PE®EPAT

Hurnmomuy pobGoTy BuKIageHo Ha 81 cTopiHIi, BOHA MICTUTh 3 PO3JILIH,
52 imoctparii, 7 Tabmune Ta 40 miTepaTypHUX KEpe.
00’exT pociaimxenHsi. KepaMiuHi Ta TOBCTOTIUIIBKOBI MaTepiadyd Ha OCHOBI JIOKCHIY
IIUPKOHII0, CTAaOLII30BaHOTO CTaO1I30BaHUX CKJIAJHUMHU OKCHJAMU CKaHJII0 Ta 3aii3a
(cucremu (Zr02)o.90(Y203)0.07(F€203)0.03 Ta (Zr02)0.90(SC203)0.07(F€203)0.03)-
Metoau aociixkeHHsi: peHTreHoda3oBui aHamiz (BMICT ¢da3 Ta CHHIOHIS JIOKCHIY
IIUPKOHIIO), eJIeKTpOHHA MiKpockortia Ta EDX nocmimxeHns (MikpocTpyKTypa Ta ¢pa3oBuit
CKJaja), IMIEJaHCHA CIEKTPOCKOMis (TPOBIAHICTH KEpPaMIYHUX Ta TOBCTO ILJIIBKOBUX
3pa3KiB).
MeTta i 3aBAaHHSI JOCTiXKeHHS. METOI0 JOCIIDKCHHS € CHHTE3 Ta JOCIIKCHHS
KepaMi4YHUX Ta TOBCTOIUIIBKOBMX 3pa3KiB JIOKCHAY IMPKOHIIO, CTa01I130BaHOTO
CKJIaJHUMHU Jo00aBKkaMu ckaumiro Ta 3amsa (cucteMu (Zr0O3).00(Y203)0.07(F€203)003 Ta
(Zr02)0.90(5€203)0.07(F€203)0.03) ¥ TIOPIBHIHHS X €EKTPO(PI3ZUIHIX OCOOTUBOCTEH.

JInst JOCSATHEHHS MOCTaBJICHOI METH HEOOX1THO OyJIO BUPIIIMTH HACTYIHI 3aBJaHHS .
O3HalOMHUTHCH 3 JITEPATypPOIO PO CTPYKTYPY Ta CTAOLII3aLII0 JIOKCUAY IIUPKOHIIO.
OcBoiTH MeTOJ IMIEJAHCHOI CIEKTPOCKOMIi JJisi BHUMIPIOBAHHS €JIEKTPO(IZUIHIX

BJIACTUBOCTEH KHCEHb NPOBIHUX MaTrepiajdiB Ha OCHOBI CTa01TI30BaHOTO J1OKCHUIY
IIUPKOHIIO.

[IpoBectn BUMIPIOBaHHS POBITHOCTI KepaMI4HHUX 3pa3KiB CUCTEM
(Zr02)0.90(Y203)0.07(F€203)0.0s Ta (Zr02)0.90(SC203)0.07(F€203)0.03-

[IpoBecT  BUMIpIOBAHHS  NPOBIJHOCTI  TOBCTO  IUTIBKOBUX  3pa3KiB  CHCTEM
(Z2r02)0.90(Y 203)0.07(F€203)0.03 Ta (Zr02)0.90(SC203)0.07(F€203)0.03-

[IpoBecTn TOPIBHSHHSA €IEKTPO(DI3UYHUX OCOOJMBOCTEH KEpaMidHUX Ta TOBCTO
IUTIBKOBUX 3p33KiB CHUCTEM (ZI’Oz)o_go(Yzo;g)o.(ﬂ(Fezog)o_og Ta (ZrOZ)0_90(SC203)0.07(F9203)0.03.

B pesynbrari 6ys0 3po0JieHO Takl BUCHOBKU:

O3HallOMJIEHO 3 METOAMKOI0 CHHTE3y KEepaMiuHMX Ta TOBCTO ILJIIBKOBHX MaTepiasiiB
TIOKCUY IIUPKOHIIO, CTaOLII30BaHOTO CKJIAJHUMHU J00aBKaMM CKaHAII0 Ta 3aii3a

(CI/ICTGMI/I (ZrOZ)0.90(Y203)0.07(F9203)0.03 Ta (ZrOZ)olgo(SCZOg)ol(ﬂ(Fezog)olog). BcTranosneno,



wo B cucreMax (Zr02)o90(Y203)0.07(F€203)0.0s T2 (Zr02)090(SC203)0.07(F€203)0.03 OKCHA
3amiza (III) pozunnsierscsa B ZrO,, aje He € cTabL1i3aTOPOM HOTr0 BUCOKOTEMITEPATYPHHUX
¢da3. BcTtanoBneHo, 110 YaCTKOBE 3aMilllEHHs 10HIB Y3 ma Fe®* MiJBUINY€E €(EeKTUBHICTh
Y,0; sik crabinizaTopa BucokoremiepaTypHoro ZrO, BHACIIIOK YTBOPEHHSA OpTOQEPUTY
iTpito (YFeOs), 13omopdHOro no c-ZrO,, a Takox 3a paxyHOK 3MEHIIEHHS cerperarii
ITpif0 Ha TpaHUIAX 3epeH. Y Bumanaky cucteMu (Zr0;)q90(SC203)0.07(FE203)003 OKCHI
3amiza (III), pozuunsieTscst B ¢-ZrO, COUIBHO 3 OKCHJIOM CKAaHJIIO y BHUIJISAI KyOI4YHOTO
TBEPJIOTO PO3UUHY SCy.4FE4O3 31 CTpyKTYpoOr0 61kcOiTY, 130MOopdHOTO c-ZrO;.

[TpoBeneHi BUMIpIOBaHHS KOMILJIEKCHOTO IMIIEIAHCY CHHTE30BAaHUX KEpPaMiuHUX Ta
TOBCTO ILTIBKOBUX MaTepiajiB CHUCTEM (Zr02)0.90(Y203)0.07(F€203)0.03 Ta
(Zr02)0.90(5€203)0.07(F€203)003 B 1mmpokomy uacrotHomy (32 MIn-1 TI'm) Ta
temmeparypaomy (20-750°C) niamasonax. ITokaszano, MmO MPOBIAHICTH KepaMidyHHX
maTepiaiiB cucteMu (Zr0;)o.90(SC203)0.07(F€203)0.03 ipu 720-730°C BuIIEe 3a MPOBIIHICTH
kepamiyaux MarepianiB cucteMu (Zr0,)o90(Y203)0.07(F€203)0.03. IIpoBigHICTE TOBCTO
IUTIBKOBUX 3pa3KiB HaOMMKAEThCS [0 MPOBIAHOCTI KEpaMiKH BIiJIMOBIAHOTO CKIIAIIB.
CkaHJ1i€eBMICHI KepaMmivHi Ta TOBCTO TLJTIBKOBI Marepiaau CHUCTEMHU
(Zr02)0.90(5¢203)0.07(F€203)0.03 TEMOHCTPYIOTH B IiJIoMy y 1.5-2 pa3u BHIIY MPOBIIHICTB,
HDK 1TpieBMicHI. [linOuparoun ckiaa Ta TEXHOJOTIUHI MapaMeTpH, MOXKIIMBO CTBOPIOBATH
TOBCTI IUNIBKM Ha OCHOBI CTaOUTI30BAaHOTO OKCHJY IIHMPKOHIIO, SKI Maibke He
MOCTYTAOTHCS KEPAMIYHUM 3pa3KaM.

CuHTe30BaH1 TOBCTI IUIIBKM HAa OCHOBI JIIOKCHUJYy ITMPKOHIIO, CTa0171i30BaHOTO
CKIAIHUMHU J00aBkamMu ckaHfito Ta 3amiza (cuctemu (Zr05)g.00(Y203)007(F€203)003 Ta
(Zr02)0.90(5€203)0.07(Fe203)0.03) Xapakrepu3yroThcst B obmacti temmepatyp (600-700°C)
BHUCOKOIO 10HHOIO TMPOBIJIHICTIO 1 MOXKYTh OyTH BHUKOPHUCTaHI SIK TBEPAl €IEKTPOJITH JJIs

HU3BKOTEMIIEPATYPHUX MATMBHUX KOMIPOK.

KJIFOYOBI CJIOBA: ctabinizoBaHuil JIOKCHA IIUPKOHIIO, KepaMi4YHUN Martepiall,

TOBCTI TUTIBKH, IMIIEIAHC HA CIIEKTPOCKOITisI, MPOBIAHICTh, MAJIMBHA KOMIpKa.



ABSTRACT

Thesis contained 81 pages, it contains 3 chapters, 52 figures, 7 tables and 40 sources in the
list of references.
Object of study. Ceramic and thick film materials based on zirconium dioxide stabilized
by complex scandium oxides and iron (system (ZrO,)o.q0(Y203)007(Fe203)003 and
(Z2r02)0.90(S€203)0.07(F€203)0.03)-
Research methods: X-ray analysis (content crystal system phases of zirconium dioxide),
electron microscopy and EDX studies (phase composition and microstructure), impedance
spectroscopy (conductivity ceramic thick film that samples).
The purpose and objectives of the study. Synthesis and study of ceramic and thick
samples of zirconium dioxide stabilized complex addition of scandium and iron (system
(Zr02)0.90(Y203)0.07(F€203)003 and (Zr05)0.90(S¢203)0.07(Fe203)003) and comparing their
electrophysical features.
To achieve this task it was necessary to solve the following problems:

» Be familiar with the literature on the structure and stability of zirconium dioxide.

» To master the method of impedance spectroscopy to measure the electrical properties

of oxygen leading materials based on stabilized zirconium dioxide.

o Perform a measurement of the conductivity of ceramic samples

(Zr02)0.90(Y203)0.07(Fe203)0.03 and (Zr02)0.90(SC203)0.07(F€203)0.03.

o Determine conductivity of thick film samples (ZrO,)o.90(Y203)0.07(Fe203)003 and

(Z2r02)0.90(S€203)0.07(F€203)0.03-

o Carry out comparison features electro-ceramic and thick film samples of

(Z2r02)0.90(Y203)0.07(F€203)0.03 and (Zr02)0.90(SC203)0.07(F€203)0.03.

The result was made the following conclusions:

Familiar with the method of synthesis of ceramic and thick film materials zirconium
dioxide stabilized complex addition of scandium and iron  (system
(Zr02)0.90(Y203)0.07(F€203)0.0s and (Zr02)0.90(SC203)0.07(F€203)0.03). Established in systems
(Zr02)0.90(Y203)0.07(F€203)0.03 and (Zr02)0.90(SC203)0.07(F203)0.03 iron oxide (I11) dissolved

in ZrO,, but is not it high phase stabilizer. Found that partial substitution of Y** on Fe**



improves efficiency Y,0;3; a high temperature stabilizer ZrO, due to the formation of
YFeOs, isomorphic to c-ZrO,, and by reducing yttrium segregation to grain boundaries. If
the system (Zr0O,)0.90(S€203)0.07(Fe203)003 iron oxide (I11), dissolved in c¢-ZrO, together
with scandium oxide as a solid solution of cubic Sc,.,Fe,O; the structure became
iIsomorphic ZrO,.

Past measurements of complex impedance synthesized ceramic thick film materials
and systems (ZrO;)o.90(Y203)0.07(F€203)003 and (Zr0;)o.90(SC203)0.07(F€203)003 @ Wide
frequency (32 MHz-1 Hz) and temperature (20-750°C) bands. Have shown that the
conductivity of the ceramic material system (Zr0,)0.00(SC203)0.07(F€203)003 at 720-730°C
higher than the conductivity of ceramic materials systems (Zr0O;)o.90(Y203)0.07(F€203)0.03-
Conductivity thick film samples approaching conductivity ceramics respective
warehouses. Scandium, ceramic and thick film, systems (Zr0O,)q.90(SC203)0.07(F€203)0.03
show 1.5-2 times higher conductivity than Yttrium. By selecting, the composition and
process parameters may create thick films based on stabilized zirconium oxide, which is
almost not inferior to ceramic models.

Synthesized thick film based on zirconium dioxide stabilized complex addition of
scandium and iron (system (Zr02)0.90(Y203)0.07(F€203)0.03 and
(Zr05)0.90(S¢203)0.07(Fe203)0.03) characterized in temperature (600-700°C) high ionic

conductivity and can be used as solid electrolytes for low temperature fuel cells.

KEYWORDS: Titanium dioxide stabilized zirconia ceramic material, thick film,

Impedance spectroscopy to conductivity, fuel cell.
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