
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rae o — xkoapdunuent tepmoI[C (3eebeka), o — ynenbHas dIEKTPOIPO-
BOJIHOCTb, K — TETUIOTIPOBOTHOCTb.

Jna yBenuuenust z7 oOUIeNpU3HAHHBIME SBIISIOTCS J[Ba TMOJXOAA.
[lepBpIii HampaBiieH Ha yBEJIWYEHHE SJIEKTPOIPOBOJHOCTH MaTepuaia 3a
CYET ero JISTMPOBAHMSI JIEMEHTOM C BBICOKOW MPOBOJUMOCTBIO M YBEITHUYE-
HUS KOHIICHTpAIIMU CBOOOIHBIX HOCUTENEH 3apsijia, a BTOPOU 3aKJIF0YaeTCs
B CHIDKEHHE TETUIOMPOBOJIHOCTH MyTEM CHHTE3a KOMIIO3UTOB C IIEIBIO CO-
3/1aHMsI JOTIOJTHUTENIbHBIX IEHTPOB paccesiHusl (POHOHOB HA TpaHule ¢as, a
Tak)Ke TEHEPUPOBAHUS PA3IMUHBIX JE(PEKTOB B CTPYKTYpPE IJIS pacCesHUs
(OHOHOB Ha MPUMECIX U BaKaHCHUSIX. B 000oux ciiydasx MHUKpOCTPYKTypa
UTPaeT Ba)XXKHYIO POJIb, OKA3bIBAIOIIYIO BIUSHUE HA TEPMOIJIEKTPUUECKUE
CBOICTBa KOHEYHOI'O0 MaTepHaa.
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st co3panust onpeaeeHHON MUKPOCTPYKTYPhI BAXKHO BBIOpATh Me-
TOJ MOJYYEHHS KaK MOPOIIKa, TaK 1 00beMHOTO MaTepuaia. Uto kacaercs
cunre3a CaMnQOs;, TO OOIBIIMHCTBO METOIOB BKJIIOUAIOT KAK MUHUMYM JIBE
CTaJIMU: TOJIy4YEHHE TIPEKypcopa U €ro NpoKaJiuBaHue 10 00pa3oBaHuUs KO-
HEYHOTO CJIOXKHOTO OKcHja. BTopoil 3Tam OOBIYHO SBIISETCS CaMbIM IpO-
JOJDKUTEIBHBIM, TIOATOMY TPEOYIOTCS HOBBIE MTOAXObI JIJISl MTOTYYSHUS I10-
pomkoB. Kiaccuueckuii, OTHOCUTEIIBHO MPOCTOM U JIETKO MaciTadupye-
MBIH TTOJXO/I, TaKOM Kak TBepoda3HbIil cuHTe3 CaMnOs; U3 OKCHI0B, UME-
€T ONPENEIICHHOE MPEUMYIIECTBO NEped APYrUMHU MeTonamu. B 1aHHOM
cllydae BO3MOXXEH OJHOBPEMEHHBI CHHTE3 11e1eBOM (a3bl U ee CreKaHHe.
OnHako NaHHBIA MOAXOJ MPUBOJIUT K, YBEJIMYECHHUIO pa3Mepa 3€peH Mpo-
JyKTa, 4YTO B CBOIO OYEPE]lb BEAET K MOBBIIMICHUIO JJTMHBI CBOOOHOIO MPO-
Oera ()OHOHOB, MOBBIIIEHUIO TETUIONPOBOJIHOCTH U CHUKECHHUIO d(PPEKTUB-
HOCTH Marepuana B uenom. [llupokoe npuMeHeHne 1yisi CHHTE3a OKCUIHBIX
TEPMODJICKTPUUECKAX MATEPHUATIOB HAIJIM METOJIbl CUHTE3a TaK Ha3bIBac-
MOM MATKOW XMMHUHU, OCHOBaHHBIC HA CMEIICHHE XKUIKO(Pa3HBIX KOMIIOHECH-
TOB PEAKIUU M UX JaJbHEUIIEM PeoO0pa3oBaHUM, a UMEHHO: XUMHYECKOE
OCaXJICHUE, CUHTE3 TOPEHUEM PEAKIMOHHBIX PAcCTBOPOB W Te€JIeH, 30JIb-
rejab cuHTe3. OCHOBHBIM HEJOCTATKOM JIAHHBIX METOJIOB CHHTE3a SIBIISECTCS
CJIO’KHOCTh MAacCIITAOMPOBAHUS B CBSI3U C TAKUMHU JIOTIOJTHUTEIBHBIMU 3Ta-
naMM Kak cylika, (GUIbTpaius, BblIETaYMBaHUE, MPOKAJTUBAHUE U W3-
MellbueHue. B cpaBHEHMH C BBIIENEPEUNCICHHBIMU MOJIXOAaMU MPEIJIO-
YKEHHBIN B TaHHOU padoTe cuHTe3 CaMnOs; ropeHueM peakiMOHHBIX a3po-
30J7iei 00JIalaeT 3HAYMTENIBLHBIMU TMpeumyllecTBaMu. biarogapsi BBICOKO
3K30TEPMHUYECKON CAMONOAACPKUBAIOIICHCS PEAKIIMU MEXAY KOMIIOHEH-
TaMH IIPEKYPCOPA, METOJI TIO3BOJISIET MOJYUUTh KPUCTAIUIMUECKUN MPOLYKT
B TEUEHHUE KOPOTKOTO MPOMEKYTKA BPEMEHH (CEKYH/Ibl) U UCKIIIOUUTDH CTa-
U0 TipokanuBaHus. B npenpinymieit padore [1] oOcyxanuch HEKOTOpHIE
METO/bl CUHTE3a, OCHOBAHHBIE HA TEPMHUYECKUX PEAKIUAX B BOJHBIX CIIpE-
gX. BBIJI0 TPOAEMOHCTPUPOBAHO MPEUMYIIECTBO MOJX0/1a CUHTE3a TOPEHU-
€M pacTBOpa B a’po30Jie, KOTOPhI coueTaeT B ceOe KOHLEMIUU CUHTE3a
TOPEHUS PACTBOPA U CIIPEN-TTUPOIU3A.

B nmanHoil pa®oTe MOPOILIKKM TEPMOAIEKTPUUECKOTO MaTepuasa
CaMnO; ObLTM TIOJTYYE€HBI METOJOM TOPEHHUS PEAKIIMOHHBIX a’p030Jiel Ha
OCHOBE CTEXMOMETPUYECKOTIO BOJHOIO PACTBOPA HUTPATOB MapraHua u
KaJblusg ¢ J00aBJIICHUEM TJIMIIMHA, BBITOIHSIIONIETO POJIb KaK XeJaTUPYro-
LIEr0 areHTa, Tak U akTUBHOI'O BOCCTAHOBUTENA. Bce pacuersl npou3BOA-
JIMCh COTJIACHO YPaBHEHMUIO:

Ca(NO3)2-4H20+Mn(NO3)2-4H>O+2C,HsNO,=CaMnOs+13 H,O+4 CO2+3N>

Jns monydenust oo0bemMHoro matepuana nopomok CaMnQOs; koHco-

JUAUPOBATIM METOAOM XOJIOAHOTO MPECCOBAHMS MOJ JABJICHUEM 5 TOHH.
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[Tonyuennsie 00pa3ipl B BUJE HMIWIMHAPOB AUAMETPOM 15 MM U BBICOTOMU
OKOJIO 2 MM, CIIeKaJdu B Te4eHUEe 4 4acoB Ha BO3/yXe MPHU TEMIIEpaType
1200 °C.

Ha puc. 1 (a) npeacrasiensl AUPpaKTOrpaMMBbl MOPOILIKA U CIIEUYEH-
Horo oOpasua. [locne criekanus B oOpasiie 0OHapy»EeHO HeOOJBIIOE CO-
nepxkanue BropudyHoi (azer CaMn,O4 (okoso 10 %). CormacHo JaHHBIM
MUKPOPEHTT€HOCTIEKTPAIILHOTO aHajnu3a KOMITIOHEHThI CIIEYEHHOTo 00pas-
1[a HaXOAATCS B cleayromieM cooTHomeHuu - CagosMngg703,1. Ha puc. 1
(6) mpencrabineHa Mukpodororpadus MOpOIIKa, MOJYYSHHOTO IOCHE TOo-
pEHUsl PEaKIIMOHHBIX a’po3ojieil. YacTulbl MpOJIyKTa IMOJble BHYTPU H
UMEIOT chepuueckyro hopmy.
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PucyHnok 1 - CTpyKTypa CHHTe3MPOBAHHBIX MATEPHAJIOB: TH(PAKTOrPAMMBI
nopomka CaMnOs3 u cieyeHHoro oopasua (a), SEM-u3o0paxeHune nopomka
nocJie cunre3a (0), SEM-u3o6paxxenue cneueHHoro oopasua (B).

Ha pucynke 2 mnoka3zaHbl TEPMOAJIEKTPUUECKHE XapaKTEPUCTUKHU
KoHconmuaupoBaHHOTO CagosMng 9703 1. 3HAUEHUS TETUIONPOBOAHOCTH (PHC.
2 (a)) NOJIy4eHHOTO MaTepualia HUXKe MO0 CPABHEHUIO C JAHHBIMU U3 JIUTE-
paTypHBIX UCTOYHHKOB, YTO BEPOSITHO SIBISICTCS PE3yJbTATOM PACCESTHUS
(OHOHOB Ha IrpaHMIIAX 3€PCH U BTOPUYHBIX (azax. [1o xapakrepy Temmepa-
TYPHBIX 3aBUCUMOCTEH AJIEKTPOhU3UIECKUX CBOUCTB (puc. 2 (0, B)) MOXKHO
clenaTh BBIBOJ, YTO Marepuai SBISIETCS MOJYNPOBOJAHUKOM C H-TUIIOM
npoBoguMOCTH. TepmosnekTpuueckass 3()PEKTUBHOCTb, TeMIIEpaTypHas
3aBUCUMOCTH KOTOpPOH TIpHBejcHa Ha puc. 2 (T) BBINIC 3HAYCHHM, MPE]I-
CTaBJICHHBIX B paHee OMyOJIMKOBaHHBIX paboTax [2-4], 4TO BO3MOXKHO SB-
JISIETCSL CIICICTBUEM CHIDKEHHUS TETUIOMPOBOIHOCTH, TOCTHTHYTOM 3a CYET
MUKPOCTPYKTYPbI ONTUMAIBHON ISl COXPAHEHUS BBICOKOTO KO3 duIreH-
ta TepmoIJIC.
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Pucynok 2 - TepMmoaiekTpu4ecKue cBOiCTBA NMOJTY4eHHOr0 00pa3na: Tenjaonpo-
BOJHOCTH (2), yaeJIbHAas 3J1eKTPONPOBOAHOCTH (0), ko3dunuent 3eedexa (B),
TepModJIeKTpuYecKas 3(pPeKTUBHOCTD (T)

Hccneoosanue evinoinerno npu puHancosou nooodepaiicke
Poccutickoeo Hayunoeo @onda (npoexm Ne 22-79-10278)

JINTEPATYPA

1. Trusov G. V. et al. Spray solution combustion synthesis of metal-
lic hollow microspheres // The Journal of Physical Chemistry C. — 2016. —
T. 120. — No. 13. - C. 7165-7171.

2. Liu L. et al. Influence of transition metal electronegativity on the
oxygen storage capacity of perovskite oxides //Chemical Communications.
—2016.—T. 52. — Ne. 68. — C. 10369-10372.

3. Singh S. P. et al. Thermoelectric properties of non-stoichiometric
CaMnO3-6 composites formed by redox-activated exsolution //Journal of
the European Ceramic Society. — 2020. — T. 40. — Ne. 4. — C. 1344-1351.

4. Lohnert R., Topfer J. Enhancing the thermoelectric properties of
CaMnO3-6 via optimal substituent selection //Journal of Solid State Chem-
istry. —2022. —T. 315. — C. 123437.

0.10 |-
~
N

S, MkB/K

VJIK 543.552.054.1 E.O. bynenuesa, P.A. 3uns0epr

Y umckuil yHuBepcUTeT HayK M TeXHOJIOTHi, .Y a, Poccus

HAHOKOMIIO3UTBI HA OCHOBE ITOJINDJIEKTPOJUTHOI'O
KOMIIVIEKCA XUTO3AH - CYKIHMHAMMU/I XUTO3AHA,
C HAIHOJIHUTEJIAMU U3 PA3JIMYHLIX YIVIEPOJAHbBIX
HAHOMATEPHUAJIOB

B MMOCJICAHUC TOABbI PACTCT MHTCPCC K pa3pa60TKe MHOT'OYHUCJIICHHBIX
JICTKUX MJIM CKJIaJIHBIX 3JICKTPOHHBIX YCTpOﬁCTB, TAKHX KaK 3JICKTPOXPOM-

135



