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Abstract

In this project, development of high oxide ion conductors for the
intermediate temperature (400—700°C) solid oxide fuel cell (IT-SOFC)
application is the major goal. The high operating temperature (HT,
800—1000°C) of the conventional SOFC technology puts very high
demands on the materials and technology, which is the reason why the
materials R&D still pose a major challenge for further development of
the SOFC technology into the market. The following materials are
studied in this project: R,Zr,0; and Ry(Zr,Ti),0;7 (R = Eu, Dy, Ho, Er
and Yb) with pyrochlore structure, (Lay,Ce(5)O;9 (abbreviated as LDC),
(Smy,Ceo5)O; 9 (abbreviated as SDC), Bi3(Nb;_ Ho,)O7. with fluorite
structure, and LaAlO; with perovskite structure. Except the
Bi;(Nb;_\Ho,)O74, all of the rest were mixed with 1:1 mole ratio of
Li,CO; and Na,CO; (abbreviated as LNCO) to form oxide—composites
and they all have ionic conductivity near 10~ S.cm™' at 500°C.
SDC-LNCO has the highest conductivity, 1.23(9) x 107" S-cm.
Among the R,Zr,0; and Ry(Zr,T1),0;7, Ho,Zr,O7 has the highest oxide
ion transference number (o), which is 1.00. With the same R atom,
R,Zr,07 has a higher tg than that of the R,(Zr,T1),0,, which is probably
due to a small amount of Ti atoms presence with valence other than 4+.
At 500°C, to of the Biz(Nb;_Hoy)O7 (X = 0.60) is 0.77, indicating that
mixed valence is existing in the sample. Although it has conductivity
near 107" S-em™ at 700°C, its tois 0.88 only, it is not an ideal oxide ion

conductor.

Keywords: Electrolyte of IT-SOFC, fluorite, carbonate composite
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Bl 1. XRD patterns of Bis(Nb;_xMgx)O7_; s« for X = (a) 0, (b) 0.10, (¢) 0.20, (d) 0.30,
(e) 0.40, (f) 0.50, (g) 0.60 and (h) 0.70, wavelength of the X-ray beam is 0.15418 nm
(top) and 0.0495941 nm (bottom).
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] 2. XRD patterns of (a) LaDC, (b) SDC, wavelength of the X-ray beam is 0.15418
nm (top) and 0.0495941 nm (bottom).
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& 3. XRD patterns of (a) LaDC-composite, (b) SDC-composite, wavelength of the
X-ray beam is 0.15418 nm (top) and 0.0495941 nm (bottom).
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B8] 4-(1). XRD patterns of (a)Eu,Zr,07, (b)Dy2Zr,07, (¢) H02Zr,07, (d) Er 221,07, (e)
Yb,Z1r,07; 4-(2). XRD patterns of (a)Euy(ZrT1)O7, (b)Dy2(ZrTi)O7, (c)Hox(ZrTi)O,
(d) Era(ZrTi)O7, (e) Yba(ZrTi)O7, wavelength of the X-ray beam is 0.15418 nm (top)
and 0.0495941 nm (bottom).
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Bl 5-(1). XRD patterns of (a)Eu,Zr,O;-composite, (b)Dy,Zr,O7-composite, (c)
Ho,Zr,07-composite, (d) Er,Zr,O7-composite, () Yb,Zr,O7-composite; 5-(2). XRD
patterns of (a) Eu,ZrTiO7;-composite, (b)Dy,ZrTiO7-composite, (¢) Ho,ZrTiO7-com
posite, (d) ErZrTiO7-composite, () Yb,ZrTiOs-composite, wavelength of the X-ray
beam is 0.15418 nm (top) and 0.0495941 nm (bottom).
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B8] 8. Rietveld refinement results of Bis(NbgoMgp1)Osss. The figures include the

experimental, calculated, and difference XRD profiles. Crosses are the experimental
data; solid lines are the calculated profile. All the possible Bragg reflections are
indicated with short vertical tics below the calculated profile. The differences
between the experimental and calculated results are plotted below the Bragg

refraction tics.
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] 9. Rietveld refinement results of LaDC. The figures include the experimental,

calculated, and difference XRD profiles. Crosses are the experimental data; solid
lines are the calculated profile. All the possible Bragg reflections are indicated with
short vertical tics below the calculated profile. The differences between the

experimental and calculated results are plotted below the Bragg refraction tics.

Intensity
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& 10. Rietveld refinement results of Dy,Zr,O7. The figures include the experimental,

calculated, and difference XRD profiles. Crosses are the experimental data; solid

lines are the calculated profile. All the possible Bragg reflections are indicated with

short vertical tics below the calculated profile. The differences between the

experimental and calculated results are plotted below the Bragg refraction tics.
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Eu,(ZrTi)O,

Intensity

|

5 10 15 20 25 30 35 40
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Bl 11. Rietveld refinement results of Euy(ZrTi)O;. The figures include the

experimental, calculated, and difference XRD profiles. Crosses are the experimental
data; solid lines are the calculated profile. All the possible Bragg reflections are
indicated with short vertical tics below the calculated profile. The differences
between the experimental and calculated results are plotted below the Bragg

refraction tics.

LaAlO,

Intensity

10 15 20 25 30 35 40
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] 12. Rietveld refinement results of LaAlOs. The figures include the experimental,

calculated, and difference XRD profiles. Crosses are the experimental data; solid
lines are the calculated profile. All the possible Bragg reflections are indicated with
short vertical tics below the calculated profile. The differences between the

experimental and calculated results are plotted below the Bragg refraction tics.
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% 1.

The Rietveld refinement results of Bis(Nb;_xMgy)O7-1 5x (X = 0—0.70), (Ro2Ceo8)O19
(R =La and Sm), R,Zr,07 (R = Eu, Dy, Ho, Er and Yb) » R,(ZrTi)O7 (R = Eu, Dy, Ho,

Er and Yb) and LaAlO:s.

Sample a-axis X R, Rup

Bi3(NbooMgo.1)O07-5 5.4683(2) 3.0750 0.0400 0.0283
Bi3(NbgoMgy2)07-5 5.4704(2) 2.9770 0.0392 0.0272
Bi3(NbyoMgo3)O07-5 5.4706(3) 4.9460 0.0505 0.0334
Bi3(NbyoMgo.4)O07-5 5.4712(2) 2.6220 0.0367 0.0261
Bi3(NbooMgo5)O07-5 5.4717(3) 4.7590 0.0495 0.0348
Bi3(NbooMgo.6)O07-5 5.4721(3) 3.0040 0.0393 0.0266
Bi3(NbgoMgo.7)O07-5 5.4727(3) 3.5000 0.0424 0.0280
Euw,Zr,0; 10.5487(1)  3.0670 0.0408 0.0282
Dy,Zr,0; 5.2239(2) 2.7770 0.0355 0.0250
Ho,Z1,0; 5.2136(3) 3.8050 0.0412 0.0294
ErZr,0; 5.2021(2) 2.3100 0.0337 0.0238
Yb,Zr,0; 5.1688(3) 4.9260 0.0512 0.0361
Euy(ZrTi)O; 10.3853(3)  2.4320 0.0375 0.0270
Dy, (ZrTi)O; 10.2982(6)  4.7750 0.0465 0.0361
Ho,(ZrTi)O; 10.2763(2)  3.6450 0.0435 0.0308
Ery(ZrTi)O; 10.2026(2)  2.5120 0.0312 0.0266
Ybo(ZrTi)O; 5.0961(7) 4.8810 0.0564 0.0349
LaDC 5.4726(7) 3.9750 0.0350 0.0024
SDC 5.4370(2) 3.1150 0.0390 0.0323
LaAlO; 3.7908(3) 0.6406 0.0370 0.0270

= RRBRER - KBHEBRFE~Z AT
B S O & Archimedes 2 RlE &% AR > 1 F 52 3+ ko
T RS TR ER B R 3 94-99% > dok 2 1o o LR R S
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H A" PR R e 00 XUF d 3 T S BcsL (SEM) LRI T R
7 SEM Bl 5 3= 5000 & i ek Spieipde o 4% B 5 LRI AR
B L EFEBF L AREREEF ERE SSRGS
EH 5000 B ARG g s BE o RIER&SY T A F 2R
G2 B B e — AL X-BFAR R B A STk 3 &R (Energy Dispersive
X-ray Spectrometer; EDS) » # =i cid P4k &7 7~ F 1 X-5A
kFooa B gdakda £#F 5 0753 20keV > — 7 AR
v F 7 R 0.1 wt% it boo X-St&ag £ A A 47 ik R X-5FAk
& 3-10keV Rl 5 B i272g o 3keV U T Mt &% > ¥ 5 %
HELT PRI D 2 10keV I F £ F R F] XSS A
ARG R F-TREEZ A e 5 e X SART S RS &R

' o

(- ) Bi3(Nb;-.Mg,)O7_1 5«

Bl 13 (a) #77% & Bi3(Nbg3Mgy7)Os9s 25000 & SEM Fl > Bl ¥ ©

RERZ2I G DELE A HRATFZESRY DER S
900°C » ¥ i @ F T &g 80 #710 SEM Bl&Z AL R 2
g4 4rend) fs o Bl 13 (b) & Bis(Nbg3Mgy7)Osos (FFEDS 7~ % 4 474
%o B RRD DA FREAHEREPN R o a B g F A
Rl A ARSI ELENES o d £ 2 F 0F IR Bi fr Nb a0t bl
s Err o @ Mg bl 29+ > 4 5 Mg ehK-line st . 9575 1.3
keV » §E3E EDS & it chpLiRl =B (3 - 10keV) 3 — K ZFEORE 1% -
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% 2.

The relative densities, atomic ratio obtained by EDS and R* found from Arrhenius
plots of Bi3s(Nb;_xMgyx)O7-15x (X = 0 — 0.70), (Rp2Ceps)O19 (R = La and Sm),
R,Zr,07 (R = Eu, Dy, Ho, Er and Yb) ~ Ry(ZrTi)O7 (R = Eu, Dy, Ho, Er and Yb) and

LaAlO;.
Sample Relative Atomic ratio R’
density (%) (Bi: Nb: Mg)

BisNbO; 95.3(1) 2.83(4):1 0.9989
Bi3(Nbg.oMgo.1)Os 85 96.1(2) 3.23(2): 1:0.01(4) 0.9956
Bis(Nbg sMgp2)Os 7 96.2(2) 3.63(3): 1:0.01(3) 0.9979
Bi3(Nbo.7Mgo3)O6 55 95.2(2) 4.02(1) : 1:0.35(2) 0.9980
Biz(Nbo.sMgo.4)O¢ 4 97.3(4) 4.73(1) : 1:0.43(2) 0.9919
Bi3(Nbo.sMgo.5)O.25 95.1(6) 5.65(2) : 1:0.13(3) 0.9875
Bis(Nb4Mgp6)Os 1 96.2(4) 7.21(4) : 1:0.03(3) 0.9898
Bi3(Nbo.3Mgo.7)Os 95 97.2(3) 9.22(3): 1:0.27(2) 0.9932
Eu,Zr,0 96.4(2) 1:0.95(1) 0.9944
Dy»Zr,0; 95.8(3) 1:0.88(3) 0.9939
Ho,Z1,0; 96.7(3) 1:0.94(2) 0.9955
ErZr,0 94.5(2) 1:0.84(1) 0.9982
YbyZr,0 95.3(3) 1:0.954) 0.9971
Euy(ZrTi)Oy 97.2(2) 1:0.47(2): 0.52(2) 0.9937
Dy»(ZrT1)O; 96.5(1) 1:0.47(3): 0.53(3) 0.9990
Hoy(ZrT1)O4 97.8(1) 1:0.48(1):0.50(2) 0.9963
Ery(ZrTi)O; 95.7(4) 1:0.44(3): 0.50(3) 0.9933
Yb,(ZrTi)O, 94.9(5) 1:0.44(5):0.53(4) 0.9945
(Lap2Cep3)O19 98.3(4) 1:3.99(2) 0.9993
(Sm,Ce )01 .9 98.9(5) 1:4.01(4) 0.9989
LaAlOs 95.8(2) 1:0.42(2) 0.9978
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(b)

Lel)

] 13. (a) SEM image and (b) EDS of Bi3(Nby3:Mg7)Os os.

(=) (Ro2Ceos)O19

Bl 14 (a) v (b) *t7 4 & 5 LaDC 4= SDC 15000 # SEM M -
d Bl P BA T &8 1600°C R Sh e 7 M iF R cipid » ¥
LaDC s+ % /[ ) & 2-5um > @ SDC ¥ i ¢ 54T &5 80 97
EELSFERAEE LR o B 14 (c) f= (d) #7o &~ W] 5 LaDC-compo-
site f= SDC-composite 775000 & SEM B] > d Bl ® BLZ I it 5 of
FRIABMER o BTSSRI ER TR B 14 () fr (D
/%] % LaDC 4w SDC (7 EDS ~ % ~ 47 % % » £ D eh~ % (",f &
k) PRALK PR &S A P o B 14(g) fo (h) & %] 5 LaDC-compo-
site fv SDC-composite 7 EDS ~ % A 7% % > kil @R 3 H v
PR SAE A R UEF A E MR PMET T § AR
b v Az AL od 229 v ugEmRLla (26 Sm) - Ce gt
bl FEs @ §_Li o Na hK-line & ® (4 1.04keV) §E#t EDS % i
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LRl B (3 10keV) ZEEX » #702 EDS S (f ip] 3§35~ o

Bl k [ ] [F{]

LT - -0 -
(o

] 14. SEM images of (a) LaDC, (b) SDC, (¢) LaDC-composite and (d) SDC-com-
posite; EDS of (e) LaDC, (f) SDC, (g) LaDC-composite and (h) SDC-composite.

(:: ) R22r207 —';f'? RQ(ZTTI)O7 (R =Eu ~ Dy ~ Ho ~ Er f\—" Yb)
B 15 (a) 4= (b) #77 A 8] 5 Ho,ZnO; 4r Buy(ZrTi)O, #5000
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2 SEM B > d Bl¥ BRI S50 1650°C % 5 hie v 1 F13

R B o B 15 (¢) f¢ (d) #7+ &~ 9 & HoyZr,O;-composite fr
Eu,(ZrTi)O;-composite 575000 & SEM B> d B BLZT|§ L $ e
TR B T B BT HE et B 15() fo ()
& 8] G HooZrO7 4w Eup(ZrTi)O; sn EDS &~ % » 55 % > BIE Flehn
3 CRT &AF) FALKPRREAD W 1S (@ o () A%

Ho,Zr,0;7-composite f Eu,(ZrTi)O;-composite 77 EDS ~ % & 47 %% % »
izt ERIFIHT A R g od 229 ¥ UFRRZr(:
Ti) et 0% fx > =H F]2 R A% (R=Eu~ Dy~ Ho - ErfrYb) h
L-line (%) 5.8-7.4 keV) £ Ti 51 K-line (¥ 4.5 keV)> ¥% & & EDS s
Rl B FR 0 B2 Zr eh Leline (9 2.1 keV) 7 & EDS ek i
Bl BERP > EEARLT § 5B R R AR G RGP

,T%'F“ Mook R A AT RR -




(h)

B8] 15. SEM images of (a) Ho,Zr,07, (b) Euy(ZrTi)O7, (¢) HoyZr,07-composite and (d)
Euy(ZrTi)O7-composite; EDS patterns of (e) Ho,Zr,07, (f) Eux(ZrT1)07, (g)
Ho,Zr,07-composite and (h) Euy(ZrTi)O7-composite.

(2 ) LaAlO;

B 16 (a) % LaAlO; 15000 & SEM B> d Bl ¥ BLZ 5 5 58
1600°C &% S hfs 7 MEEF BB Vit o SEITHRSBE
R F A TFERFE LT - B 16 (b) % LaAlOs-composite 75000
SEM ] > & BI¥ BZT|F Lok F = 2AE R F o BT H
F P ERE B 16 (c) LaAlO; shEDS ~ % & #7152 % » B £ 7

#’5*

M4 o
2EEC (Mf P EAK) A NHEE AL o B 16 (d) 2 LaAlOy
composite 7 EDS =~ % ~ 7% % > FiiZF BRIHE T 2 B3tk s
ik od £ 29 WU Lade Al gt 5] % BEgr o 28 F 5 Al 0
K-line it £ (% 1.48keV) #E4EDS £ i copLipl# B (3-10keV) £

FEX > #7120 EDS ST R PlE A~ E o
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8] 16. SEM images of (a) LaAlO; and (b) LaAlOs;-composite; EDS patterns of (¢)
LaAlOs and (d) LaAlO3-composite.

z ~ 8 ET R - EMF (electromotive force) &2 %% RE T B & 45
(-) REET AL

ERIE AT RS2 T 0 4G BRSNS G S0E 4T i 5
T L * 0 £RALSHEFEAREDD G FLLIA T o A TR
B 5, B~ =] 2_Bis(Nb;_xMgy)O7_1 5 ~ LaAlO; = LaAlOs-composite
500 3] 700°C z B > @ (Rp2Ce3)O19 * (Ry2Ce03)O; 9-composite
RyZ1,07 ~ Ry(ZrTi)O; ~ RyZr,O7-composite £ R,(ZrTi)O;-composite &_
% 300 3 700°C 2= FF > & g 25°C Bl - By o & B R BA7R[F h
By o £ F g F E e P F R FE R (ohm) o PR eniF| B %k
FUAQ S EB R (om) o A L Ee f (emD) @I 5l
TR o(Sem ) & BIEA o BEB¥EEEL 2 1000/T (K
Arthenius B > & Bl ? ch& F ¥ 0 5 D3 B ESE 5 B (eV) o



1. Bis(Nb;-\Mg)O7_ s«

Bl 17 5 Bis(NbgeMgo4)Os4 7 576 ~ 600 fr 624°C T ip| £ 5 EIS
(electrochemical impedance spectroscopy) B o B } e84 77 F "B
Fendels > FRET Y TR ALY HhSG S -

Bis(Nb; Mg,)O7 15 & 717 F etk K44 500-700°C 48 2_*
Ry(Rep/Cep) (R//C) E 22 F BetiA] 2 A2 Sy > 2 ¢ R, 5 72
TR & i R LdLE » Ry & do i efedn > d (7D enfe e 3 g
HFEEINERERATRSDETARE R Cor B 5 TR
FEfiiEfed % @& o Bl 18 5 Bis(Nb,_Mg)O07 15 (X =10.10-0.70)
Arrhenius B8] B] F 085 5 B R T E T R BB F AN
RALIE R R 0 RN RE R EREY S RIT 1 A
R ET 2 2 [74] B 19 #77 » & Bis(Nb,Mg,)O7.5 (X
=0.10-0.70) % 7|4 5 & 500600 fr 700°C T HE T B B~ #c B
SR (X)) TH > B20 S EE LR E (X)) TH o d B¢
7 R ] Bis(Nb, Mg )07 15 (X=0.60) T B EEREF *» &
700°C * % 9.50(7) x 107> S-em™' » ¥ j& 1 i & 0.68(7) eV £3% % 7
PE Mo d B 194020 ¥ NBREIET RACEFER A EH ea
AL BN FEF0TOFET R T od BB RE gt
s FUREERD BN E L 0.60 FE S KB ATUET REF A B
REOTO TR S BB T IET R TR v;;w T T
FOREROND T M AT B Mg B § e R eh A K
Kook @3 v % Rl Bt o 2 Biz(Nb Y07, (2.58 x
107" S-em™) [75] ~ Bis(Nb,_Er, )07 (3.20x 10~ S-cm™) [76] Fr
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Bis(Nby_Z1,)O7_x» (3.25 x 107" S-em™) [77,78] -

10}
g
N
5k
-
) .
0 // / ‘
10 15 20 25

Z'(Q)

B8] 17. Complex impedance plots obtained at (m) 576°C, (@) 600°C and (A ) 624°C
for the Big(Nbo,6Mg0,4)06,4.
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i8] 18. Electrical conductivity of Bi3(Nb;_xMgy)O7_; sx from 500 to 700°C for the X =
(m) 0, () 0.10, (A) 0.20, (A\) 0.30, (@) 0.40, (<) 0.50, () 0.60 and () 0.70.
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B8] 19. Electrical conductivities as a function of the lattice parameters measured at (m)

700, (®) 600, and (A ) 500°C for the Biz(Nb;_xMgx)O7_1 5« (X = 0-0.70).
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B8] 20. Activation energies of Bis(Nb;_xMgx)O7_; 5« (X = 0.0 — 0.70).

2. (Rp2Cep3)019 (R =La fr Sm)

B 21 #7517 5 LaDC ¥ it 4= & 500 ~ 525 fr 552°C ™ | & 1 EIS
Bl o 3% 5 7197 F R & 1£.300-700°C ‘,5'3 A_* Ry(Rg//Ca)(Re//Ce) % 2 7
Brd] 2 Rl skl Y Ry 5 SR dEFE ~ Ry & 5 B IR dR
7~ Cgb Gde MR A E o d BRI iiE (Rg+ Rgb)—i - At E

B E BREETRESDETRE o R. e C. 4 %] ER S AL x] 4D g fe

N

T % ®oSDC § it 4~ AT EIS #icdh #7 i * % »c T Ba ¥ LaDC - # o
Bl 22-24 #777 % LaDC-composite 73 EIS B 3% & 71 %75 & & 4%
300~700°C #8 E_* Ry(Re//Cc)(Rese//Cee) ¥ 72 % B HA 3 L F B dic
o B¢ R 24 E ?,ﬁ%’?%z‘ﬂ‘iiﬁ?f‘iﬁfﬁ *Refr Co & 8] 5 T ik it o
FEEfrR 7 E "Ry frCoe A B 2 RfrL f2F N & HEfiE{rT
Fiod B 227 BB > b Mt B B (495°C) gl R
(375~ 400 4= 435°C)T > 45 & ML P e WAL § FILEY > & T
P fodf CpenE L 5 oB23 5 R EEA (4614500 v 535°C)
RTREBGE . @ TRMRANF P R EELEr o Y
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BRI E R E T F o [ 23 ¢ 500°C 14 ¢ o) 24 cip| R R R
FOTBCFL R AR B IEALE LG PR R OR ST R 2 R
SDC-composite k2 EIS #icdy #1718 * % »c 7 .22 LaDC-composite

-tk PRBRIOBARI L - Fo

240

180 |-

P
G
ST 120f
N 5 1Hz
! 10" Hz
60 -
=
ok W
80 160 240 320 400

Z (@)

] 21. Complex impedance plots obtained at (m) 500°C, (®) 525°C and (A) 552°C

for the LaDC.
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B8] 22. Complex impedance plots obtained at (m) 375°C, (@) 400°C and (A ) 435°C

for the LaDC-composite.
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] 23. Complex impedance plots obtained at (m) 461°C, (@) 500°C and (A ) 535°C

for the LaDC-composite.
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] 24. Complex impedance plots obtained at (m) 565°C, (@) 600°C and (A ) 636°C

for the LaDC-composite.

Bl 25 % (Ro2Ceps)O19(R=La - Sm) % it ¥ > 2%k &k xfr
LNCO (Li,CO; 2 Na,COs 12 3 B3t 1118 &) R & 1 % 4F & Hden
Arrhenius ] - § 1t 47 ff Sap i fF a0 R B 4R B gRiT 1o o A
PV ORI ARMAPIEERT AR GRS A
B BT REDF LA S o F R RIE AR B
Kp'p BEPF > Arthenius Bl AL g 4 it > LR R P 2 o o1 T

B hp e BB AL Ak el o F R R R B O RR

91’(

’

x gl (495°C) 2z {4 » Arrhenius Bleh& F B B # BRI KT > & g
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FETRMER ARG PR o TR Ap o A e AL
TG R R R R ET R > L gAY
§ i F et 5 A 4 superionic phase ek & 0 @ FEr E T B4R A
YAETE Y [79-83]

R EHEEREE A GRS BE E R AT F A
FERB PR T E SR A AT K AR E g il o d
Bl 26 7 M@ § v 4 LaDC & i 0.815(7) eV v% & *+ SDC
91 0.80(2) eV o #7121 B 27 ¢ » £ 700°C T it g o LaDC T B B
% 1.6(1)x 1072 Scem ™' #% i3+ SDC £12.12(5) x 107 S-em™ > e BF4 iy
5F BT (RoaCeos)O1o (R=La fr Sm) % § it 4 2145 & 4L e
HTRAR -RP VHUER > AREEFORERES  § 24
EHHT AP ALIE FREDHE S I BITAKR BSR4 S H
BT R EEHE B LR & 500°C TR
LaDC-composite tr#F & 5 9.6(7) x 102 S-cm™' » SDC-composite £
IR L 1239)x107"'Sem ™ o d LT A AL MR R FILE L ok

* oy 4

¢

R BRI TG BE R o

500°C

1 GroeE-eag,
2
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B8] 25. Arrhenius plots of the total conductivity of (m) LaDC, (o) LaDC-composite, (®)
SDC and (o) SDC-composite.
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B8] 26. The total electrical conductivities (@) measured at 700°C and the activation

energies (m) as a function of the lattice parameters for the RDC (R = La and Sm).
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B8] 27. The total electrical conductivities as a function of the temperatures for the (m)

LaDC, (o) LaDC-composite, (A ) SDC, (/) and SDC-composite.

3. RyZr,07 £ Ry(ZrTi)O; (R = Eu ~ Dy ~ Ho ~ Er 4r Yb)

Bl 28 #7157 5 Dy,Zr,07 % i* 4 % 500527 v 548°C ™ ;| £ 1 EIS
B o 3% % 74T R E4300-700°C 48 2% (RY/Cy) (Rg//Cyp) %
B2 2 B lic > B ¥ Ry 5 SRl dRiE s Ry & B 0
B ~Cypnde AT FE > d FRHRIEFE (Ry;+Ry) 2 8- #H3
FENEBEARAT REDETR o 2 U RZn0; ¥ Ry(ZIT)O; R =
Eu~ Dy~ Ho ~ Er fv Yb) § i* % A&J2 EIS #icdgp #r i * ch% »2 7 22
Dy,Zr,0;7 - #%
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Bl 29-31 #7757 % Dy,Zr,0;-composite 7 EIS Bl 3% & 7]#7F th &
#300-700°C #8 E_* Ry(Re//Ce)(Rere //Cere) ¥ 72 & B -3 2 RIL 7 2 Hic
¥5 > 22 RDC-composite #7i& * cnE»xT - $h o d Bl ¥ ¥ IR
BT S FiT e B SRR B 5 B (495°C) EIS Bl % it &2 RDC-com-
posite 4B > B ERITAR R B BLFF T BRI JEFUE N E T E o Pl
BAE AR RA B IEE LG o RN R BT =
- o 2 v RyZryO;-composite £2 Ry(ZrTi)O;-composite a2 EIS #cdy
ATig h EhE 2T BB Dy,ZrOs-composite — k0 ¥ LRI e - % o
Bl 32-33 5 R,Zr,0, % Ry(ZrTi)O; (R =Eu ~ Dy ~ Ho ~ Er 4v Yb) #
L B 4 R o LNCO 2 & %l 2 4F & 44 e Arrhenius B >
[ = Rt o e ] E,’ﬁmR BERRZEFHRIT 1 B 32 ¢ ¥ MERRT
Eu,Zr,0; shEF B 5 823(3)x 107 Srem™ ' PP A vt B ¥ RyZrOr H &
® 0 RIE PSR bt’?)*% # [84] 0 A& EATILG AL @ B
33 ¥ B E_Dy,(ZrTi)O; % & 532(2)x 10* S.em ' W # v
Ry(ZrTi)O7 % 58 o 153 4 7| T B &8 5 Bk %5 EwZn0,
T BV Dyy(ZrTi)O, 8 7 1 Ba#cE % > Jaip|¥ &t £.71% Eudc Zr
BT LT Dy qeTi 4 0 o E g et o F FIANF S il
Hoo 2 BHNAMEEHKY > ABRTARBGEESER (500°0) T 1L
#E T R RyZnO;-composite &2 Ry(ZrTi)O7-composite #7F # & T &
PR BE H T a;rs;%-izr 107" S-om ' o #2 § it d e 500°C T i
FEHMPDETRTIOF N T H4-5 BT s -
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] 28. Complex impedance plots obtained at (m) 500°C, (A) 527°C and (®) 548°C
for the Dy,Zr,0.
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] 29. Complex impedance plots obtained at (m) 379°C, (A ) 400°C and (e) 425°C

for theDy,Zr,O7-composite.
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i8] 30. Complex impedance plots obtained at (m) 467°C, (A ) 500°C and (e) 533°C

for the Dy,Zr,O7-composite.
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] 31. Complex impedance plots obtained at (m) 567°C, (A ) 600°C and (e) 631°C

for theDy,Zr,O7-composite.
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] 32. Arrhenius plots of the total conductivity of (m)Eu,Zr,07, (0) EuyZr,05-
composite, (@) Dy,Zr,07, (0) Dy»2Zr,07-composite, (A ) Ho,Zr,07, (A) HoaZr,05-
composite, (V) Er,Zr,07, (V) Er,Zr,O;-composite,(4) Yb,Zr,O7 and ()

Yb,Zr,0;-composite. R*= 0.971-0.999.
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B8] 33. Arrhenius plots of the total conductivity of (m) Euy(ZrTi)O7, (0) Eux(ZrTi)O5-
composite, (@) Dy,(ZrTi)O7, (o) Dya(ZrTi)O7-composite, (A ) Hoo(ZrTi)O7, (A)
Ho,(ZrTi)O7-composite, (V) Ery(ZrTi)O7, (V) Ery(ZrTi)O7-composite, (4p)
Yb,(ZrTi)O7 and () Yba(ZrTi)O;-composite. R?=0.993-0.999.

B 34 5 ¥ 3 it RyZrn0O; ¥ Ry(ZrTi)O; (R=Eu -~ Dy ~ Ho ~ Er
fo Yb) g it ip ~ 700°C ¥ 7 B & & %o Sdcnbl (k0 B T UF R
'JF% 7| EuyZr,0; 4v Dyy(ZrTi)O; 3 2 & 4 %] 2_RyZr,07 & Ry(ZrTi)O;
% k7P BB B 35(a) v (b) A % 5 RZnO; 2 Ry(ZrTi)O; (R =
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B8] 34.The total electrical conductivities (o, 0) measured at 700°C and the activation

energies (o, m) as a function of the lattice parameters for (o, m) R,Zr,07 (R = Eu, Dy,

Ho, Er and Yb) and (o, @) Ry(ZrTi)O.
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B8] 35. (a) The total electrical conductivities as a function of the temperatures for the
(m) EuyZr,07, (0) EupZr,0O7-composite, () Dy,Zr,07, (©) Dy,Zr,O7-composite, (A)
Ho,Zr,07, (A) HoyZr,O7-composite, (V) Er,Zr,07, (V) EraZr,O7-composite, (€)

Yb,Zr,07 and () YbyZr,O7-composite. (b) The logarithmic value of total electrical

conductivities as a function of the measuring temperatures for the (m) Euy(ZrTi)O7,
(0) Euy(ZrTi)O7-composite, (@) Dy2(ZrTi)O7, (o) Dy2(ZrTi)Os-composite, (A)
Hox(ZrTi)O7, (A) Hox(ZrTi)O7-composite, (V) Era(ZrTi)O7, (V) Era(ZrTi)O5-
composite, () Ybo(ZrTi)O7 and () Yba(ZrTi)O7-composite.
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i8] 37. Complex impedance plots obtained at (m) 376°C and (®) 400°C for the

LaAlOs-composite.
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B8] 38. Complex impedance plots obtained at (m) 473°C, (@) 500°C and (A ) 529°C

for the LaAlOs-composite.
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i8] 39. Complex impedance plots obtained at (m) 576°C, (®) 600°C and (A ) 622°C

for the LaAlO;-composite.
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] 40. Arrhenius plots of the total conductivity of (m) LaAlO; and (o) LaAlO;-

composite.
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B8] 41.The total electrical conductivities as a function of the temperatures for the (m)

LaAlOs;, (o) LaAlOs-composite.
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B8] 43. The ionic transference number as a function of the temperatures for the (m)

LaDC and (e) SDC.
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B8] 46. The total electrical conductivity as a function of the oxygen partial pressure

measured at 600 and 700°C for the (a) LaDC and (b) SDC.
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