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MEMOPaHHO-3JIEKTPOJHOTO OJ0Ka TBEPAOOKCHIHOTO TOIUTUBHOIO 3JIEMEHTa, KOTOpas OAHOBPEMEHHO
MOXET HCIOJIb30BAaThCsl B KadeCTBE HECYIIEH OMOPHONH KOHCTPYKIMH JUII MEMOpPaHHO-3JIEKTPOIHOTO
070Ka, ra30BOr0 KaHalla JUIS ITOABOJA TOIUIMBAa K AHOLY M OTBOLY OT HETO NPOAYKTOB pEakivy,
Karajausaropa MmpeoOpa3oBaHMs TOIUIMBA ¥, B ONPENEIICHHBIX CITydasX, [UIs BBIIOIHEHUS TOKOIIPOBOJIA.
[loBbImeHne MEXaHWYECKOH NPOYHOCTH EAMHMYHOTO TBEPIOOKCHAHOTO TOIIMBHOTO 3JIEMEHTAa IIPH
COXPAaHCHNH ONTHMAJBHBIX TOJIIMH CJIOEB MEMOPaHHO-BJIEKTPOJHOTO OJIOKa SIBISETCS TEXHUYECKUM
pe3yabratoM u3o0pereHusi. MHOroyHKIMOHAJIbHAS OCHOBA BBINOJHEHA B BHJC KaTaJUTHUECKH
aKTHBHOTO KEPAMHYECKOTO OJOKa C BBICOKONOPHCTOM SUEHCTON CTPYKTYpOH, ¢ MpPEHMYIIECTBEHHO
OTKPBITBIMU NTOpamu, pazmepoM 0,1-5,0 mm.
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MHOI'O®YHKIIMOHAJIbHAS OCHOBA JIJI1 MEMBPAHHO-3JIEKTPOJIHOI'O
BJIOKA TBEPIOOKCHUAHOI'O TOINVIMBHOI'O 2JIEMEHTA

[Ipennaraemoe  u3o0peTeHHWE  OTHOCHTCS K  TOIUIMBHBIM  3JIEMEHTAM,  Kacaercs
MHOTO(QYHKIIMOHAJIBHOH OCHOBBI JUIi MEMOPaHHO-3JIEKTPOIHOTO OJIOKA TBEPIOOKCHUIAHOTO
TOILUTMBHOTO 3JIEMEHTA, KOTOpas OJHOBPEMEHHO BBINONHACT (PYHKIUM HECyIIed OMOpPHON
KOHCTPYKLHUH I MEMOPAHHO-3JIEKTPOAHOrO 0JIOKA, KaTaIM3aTopa MpeoOpa3oBaHus TOIUIHBA U
ra3oBOro KaHaja JUIsl [TOABOJa TOIUIMBA K 3JIEKTPOY U OTBOJA OT HEero NMPOAYKTOB PEaKLUu.

CymecTByromme TEXHOJOTHH TMPOU3BOACTBA M ycioBus 3kcrutyartanuu TOTD Ttpebyror
JOCTATOYHOM MEXaHUYECKON MPOYHOCTH E€AMHUYHOIO dJjieMeHTa. B HacTtosimee Bpems OHa
TOCTHTAeTCs 32 CUET 3HAUUTENbHOTO YBEIHMUeHHs! TOMIHHBI (0T S00 MKM) OZJHOTO U3 OCHOBHBIX
(PYHKLIHMOHATBHBIX CIIOEB MEMOPAaHHO-3JIEKTPOAHOrO OJIOKa (COOTBETCTBEHHO, 3JEKTPOJIHT-,
KaTOZ-, aHOA-TIOJ/IEPKUBAIOIINE 3JIEMEHTBI) FJIM BBEIEHHUS B KOHCTPYKLHUIO JOMOJHUTEIbHON
METAJUIMYEeCKON  OCHOBBI  (METAJUI-NIOAJEPKUBAIOIIME  BJIEMEHTh). B smexTponwut-
NOJAEPKUBAIOLINX KOHCTPYKLUSAX YBEJIUYEHHE TOJILHUHBI BBICOKOIJIOTHOTO CJIOSI 3JIEKTPOJIUTA
NPUBOIUT K YBEIMYEHHIO ob1mero omudeckoro conporusierus TOTI. Kpome Toro, 310 MokeT
NPUBOAUTh K PACTPECKUBAHUIO MPU TEPMOLMUKIUPOBAHUU 3JIEKTPOJUTHOIO M OCTAJbHBIX
KEPaMUYECKUX CJI0eB MeMOpaHHO-3JIeKTpoaHoro Osoka. B snekTpon-noanepxkusaroimux TOTD
cyliecTByerT mnpobjeMa pocTa MOJSIPU3ALMOHHBIX W OMHYECKHX MOTepb IPU yBEIUYEHUU
TOJIIMHBI OJHOTO W3 JJIEKTPOAHBIX CJOEB Ui peau3alud NOANEPKUBAOIEH (YHKIHH.
OnTuMmanbHOE 3HAYeHHE TOJIIIUHBI CJI0OEB MeMOpPaHHO-3JIEKTPOAHOro Ojioka MeHee S0
MKM. MeTaui-noaaepKUBaoIue KOHCTPYKIIMA HMEIOT HECOTJIACOBAHHOCTh KO3()(UIIMEHTOB
TEPMUYECKOrO PACHIMPEHHS] CKEPAMUYECKUMH CIIOSIMH MEeMOpPaHHO-3JIEKTPOAHOrO OJIOKA, YTO
NPUBOAUT K MEXaHUYECKOMY pa3pyLIEHHMIO 3JIEeMEHTa B Ipoleccax 3KCIulyaTauuu. Takum
o0pazom, cyIecTByeT nmpodiemMa OpraHu3aluy NOAIePKUBAOIIET0 KOMIIOHEHTA [Tt MEMOpPaHHO-
anekTpoaHoro 6moka TOTD.

Kpome Toro, B Hacrosimuee Bpemsi akTyaibHa npobsema paspadbotrku TOTD ¢ BHyTpeHHUM
pudopMHUHTOM, B KOTOPBIX HPeoOpa3OBaHHE YIJIEBOJOPONHOIO TOIUIMBA IPOUCXOIUT
HENOCPENCTBEHHO B 37eMeHTe. OIHUM U3 BAPUAHTOB pPeau3allii TAKOrO YCTPOMCTBA SIBJISIETCS
BBEJICHHE JJOMOJHUTEIbHOTO KaTaIMTHUECKOTO CJI0s, IPEIIEeCTBYIOIIEro aHOAY .

B pabore Yu Chen u np. (80 Hours Operation of a Tubular Solid Oxide Fuel Cell Using
Propane/Air // Applied Energy.-V.272.-Nel, https://doi.org/10.1016/j.apenergy.2020.115099),



NPEACTABJIECHbl XapPaKTEPUCTUKH TBEPAOOKCHIHOIO TOILUIMBHOIO 3JIEMEHTA C KaTaJlu3aToOpOM
npeoOpa3oBaHMsl YIJIEBOJOPOJHOIO TOIUIMBA. B NaHHOM BapuaHTE WCIOIHEHUS, KaTaJHU3aTop
(Momu¢uumpoBanHbiii cruiaB Ni-Fe), HaHeceHHBINT Ha BBICOKOIIOPUCTYIO SIMEHCTYIO OCHOBY W3
cneueHHOro Al>Os, pacnosnioxkeH Ha BXOZ€ MOTOKOB TOIUIMBA O padoueil 30HBI TOIUIMBHOTO
sneMeHTa. HenoctaTkoM naHHON KOHCTPYKIUHY SIBJISIETCS yBEIUYEHNUE BKJIaa MO PU3ALMOHHbIX
U OMHYECKHX NOoTepb B oOmmee conporusieHrne TOTD, Tak kak MoOaAepKUBAOLIYIO (yHKIHUIO
5JIEMEHTA B IaHHOM BapPHUAHTE HCIIOJHEHUS HJIEMEHTA BBITOJIHSIET aHO.

UsBecteH crmoco®  W3rOTOBJIEHHS]  TBEPIOOKCHUAHOTO  TOMmIMBHOrO sjemeHta (US
20050221163A1, ony6n. 06.10.2005), B KOTOPOM aBTOpaMHU TPEAJIOKEHO HCIOIb30BATh B
Ka4eCTBE MEXAaHUYECKOTO HECYIEro KOMIOHEHTA BICOKOMTOPUCTYHO METAJIITHUYECKYIO HIUKEJIEBYIO
NeHy C OTKPBITBIMU NopaMu. HemoctaTkoM aHHOTO M300peTeHue sIBIISIETCS] HECOTIIACOBAHHOCTD
K03 (PHULIHNEHTOB TEPMUYECKOTO PACIIUPEHUS] METAJUTMYECKOW OCHOBBI U KEPAMHUYECKUX CIIOCB
MEeMOpPaHHO-3JIEKTPOAHOTO OJIOKA, YTO MOXKET SIBJIATHCS MPUYMHON HAPYIIEHHs LeIOCTHOCTH
snementa. Kpome Toro, oOmeunsBecTHO, 4TOo Ni aKTHBHO KaTaJH3HPYET PEAKIHIO
IMCTIPONIOPLIMOHMPOBAHUSL  YTJIEBOAOPOAHOIO TOIUIMBA, TPOAYKTOM KOTOPOH  SIBJISIETCS
TPyAHOyZausieMasi caxka. 3ayrJiepOKMBaHHE TIMOBEPXHOCTH NPUBOIUT K MOMEHTAJIbHOU
aerpagaunuy cBOMCTB ycrpoiictBa. Takum obpazom, TOTD, H3roToBieHHBIH TaHHBIM CIIOCOOOM,
HE MOJKET HAIPSMYIO HCIIONIb30BaTh YIIEBOAOPOABI B KAUECTBE TOILIINBA.

B wusobperenun (US 7070879B2, omyOin. ) HECYIyI0 KOHCTPYKIMIO TBEPIOOKCHIHOIO
TOTJIMBHOT'O 3JIEMEHTA NPEAIaraeTcs M3roTaBINBaTh M3 BbICOKONOpucToil kepamuku Al2Os. B
DaHHOM H300peTeHuu cpenHuil pasmep mop cocrasisier 0,025 mxm. HemocraTtkom nmaHHOrO
N300peTeHus SIBISETCS] TOT (BaKT, YTO IPHU YBEIMYSHUU T€OMETPHUYECKUX Pa3MEpPOB JJIEMEHTA 32
CUET MHTETPUPOBAHUS BICOKOMIOPUCTOTO CJIOSI JOCTHIAETCS TOJIBKO OMOpHAst (PyHKIHS.

Haubonee Oau3kuM K 3asBJIEHHOMY TEXHHYECKOMY PEIIEHHIO MO TEXHHYECKOW CYIIHOCTU U
NOCTUTAeMOMY  TEXHHUYECKOMY  pesyibrary  sBisietcsi  uszoOperenue (RU2518061C2,
ony651.27.08.2011). ABTOpamMu H300peTEHHsI MPEJIOKEH BAPHAHT TBEPAOOKCHIHOTO TOIUTUBHOTO
3JIEMEHTA C BHYTPEHHUM PU(POPMHUHTOM, COTJIACHO KOTOPOMY KaTaJHTHYECKUH CIION BBITTOJHEH B
BUJI€ JONOJHHUTEIBHOTO HApPY’KHOTO CJIOS 1O BCEW JJMHE aHOJAAa HAa HMHEPTHOH MaTpHLEe CO
CTOPOHBI NOABOAA TOIUIMBA. ToNmMHA 3TOro ciost 10 50 MKM, YTO He MO3BOJISIET PEan30BaTh
nojnepkuBaromyo  ¢yskomo.  Takum  00pa3oM, HEIOCTATKOM  JAaHHOTO — BapHaHTa
TBEPJOOKCHIHOTO TOIUIMBHOTO 3JIEMEHTA SIBJSIETCS MCIIONB30BAaHUE AaHOA-NOAAEPIKUBAIOLICH
KOHCTPYKLUH C MPHUCYINUM €l yBEIMYEHUEM BKJIA/1a MMOJIIPU3ALMOHHBIX 1 OMUYECKUX MOTEPD B
o0mmee compoTuBieHHe 3yeMeHTa. Kpome Toro ans peanusanuy NOABOAA TOIUIMBA K 3JIEMEHTY

TaKOM KOHCTPYKLHUH TPeOyeTcsl MCIOJIb30BAHNE BHEIIHUX ra3oNOBOIOB, YTO HECET 3a COOOM



npobaemy repmerusanun ux koHtakta ¢ TOTD 1 OTCYyTCTBHUS COTIACOBAHHOCTHU C MaTe€pHaJIaMU
MeMOpaHHO-3IekTpoaHoro Ojoka mo KTP.

3amaueii nu300peTeHus SBISIETCS CO3AaHHE HOBOH MHOrO()YHKIMOHAJIBHOW OCHOBBI IS
MeMOpPaHHO-3JIEKTPOAHOrO OJIOKa TBEPIOOKCUAHOIO TOIUIMBHOIO 3JIEMEHTA, BBIMOJHSIOIIEH
(yHKIMM HecyIel OMOpHONH KOHCTPYKLUH JII MEMOPaHHO-3JIEKTPOAHOTO OJI0Ka, KaTajau3aTopa
npeoOpa3oBaHusl YIJIEBOAOPOMHOIO TOIUIMBA M Ta30BOr0 KaHaja sl MOJABOJA TOIUIMBA K
3JIEKTPOAY U OTBOJA OT HErO MPOAYKTOB PEAKLUU.

TexHHYECKMM pe3yJbTaTOM OT HCIONb30BAHUS TPENJIaraeMoro U300peTeHUs SIBJISETCSI
MOBBIIIEHHE MEXaHHYECKOW MPOYHOCTH €AMHUYHOTO TBEPIOOKCHUIHOTO TOIIMBHOTO 3JIEMEHTA
NPU COXPAHEHHH ONTHMAJIbHBIX TOJIIUH CJIOEB MEMOPAHHO-3JIEKTPOAHOTO OJIOKA, BO3MOYKHOCTb
pudopMupoBaHUs yIIEBOAOPOAHOrO TOIUMBA HemocpeactseHHO B TOTD, mnoseiueHne
3¢ (EeKTUBHOCTH KAaTATUTUYECKUX MPOLIECCOB U MPOLECCOB TEIUIO- U MAcCO-TIEPEHOCA, a TAKKE
OpraHM3alMy MO/IBOJA TOIUIMBA K 3JIEKTPOAY U OTBOA OT HEro MPONyKTOB peakLiUu.

ITocraBieHHas 3a7a4a JOCTUTAETCS TEM, YTO MHOTO(YHKIIHOHAJIbHON OCHOBA /111 MEMOpaHHO-
3NEKTPOJHOrO ONOKa TBEPAOOKCHAHOTO TOIUIMBHOIO 3JIEMEHTA BBINOJIHEHA B BHIE
KaTAJIMTHYECKH aKTHUBHOTO KEPaAMHYECKOro OJIOKAa ¢ BBICOKOIIOPUCTOH SIMEHCTON CTPYKTYPOH, €
NPEUMYLIIECTBEHHO OTKPBITBIMU NopaMy, pasmepoMm 0,1- 5,0 MM; kepaMU4IeCcKHi OJIOK BBIOJIHEH
C OAHOMOJAJbHBIM WJIM MOJMMOJAJIbHBIM PacIpeleleHueM MOop MO pa3MepaM; KepaMU4eCKHil
OJIOK CONEP>KUT OT OJHOIO MO MATH YPOBHEH, KaXKIAbli W3 KOTOPBIX HUMeEET COOCTBEHHOE
pacripeneneHue nop - OAHOMOMAJIbHOE WIH MOJIUMOJANIBHOE, KEPAMUYECKHH OJIOK CONEPIKHUT OT
OIHOTO IO TISATH YPOBHEH, KQXKABII U3 KOTOPBIX UMEET COOCTBEHHBIH pa3Mep Mop; KepaMUUeCKHH
OJIOK COAEP>KUT OT OAHOTO IO ISITH YPOBHEH, KAKABI M3 KOTOPBIX BBIIOJIHEH M3 OAHOTO WU
HECKOJIbKMX OKcuaoB MeTasuioB Zr, Ce, Al, Mg; kepamuyeckuii OJIOK CONEPIKUT OT OTHOTO JI0
ISITH YPOBHEH, KaXbI U3 KOTOPBIX BBINOJIHEH M3 OIHOTO WJIM JIByX TBEPABIX PACTBOPOB Ha
OCHOBE OKCHUIOB MeTauioB, Takux Kak ZrxCaixO24 (0.97<x<0.6), ZrxY1.xO24 (0.95<x<0.6),
ZriMg1.x02.4, (0.955x<0.6), CexY1.x02.4(0.95<x<0.6), ZrxAl1.xO24 (0.99<x<0.9); xepamuueckuii
OJIOK COAEPIKHUT OT OHOTO A0 IMSATH YPOBHEH, KAXKIbIH U3 KOTOPBIX BBIMOJIHEH U3 OTHOTO U ABYX
CIIOKHBIX OKCHIOB, TakuxX Kak CeZrO4, Y2Z107, LaogSro02NiosMo203 (M = Bi, Co, Cr, Cu, Fe),
A>B’B”0Os (A=Sr, Ba; B'=Fe, Ni, Mg; B"=Mo,W, Te), LaNiO3; kepamudeckuii OJI0K COIEpKUT
OT OIHOTO JI0 TISITH YPOBHEH, KaXIbIi U3 KOTOPBIX BHIMOJIHEH U3 KOMOWHAIIMH OKCHAOB METAJIJIOB
takux Kak Zr, Ce, Al, Mg n/unu TBepABIX pacTBOPOB HA OCHOBE OKCHIOB METAJUIOB TAKUX KaK
ZrxCa1.x02.4 (0.97<x<0.6), ZrxY1x024 (0.95<x<0.6), ZriMg1x02.q, (0.95<x<0.6), CexY1xO24
(0.95<x<0.6), ZrxAl1xO2.4 (0.99<x<009), wumu cnoxabix okcunos, CeZrOs, Y2Zr0s,
Lao 8Sr02Nio sMo 203 (M = Bi, Co, Cr, Cu, Fe), A,B’B”0O¢ (A=Sr, Ba; B'=Fe, Ni, Mg; B’=Mo,W,
Te), LaNiOs(manpumep , ZrxCaixOz4 (1,05x<0.6) + CexY1.xO24 (1<x<0.6), ZrxY1x024
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(1=x<0.6) + CexY1x024 (1=x<0.6), ZrsMg1x024 (1=x<0.6) + CexY1x024 (15x<0.6), Al;O3+
CexY1x024 (1=x0.6), MgO+CexY1x024 (1=5x£0.6), AbLOs;+ CexY1x024 +Y2Z1207,
Lao 8Sr02Nio 8sMo 203 (M = Bi, Co, Cr, Cu, Fe), ZriCa1xO24 (1,0<x<0.6) + CexY1x02.4 (1=x<0.6)
+A2B’B”0s (A=Sr, Ba; B'=Fe, Ni, Mg; B’=Mo,W, Te), ZrxCa1.xO2.4 (1,0<x<0.6)+ LaNiO3),
KepaMH4YeCcKUi OJIOK COIEePIKUT OT OAHOTO A0 ISTH YPOBHEH, KaX bl M3 KOTOPBIX BBIIOJHEH U3
OKCHJIa MeTaJljIa WIM TBEPAOrO PacTBOPa HA OCHOBE OKCUOB METAJUIOB, WM CIIOXKHOTO OKCHIA U
MeTaJjIoB, TakuX Kak: Pt, Ag, Au, Re, Ru, Rh, Pd, Fe, Co, Ni, Cu, kak B OTIEIBHOCTH, TaK U B UX
KOMOWHAINY; KEPAMUYECKHI OJIOK COAEPIKUT OT OIHOTO IO MSTH YPOBHEH, KaXIbIi U3 KOTOPBIX
BBINIOJIHEH M3 KOMOMHAIIMM OKCHIOB MeTayuioB Takux kak Zr, Ce, Al, Mg w/unu TBepabIx
pPacTBOPOB Ha OCHOBE OKCHUIOB MeTaIoB Takux Kak ZryCaix0z.q (0.97<x<0.6), ZrxY1xO24
(0.95<x<0.6), ZrxMg1.x02.4, (0.95<x<0.6), CexY1-x02-4 (0.955x<0.6), ZrxAl1.xO2-4 (0.99<x<0.9),
u/WH CIOKHBIX OKCUIoB Takux Kak CeZrOs, Y2Z107, LaogSro2NiosMo 203 (M = Bi, Co, Cr, Cu,
Fe), A2B’B”0s (A=Sr, Ba; B'=Fe, Ni, Mg; B”=Mo,W, Te), LaNiO3 u meTasuioB Takux kak: Pt, Ag,
Au, Re, Ru, Rh, Pd, Fe, Co, Ni, Cu, xak B OTAEJIbHOCTH, TaK U B UX KOMOHHALINH.

Kepamuuecknii 010K CONEPIKUT OT OJHOTO 0 MATH YPOBHEH, KQXKIbIH U3 KOTOPBIX HMEET OZHH,
IIBa, WIN TPHU CIIOSL.

Ha ¢ur. 1 npeacrasieH cxeMaTH4eCKH PUCYHOK TBEPAOOKCHIHOTO TOTUIMBHOTO 3JIEMEHTA C
MHOT0(YHKIIMOHAJIBHONH OCHOBOH.

Ha ¢wur. 2 mnpencraBneHbl cCXeMaTHUHbIE PHCYHKH BO3MOXKHOTO pacHpefeNeHHus Iop B
MHOTrO(QYHKIIMOHAJIbHONH OCHOBE MJIi MEMOpaHHO-3JIEKTPOXHOro OJIOKa TBEPIOOKCHIHOIO
TOTJIMBHOTO 3JIEMEHTA, IZie. 2 a— OJHOMOJAJIBbHOE pacIpefiesieHue Mop, 2 B- MOJMUMOIAIBHOE
pacnpenenenue nop; 20 —pa3Hoe pacnpeneseHue Ha YPOBHSIX.

Ha ¢ur. 3 npeacraBieH  CXeMaTHUYHBIH  PUCYHOK  BO3MOXKHOH  OpraHU3alHU
MHOTO(YHKIIMOHAJIbHONH OCHOBBI i1 MEMOPaHHO-3JIEKTPOJHOrO OJIOKA, BBITOJHEHHOTO B JBA
CJIOS.

Ha ¢ur. 4 npencrasneHa cxema paboTbl MHOTO(YHKIIHOHAJIBHONH OCHOBBI JUIsI MEMOpPaHHO-
3IEKTPOIHOrO OJIOKa TBEPAOOKCHIHOTO TOILTMBHOTO 3JIEMEHTA.

Ha ¢ur. 5 mnpencraBieno (oTo MHOTOPYHKIIMOHAJBHBIX OCHOB IUIOCKOTpyO4YaTod U
LTHHAPHYECKONH KOHCTPYKLUH, BBIMOJIHEHHBIE U3 Pa3HBIX MaTepHaioB (cneBa Hampaso: AxQOs,
Z109Ca0103.4+40% macc. Ni, Zro9Cao103.q).

Ha ¢ur. 6 mnpencraBneHo ¢oTo MHOro()yHKIIMOHAJIBHOW OCHOBBI IJIOCKOTPYOYaTON
KOHCTPYKIUH, BBITIOJHEHHON U3 Z109Ca0103.¢+40% macc.Ni B ABa yPOBHS ¢ pa3HbIM Pa3MepOM
nop (obpazer Ne).

Ha ¢ur. 7 npencraBneHo M300pa)keHHE C PACTPOBOTO-3JIEKTPOHHOTO MHKPOCKOIA Cpes3a

MHOTo(YHKIIMOHAJIbHON OCHOBBI, BBITTOJIHEHHOH B 2 cJ1os1, oOpasua Ne 4.



Ha.pur. 8 mpencraBneHo u300pakeHHE C PACTPOBOrO-3JIEKTPOHHOIO MHKPOCKOMA Cpe3a
MHOTO(YHKIIMOHAIBHON OCHOBBI 0Opa3wa Ne 5

Ha ¢ur. 9 npencraBneHo u3o0pakeHHE C PacTPOBOTO-3JEKTPOHHOTO MHKPOCKOIA Cpes3a
MHOro(yHKIIMOHAJIBHON OCHOBBI 00pasia Ne 8.

Ha ¢ur. 10 npexacrasieHo uzoOpaskeHHE C PaCTPOBOrO-3JIEKTPOHHOIO MHUKPOCKOMA Cpesa
ypoBHsi 1 MHOTOYHKIHMOHATIBHON OCHOBBI 00pasia Ne 11.

KOHCTpYKTUBHO TBEPAOOKCUIHBIN TOMIMBHBIN 351eMeHT Ha ®PUI. 1 conepkurt:

1 - MeMOpaHHO-3JIEKTPOIHBIN OJIOK;

2 - MHOTO()YHKLIMOHAJIBHY O OCHOBY

3 — nopsL.

MeMOpaHHO-3JIeKTPOAHBIH OJIOK 1 TBEPAOOKCHUAHOTO TOIUIMBHOTO 3JIEMEHTA COCTOUT W3
MOPHCTBIX KEPAMHUYECKHX 3JIEKTPOJOB U ra3oIIOTHOTO 3JIEKTPOJHTa. Marepuan 31eKTpoJIiTa B
untepsaie temrneparyp 500-1000°C nMeeT MOHHYIO MPOBOAUMOCTb. DJEKTPOJHbIE MaTepHAaIbI
UMEIOT CMEIIAHHYI0 MPOBOAUMOCTh, CTAaOMJIBHOCTh NPU TEMIeEpaTrype JKCIUyaTalud B
OKHCIIUTEIBHON U BOCCTAHOBUTENBHOH aTMoc(epe KaTOAHOrO M aHOAHOTO (PYHKIMOHAIBHOTO
CJIOS, COOTBETCTBEHHO. B  mgaHHOM u300peTeHMM TOAPa3yMeBAETCsl  HCIOJIb30BAHUE
TPAAULIMOHHBIX METOIOB U3TOTOBJICHHS] H MATEPHAJIOB MEMOPAHHO-3JIEKTPOTHOTO OJioKa (KaToa-
Lao 6S10.4MnOs3, snekrponut —Z10.9Y0.102, avox - Ni/Zro9Y0.102).

MHoro(yHKIMOHAIbHAsT OCHOBA 2 AJIi MEMOPAHHO-3JIEKTPOAHOIO OJIOKa TBEPAOOKCHIHOTO
TOTJIMBHOT'O 3JIEMEHTA BBINOJIHEHA B BUJAE KATAJIUTUYECKH aKTUBHOTO KEPaMHUYECKOro OJoka ¢
BBICOKOIIOPUCTON STYEUCTOMN CTPYKTYPOH, C MPEUMYILECTBEHHO OTKPBITBIMHU IIOpamMH 3 pa3MepoM
0,1-5,0 mm. Takol amama3oH pa3MepoB MOp OOECHeYynBAET AOCTATOYHYIO MEXaHHYECKYIO
MPOYHOCTh MHOTO()YHKLHOHAJIBHON OCHOBBI, MPH 3TOM MO3BOJISIET PEAN30BaTh HEPA3PbIBHOE
TEYEHHE ra3a CKBO3b Hee, MPU HEOOXOIUMON CKOPOCTH MOTOKA B TypOyJIeHTHOM pekume. [1pu
YMEHBLICHUH pa3Mepa mop, oOpas3ibl C ONWHAKOBBIMH T'€OMETPHUECKUMH pa3MepamMu OyayT
uMeTh Oonblmii Bec. B kepamudeckom Oioke co cpenauM pasmepom mop mernee 0,1 mm Oyner
HaOro1aThCst 3¢ EKT MPOCKATb3bIBAHUS Ta3a.

Kepamuuecknii OOk MOKeT OBITh BBIMOJHEH C onxHoMopanbHbeIM (OPUI.2a) wnmm
nomumonainbabiM (DUI.2B) pactipenenerrem mop 3 mo pasmepam.

Kepamuuecknii 070K MOXKET COAEpKaTh OT OIHOTO O ISATH YPOBHEH, KaKABIH M3 KOTOPBIX
uMeeT COOCTBEHHOE pacmpezeeHre nop 3 (OJHOMOAATBHOE HITH TIOJTMMOIANIBHOE).

Kepamuuecknii OJ0K MOJKET COAEpKaTh OT OIHOTO IO ISATH YPOBHEH, KQKIBIH U3 KOTOPBIX
umeet coOCTBEeHHBIN pazmep mop 3 (PUIL.206).

Kepamuuecknii 070K MOXKET COAEpKaTh OT OIHOTO O ISATH YPOBHEH, KaKABIH M3 KOTOPBIX

BBITIOJIHEH U3 OTHOTO WM ABYX OKCHIOB MetaiuioB Zr, Ce, Al, Mg.



Kepamuueckuii 6J0K MOXKET COAEpKaTh OT OJHOIO O ISITH YPOBHEH, KaXKAbI U3 KOTOPBIX
BBIMOJIHEH M3 OJHOTO WJIM ABYX TBEPIBIX PACTBOPOB Ha OCHOBE OKCHIOB METAJIJIOB, HAIIPUMED,
ZrxCa1x024 (0.97<x<0.6), ZrxY1.xO2.4 (0.955x<0.6), ZrxMg1.x02.4, (0.95<x<0.6), CexY1.xO24
(0.95<x<0.6), ZrxAl1.xO2.4 (0.99<x<0.9) Kepamuueckuii 00K MOXKET COnep:kaTb OT OAHOTO IO
ISITH  YPOBHEH, KaKIbIH W3 KOTOPBIX BBIMOJHEH M3 OJHOTO WJIM JIBYX CJIOKHBIX OKCHIIOB,
Hanpumep, CeZrOs, Y2Zr207,LaNiOs3, LaggSro2Nio Mo 203 (M = Bi, Co, Cr, Cu, Fe), A2B’B”O¢
(A=Sr, Ba; B'=Fe, Ni, Mg; B"=Mo,W, Te).

Kepamuueckuii 6J0K MOXKET COAEpPKaTh OT OJHOTO A0 MATH YPOBHEH, KAyl M3 KOTOPBIX
BBIMIOJIHEH M3 KOMOWHALIMK OKCHIOB METAJUIOB /UM TBEPABIX PACTBOPOB HAa OCHOBE OKCHJIOB
METAJUIOB W/WIIN CIOXKHBIX OKCHIOB, Z1xCa1x02.4 (1,05x<0.6) + CexY1.x02.4 (1=x<0.6), ZrxY1-
x02.4(1=x<0.6) + CexY1x02.4 (1<x<0.6), ZrxMg1.x02.4 (1<x<0.6) + CexY1x02.4(1=x<0.6), Al,Os+
CexY1x02.4 (15x<0.6), MgO+CexY1-x02-q (1=<x<0.6) w/unu cinoxHbix okcHIoBAl2O3+ CexY 1.x0s-
dTY2Z1r207, Lao 8Sro2Nio sMo 203 (M = Bi, Co, Cr, Cu, Fe), ZryCai1.x024 (1,0<x<0.6) + CexY1x02-
4 (1=x<0.6) +A>,B’B”0s (A=Sr, Ba; B'=Fe, Ni, Mg; B’=Mo,W, Te), ZrxCai.x024 (1,0<x<0.6)+
LaNiOs.

Kepamuueckuii 610Kk MOXKET COAEpsKaTh ONMH WM HECKOJIBKO YPOBHEH, KasKAbIi U3 KOTOPBIX
BBITTOJIHEH WJIM U3 OKCH/IAa METAJJIa, WM TBEPAOTrO PacTBOPa HA OCHOBE OKCHIOB METAJUIOB, HIIH
CJIOKHOTO OKCHJIA M MeTajuioB, Takux kak: Pt, Ag, Au, Re, Ru, Rh, Pd, Fe, Co, Ni, Cu, kxak B
OTZENbHOCTH, TAK U B UX KOMOHHALIH.

Kepamuueckuii 6JI0K MOXKET COAepKaTh OT OTHOTO N0 MSTH YPOBHEH, KaXKIBIH M3 KOTOPBIX
BBIMIOJIHEH M3 KOMOWHAIMK OKCHIOB METAJUIOB M/MJIM TBEPAbIX PACTBOPOB HAa OCHOBE OKCHJIOB
METaJIJIOB, W/WJIH CJIOXKHBIX OKCHIIOB M METAJIOB Takux Kak: Pt, Ag, Au, Re, Ru, Rh, Pd, Fe, Co,
Ni, Cu, KaK B OTHENBHOCTH, TaK U B UX KOMOHUHALIMH.

Kepamuueckuii 6JI0K MOXKET COIEpIKaTh OT OAHOrO IO IMSTU YPOBHEH, KAXKIBIH M3 KOTOPBIX
MOJKET UMETb OJIMH, JBa, WK TpH ciiost (OUT.3).

[IpemmaraeMmyr0 MHOTO(QYHKIIMOHAJIBHYIO OCHOBY JJIi MeMOPaHHO-3JIEKTPOIHOro OJoKa
TBEPAOOKCHIHOTO TOIUTMBHOIO 3JIEMEHTA HM3TOTABJIMBAIOT OJHUM M3 TPEICTABIEHHBIX HIDKE
crioco0oB. IlepBrIii crocod - peruKanust CTPYKTYpbl MOJUMEPHOH 3aroToBKH. BTopoii crocob-
o0pa3oBaHue Mop 3a CYET ra3000pa3HbIX MPOAYKTOB MPH BbUKUTAHUN HAMOJHUTEIS, TAKOTO KaK:
nojucTuposibHbie cepsl, nonustuiex, [IBC, rpadurt, caxap, kpaxmas, MOYEeBHUHA, OHOYTJIEPOL
(un, conoma, puC, TPOCTHHK, KOKOC), BOCK, MapaduH, KapOux KpeMHUsi, KapOOHAThI (LIUPKOHUS,
MarHus, KaJbLus), aIFOMUHUEBBIH nopotok. Tpernii crocod - criekanue 30Jei, 00pa3oBaHHBIX
XMMHYECKON peakiiell Mex 1y KOMIIOHEHTaMH HJTH BCIIEHUBAHHE B BAKYyMe XKHIKOTO IITHKEpPa.

UeTsepThlii cioco0-npumeneHue Texuonoruu 3D nevaru.



B nanHOM M300peTeHMH HCMONB30BAJIM METOA IOBTOPEHHUS CTPYKTYPbI ITOJUMEPHON
3arotoBku. [Ipolecc M3roTOBIEHUS 3aKIIOYAJICA B NMPOMUTHIBAHIUM KEPAMUYECKHM LIUKEPOM
3arOTOBKM U3 PETHUKYJIMPOBAHHOTO MEHOIOJUYPETaHa, C MOCIEAYIOLINM €€ BBDKMIAaHUEM HU
cnekanueM. IIInukep cocTosn U3 MOpPOIIKa MaTepuajga KepaMUIecKoro OJ0Ka M OPpraHu4eCcKOro
CBSI3YIOILET0, TAKOTO KaK MOJUBHHUIOYTHPAIIb.

B JTaHHOM 300peTeHn  MeMOpaHHO-3JIEKTPOIHBIH  OJIOK HAaHOCUJIH Ha
MHOTO(QYHKIIMOHAJIbHYI0 OCHOBY B COOTBETCTBYIOIEM IMOPSiAKE B BUAE IUIEHOK. [LneHKu
W3rOTABIIUBAIM MyTEM JIThSl LITUKEPA, COCTOSIILEro M3 ruactudukaropa (TPUITUICHIJIUKONb-
OuC-2-3TUII-TEKCAHO0AaT), MOJIUBUHWIOYTHPAIS U MOPOLIKA MaTepuana (yHKIHOHAJIBHOTO CJIOS
TOTD ( okcupa HUKeNsT M CTAOMIM3MPOBAHHOTO UTTPUEM TUOKCHUZIA LIUPKOHUS JJIsI aHOIHOTO
CJI0s1, CTAOMIIN3NPOBAHHOTO UTTPUEM AMOKCUIA IIUPKOHUS JIJISI DJIEKTPOJIUTHOTO CJIOSI, MAHTAHUTA
JIAHTaHAa, AOMUPOBAHHOIO CTPOHLMEM, Ui KaTtomHoro ciosi). Ilocne mpocylmBaHus, TUIEHKH
CMa4YMBAJIA UCXOAHBIM LUTUKEPOM M MPHUKJICUBATH K MHOrOQYHKUHOHANIBbHON ocHOBe. Ilocne
3TOrO CNEKalu NpPU COOTBETCTBYHOIIUX Temmeparypax: 1500°C - anopnweiii cinol, 1450°C -
anekTpoiuTHbIi cnoi, 1150°C - katonnsiii ciol. Takske BO3MOXKHBI IPYTHe CIIOCOOBI HAHECEHUS
CJIOEB MEMOPAHHO-3JIEKTPOIHOTO OJIOKA: XUMHUYECKOE OCAXKIEHUE 13 ra30BOH (pa3pl, TEpMUUECKOE
¥ 3JIEKTPOJYTrOBOE OCAKACHUE, MATHETPOHHOE HAIbLICHHE.

IIpennaraemass MHOrOQYHKIMOHAJIbHAs OCHOBA JJsi MEMOpPaHHO-3JIEKTPOAHOro OJoKa
TBEPOOKCHIHOTO TOIUIMBHOIO 3JIEMEHTA pabOTaeT ClEeAYOINM 00pa3oM

VYTr1eBoAOpOAHOE TOIUIMBO MPOTEKAET CKBO3b MHOTO(YHKIMOHANbHYIO OcHOBY (PUI.4). 3a
CUeT 33JJaHHOTO TPAJMEHTA AaBJICHUS YCTAHABINBACTCS HEOOXOIUMAst CKOPOCTh ITOTOKA ra3, MpH
KOTOPOI JOCTUTaeTcsi Hy’>KHasl CTENeHb YTUJIW3ALUM TOIUIMBA, & BBICOKONOPUCTAs SYEUCTAs
CTPYKTypa ¢ TmopamMud B BbiOpaHHOM nuamna3oHe pasmepoB (0,1- 10 mm) obecrevnBaer
Hepa3pbIBHOE TypOyJIeHTHOE IBIKEeHUE ra3a. Ha rpanune pasaena cpel, B JAMHHAPHOM MOACIIOE,
3a CYET KaTaJUTUYECKOH aKTUBHOCTU MAaTE€PHUAJIOB MHOTO(YHKIIMOHAJILHONH OCHOBBI, IPOHCXOIHT
nporecc pudopmunra (peakumu 2). Ilpm 3TOM B sape ra3oBod cpempl oOpasyroTcs
BBICOKOTYPOYJIM3HUPOBAHHBIE TOTOKH, 3HAYUTENBHO MOBbIMAamue 3(GHEeKTHBHOCT MPOLECCOB
TEIUIO- U MAacCO-TIepeHoca BCieACTBHE TypOysneHTHOH and¢y3un. ITH MOTOKH AOCTABIISIOT
nponyKThl mpeoOpaszoBanus yriaesopopoanoro tommea (CO u Hz) x rpannue memOpaHHO-
snekrpongHoro Omoka TOTD, rae mMpOMCXOAWT MPOLECC UX SJIEKTPOXUMHUYECKOTO OKHUCICHUS
HMOHaMH Kuciopona (peakuuu 3), oOpa3zoBaBmIUMUCS B peakiuu 1. B xone snekTpoxuMudeckoi
peakuun (3) obpasyrorcs HrO u COz, koropble OOIIMM IOTOKOM BBIBOIATCS 32 TPENEIbI
MHOTO(YHKIIMOHAJIBHONH OCHOBBI, M 3JIEKTPOHBI, KOTOPbIE HAIPABISIOTCS BO BHEIIHIOK IIETb

Harpys3Ku.



Hcnonp3oBanue KaTaIUTHYECKH AaKTUBHOM KEPAaMHUKH C BBICOKONOPHUCTON STYEUCTOHN
CTPYKTYpOIl B Ka4eCTBE ONOPbl MEMOPAHHO-3JIEKTPOJHOrO OJI0OKa B HACTOAIIEM H300peTeHHn
NIO3BOJISIET NPUAATh HEOOXOAUMYIO MEXAaHHMUYECKYIO MPOYHOCTh €AMHUYHOMY TBEPIOOKCUIHOMY
TOTJIMBHOMY 3JIEMEHTY, COXPAaHUTb ONTUMAJbHOE COOTHOLIEHHE TOJLIMH (PYHKLHUOHAJIBHBIX
CII0eB MeMOpPaHHO-3JIEKTPOIHOro OJIOKa, OpPraHu30BaTh PHU(GOPMUPOBAHHE YIJIEBOAOPORHOTO
TorBa HenocpeacTseHHo B TOTD, a Taxke NmoABOJ TOIUIMBA K 3JIEKTPOLY U OTBOAY OT HEro
IPOAYKTOB PEAKLIUH.

Hwuxe npeacraBieHbl MprMepbl KOHKPETHOTO OCYLIECTBICHUS PEJIaraeéMoro H300peTeHusl.

ITpumep 1.

MHOro(yHKIIMOHAJIBHYK0 ~OCHOBY H3TOTaBJIMBAIM METOIOM PEIUIMKALUU  CTPYKTYPBI
PETUKYJUPOBAHHON MEHOIMONNYPETAaHOBONH 3aroToBkU. [l 3TOro 3aroTOBKY IPONUTHIBAIU
LIJTUKEPOM C MOCIEAYIOLUUM OTXKUMOM. JlaHHBIN MIar mocjiefoBaTeNbHO BBINOJNHAIU 4 pasa.
ITocne 3Toro BeICYIIMBaIU NPU KOMHATHOH TeMnepaType Ha Bo3ayxe B TedeHue 12 yacos. OTxur
IPOBOAMIHN €O CKOPOCThIO 100°C/4 ¢ BBIIEPKKOM NMPU MAKCHMMAJILHOW Ui KaXKIOTO COCTaBa
(Tabmuma 1)remneparype (TemmnepaTypa CrieKaHHsI) B TEUEHHE 8 4acOoB.

IInukep cocrosin cyxor cmecu (18% wmacc.momuBuHmIOyTHpans U 82%Macc. OKCHIHOTO
HATIOJIHUTENS) B 3THIIOBOro ciupta (He Menee 50% 00. oT obbema cyxoil cmecu). B kauectse
OKCHIHOTO HAIOJIHUTENST UCTIONB30BaIN COCTaBhl Zro9Can103.4+40% macc. NiO, CeO2+8%Cu,
AL Os.

Pe3ynbTaThl 5KCHEPUMEHTAJIBHON OLEHKH 00pa3sLioB MHOTO(YHKIMOHAJIBHOW OCHOBBI IUIS
MEeMOPaHHO-3JIEKTPOJHOTO OJIOKa TBEPAOOKCHUAHOTO TOIUIMBHOIO 3JIEMEHTA INPENCTABJICHBI B

tabmure 1 (obpasubr Ne 1-3).

ITpumep 2.

Kepamuueckuit 0110k MHOrOo()yHKIIMOHAIbHOW OCHOBBI OBLI M3TOTOBJIEH 1O npumepy 1. B
Ka4eCTBE 3aroTOBOK OBLT B3SIT MEHOMOJIUYPETaH CO CpeaHuM pasmepom mop 4, 2, 0,8 u 0,5 mm.
@dopMHUpOBaHHE MHOTOYPOBHEBOI'O KEPAMUYECKOTrO OJIOKAa MPOUCXOIUIIO MyTeM CKJIEHBAHUS 10
CTIIEKaHUsI TEHOIOJNYPETAHOBBIX 3arOTOBOK, NPONHTAHHBIX LUTHKEepoM. [l obpasma Ne 11
(Tabmn.1) ypoBeHb 1 3aroToBKy, MPOMHUTAHHYIO COOTBETCTBYIOIIMM HUTUKEPOM, MPUKIECHUBAIH K
CTIEYEHHbIM COBMECTHO YpOBHIO 3 1 2. ITocie 3Toro MHOroypoBHEBbIe 0Opa3Libl BBICY LTUBAJIUCH
Ha BO3JyXe MPU KOMHATHOW TemmepaType B TedeHue 12 wacoB. 3aTem oOpasmbl CrEKad MpH
temnepatype 1500°C B TedeHue 4 4yacoB. Pe3ynbTaThl SKCIIEPUMEHTABHON OLEHKHM O0pas3IoB
MHOTO(QYHKIIMOHAJIBHONH OCHOBBI JUIi MEMOPaHHO-3JIEKTPOIHOrO OJIOKa TBEPIOOKCHAHOTO

TOTUIMBHOTO 3JIEMEHTa npeacTaBiieHbl B Tabmuie 1 (oOpasisr Ne 8-11).



ITpumep 3.

Ha kepamuueckuii Oyiok, W3roToBjieHHbI 1o mpumepy 1 u 2, u3 marepuanos AlxOs,
Z109Ca0.103.4 (B manHOM m300peTeHnu CiIoi 1), HAHOCUIIM MOMOJHUTEIbHBIE CJIou. [l 3Toro,
KepaMH4YeCcKUi OJIOK TNPONHUTHIBAIM IIJIUKEPOM M3 Cyxoil cmecu (90%Mmacc. OKCHIHBIX
marepuanoB U 10% macc. MOTMBHHWIOYTHpAJs) M 3TUIOBOrO cnupTa (He mMeHee 70% 00. oT
o0bemMa cyxoii cmecu). B kadecTBe OKCHIOHBIX MarepuayioB wucnoib3oBanu: Ce0+8% Cu,
Ce0,+2%Pt, SrsMgMoQOs. OGpasubl  cnexanu npu  Temnepatrype 1500°C. Pesynbrars
SKCIMEPUMEHTAJIBHOW OLIEHKH OO0pa3lOB MHOTO(pYHKIMOHATBLHOW OCHOBBI [JIi MeMOpaHHO-
3NIEKTPOJHOrO OJIOKa TBEPIOOKCHAHOIO TOIUIMBHOTO 3JIEMEHTAa MpeACTaBieHbl B Tadmuue 1

(obpasuer Ne 4-7, 10-11).

ITpumep 4.

Ha MHOro¢yHKIIMOHAIBPHYIO OCHOBY, M3TOTOBJICHHYIO 1O npumepy 1,23, QyHKIHMOHAIbHBIE
CJION MEMOPAHHO-3JIEKTPOAHOTO OJIOKa HAHOCHIIM IO TEXHOJIOTHHU JINThSI TOHKUX K€PAMUYECKUX
ruieHOK. CJIOM HAHOCHITH MTOCIIENOBATEIBHO, ITOCIIE CIIEKAHUS MPEIbIIYIIErO CIIOs.

AHOnHBIN (YHKIMOHAJIBHBINA CJIOH OBUT M3TOTOBJIEH M3 LLIMKEPAa C COCTABOM: CyXas CMECh
(74% wmacc. (Z10.9Y0.102.4t40% macc.NiO, 18% macc. nonuBuHIIOy THpaNb, 8% -KapTodenbHbIi
KpaxmaJi) U 3STHJIOBBIN criupT (He MeHee 60% 00. or oObpema cyxoii cmecH). CriekaHue MPOBOAUIIH
npu Temneparype 1500°C B teuenue 3 dyacoB. 3aTeM HaHOCHJIU cioi saexTponuta. CocTas
nuKepa: cyxas cmech (95% mace. (Z10.9Y0.102.4), 5% Macc. momuBUHUIOYTHPAJIS) U STHIIOBBII
ciupt (He Menee 60% 00. or obwvema cyxoil cmecu). CnekaHue HPOBOIWIN IO PEXHUMY,
BKJTIOUAKOIIEMy CKOpPOCTh HarpeBa - 100°C/4ac, BbIIEp:KKY B Te€UEHHE 2 YaCOB MPH TEMITEpaType
1200°C u B Teuenue 15 yacos npu temnepatype 1450°C. oxnaxnenue co ckopoctbio 100°C no
800°C. Illnukep At M3TOTOBJIEHHUSI KATOAHOTO CJIOSI BKJTIOYAN B cebsi: Cyxyro cMech (85% macc.
(Lao6Sr0.4Mn0s3), 15% macc. momuBUHIIIOYTHpasA) U 3THIOBBIH criupt (He meHee 60% 00. ot
oObema cyxoit cmecn). Criekanue rposoawiy npu remmneparype 1150°C.

Pe3ynbTaThl 3KCHEPUMEHTANIBHOW OLEHKH 00pas3loB MHOrO(YHKIMOHAJIBHOW OCHOBBI MJIS
MEeMOpPaHHO-3JIEKTPOAHOTO OJIOKa TBEPAOOKCHIHOTO TOILIUBHOTO 3JIEMEHTA IPEICTABICHBI B

Tabmune 1.

Tabmuna 1.



Pe3ynbTaTel 3KCIEpUMEHTANIBHON OLIEHKH 00pa3LioB MHOTO(YHKLIMOHATIBHON OCHOBBI IS

MeM6paHHO-3J'IeKTpOI[HOFO O70Ka TBEPAOOKCUAHOIO TOILIMBHOI'O 3JICMECHTA

No o ;’ 8
9 2 Q S o E B~
obpasua % °F =4 T = 3 E © 0 a B2
Cocras 82| 5 = = 2 2 §in E9 g
MHOTO(YHKIHOHATbHOH | = & | & S0 S o °E 5 o 52 =
5ol 9 o° o= Q 5 6 H £ Z g
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S |E |&& |E® SEE
MHoro¢yHKIIOHaIbHAsT OCHOBA, BBITIOJHEHHAs B 1 yPOBEHb B OAMH CJIOM
1 Z109Ca0.1034+ 1 85 1550 2.0 He MeHee 3 96
40% macc. Ni
2 Ce021+8%Cu 1 85 1550 1.0 He MeHee 3 91
3 Al>O3 2 85 1550 1,8 He MeHee 3 3

MHoro¢yHKIIOHaIbHAsT OCHOBA BBINOJHEHA B | yposeHb B 2 win 3 cinost. (Hymeparus

CJIOEB UIET OT BHYTPEHHETO K HAPYKHOMY )

4 (cmoii 1) Zro9Cao 1034 1550
(cnoii 2) Ce08%Cu | | | ' [T1as0 | 1P | mewmeneel ol
5 (croii 1) Zro9Cao1034 5 90 1550 1.6 HE MeHee 3 89
(cnoti 2) Ce02+8%Cu 1450
6 (cnoti 1) Al,O3 1 25 1550 e e “
(cnoii2) Sr2MgMoOs 1450 ’
(cnoti 1) Zro.9Cap 1034 1500
7 ~
(cmoit 2) CeO2 1 85 1450 1.8 He MeHee 3 50
(cnoii 3) 1450
SrsMgMoOs

MHoro(yHKIMOHAJIbHAsI OCHOBA BBINOJHEHA B OJJMH WJIH HECKOJIBKO YPOBHEH C Pa3HBIMU
CPEIHUM Pa3MePOM TOP U M3 Pa3HbIX MATEPUAIOB MaTepuaiaMu (HyMepamus ypOBHEH UIeT

OT MEMOPaHHO-3JIEKTPOAHOTO OJIOKA)

ypOBEHD 2 1,0 85 1550
8 Ce0,1+8%Cu
yposens 1 01 | 70 | 1450 | 'O | newmenee3 93
SraMgMoOs
YPOBEHD 2 2,0 88
Z10.9Ca0.1034+40%
9 macc. N1 1550
ypOBEHbB | 0,7 68 2.0 HE MeHee 3 96
Z10.9Ca0103.4+40%
macc. Ni
ypoBeHb 2 1,2 87 1550 1,8 He MeHee 3 94
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(croit 1) Zro.9Ca0.1034

10 | (caoti 2) CeO2+8%Cu 1450
ypPOBEHB 1 1450
Ce02+8%Cu 0,51 70
YPOBEHbB 3
Z10.9Ca0.103.4+3% 2,0 85 1550
macc. Pt
11 yPOBEHD 2 1550
(croii 1) Zro9Cao 1034 | 0,5 70 7450 1,8 He MeHee 3 94
(cnoii 2) Ce0r+8%Cu
ypOBEHbD 1
Sra2MgMoOs 0,2 65 1400
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DOOPMVIJIA N30BPETEHHA

1. MHoro¢pyHKIHOHAIbHAS OCHOBa st MeMOPaHHO-3JIEKTPOHOTO Onoka
TBEPJOOKCHIHOTO TOIUJIMBHOTO 3JIEMEHTa, OOeCmevyuBaroInas IOABOA TOIUIMBA M OTBOJ
NPOAYKTOB DPEAaKUUH, OMIUYAIwascs TeM, 4YTO HeCylllas OIopa BBIIOJIHEHA B BUE
KaTaJUTUYECKH aKTUBHOTO KEPAMHUYECKOro OJI0Ka ¢ MOPUCTOCTBIO 10 90 %, suencrasi CTpyKTypa
KOTOPOro, ¢ MPEUMYLIECTBEHHO OTKPBITBIMU mopamu, pazmepom 0,1-5,0 MM, BBIIOJNHEHA C
OIHOMOJAJIbHBIM WJIM MOJUMOJAJIBHBIM PACIPEeIeHUEM MIOP MO pa3Mepam.

2.  MHoro(yHKIIMOHAIbHAST OCHOBA M0 M. 1, omauuaiowasncs TeM, 4To KepaMu4ecKuil OJIoK
COAEPKUT OT OIHOTO JO TISATH YPOBHEH, KAKABIH W3 KOTOPBIX HMEET COOCTBEHHOE
pacnpeneneHue nop - OAHOMOJAIBHOE WM NMOJUMOAIBHOE.

3.  MHorodyHKIMOHATbHAST OCHOBA M0 M. 1, omauuarowasicsi TeM, 4To KepaMH4ecKui OJI0K
COIEP>KHUT OT OJHOTO JIO MSATH YPOBHEH, KaXKIbIi N3 KOTOPBIX UMEET COOCTBEHHBIN pa3Mep Iop.

4. MHoroyHKIHOHAIBHAS OCHOBA MO M. 1, omauuarwasncs Tem, 94To KepaMudecKuid OJI0K
COIEPKUT OT OAHOIO A0 ISATHU YPOBHEH, KaXIAbIH M3 KOTOPBIX BBINOJIHEH W3 OJHOIO WIH
HECKOJIbKIX OKcHIoB Metaiios Zr, Ce, Al, Mg.

5. MHoropyHKUNOHAIBHAS OCHOBA MO M. 1, omauuarowascs TeM, 9To KepaMUIeCcKHid OJIoK
COIEPKUT OT OJHOIO N0 IMATU YPOBHEH, KaXKAbIM U3 KOTOPBIX BBINOJIHEH W3 OJHOIO WJIU IBYX
TBEPJbIX PACTBOPOB HA OCHOBE OKCHIOB METAJIOB, TakKuX Kak ZrxCaix02.d4 (0.97<x<0.6), ZrxY1-
x024 (0.95<x<0.6), ZriMg1xO02.4, (0.95<x<0.6), CexY1xO2.4 (0.95<x<0.6), ZrxAl1xO2.4
(0.99<x<0.9).

6. MHoropyHKIHOHAIBHASE OCHOBA IO M. 1, omauyarowasicsi TeM, 9To KepaMHUueCKuil OJI0K
COZIEPKUT OT OJHOTO JIO IATU YPOBHEH, KaXKAbIM U3 KOTOPBIX BBINOJIHEH W3 OJHOTO WJIU JBYX
CIOKHBIX OKCHIOB, Takux Kak CeZrO4, Y2Z1207, LaogSro2NiosMo203 (M = Bi, Co, Cr, Cu, Fe),
A>B’B”0Os (A=Sr, Ba; B'=Fe, Ni, Mg; B’=Mo,W, Te), LaNiOs.

7. MHoropyHKIMOHAIbHAS OCHOBA IO M. |, omiuuarwascs TeM, 4To KepaMU4ecKuil OJok
COAEPIKUT OT OJIHOTO IO IATH YPOBHEW, KaXKObIH W3 KOTOPBIX BBINOJHEH W3 KOMOWHAINH
OKCHIOB MeTajioB Takux kak Zr, Ce, Al, Mg w/unm TBepABIX pacCTBOPOB HA OCHOBE OKCHIOB
metaioB Takux Kak ZrxCaix0r4 (0.97<x<0.6), ZrxY1x024 (0.95<x<0.6), ZrxMgi1x024,
(0.95<x<0.6), CexY1x02.4 (0.95<x<0.6), ZrxAl1-xO2.4 (0.99<x<0.9), W/unm CIOXHBIX OKCHOB,
CleO4, YzZr207, LaO,ssTO,zNi0,8M0,203 (M = Bi, CO, Cr, Cu, Fe), A2B’B”0O¢ (A=Sr, Ba; B'=Fe,
Ni, Mg; B’=Mo,W, Te), LaNiOs(manpumep , ZrxCa1xO2.4 (1,05x<0.6) + CexY1x02.4 (1<x<0.6),
ZrxY1x02.4 (1=x<0.6) + CexY1-x02-4 (1=x<0.6), ZrsMg1.x02.4 (15x<0.6) + CexY1x02-4 (1<x<0.6),
AL O3+ CexY1x024 (1=x<£0.6), MgO+CexY1.x02.4 (15x<0.6), AlLO3+ CexY1.x024 +Y2Z1207,



Lao 8Sr02Nio sMo 203 (M = Bi, Co, Cr, Cu, Fe), ZrxCa1x02. (1,0<x<0.6) + CexY1x02-4 (1=x<0.6)
+A2B’B”0s (A=Sr, Ba; B'=Fe, Ni, Mg; B’=Mo,W, Te), ZrxCa1.x02.4 (1,0x<0.6)+ LaNiO3).

8. MHoropyHKUNOHAIBHAS OCHOBA MO M. 1, omauuarowascs Tem, 9To KepaMUIecKui OJIoK
COIEPKUT OT OJTHOTO JIO TISITH YPOBHEH, KKIBINA U3 KOTOPBIX BBITIOJIHEH U3 OKCH/Ia METajlia WU
TBEPAOTO PacTBOpPA HA OCHOBE OKCHJIOB METAJUIOB, UM CJIOKHOTO OKCHJA U METaJUIOB, TAKUX
kak: Pt, Ag, Au, Re, Ru, Rh, Pd, Fe, Co, Ni, Cu, kak B OTA€JIbHOCTH, TaK 1 B UX KOMOWHALINH.

9. MHorodyHKIHOHAIbHAS OCHOBA M0 M. 1, ominuarwascs TeM, 4To KepaMU4ecKuil OJok
COZIEP’KUT OT OIHOTO MO IISITH YPOBHEH, KaKIblii M3 KOTOPBIX BBIOJHEH W3 KOMOWHAIUH
OKCHZIOB MeTajuioB Takux kak Zr, Ce, Al, Mg u/uimu TBepabIX pacTBOPOB HA OCHOBE OKCHJIOB
mMetauioB Takux Kak ZrxCaix0rq (0.97<x<0.6), ZrxY1x024 (0.95<x<0.6), ZrxMgix024,
(0.95<x<0.6), CexY1x02.4 (0.95<x<0.6), Z1rxAl1-xO2.q4 (0.99<x<0.9), W/miu CIOXHBIX OKCHIOB
TaKHUX KaK CleO4, YzZr207, LaO,gsrogNiO,gMO,zO3 (M = Bi, CO, Cr, Cu, Fe), A2B’B”0O¢ (A=Sr,
Ba; B'=Fe, Ni, Mg; B”=Mo,W, Te), LaNiOs u merajuioB Takux kak: Pt, Ag, Au, Re, Ru, Rh, Pd,

Fe, Co, Ni, Cu, Kak B OTIEJIbHOCTH, TaK U B UX KOMOMHAIUH.
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MHOI'O®YHKIIMOHAJIbHA S OCHOBA JIJI1 MEMBPAHHO-2JIEKTPOJIHOI'O
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SRR HA KATORE(1):
RSy )

2

peakiiy Ha MHOTO(QYHKIIHOHAIBHOMH ocHOBE (2):
CH,+ CO,=2C0O +2H,

CH, +H,0=CO + 3H,

CH,=2H.+C

pPeaKIii Ha TPaHUIIe MEKTPOIUT-aHox (3)
HA0™ H,0 +2¢

CO+O=CO.+2e
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P 10 mm
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